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CHAPTER I 

INTRODUCTION 

In the majority of cases one plant is distinguished from another by 

its floral characteristics. In the grasses (Gramineae) both the inflo

rescence and vegetative organs are utilized for identification. When 

dealing with the turf grasses the flov/er stalk is seldom allowed to form 

due to frequent mowing. Therefore, only the vegetative portion remains 

for identification. 

There is a definite need for an improved method of identifying 

grasses. There are many existing methods of identification, but these 

methods tend to be questionable at times because of their contradictory 

nature. There is no complete existing key which serves to anatomically 

identify turfgrasses in a non-flowering state. 

There are several methods of vegetative identification for grasses, 

based on a wide range of characteristics. Some taxonomists base their 

methods of identification on the exomorphology of the plant; others use 

only the epidermal cells. This diversity of techniques does not provide 

a definitive method of identification. Clouston (8) has identified some 

of the English turfgrasses solely by their vegetative organs. Metcalfe 

(14) has made an intensive anatomical study of the grasses, but he does 

not give a key for their identification. 

Since the grass leaf is the first vegetative organ to mature and is 

a relatively static organ, many authorities feel that it can be used as 
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a means of identification. This method of identification was used in 

this study to achieve the following objectives: (a) to make microscopic 

slides and photomicrographs of turfgrasses in order to establish a 

method of identifying several turfgrasses by their internal anatomy, and 

(b) to establish a dichotomous key for identification based upon the 

internal anatomy of the leaf. 



CHAPTER II 

REVIEW OF LITERATURE 

Vegetative and anatomical methods of identifying grasses have been 

studied by several research workers. There have been many methods 

devised for grass identification based on either internal or external 

anatomical characteristics. Some of these methods of vegetative identi

fication agree with the taxonomic classification of grasses while others 

do not. 

In order to facilitate conciseness of classification this vegetative 

method must be coupled with other methods of classification. Metcalfe 

(14) states that cytology, embryology and ectomorphology should be 

coupled together, along with anatomical studies, to clarify the taxonomy 

of the Gramineae. 

The Root 

Brown and Emery (2) studied the root tips of several species of the 

subfamilies Panicoideae and Festucoideae to determine the presence or 

absence of persistent nuclei. No persistent nuclei were observed in any 

of the members of the subfamily Festucoideae. However, both persistent 

and non-persistent nuclei were found in the subfamily Panicoideae 

throughout mitosis. 

Row and Reeder (15) followed the development of root-hairs and 

proposed a method of identification based on the type of cell division 

in the root epidermal cells. Two types of division were noted--Type A 



(Festucoideae) and Type B (Panicoideae). In the Festucoideae the last 

cell division produces an unequal division with the apical cell much 

shortened and thickened. This apical cell is the only cell capable of 

producing a root-hair. In the Panicoideae the last division produces 2 

cells of equal size both of which may produce a root-hair. On the basis 

of cell division in the root epidermis the following method of identifi

cation was derived. 

TABLE I. Row and Reeder's (15) classification of grasses based on the 
type of cell division in the root epidermal cell 

Festucoideae Panicoideae 

Festuceae 
Hordeae 
Phalarideae 
Aveneae (variable) 
Aarostideae* 

Bambuseae 
Paniceae 
Andropoqoneae 
Maydeae 
Chorideae (variable) 

Lewis and Rothwell (13) investigated the nuclear differences in the 

root epidermis of several grasses. They determined that the Festucoid 

grasses have a larger meristematic nucleus than do the Panicoid grasses. 

The Festucoid grasses contain many multinucleate cells while the Panicoid 

grasses exhibit only single nucleate cells. 

Church (7) in a cytological study of the root tips of the grasses, 

observed that some grasses (Voa agA06tu) have a high degree of polyplody 

while others do not. fa^tuLca and AndAopogon usually exhibit a normal n 

base number of chromosomes but may be either diploid or tetraploid. 

*Have characteristics of both Festucoideae and Panicoideae. 



Leaf Micro-hairs 

Tateoka, U at. (17) investigated the bicellular micro-hairs of 

several grasses. They devised a method of identification based on 4 

relationships of the micro-hairs. 

1. Ratio of the total length to maximum width. 

2. Ratio of the length of the upper cell to that 
of the lower cell. 

3. Angle between the axis of the leaf and micro-
hair. 

4. Difference in cell wall thickness of the 
upper and lower cell wall. 

This method of identification and classification is very detailed and 

complicated due to the relative flexibility of the micro-hairs involved. 

The Leaf 

TheTeaf of the arass olant has manv internal anatomical character-

istics on which to base a method of identification. The leaf is usually 

composed of only a blade but in a few cases a petiole may be present. 

To the naked eye the blade may appear to be flattened but the mid-rib may 

project outwardly from the surface. The blade may be rolled to give a 

cylindrical appearance to the leaf. The grasses exhibit parallel 

venation. 

According to Metcalfe (14) the microscopic characteristics of the 

grass leaf are the most important criteria in taxonomic studies. That 

the blade is the first structure to mature and is persistent throughout 

the growing season gives strength to this statement. 

Numerous researchers have studied the grass leaf and identified 

specific grasses by their anatomical structures. Brown (1) investigated 



6 

the vascular bundles of grasses and the arrangement of collenchyma cells 

between the bundles. Brown (1) devised a method of classification based 

^ on three factors: (a) presence or absence of the inner bundle sheath 

(endodermis), (b) function of the outer bundle sheath (parenchyma 

sheath), and (c) arrangement of the collenchyma cells. 

Cheadle (3, 4, 5, 6) conducted an extensive investigation of the 

vascular bundles of several grasses. In the grasses, the small vessels 

located between the larger metaxylem vessels mature about the same time 

as the larger vessels (3). The vascular bundles may be divided into 5 

types based on the arrangement of the metaxy!em-conducting tissue within 

the vascular bundle (6). In the turfgrasses the III B type is prevalent. 

In the Type III B the xylem and phloem meet along a distinct curve and 

are almost V-shaped (6). The end walls are transverse or slightly 

oblique with the oblique being more likely to hayp a compound cell plate 

(4). 

De Wet (9, 10) and Stebbins (17) utilized both the bundle sheath and 

chloroplast dispersion in identifying species within the genus Vantkonia. 

Two common types were noted by both investigators. The Panicoideae type 

exhibited localized chloroplast, in the layers surrounding the vascular 

bundles, and a very poorly developed mestom sheath was evident (9, 10, 

17). The xylem and phloem were in contact with the large-celled outer 

sheath (10). The Festucoid type has a poorly developed parenchymatous 

sheath but a well-developed mestom sheath (10, 17). The chloroplasts 

were evenly distributed throughout the mesophyll (9, 10, 17). 

Tateoka (18) made a detailed study of the leaf structure of the 

genera GoAnota and AAundlmLia, Motor cells and the position of the 
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mid-rib proved to be wery important in this investigation. The degree 

of development of the motor cells on either side of the mid-rib is the 

distinguishing characteristic in the genus GoAnota, The presence of a 

bundle sheath and its degree of development are utilized to distinguish 

between the different species within the genus Anundln^Lia, 

Metcalfe (14) incorporated several characteristics in his investiga

tion of the anatomy of the grass plant. The two major leaf types that 

were discussed were the Festucoid and Panicoid. 

The Festucoid type leaves are characterized by having short-cells 

over the veins and having widely spaced vascular bundles. Silica-bodies 

may be of several types: (a) round, (b) elliptical, (c) tall and narrow 

or (d) crescent-shaped (14). The bundle sheath is double-walled, the 

outer wall consisting of thin-walled cells, while the inner wall is 

composed of thicker-walled cells. 

The Panicoid leaf type is characterized by having more numerous 

vascular bundles and the mid-rib being very prominent. The silica-

bodies are usually located over the veins and may be of several types: 

(a) cross-shaped, (b) dumbbell-shaped, (c) oryzoid or (d) nodular. The 

bundle sheath consists of a single layer of cells. 

The method of identification used by Hitchcock (11) is based solely 

on the floral portion of the plant. This method is impractical when 

dealing with turfgrasses because they are seldom allowed to bloom. If 

no flower is present for identification a different method of classifica

tion based on static vegetative criteria must be formulated. 



CHAPTER III 

MATERIALS AND KETHODS 

This study was initiated May 22, 1967. Ten special-purpose turf

grasses were planted in sterilized 1-gallon cans lined with polyethylene 

plastic. The growing medium used was a mixture of 1/3 soil, 1/3 sand, 

and 1/3 peat. The plants were not clipped prior to this study. The 

following 10 plants were used: common Bermudagrass {Cynodor. dacAjlcn], 

buffalograss [Budttoo. dactyloldu], Kentucky bluegrass [Voa pAattn^l^], 

St. Augustine grass [Sttnotapfviion ^o^cundatim], annual ryegrass (Lô xuiii 

peAemie.), zoysia {loy^-la japoivica], dichondra [VlchondAa KqjQ^iu], blue 

grama grass [BoateJioaa gAacyitU], seaside bentgrass [AgA06tAj> i>tolo\viiQAa 

var. pahi^thjji)^ and Indiangrass [So^glioAtAwn nutans). 

Specimens were collected September 21, 1967. These specimens were 

preserved in a formalin, acetic acid, ethyl alcohol solution (FAA 5:5:90 

volume/volume) for 48 hours. The specimens were thoroughly rinsed in 25% 

ethyl alcohol and then in tap water for 8 hours. A dehydration series of 

distilled water, ethyl alcohol and N-butyl alcohol was used in this study, 

Clouston (8) used a similar method. 

Upon removal from the dehydration series the specimens were cut into 

pieces 12.5 mm long and infiltrated with 55°C embedding wax until they 

became submerged in the molten wax. The sections were then embedded in 

60°C embedding wax for sectioning. The specimens were sectioned at 10 

microns on a rotary microtone. 
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The sections were placed on microscopic slides and heated to 

facilitate flattening. The method of wax removal was similar to that 

described by Clouston (8). 

The specimens were stained with Safranin 0 and counterstained with 

Fast Green. Cover slips were then placed on the slides from which the 

photomicrographs were made. 



CHAPTER IV 

RESULTS AND DISCUSSION 

Ten plants were used in this study. One plant [VldiondAa Atpan^] 

was a dicotyledon v/hile the remaining 9 plants were monocotyledons. 

Cross-sections were made of the leaf, stem and root of each plant used 

in this study. These sections were stained with Safranin 0 and counter-

staineJ with Fast Green. The resulting leaf cross-sections were photo

graphed and a key (Table II) was composed based solely on the anatomical 

characteristics of the leaf. Criteria such as leaves being folded or 

rolled, presence or absence of double bundle sheaths and number and type 

of vascular bundles were utilized in composing this key. 

The basic size and shape of leaves used in this study are illustrat

ed in Figures 1 through 10. The vegetative structures used in compiling 

the identification key are shown in Figures 11, 14, 17, 20, 23, 26, 29, 

32, 35 and 38. 

Cross-sections of the stem are shown in Figures 12, 15, 18, 21, 24, 

27, 30, 33, 36 and 39. The stem cross-sections were not utilized in 

establishing this key. 

Cross-sections of the root of the plants in this study are shown in 

Figures 13, 16, 19, 22, 25, 28, 31, 34, 37 and 40. These cross-sections 

were not used in the key. 

The following 40 photomicrographs are the results of this study. 

These photomicrographs should aid in filling any void in the literature. 

10 
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Figure 1 . Cross-section of l ea f , LoUum paxonno, (Ca x 25) 

Figure 2. Cross-section of lea f , loyi^la Japonlca (Ca x 30) 

Figure 3. Cross-section of l ea f , Cynodon dacjtylon (Ca x 25) 
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Figure 4. Cross-section of leaf, SoAghoi^tAum nutans (Ca x 40) 

Figure 5. Cross-section of half of leaf, VlckondAa A2.p2n6 (Ca x 50) 

Figure 6. Cross-section of leaf, StznotaphAum ^zcundatum (Ca x 40) 
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Figure 7. Cross-section of leaf, Boutzloua gAacltU (Ca x 25) 

Figure 8. Cross-section of leaf, AgAo6tli> ^totonl^^QAR var. paZn^tAJJi 
(Ca X 25) 

Figure 9. Cross-section of leaf, Bucliloz dactyloldoM (Ca x 25) 

Figure 10. Cross-section of leaf, Voa pnatm/^i^ (Ca x 30) 
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Fiqure 11 . Cross-section of Lotium pQ,Amne. leaf (Ca x 100) 

Leaf 

The leaf of L. pcAemie has 7 prominent vascular bundles separated 

by 6 rounded furrows. The most prominent bundle is located in the keel. 

Sclerified tissue is found in the keel and the leaf margin. The keel 

contains a single vascular bundle. Bulliform cells are located in the 

abaxial furrows and are poorly defined. The vascular bundles are 

enclosed by 2 complete sheaths. 
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Figure 12. Cross-section of Lotijum poAznna stem (Ca x 100) 

Stem 

The stem of L. pojitnYio, has a double leaf sheath adhering to the 

culm. The culm is almost triangular in shape. The epidermis is only a 

single cell thick and is not as heavily sclerified as in some of the 

other grasses. Fibers are not y^ry prominent in the culm. There are 

4 prominent xylem vessels scattered in the pith area. 



-| Epidermis 

— Cortex 

Peri cycle 

Xyl em 

Figure 13. Cross-section of Lotium pzAmne, root (Ca x 400) 

Root 

The root epidermis of L, poAonnz is composed of 1 to 2 layers of 

r e l a t i v e l y th in-wal led c e l l s . The cortex is made up of re la t i ve l y large 

ce l l s which are easi ly crushed during sectioning. The endodermis and 

peri cycle are not readi ly d ist inguishable. There are 4 prominent xylem 

vessels in the s te le . 
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Figure 14. Cross-section of loy^la jawnlca leaf (Ca x 100) 

Leaf 

The leaf of Z. japonlca is rolled to the abaxial side. The ribs do 

not extend any great distance and the valleys are shallow g iving the leaf 

a smooth appearance. The keel is not prominent. There are 5 to 6 maior 

vascular bundles present in each leaf. The largest bundle is located in 

the keel. The epidermis is 1 to 2 cells thick. Sclerenchyma is present 

in the keel and is adjacent to the vascular bundles. Bulliform cells are 

located in the valleys of the adaxial leaf surface. The bundle sheath is 

double around the larger vascular bundles. 
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Figure 15. Cross-section of Zoysia japonlca stem (Ca x 100) 

Stem 

The stem of Z. japonlca is covered with an extremely thick leaf 

sheath. The epidermis is from 1 to 2 cells thick. This stem has a 

multitude of scattered vascular bundles. 
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Figure 16. Cross-section of loy^la japonlca root (Ca x 100) 

Root 

The root epidermis of Z. japonic^ is 1 to 2 cells thick. The 

cortex is 4 to 5 cells thick. The endodermis is 2 cells thick while the 

pericycle is composed of a single layer of cells. The stele is very 

fiberous and has 12 radially arranged xylem vessels. 
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Figure 17. Cross-section of Cynodon dacXyton leaf (Ca x 100) 

Leaf 

The leaf of C. dactyton has 19 vascular bundles separated by 18 

abaxial furrows. These vascular bundles vary greatly in size. The keel 

is conspicuous and contains a single vascular bundle. The bulliform 

cells are very large and are present only on the abaxial side of the 

keel. These cells are located on either side of the keel. Each vascular 

bundle is surrounded by a double bundle sheath. 
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Figure 18. Cross-section of Cynodon dactyton stem (Ca x 100) 

Stem 

The stem epidermis of C. dactyton is subtended by a layer of 

collenchyma tissue with many small vascular bundles embedded in it. A 

ring of sclerenchyma tissue is located inside of the collenchyma tissue. 

There are many vascular bundles scattered in this heavily sclerified 

area. 
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Figure 19. Cross-section of Cynodon dactyton root (Ca x 400) 

Root 

The root epidermis of C. dactyton is composed of a single layer of 

cel ls . The cortex is composed of thin-walled cells and is 4 to 5 cells 

thick. Both the endodermis and pericycle are visible. The stele 

contains 4 easily distinguishable xylem vessels. 
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Figure 20. Cross-section of SoAghjutAum nwtam leaf (Ca x 100) 

Leaf 
9 

The leaf of S, nutam has 7 prominent vascular bundles separated 

by 8 deep furrows. The most prominent vascular bundle is located in 

the keel. Sclerified tissue was found in the keel and leaf margins. 

The keel contains a singular vascular bundle. Bulliform cells are 

located on both the adaxial and abaxial surfaces of the leaf. 
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Figure 21. Cross-section of SoAghai>tAum nutans stem (Ca x 100) 

Stem 

The stem of 5. mUans is encased in a thick leaf sheath. The leaf 

sheath contains vascular bundles with 3 to 6 vessels in each bundle. 

The stem has a single-layered epidermis. There are a few scattered 

fibers in the pith. The vascular bundles are scattered throughout the 

pith. The pith is composed of thin-walled cells of unequal size. 
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Figure 22. Cross-section of SoAQkadfuim nutayit^ stem (Ca x 400) 

Root 

The root eoidermis of S. nutans is composed of 1 layer of cells 

that seem to be rather sclerified. However, they are destroyed in 

sectioning due to the weak cell wall of the cortex. The cell wall of 

the cortex cells seems to be wery fragile. The pericycle is comoosed of 

a single layer of elliptical-shaped cells located immediately outside 

the stele. There are several xylem vessels located radially in the 

stele and are readily distinguishable from the ohloem. 
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Figure 23. Cross-section of VlckondAa AQ^VZ/U leaf (Ca x 100) 

Leaf 

There are 9 main veins in the P. ^eoe>i5 leaf. The veins are 

palmately arranged within the leaf. There are from 16 to 20 vessels 

within each vein. The xylem and ohloem are easily distinguishable. The 

epidermis is 1 cell in thickness, with the cells being of unequal size. 

The palisade layer is 1 to 2 cells in thickness. Relatively large inter

cellular soaces are oresent. Fibers are prominent in the leaf margins. 
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^^^pi dermis 

Figure 24. Cross-section of VlckondAa AQ.pzn6 stem (Ca x 100) 

Stem 

The stem epidermis of V, A2,pzn6 is comoosed of several layers of 

very small compacted cells. The vascular system is separated from the 

epidermis by several layers of cells of unequal size. The pith area 

contains the vascular system. The pith is composed of a number of 

large thin-walled cells. 
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Figure 25. Cross-section of Vlchondfia Atpcn^ root (Ca x 100) 

Root 

The root epidermis of P. ^epeiti is composed of a single layer of 

large cel ls with a thickened outside cel l wal l . The cortex is comoara-

t ive ly large and composed of large thin-walled cel ls . The endodermis is 

composed of 1 to 2 layers of ce l ls . The pericycle is made uo of several 

layers of very small dense ce l ls . The primary xylem is readily d is t in 

guished from the primary ohloem in the stele. 
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Figure 26. Cross-section of StmotapkAuum 6ccundatum leaf (Ca x 100) 

Leaf 

The leaf of 5. 6e.cjuindatum has 15 prominent vascular bundles 

separated by furrows. However, the maiority of the vascular bundles are 

very small. The keel is conspicuous and contains a single large vascular 

bundle. A large group of bullifomi cells is present over the keel. Each 

vascular bundle is surrounded by a single sheath. 
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Figure 27. Cross-section of StonoiapkAim 6zcundatum stem (Ca x 100) 

Stem 

The stem of S. ^e.cRndatum is very heavily sclerified. The epidermis 

of the stem is made up of a single layer of cells which are heavily 

sclerified. A second layer of fiberous tissue is located inside the 

epidermis. This fiber layer is 8 to 10 cells thick. Large vascular 

bundles are found scattered throughout the pith tissue. 
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Figure 28. Cross-section of StznotapkAxm ^zamdatum root (Ca x 100) 

Root 

The root enidermis of S. 62.cundatum is composed of 2 or 3 layers of 

large cells with thickened outer walls. The cortex is composed of well-

developed cells with large intercellular spaces. The pericycle is com

posed of a single layer of cells. The stele contains 10 to 11 radially 

arranged metaxylem vessels. 
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Figure 29. Cross-section of Boutdioaa gAacltU leaf (Ca x 100) 

Leaf 

The leaf of B. gAjacAZi6 is distinctly folded. There are 9 vascular 

bundles located in the leaf. The mid-rib is not prominent but it con

tains the largest vascular bundle. Each vascular bundle is surrounded 

by a double bundle sheath. The outer bundle sheath is composed of larger 

cells than the inner sheath. There are fibers located in both the keel 

and margin of the leaf. Bulliform cells are located in groups on both 

the adaxial and abaxial surfaces of the leaf. 
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Figure 30. Cross-section of BoutoZoua gAac/JiU stem (Ca x 100) 

Stem 

The stem of B. gAaclLU is hollow and is covered by a single layer 

of large epidermal cells with thickened outer cell walls. The stem is 

very similar to that of Voa pAotcyi&lJi in that it is constructed of 11 

seemingly individual units. Each individual unit contains a vascular 

bundle which is surrounded by 2 distinct bundle sheaths. The xylem and 

phloem are somewhat similar in appearance. 
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Figure 31. Cross-section of Boat2Zoua gAacAlls root (Ca x 400) 

Root 

The root of B. gAacxJili is covered by a single layer of epidermal 

ce l l s . The cortex is rather thick and composed of large parenchyma 

ce l l s . The pericycle and endodermis are very prominent. The xylem 

vessels are rather small compared to the size of the root. 



35 

Keel 

Bu^'^^'^ qhoaf.h 

Phloem 

ylem 

ascular bundle 

Bul l i form cel ls 

Figure 32. Cross-section of AgAo^tih Uotonliojia leaf (Ca x 100) 

Leaf 

The leaf of A. ^totonli^Aa is folded at the mid-rib. The ribs and 

valleys are not prominent. The valleys are very shallow. There are 5 

prominent vascular bundles in the leaf, the largest one occurring in the 

keel. Sclerenchyma appears in association with the vascular bundles. 

Well-developed bulliform cells are present on the abaxial surface of the 

leaf. The vascular bundles are surrounded by a double bundle sheath. 
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Figure 33. Cross-section of AgA06tl& -6totonl^zAa stem (Ca x 100) 

Stem 

The stem of A. ^totonH^Aa is encased in 3 th in leaf sheaths. This 

sheath has extremely prominent vascular bundles. The stem proper is 

hollow and very f iberous with 3 to 4 small vascular bundles embedded in 

the s c l e r i f i e d por t ion . 
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Figure 34. Cross-section of AgAo^tls ^totonl^oJui root (Ca x 400) 

Root, 

The root epidermis of A. Uotonl^ioAa is a single cel l in thickness. 

The cortex is composed of cel ls of irregular size. The endodermis cells 

have somewhat thickened walls. The stele is extremely fiberous with 

an extremely large metaxylem duct in the center. 
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Figure 35. Cross-section of BuckZoc dactytoljda> leaf (Ca x 100) 

Leaf 

The leaf of B. dacXytolde^ has 7 prominent vascular bundles. The 

largest of these bundles is located in the keel. The vascular bundles 

are separated by 4 shallow furrows in the abaxial surface of the leaf. 

The keel is not conspicuous and it contains a solitary vascular bundle, 

The bulliform cells slightly penetrate the mesophyll. A double bundle 

sheath is present on the larger vascular bundles. 
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Figure 36. Cross-section cf BuchZot dactytoldz6 stem (Ca x 100) 

Stem 

The stem of B. dactytoldz^ is not surrounded by an adhering leaf 

sheath. The epidermis is a single layer of heavily sclerified cells. 

The 16 vascular bundles are in a single circular pattern and are located 

immediately outside the pith. These vascular bundles do not have an 

extremely angular pattern in the xylem vessels. 
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Figure 37. Cross-section of BuckZoe. dactytoldej> root (Ca x 100) 

Root 

The root of B. dactytolAd^ is sclerified and has an extremely large 

stele. There are 7 prominent metaxylem vessels in the stele. The peri

cycle is one layer of cells in thickness. The cortex is relatively thin 

and sclerified. The epidermis is a single layer of heavily sclerified 

cells. 
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Figure 38. Cross-section of Voa pnatm^lM leaf (Ca x 100) 

Leaf 

The leaf of P. pAaten^li> has 3 prominent vascular bundles. There 

are 7 ribs on the abaxial side of the lamina^ but only 2 ribs and the 

keel contain vascular bundles. The keel is not conspicuous and i t con

tains a single vascular bundle. The bull i form cells are located on 

either side of the ribs on the abaxial surface of the leaf. Each r ib 

contains a sc ler i f ied area. 
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Figure 39. Cross-section of Voa pAat2n6l6 stem (Ca x 400) 

Stem 

The stem of P. pAatznslA is surrounded by a double leaf sheath. 

The stem proper is comoosed of 9 almost individual units. Each unit is 

made up of its own xylem and phloem. There are 9 to 12 xylem vessels in 

each unit. The stem eoidermis is continuous and surrounds all 9 units. 
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Figure 40. Cross-section of Voa pAotemls root (Ca x 100) 

Root 

The root epidermis of P. pAotziul^ is comoosed of a single layer of 

c e l l s . The cortex is 3 to 7 layers th ick . The cel ls in the cortex are 

very th in -wa l led . Both the pericycle and endodermis are oresent. The 

ste le makes up the maior port ion of th is root and contains 4 prominent 

xylem vessels. 
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Table II. Vegetative identification of turf plants based on the anatomy 
of the leaf 

A. Pet iole absent 

1. Leaf blade ro l l ed loy-&lja japonlca 

2. Leaf blade folded 

a. Bu l l i fo rm ce l l s on abaxial surface 
only AgA06tl!i ^totonl^eAa 

b. Bu l l i fo rm ce l l s on both abaxial and 
adaxial surfaces Boutzloua gnaclta, 

3. Leaf blade f l a t 

a. Bundle sheath single in keel 

(1) Bu l l i fo rm ce l l s present over 
keel only SttnotapkAum 6zcundalum 

(2) Bu l l i fo rm ce l ls penetrate the . „ , ^ n -j 
mesophyll Buchtoe, dactytoAAz^ 

(3) Bu l l i fo rm ce l l s located on both 
the abaxial and adaxial surfaces . . . . SoAgha^tAum mxlan^ 

b. Bundle sheath double in keel 

(1) Bu l l i fo rm ce l ls present in the , o- . n 
abaxial furrows ^ot^ p^xmnc 

(2) Bu l l i fo rm ce l l s present on ei ther 
side of the keel on the abaxial 
surface 

^'^ Z\^X.f "̂'̂ "̂ ^A"':"''!' Cnodon i^Uylon 

"̂̂  in" th f ?ea? '! ' '"! ' ' ^ " " " 1 ' - ^""^ ^'^'•^^ 
. ^ J. . . . VlckondAa Atpm^ 

B. Petiole present 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

Ten commonly used turf plants were characterized by their anatomy 

and gross morphology. Microscopic cross-sections were made of the leaf, 

stem and root. Shadowgraphs were used to indicate leaf shape and photo

micrographs were employed to show the internal anatomy which was used to 

develope a key for identifying 10 turf plants in a non-flowering con

dition. Although the initial hypothesis and literature review indicated 

that root and stem cross-sections could not be employed for identification 

purposes, these photomicrographs were also included. 

After examining leaf sections the characteristics which were most 

pronounced became apparent. The leaf characteristics that were employed 

for development of the key were: leaf shape, number of bundle sheaths, 

and bulliform cells. 

The development of this key for these turf plants is only a begin

ning as there are over 40 species of special-purpose turfgrass in the 

United States. Therefore, more investigation should be channeled in 

this direction to achieve a worthwhile goal. 

45 



LITERATURE CITED 

1. Brown, W. V. 1958. Leaf anatomy in grass systematics. Bot. Gaz. 
119:170-178. 

2. Brown, W. V., and W. H. P. Emery. 1957. Persistent nuclei and grass 
systematics. Amer. Jour. Bot. 44:585-590. 

3. Cheadle, V. I. 1944. Specialization of vessels within the xylem of 
each organ in the Monocotyledoneae. Amer. Jour. Bot. 31:81-92. 

4. Cheadle, V. I. 1948. Observations on the phloem in the Konocotyle-
doneae. II. Additional data on the occurrence and phylogenetic 
specialization in structure of the sieve tubes in the metaphloem. 
Amer. Jour. Bot. 35:129-131. 

5. Cheadle, V. I., and N. B. Whitford. 1941. Observations on the 
phloem in the Monocotyledoneae. I. The occurrence and phylo
genetic specialization in structure of the sieve tubes in the 
metaphloem. Amer. Jour. Bot 28:623-627. 

6. Cheadle, V. I., and N. W. Uhl. 1948. Types of vascular bundles in 
the Monocotyledoneae and their relation to the late metaxylem 
conducting elements. Amer. Jour. Bot. 35:486-496. 

7. Church, G. L. 1936. Cytological studies in the Gramineae. Amer. 
Jour. Bot. 23:12-15. 

8. Clouston, D. 1962. Identification of Grasses, iji Non-flowering 

Condition. The Sports Turf Research Institute. Bingley, Yorkshire, 
England. 31 pp. 

9. De Wet, J. M. J. 1954. The genus Vantkonia in grass phylogeny. 
Amer! Jour. Bot. 41:204-211. 

10. De Wet, J. M. J. 1956. Leaf anatomy and phylogeny in the tribe 
Danthonieae. Amer. Jour. Bot. 43:175-182. 

11. Hitchcock, A, S. 1950. Manual of the grasses of the United States. 
U.S.D.A. Misc. Pub. 200. 

12. Juska, F. v., and W. H. Daniel. 1962 Nomenclature of some plants 
associated with turfgrass management. Agron. Jouj:. 54.275-276. 

13 Lewis, R. F., and N. V. Rothwell. 1964. Implications of nuclear 
differences in the root epidermis among several grass species. 
Amer. Jour. Bot. 51:1107-1113. 

46 



47 

14. Metcalfe, C. R. 1960. Anatomy of the ^lonocot.ylj_don .̂ U Gramineae. 
Oxford University Press. London. &31 DP. 

15. Row, H. C , and J. R. Reeder. 1957. Root-hair develooment as 
evidence of relationship among genera of Gramineae. An::̂ ^̂ . Joujr. 
Bot. 44:596-601. 

16. Stebbins, G. L., J. I. Valencia and R, M. Valencia. 1946. 
Artificial and natural hybrids in the Gramineae, tribe Hordeae. I. 
Etymon, Stanlon and AgAovy^on, Amer. Jour. Bot. 33:338-351. 

17. Stebbins, G. L. 1956. Cytogenetics and evolution of the grass 
family. Amer. Jour. Bojt. 43:890-905. 

18. Tateoka, T. 1958. Notes on some grasses, VIII. On leaf structure 
of AAundinztia and Ga/mota. Bot_. Gaẑ . 120:101-109. 
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