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CHAPTER I 

INTRODUCTION 

Early investigators have conducted studies into the 

morphology and anatomy of trichomes and stomata of various 

species of plants v;ithout attempting to determine any type 

of spatial relationship between the two structures. Quan

titatively, the trichomes and stomata have been described 

as "few" and "many" rather than in actual numbers per unit 

area. Wilkins (1968) has recently established quantita

tive values for trichomes and stomata in species of 

Coldenia, and Canales (1968) has established values for 

trichomes in species of Quercus. 

Most investigators believe that the primary function of 

the trichomes is to retard transpiration. Warming (1909) 

concluded that transpiration is markedly reduced when the 

leaf is covered with trichomes because the trichomes greatly 

retard air circulation. Wiegard (1910) believed that tri

chomes retard evaporation in wind during excessively dry 

periods, but do not interfere with transpiration when the 

surrounding air is damp. Hendrycy (1968) found that tri

chomes affect transpiration- in an inverse proportion. 

Investigation by Sayer (1920) indicated that trichomes 

affected cuticular transpiration but not stomatal trans

piration, Wilkins (1968) found that in Coldenia the 

species with the larger surface area had a larger number of 

trichomes per unit area, and reasoned that the larger number 
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of trichomes might compensate for the greater area in con

tact v/ith the atmosphere. In addition to transpiration 

reduction, Haberlandt (1928) believed the trichomes dimin

ished the loss of heat, and Black (1954) concluded the 

trichomes act as heat insulators and reflectors. 

Maxiraov (1951) found that in plants grov/ing in a xeric 

environment stomata become smaller and more numerous per 

unit area and that the trichome covering is denser than for 

plants growing in more mesic environments. Wood (1954) 

believed that variations in stomatal frequency were connect

ed with generic and family characters rather than with 

varying environmental conditions, but further stated that 

the percentage of stomata on both surfaces apparently in

creases with increasing aridity of the environment. 

Metcalfe and Chalk (1950) have described the general 

anatomical leaf features of the families examined in this 

study. They describe members of the Nyctaginaceae as 

having isobilateral palisade parenchyma, uniseriate tri

chomes, some of which have enlarged terminal cells, 

branched trichomes, stomata mostly on the lov;er surface but 

sometimes on both sides, ranunculaceous or anomocytic 

stomata, and occasional crystals. For the Cruciferae, they 

describe the mesophyll as being either dorsiventral or iso

bilateral, the trichomes as being dendroid and unicellular, 

stomata on both surfaces v;hich are usually cruciferous but 

may be anomocytic, and rare crystals. The Leguminosae is 

described as having either dorsiventral or isobilateral 
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palisade parenchyma, glandular and non-glandular trichomes 

of all types, including unicellular uniseriate, stomata on 

both surfaces, usually rubiaceous stomata but occasional 

anomocytic, and some crystals. 

In the Euphorbiaceae, particularly the genus Croton, 

stellate, dendritic and peltate trichomes are present. 

Stomata are present on both surfaces and are anomocytic. 

The palisade parenchyma is arranged dorsiventrally, and 

crystals may be present. The Malvaceae is described as 

having characteristic stellate trichomes, usually a dorsi

ventral palisade parenchyma distribution, and anomocytic 

stomata on both surfaces. The Oleaceae is characterized by 

peltate trichomes; stomata may be on both surfaces and are 

anomocytic. No mention was made of the mesophyll arrange

ment. In the Loganiaceae, the stomata are generally foiind 

on the dorsal surface but may be found on both surfaces of 

species \\dth isobilateral palisade parenchyma. In the genus 

Buddleia, Metcalfe and Chalk list the presence of stellate 

trichome and globose glandular trichomes. The stomata are 

anomocytic, and crystals may be present. 

Metcalfe and Chalk characterize members of the 

Solanaceae as generally having a dorsiventral palisade paren

chyma distribution, with occasional isobilateral distribu

tion. The stomata are found on one or both surfaces. The 

trichomes are mostly imicellular or uniseriate, and crystals 

may be present. In the Scrophulariaceae, the palisade paren

chyma arrangement may be dorsiventral or isobilateral. The 
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trichomes are mostly unicellular or xmiseriate, but the 

genus TiftucophylliiTTl was listed as having multicellxilar, den

dritic type trichomes. The stomata are usually anomocytic, 

and may be present on one or both sides of the leaf. Crys

tals are rarely present. Members of the Gompositae have a 

\d.d.e variety of trichome types, stomatal arrangement, and 

palisade parenchyma distribution. The trichome types in

clude uniseriate, stellate, and dendritic forms. The 

stomata are anomocytic and present on both surfaces. The 

palisade parenchyma may be isobilateral or dorsiventral. 

Crystals are rarely found. 

Since the exact number of trichomes and stomata per 

unit area has not been determined except for species within 

the same genus, the purpose of this study is to count the 

number of trichomes and stomata per unit area of different 

taxa, and attempt to establish ratios common to all the 

species between these anatomical features and spatial rela

tionships of the leaves of each species, A brief anatomi

cal description of the major leaf features of each species 

is also given. 



CHAPTER II 

MTERI-"iJLS AND METHODS 

Seventeen species representing fourteen genera and ten 

families were collected. They include Allonia incamata L, 

of the Nyctaginaceae, Nerisyrenia camporum (Gray) Greene of 

the Cruciferae, Dalea nana Torr, ex Gray of the Leguminosae, 

Croton fruticulosis Engelm. of the -Euphorbiaceae, Sphaeral-

cea anF;ustifolia (Cav.) D. Don of the Malvaceae, Menodora 

longiflora Gray of the Oleaceae, Buddleia marrubiifolia 

Benth. and B. scordioides H.B.K. of the Loganiaceae, 

Chamaesaracha villosa Rydb. of the Solanaceae, Leucophyllum 

frutescens (Berl.) I.M. Johnston, L. minus Gray, and L. vio-

laceum Pennell of the Scrophulariaceae, and Bahia absinthi-

folia Benth,, Baileya multiradiata Harvey & Gray, Helarapodium 

leucanthum T, & G., Parthenium incanum H.B.K., and Psilo-

strophe tagentina (Nutt.) Greene var. lanata of the Gom

positae. The species examined were collected at Black Gap 

Wildlife Management Area in the Chihuahuan Desert, 55 miles 

south-southeast of Marathon, Brewster County, Texas, in loose 

limestone soil, in the month of August. Mature sun leaves 

were collected and placed immediately in F.A.A. Voucher 

specimens were also collected and deposited in the Texas Tech 

University herbarium. 

To determine the distribution and arrangement of the 

trichomes and stomata, it was necessary to remove the epi

dermal layer from both the ventral and dorsal surfaces, and 
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to make the examination from the inner surface of the epi

dermis. The trichome bases and stomata could then be 

examined without being obscured by the overlying trichomes. 

Since the removal of the epidermis by teasing it away from 

the mesophyll with honed sewing needles is a slov/ and tedi

ous process, it was necessary to devise a method to facili

tate the removal of the epidermal tissues. Wilkins (1968) 

suggested boiling the leaves for varying periods, but this 

method was found to be only partially successful. A tech

nique devised by Sprott (1968) for clearing stems with 

lactic acid v/as used on the leaves with highly successful 

results. The epidermal layer was separated from the meso

phyll, and could then be easily lifted from the leaf. The 

epidermal layers were stained v/ith safranin before removal 

from the leaf. 

The leaves were dehydrated and embedded in paraffin 

according to the schedule recommended by Johansen (1940), 

and midsections of the leaf blades were made at 12 u. Soak

ing the exposed sections in ice v;ater for 2-5 hours greatly 

facilitated the sectioning. The sections v;ere then stained 

with safranin and fast green according to Johansen (1940) 

and mounted in Permount, 

An anatomical study was made of the trichomes, stomata, 

palisade parenchyma and spongy mesophyll, Trichomes and 

stomata v;ere counted on central sections of the dorsal and 

ventral surfaces. The average number of trichomes per sq, 

mm, and stomata per sq, mm, was determined. Blade thiclmess 
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was determined by measuring the total thiclmess immediately 

adjacent to the midvein. The thiclmess of the palisade 

parenchyma and the spongy mesophyll v;as also measured. 

Surface area of five leaves of each species v/as determined 

with a compensating polar planimeter. All other measure

ments v;ere made on five sections of each of five leaves of 

each species. Ratios were then determined between the 

anatomical features and spatial relationships of the leaf 

blades. 

The standard error was computed for the average number 

of trichomes and stomata per sq. mm, on the dorsal and ven

tral surfaces and for the average number of trichomes and 

stomata per sq. mm, on both surfaces combined. The standard 

error v/as not computed for the thiclmess of the dorsal and 

ventral layers of palisade parenchyma of those species v/ith 

isobilateral leaves or for the trichome length because these 

figures were not used in the comparisons. Standard error 

was not computed for the surface error and volume due to in

sufficient sample size. 



CHAPTER III 

DESCRIPTION 

NYCTAGENACEAE 

Allonia incarnata L, 

The leaves of this species are ovate-cordate, v/ith a 

total surface area of 2514 (1792-5554) sq, mm, and a volume 

of 490,25 (549.44-689.15) cu. mm. Both the dorsal and ven

tral surfaces are supplied with multicellular, uniseriate 

trichomes v/ith slightly enlarged, globose terminal cells. 

The trichomes on the ventral surface have a length from 

69.25U to 205.40u \i±th an average length of 159.06u, but 

those on the dorsal sxarface are of two sizes: the larger 

having a length from 254.OOu to 5O6.8OU v/ith an average 

length of 257.05u and the smaller from 65.OOu to I5O.OOU 

with an average length of 89.58u. The trichome distribution 

is essentially the same for both surfaces; the ventral sur

face has 4.64 + 0.56 trichomes per sq. mm. and the dorsal 

siirface has 4.88 + O.5O trichomes per sq. mm. 

The guard cells of the stomata are sionken belov/ the sur

face of the epidermis, and the stomata are anomocjrfcic. The 

ventral surface has more stomata than the dorsal surface, 

15.56 _+ 0.56 stomata per sq, mm, to 12,88 + 0,54 stomata per 

sq, mm. 

The leaves have an isobilateral palisade parenchyma dis

tribution, with the palisade parenchyma below the ventral 

8 



9 

surface having a thickness of 0,10 (0,08-0,15) mm, and that 

below the dorsal being 0,12 (0.10-0,16) mm, thick. The to

tal palisade parenchyma thiclmess is 0,22 (0,18-0,29) mm,, 

and the spongy mesophyll thickness is 0,09 + 0,01 mm. The 

total leaf thiclm.ess is 0.59 + 0,00 mm, Bimdles of raphid 

ciystals are randomly distributed in the palisade parenchyma. 

On the ventral surface, the ratio of the number of tri

chomes per sq, mm, to the number of stomata per sq, mm. is 1 

to 5»51» the ratio of the number of trichomes per sq. mm. to 

the ventral surface area is 1 to 270.90, the ratio of the 

number of stomata per sq. mm. to the ventral surface area is 

1 to 81.85, the ratio of the number of trichomes per sq. mm, 

to the volume is 1 to 105.65, and the ratio of the number of 

stomata per sq. mm, to the volume is 1 to 51•91- On the dor

sal surface, the ratio of the niomber of trichomes per sq, mm, 

to the number of stomata per sq, mm, is 1 to 2, the ratio of 

the number of trichomes per sq, mm, to the dorsal surface 

area is 1 to 257,58, the ratio of the niimber of stomata per 

sq, mm, to the dorsal surface area is 1 to 97.59, the ratio 

of the number of trichomes per sq. mm, to the voliime is 1 to 

100,45, and the ratio of the niomber of stomata per sq, mm, 

to the volume is 1 to 58,06, The ratio of the average number 

of trichomes per sq. mm. of the dorsal and ventral surfaces 

combined to the total surface area is 1 to 535.70, to the vol

ume is 1 to 102.98. The ratio of the average number of sto

mata per sq. mm. of the dorsal and average number of trichomes 

per sq. mm. to the average number of stomata per sq. mm. of 
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the dorsal and ventral surfaces combined is 1 to 2.96. The 

ratio of the combined total layers of the palisade paren

chyma to the spongy mesophyll is 2.44 to 1. 
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CRUCIFERAE 

Nerisyrenia cajiporum (Gray) Greene 

The leaves of this species are ovate v/ith an incised 

margin, and have a total surface area of 284 (244-554) sq. 

mm. and a voliime of 65.52 (56.12-76.82) cu. mm. Both sur

faces possess dendritic trichomes; the ventral surface has 

slightly more trichomes than the dorsal surface. The ven

tral surface has 11,44 + 0.68 trichomes per sq. mm., and 

each trichome has from 5 to 9 branches v/ith an average of 

7.00 branches v/ith a length from 122.2u to 174.2u with an 

average 148,25u for each branch. The dorsal surface has 

11.20 _+ 0.78 trichomes per sq. mm., and each trichome has 

from 5 to 9 branches v/ith an average of 7.00 branches with 

a length from 122.2u to 184.6u for each branch, averaging 

148.50u. 

Both surfaces possess anomocytic stomata, and the 

guard cells are located at the surface level. The ventral 

surface has 50.72 + 2.74 stomata per sq. mm., and the dorsal 

surface possesses 47,28 + 2,14 stomata per sq, mm. 

The leaves have isobilateral palisade parenchyma; the 

layer beneath the ventral surface is 0,16 (0.12-0.21) mm. 

thick and the layer below the dorsal surface is 0.12 (0.09-

0.21) thick. The total palisade parenchyma thickness is 

0,28 (0,21-0,42) mm,; the spongy mesophyll has a thiclmess 

of 0,10 + 0.01 mm. The total leaf thiclmess is 0.46 + 0.02 

mm. 
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V/ith regard to the ventral surface, the ratio of the 

number of trichomes per sq. mm. to the number of stomata 

per sq. mm. is 1 to 4.55, the ratio of the number of tri

chomes per sq. mm. to the ventral surface area is 1 to 

12,41, the ratio of the number of stomata per sq, mm, to the 

ventral surface area is 1 to 5.70, the ratio of the nu--cer 

of trichomes per sq, mm, to the volume is 2,80 to 1, and the 

ratio of the number of stomata per sq, mm, to the voluj:::e is 

1 to 1,58, On the dorsal surface, the ratio of the number 

of trichomes per sq, mm, to the number of stomata per sq, 

mm, is 1 to 4,22, the ratio of the niimber of trichomes per 

sq, mm, to the dorsal surface area is 1 to 12,67, of the 

number of stomata per sq, mm, to the dorsal surface area is 

1 to 5.85, the ratio of the number of trichomes per sq, mm, 

to the volume is 1 to 1,28, and the ratio of the number of 

stomata per sq, mm, to the volume is 1 to 2,79. The ratio 

of the average number of trichomes per sq, mm, of the dorsal 

and ventral surfaces combined to the total sirrface area is 1 

to 25,08, to the volume is 1 to 5.77. The ratio of the aver

age number of stomata per sq, mm, of the dorsal and ventral 

surfaces combined to the total surface area is 1 to 5.78, of 

the volume 1 to 1,55, The ratio of the average number of 

trichomes per sq. mm. to the average number of stomata per 

sq, mm, of the dorsal and ventral surfaces combined is 1 to 

4.52. The ratio of the total palisade parenchyma to spongy 

mesophyll is 1 to 5. 
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LEGUMINOSAE 

Dalea nana Torr, ex Gray 

The leaves of this species are compound, each leaflet 

being lanceolate with entire margins. All measurements ex

cept surface and volume were made with the leaflets. The 

total surface area of the entire leaf is 258 (180-522) sq, 

mm,, and the volume is 58,70 (27,00-48,50) cu, mm. Uni

cellular uniseriate trichomes are present on both surfaces, 

25.76 + 0,99 trichomes per sq, mm, on the ventral surface 

and 22,40 + 0,76 trichomes per sq, mm, on the dorsal sur

face. The trichomes on the ventral surface have a length 

from 714.OOu to 1266u v/ith an average of 965.60u, those on 

the dorsal surface a length from 858,OOu to 1572,OOu with an 

average of 1199-28u. 

The stomata are anomocytic, and the guard cells are 

sunken to the base of the epidermal layer. The stomata 

have a distribution of 52.48 + 1.08 stomata per sq, mm, on 

the ventral siirface and 45.12 + 1.15 stomata per sq. mm. on 

the dorsal surface. 

The palisade parenchyma is isobilateral, with the layer 

belov/ the ventral surface having a thiclmess of 0.11 (0.06-

0.14) mm. and the layer below the dorsal surface having a 

thiclmess of 0.08 (0.04-0.11) mm. The total palisade paren

chyma thickness of both layers combined is 0.19 (0.10-0.25) 

mm., and the spongy mesophyll has a thiclmess of 0.04 + 0.00 

mm. The total leaf thiclmess if O.5O + 0.01mm. Druse 
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crystals are randomly distributed throughout the mesoph;jai. 

On the ventral surface, the ratio of the nimber of 

trichomes per sq. mm. to the number of stomata per sq, mm. 

is 1 to 1.26, the ratio of the number of trichomes per sq. 

mm. to the ventral surface area is 1 to 5, the ratio of the 

number of stomata per sq. mm. to the ventral surface area 

is 1 to 5.97, the ratio of the number of trichomes per sq. 

mm, to the volume is 1 to 1,50, and the number of stomata 

per sq, mm. to the volume is 1 to 1,19. On the dorsal sur

face, the ratio of the number of trichomes per sq, mm, to 

the number of stomata per sq, mm, is 1 to 2,01, the ratio of 

the niiraber of trichomes per sq, mm, to the dorsal surface 

area is 1 to 5.75, the ratio of the number of stomata per 

sq, mm, to the dorsal surface area is 1 to 2,85, the ratio 

of the number of trichomes per sq, mm, to the volume is 1 

to 1,72, and the ratio of the number of stomata per sq, mm, 

to the volume is 1,16 to 1, The ratio of the average num

ber of trichomes per sq, mm, of the dorsal and ventral sur

faces combined to the total surface area is 1 to 10,70, to 

the volume is 1 to 1,60, The ratio of the average number of 

stomata per sq, mm, of the dorsal and ventral surfaces com

bined to the total surface area is 1 to 6,64, to the volume 

is 1 to 1, The ratio of the average number of trichomes 

per sq, mm, to the average number of stomata of both the dor

sal and ventral surfaces combined is 1 to 1,61. The ratio of 

the combined total layers of the palisade parenchyma to the 

spongy mesophyll is 4,75 to 1, 
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EUPHOP^LflCEAE 

Croton fruticulosis Engelm, 

The leaves of this species are ovate-cordate, and 

have a total surface area of I586 (1444-1728) sq, mm, and a 

volume of 150.67 (157.18-164.16) cu. mm. Stellate trichomes 

are present on both surfaces, 4.16 + O.5O trichomes per sq. 

mm, on the ventral surface and 6.48 + O.5O trichomes per sq. 

mm. on the dorsal surface. The trichomes on the ventral 

surface have from 6 to 10 branches with an average of 8, and 

the length ranges from 175.50u to 287.50u v/ith an average of 

229.06u, The trichomes on the dorsal surface have from 11 

to 17 branches v/ith an average of 14 branches, and the length 

varies from 501.60u to 560.50u. v/ith an average length of 

446.99u. 

The stomata are anomocytic, and the guard cells sjce 

level v/ith the surface. The ventral surface has O.56 + 0.01 

stomata per sq, mm., and the dorsal surface has 55.44 + 1,64 

stomata per sq, mm. 

The palisade parenchyma distribution is dorsiventral, 

and has a thiclmess of 0,07 + 0,00, The spongy mesophyll 

has a thiclmess of 0,10 + 0,00 mm,, and the total leaf thick

ness is 0,19 + 0,00 mm, A large number of druse crystals are 

randomly distributed throughout the mesophyll. 

Regarding the ventral surface, the ratio of trichomes 

per sq, mm, to the number of stomata per sq, mm, is 11,55 to 

1, the ratio of the number of trichomes per sq, mm, to the 
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ventral surface area is 1 to 190,62, the ratio of the 

number of stomata per sq. mm, to the ventral surface area 

is 1 to 2202,77, the ratio of the number of trichomes per 

sq, mm, to the volume is 1 to 56,21, and the ratio of the 

number of stomata per sq, mm, to the volume is 1 to 418,52, 

On the dorsal surface, the ratio of the number of trichomes 

per sq, mm, to the number of stomata per sq, mm, is 1 to 

8,55, the ratio of the number of trichomes per sq, mm, to 

the dorsal surface area is 1 to 122,57, the ratio of the 

number of stomata per sq, mm, to the dorsal surface area 

is 1 to 14,50, the ratio of the number of trichomes per sq, 

mm, to the voliome is 1 to 25.25, and the ratio of stomata 

per sq, mm, to the volume is 1 to 2,71. The ratio of the 

average number of trichomes per sq, mm, of the dorsal and 

ventral surfaces combined to the total surface area is 1 

to 298,12, to the volume 1 to 28,52, The ratio of the 

average number of stomata per sq, mm, of the dorsal and ven

tral surfaces combined to the total surface area is 1 to 

56.84, to the volume 1 to 5.40. The ratio of the average 

number of trichomes per sq. mm. to the average number of 

stomata per sq. mm. of the dorsal and ventral surfaces com

bined is 1 to 5.24. The ratio of the palisade parenchyma 

to the spongy mesophyll is 1 to 1.66. 



17 

MALVACE/iE 

Sphaeralcea angustifolia (Cav.) D. Don 

The leaves of this species are lanceolate v/ith crenate 

margins, having a total surface area of 710 (528-1018) sq, 

mm, and a volume of 78,10 (58.08-111,98) cu. mm. Two sizes 

of stellate trichomes are present on both the dorsal and the 

ventral surfaces. The larger trichomes on the ventral siu?-

face have from 10 to 15 branches v/ith an average number of 

12 branches which have a length of 101.40u to 240.50u v/ith 

an average length of 188.34u, whereas the smaller trichomes 

on the ventral surface have from 7 to 11 branches with an 

average number of 9 branches, with a length of 84.50u to 

188,50u v/ith an average length of 122.20u, The larger 

trichomes on the dorsal surface have 9 to 15 branches v/ith 

an average number of 11 branches, with a length of 96,20u 

to 240,50u, averaging 188,81u, v/hereas the smaller tri

chomes on the dorsal surface have 6 to 10 branches v/ith an 

average number of 8 branches, with a length of 71.50u to 

184,60u \d-th an average of 122,77u. The ventral surface 

has 5,76 (0,00-6,00) large trichomes per sq. mm, and 6,08 

(4,00-14,00) small trichomes per sq, mm,, totaling 11,76 + 

0,70 trichomes per sq, mm.; the dorsal surface has 4.48 

(0.00-10.00) large trichomes per sq. mm. and 7,28 (4,00-

14,00) small trichomes per sq, mm,, totaling 9.84 + 0,64 

trichomes per sq, mm. 

The stomata are anomocytic, and the guard cells are 

file:///d-th
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level v/ith the leaf surface. The ventral surface has 

54,72 + 1,48 stomata per sq, mm,, and the dorsal surface 

has 73.20 + 1,86 stomata per sq, ram. 

The palisade parenchyma distribution is isobilateral, 

the layer beneath the ventral surface having a thickness of 

0,09 (0,05-0,11) mm, and the layer beneath the dorsal sur

face being 0,06 (0,04-0,07) mm, thick. The combined total 

palisade parenchyma is 0,15 + 0.00 mm, thick, and the 

spong-y mesophj'-ll is O.O5 + 0.00 thick. The total leaf 

thiclmess is 0.22 + 0.00 mm. Druse crystals are randomly 

distributed throughout the mesophyll. 

On the ventral surface, the ratio of the number of 

trichomes per sq, mm, to the number of stomata per sq, mm, 

is 1 to 5*56, the ratio of the number of trichomes per sq, 

mm, to the ventral surface area is 1 to 56,07, the ratio of 

the number of stomata per sq, mm, to the ventral surface 

area is 1 to 6,48, the ratio of trichomes per sq. mm. to the 

volume is 1 to 7.95, and the ratio of the number of stomata 

per sq, mm, to the volume is 1 to 1,42, On the dorsal sur

face, the ratio of the number of trichomes per sq, mm, to 

the number of stomata per sq. mm. is 1 to 6.22, the ratio 

of the number of trichomes per sq. mm. to the dorsal 

surface area is 1 to 50.18, the ratio of the number of 

storita per sq. mm. to the dorsal surface area is 1 to 4,84, 

the ratio of the number of trichomes per sq, mm, to the vol

ume is 1 to 6,64, and the number of stomata per sq, mm, to 

the volume is 1 to 1,06, The ratio of the average number of 
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trichomes per sq, mm, of the dorsal and ventral surfaces 

combined to the total surface area is 1 to 151.48, to the 

volume 1 to 14.46. The ratio of the average number of 

stomata per sq. mm. of the dorsal and ventral surfaces 

combined to the total surface area is 1 to 11.10, to the 

volume 1 to 1.22. The ratio of the average number of 

trichomes per sq. mm. to the average number of stomata per 

sq. mm. of the dorsal and ventral surface combined is 1 to 

11.84, The ratio of the combined total layers of palisade 

parenchyma to the spongy mesophyll is 5 to 1, 
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OLEACE^iE 

Menodora lon.^iflora Gray 

The leaves of this species are lanceolate v/ith entire 

margins, having a surface area of 296 (252-586) sq, mm, and 

a volume of 44,40 (54,80-57,90) cu, mm. Unicellular vmi-

seriate trichomes are found on both surfaces, the ventral 

surface having 4,64 ^̂  0,40 trichomes per sq, mm, and the 

dorsal surface having 2,56 + 0,52 trichomes per sq, mm. 

The trichomes on the ventral surface have a length of 

524,00u to 522,OOu v/ith an average length of 414,72u, and 

the trichomes on the dorsal surface have a length from 

550,OOu to 594,OOu v/ith an average of 449.28u, Glandular 

hairs are also scattered randomly on the ventral surface. 

The stomata are anomocytic, and the guard cells are 

level v/ith the surface. The ventral surface has a stomatal 

distribution of 58.24 _+ 1.16 stomata per sq. mm,, and the 

dorsal surface has a stomatal distribution of 53.68 +_ 1,50 

stomata per sq, mm. 

The palisade parenchyma arrangement is isobilateral, 

the layer belov/ the ventral surface being 0.12 (0,10-0,15) 

mm, thick and the layer belov/ the dorsal surface being 0,08 

(0,06-0,10) mm, thick. The combined thiclmess of both lay

ers of palisade parenchyma is 0,20 ± 0,00 mm,, and the 

spongy mesophyll is 0,06 + 0,00 mm, thick. The total leaf 

thickness is 0,50 + 0,01 ram. 

On the ventral s\irface, the ratio of the number of tri-
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chomes per sq. mm. to the number of stomata per sq. mm. is 

1 to 8.24, the ratio of the number of trichomes per sq. mm. 

to the ventral surface area is 1 to 51.89, the ratio of the 

number of stomata per sq. mm, to the ventral surface area 

is 1 to 5.87, the ratio of the number of trichomes per sq, 

mm, to the volume is 1 to 9.56, and the ratio of the num

ber of stomata per sq, mm, to the volume is 1 to 1,16, On 

the dorsal surface, the ratio of the number of trichomes per 

sq, mm. to the number of stomata per sq, mm. is 1 to 15.15, 

the ratio of the number of trichomes per sq, mm, to the 

dorsal surface area is 1 to 57.81, the ratio of the number 

of stomata per sq, mm. to the dorsal surface area is 1 to 

4.59, the ratio of the nimber of trichomes per sq, mm. to 

the volume is 1 to 17.54, and the ratio of the number of 

stomata per sq, mm. to the volume is 1 to 1.51. The ratio 

of the average number of trichomes per sq. mm. of the dor

sal and ventral surfaces combined to the total surface area 

is 1 to 82.22, to the voliome 1 to 12.55. The ratio of the 

average number of stomata per sq. mm. of the dorsal and 

ventral surfaces combined to the total surface area is 1 to 

8.22, to the volume 1 to 1.25. The ratio of the average 

number of trichomes per sq. mm. to the average niomber of 

stomata per sq. mm. of the dorsal and ventral surfaces com

bined is 1 to 9.98. The ratio of the combined layers of 

the palisade parenchyma to the spongy mesophyll is 5.55 to 1. 
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LOGAI-JIACEAE 

Buddleia ma-rrubiifolia Benth. 

The leaves of this species are ovate to elliptical 

with crenate margins, and have a total surface area of 206 

(166-282) sq, mm, and a volume of 10,50 (8.50-14,10) cu. 

mm. Dendritic trichomes are present on both surfaces, the 

ventral surface having 61.76 + 2.06 trichomes per sq. mm, 

and the dorsal surface having 41,50 + 2,10 trichomes per 

sq. mm. The trichomes on the ventral surface have from 5 

to 4 branches v/ith an average number of 4 branches, v/hich 

have a length from 156,OOu to 500.50u, with an average 

length of 259.20u, The trichomes on the dorsal surface 

have from 5 to 4 branches with an average number of 4 

branches, which have a length of 257.90u to 559.50u, v/ith 

an average of 284,85u, Globose glandular trichomes are also 

present on the dorsal surface and often occur in pairs. 

These trichomes range from 14 to 28 sq. mm., v/ith an average 

of 20.48 trichomes per sq. mm. The diameter of these glo

bose trichomes is from 56.40u to 41.60u with an average 

diameter of 59.67u. 

The stomata are anomocytic, and the guard cells are 

level with the surface. The ventral surface has 0.24 _+ 

0,01 stomata per sq, mm,, a much smaller number than that 

for the dorsal surface, v/hich has 52.52 + 1.56 stomata per 

sq. mm. 

The palisade parenchyma is dorsiventral in the leaves 
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of this species, and has a thiclmess of 0.04 ± 0.00 mm. 

The spongy mesophyll has a thiclmess of 0,04 + 0,00 mm,, 

and the total leaf thiclmess is 0,10 + 0,00 mm. Small druse 

crystals occur randomly in the mesophyll. 

On the ventral surface, the ratio of the number of 

trichomes per sq, mm, to the nimber of stomata per sq, mm, 

is 257.33 to 1, the ratio of the number of trichomes per 

sq, ram, to the ventral surface area- is 1 to 1,66, the number 

of stomata per sq, mm, to the ventral surface area is 1 to 

429.16, the ratio of the number of trichomes per sq, mm, to 

the volxome is 5.99 to 1, and of the number of stomata per 

sq, ram, to the volume is 42,91 to 1, On the dorsal sur

face, the ratio of the number of trichomes per sq, mm, to 

the number of stomata per sq, ram, is 1 to 1,26, the ratio 

of the number of trichomes per sq, mm, to the dorsal sur

face area is 1 to 2,48, the number of stomata per sq, mm, to 

the dorsal surface aji?ea is 1 to 1,96, the ratio of the num

ber of trichomes per sq, mm, to the volume is 4,03 to 1, 

and the ratio of the number of stomata per sq, mm, to the 

volume is 5,07 to 1, The ratio of the average number of 

trichomes per sq. mm, to the average number of stomata per 

sq, mm, of the dorsal and ventral surfaces combined is 

1,96 to 1, The ratio of the average niimber of trichomes 

per sq. mm. of the dorsal and ventral surfaces combined to 

the siirface area is 1 to 3.98, to the volume is 5.01 to 1. 

The ratio of the average n\imber of stomata per sq. mm. of 

the dorsal and ventral surfaces combined is 1 to 7.82, to 
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the volvime 2.55 to 1. The ratio of the palisade parenchyma 

to the spongy mesoplayll is 1 to 1. 

Buddleia scordioides H.B.K. 

The leaves of this species are ovate to elliptical 

v/ith crenate margins, and have a surface area of 140 (76-

180) sq, mm, and a volume of 7.00 (3.80-9.00) cu. mm. Den

dritic trichomes are present on both surfaces, the ventral 

surface having 14.16 + 0.68 trichomes per sq. mm. and the 

dorsal surface having 14.48 + 1.08 trichomes per sq. mm. 

The trichomes on the ventral surface have from 5 to 4 

branches v/ith an average number of 4 branches, which have a 

length of 176.80u to 269.lOu •̂ f̂ith an average of 216.60u. 

The trichomes on the dorsal surface have from 5 to 4 

branches v/ith an average niomber of 4 branches, v/hich have a 

length of 185.50u to 256.lOu with an average of 207.Olu. 

Globose glandular trichomes are also present on the dorsal 

surface in this species, and range from 54 to 68 trichomes 

per sq. mm, v/ith an average of 66,10 trichomes per sq, ram. 

Their diameter ranges from 29.90u to 42.90u with an average 

diameter of 56.66u. 

The stomata are anomocytic, and the guard cells are 

slightly raised above the surface. The ventral surface has 

29.60 + 0.88 stomata per sq. mm., and the dorsal surface 

has 54.64 + 1.24 stomata per sq. mm. 

The palisade parencl^Tna distribution is dorsiventral, 

and has a thiclmess of 0.04 + 0.00 mm. The spongy meso-
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phyll is 0.04 +_ 0.00 ram. thick, and the total leaf thick

ness is 0.10 + 0.00 mm. 

The ratio of the number of trichomes per sq. mm. on 

the ventral surface to the number of stomata per sq. mm. is 

1 to 2.09, the ratio of the number of trichomes per sq. mm. 

to the ventral surface area is 1 to 4,94, the ratio of the 

number of stomata per sq, mm. to the ventral surface area 

is 1 to 2.56, the ratio of the number of trichomes per sq, 

mm, to the volume is 2,02 to 1, and the ratio of the num

ber of stomata per sq, mm, to the volume is 4,22 to 1. On 

the dorsal surface, the ratio of the number of trichomes 

per sq, mm, to the number of stomata per sq, mm, is 1 to 

5.77, the ratio of the number of trichomes per sq, mm, to 

the dorsal surface area is 1 to 4,94, the ratio of the num

ber of stomata per sq. mm. to the dorsal surface area is 1 

to 2.56, the ratio of the number of trichomes per sq, mm, 

to the volume is 2,02 to 1, and the ratio of the number of 

stomata per sq. mm. to the volinne is 4,22 to 1, The ratio 

of the average number of trichomes per sq, mm, to the aver

age number of stomata per sq, mm, of the dorsal and ventral 

surfaces combined is 1 to 2,93. The ratio of the average 

number of trichomes per sq, mm, of the dorsal and ventral 

surfaces combined to the total surface area is 1 to 9.76, 

to the volxime is 2.04 to 1. The ratio of the average num

ber of stomata per sq. mm. of the dorsal and ventral sur

faces combined to the total surface area is 1 to 3.32, to 

the volume 6.01 to 1. The ratio of the total layers of 
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palisade parenchyma to the spongy mesophyll is 1 to 1. 
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SOL/JJACEiE 

Chamaesaracha villosa Rydb, 

The leaves of this species are ovate with midulate 

margins, having a total surface area of 710 (652-812) sq, 

mm, and a volume of 115,60 (101,12-129,92) cu. mm. The 

multicellular uniseriate trichomes are present on both sur

faces, the ventral surface having 12.16 + 0.60 trichomes per 

sq. mm. and the dorsal surface having 17.12 _+ 1.06 trichomes 

per sq. mm. The trichomes on the ventral surface have a 

length of 580.90u to 634.64u with an average of 557.54u, 

and the trichomes on the dorsal surface have a length of 

391.30u to 651.50u with an average length of 550.84u. The 

terminal cell is enlarged and globose, containing proto

plasm. 

The stomata are anomocytic, and the guard cells are 

level v/ith the surface. The ventral surface has a stomatal 

distribution of 19.28 + 0.78 stomata per sq. mm,, and the 

dorsal surface has a stomatal distribution of 28.48 + 1.52 

stomata per sq. ram. 

The palisade parenchyma is isobilateral, the layer be

neath the ventral surface being 0.07 (0.05-0.10) mm. thick 

and the layer beneath the dorsal surface being 0.08 (0.06-

0.10) mm. thick. The combined total layers of palisade 

parenchyma are 0.15 ± 0.00 mm. thick, and the spongy meso-

pliyll is 0.12 +_ 0.00 mm. thick. The total leaf thiclmess 

is 0.32 + 0.01 mm. Druse crystals are randomly distributed 
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throughout the mesophyll. 

On the ventral surface, the ratio of the number of 

trichomes per sq. mm. to the n\:imber of stomata per sq, mm. 

is 1 to 1.58, the ratio of the number of trichomes per sq. 

mm. to the ventral surface area is 1 to 29.19, the ratio of 

the number of stomata per sq. mm. to the ventral surface 

area is 1 to 18.41, the ratio of the niimber of trichomes 

per sq. mm. to the volume is 1 to 9.34, and the number of 

stomata per sq. mm. is 1 to 5.89. On the dorsal surface, 

the ratio of the number of trichomes per sq. mm, to the 

number of stomata per sq, mm, is 1 to 1,66, the ratio of 

the number of trichomes per sq, mm, to the dorsal surface 

area is 1 to 20.73, the ratio of the number of stomata per 

sq. ram. to the dorsal surface area is 1 to 12.46, the ratio 

of the number of trichomes per sq. mm. to the volume is 1 

to 6.63, and the ratio of the number of stomata per sq. mm. 

to the voliime is 1 to 5.98. The ratio of the average num

ber of trichomes per sq. ram, to the average n'umber of sto

mata per sq, mm, of the dorsal and ventral surfaces com

bined is 1 to 1,65, The ratio of the average n\imber of 

trichomes per sq, mm, of the dorsal and ventral surfaces 

combined to the total surface area is 1 to 48,48, to the 

volume 1 to 7.75. The ratio of the average number of 

stomata per sq. mm. of the dorsal and ventral surfaces 

combined to the total surface area is 1 to 29.72, to the 

volume 1 to 4.75. The ratio of the combined layers of pali

sade parenchyma to the spongy mesophyll is I.25 to 1. 
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SCROPIRILARIACE'lE 

Leucophyllum frutescens (Berl.) I.M. Johnston 

The leaves of this species are elliptical to obovate 

v/ith entire margins, having a total surface area of 298 

(258-548) sq. mm. and a volume of 47.56 (41.28-55.68) cu. 

mm. Dendritic trichomes are present on both surfaces, the 

ventral surface having 161.28 +4.28 trichomes per sq, mm, 

and the dorsal surface having 161,80 + 5.56 trichomes per 

sq, mm. The trichomes on the ventral surface have from 8 to 

16 branches v/ith an average number of 11 branches, which 

have a length of 67.60u to 114,40u with an average of 

91.OOu, The trichomes on the dorsal surface have from 6 

to 12 branches with an average niimber of 10 branches which 

have a length of 53.30u to 89.70u \d.th an average of 79.40u, 

The stomata are anomocytic, and the guard cells are 

level with the surface. The ventral surface has 14,32 + 

0.96 stomata per sq. mm., and the dorsal surface has 72.96 

Hh 1.60 stomata per sq. mm. 

The palisade parenchyma is distributed isobilaterally, 

the layer belov/ the ventral surface having a thiclmess of 

0,11 (0,10-0,13) mm, and the layer below the dorsal surface 

being 0.08 (0.07-0.09) mm. thick. The combined total pali

sade parenchyma layers are 0.19 + 0.00 mm. thick, and the 

spongy mesophyll is 0.08 + 0.00 mm. thick. The total leaf 

thickness is 0.52 + 0.00 mm. 

Regarding the ventral surface, the ratio of the number 
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of trichomes per sq. mm, to the number of sto:r.ata per s-c, 

mm, is 11,26 to 1, the ratio of the number of trichomes per 

sq. mm. to the ventral surface area is 1.08 to 1, the r?-":io 

of the number of stomata per sq. mm. to the ventral suri?xe 

area is 1 to 10.53, the ratio of the number of trichomes per 

sq. mm. to the volume is 5.40 to 1, and the number of s~c-

mata per sq. mm. to the volume is 1 to 5.50. On the dorsal 

surface, the ratio of the number of trichomes per sq, im, to 

the number of stomata per sq, mm, is 2,21 to 1, the ratio 

of the number of trichomes per sq, mm, to the dorsal siir-

face area is 1 to 2,02, the ratio of the number of trichomes 

per sq, mm. to the volume is 3.41 to 1, and the number of 

stomata per sq, mm, to the volume is 1,54 to 1, The ratio 

of the average number of trichomes per sq, mm, to the aver

age number of stomata per sq, mm, of the dorsal and ventral 

surfaces combined is 5.71 to 1. The ratio of the average 

number of trichomes per sq, mm, of the dorsal and ventral 

surfaces combined to the total surface area is 2,18 to 1, 

the volume 5,41 to 1, The ratio of the average number of 

stomata per sq, mm, of the dorsal and ventral surfaces com

bined to the total surface area is 1 to 6.80, to the vol-̂ iae 

1 to 1,08, The ratio of the combined layers of palisade 

parenchyma to the spongy mesophyll is 2,57 to 1, 

Leucophyllum minus Gray 

The leaves of this species are ovate v/ith entire mar

gins, having a total sirrface area of 64 (24-42) sq, mri. 
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of 65.OOu to 94.9OU v/ith am fflw®i^s^ ll^ii^th ciaf :SQ ,^u . 

The stomata are anoEo<^?lfeiie„ snS. tShe Î4a3:*d ce.ljbs ^ar-e 
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sq. mm. to the volume is 8,45 to 1, and the ratio of the 

number of stomata per sq. ram. to the volume is 4,55 to 1, 

On the dorsal surface, the ratio of the number of trichomes 

per sq, run. to the number of stomata per sq, ram, is 1,61 to 

1, the ratio of the number of trichomes per sq, mm, to the 

dorsal surface area is 2.54 to 1, the ratio of the number 

of stomata per sq, mm, to the dorsal surface area is 1.57 

to 1, the ratio of the number of trichomes per sq, mm, to 

the volume is 7-95 to 1, and the ratio of the niomber of 

stomata per sq, mm, to the volume is 4,90 to 1, The ratio 

of the average number of trichomes per sq, mm, to the aver

age number of stomata per sq. mm. on both the dorsal and 

ventral surfaces combined is 1.71 to 1, The ratio of the 

average number of trichomes per sq, mm, of the dorsal and 

ventral surfaces combined to the total surface area is 5.24 

to 1, to the volume 8,18 to 1, The ratio of the average 

number of stomata per sq. wrni, of the dorsal and ventral 

surfaces combined to the total surface area is 3-06 to 1, 

to the volume 4.78 to 1. The ratio of the combined layers 

of palisade parenchyma to the spongy mesophyll is 2.37 to 1, 

Leucophyllum violaceum Pennell 

The leaves of this species are elliptical to ovate 

with entire margins, the total surface area being 166 (128-

192) sq. mm, and the volume being 20,75 (16,00-24,00) cu, 

mm. Dendritic trichomes are present on both surfaces, the 

ventral surface having 207.04 ± 4.50 trichomes per sq, nim. 
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and the dorsal surface having 207.76 +5.52 trichomes per 

sq. mm. The trichomes on the ventral surface have fro:: 9 

to 14 branches v/ith an average number of 12 branches, v/hich 

have a length of 58.50u to 102.70u v/ith an average length 

of 85.9ou. The trichomes on the dorsal surface have from 

11 to 16 branches v/ith an average of 15 branches, v/hich 

have a length of 85.20u to 115.70u v/ith an average of 

99.OOu. 

The stomata are anomocytic, and the guard cells are 

level v/ith the leaf s;irface. The ventral surface has 22.00 

+^ 0.44 stomata per sq. mm.; the dorsal surface has 60.16 + 

1.̂ 14 stomata per sq. mm. 

The palisade parenchyma distribution is isobilateral, 

the layer beneath the ventral surface being 0.09 (0.03-0.10) 

mm, thick and the layer beneath the dorsal surface being 0,07 

(0,06-0,10) mm, thick. The combined thiclmess of the layers 

of palisade parenchyma is 0,16 + 0,00 mm,, and the spongy 

mesophyll thiclmess is 0,05 ± 0,00 mm. The total thiclmess 

of the leaf is 0.25 + 0.00 ram. 

On the ventral surface, the ratio of the number of tri

chomes per sq, mm, to the number of stomata per sq, mm, is 

5,45 to 1, the ratio of the number of trichomes per sq, mm, 

to the ventral siirface area is 2,49 to 1, the ratio of the 

number of stomata per sq, mm, to the ventral surface sjrea is 

1 to 5,77, the ratio of the number of trichomes per sc. mm, 

to the volume is 9.97 to 1, and the number of stomata per sq, 

mm, to the volume is 1.06 to 1. On the dorsal surface, the 
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ratio of the number of trichomes per sq. mm. to the number 

of stomata per sq. mm. is 9.41 to 1, the ratio of the num

ber of trichomes per sq. mm. to the dorsal surface area is 

2,50 to 1, the number of stoiaata per sq, ram, to the dorsal 

surface area is 1 to 1,57, the number of trichomes per sq, 

mm, to the volume is 10.01 to 1, and the ratio of the num

ber of stomata per sq, mm. to the volume is 2.89 to 1. 

The ratio of the average nuniber of trichomes per sq. mm. 

to the average number of stomata per sq. mm. on the dor

sal and ventral surfaces combined is 5.04 to 1. The ratio 

of the average number of trichomes per sq. mm. of the dor

sal and ventral surfaces combined to the total surface 

area is 4.98 to 1, to the volume 9.99 to 1. The ratio of 

the average number of stomata per sq. mm. of the dorsal 

and ventral surfaces combined to the total surface area is 

1 to 4,04, to the volume 1,97 to 1, The ratio of the com

bined layers of the palisade parenchyma to the spongy meso

phyll is 2,57 to 1, 
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GOMPOSITAE 

Bahia absinthifolia Benth, 

The leaves of this species are ovate v/ith irregularly 

lobed margins, having a total surface area of 194 (140-270) 

sq, mm, and a voliime of 45.49 (32.90-65,45) cu, mm. Tv/o 

types of trichomes axe present on both surfaces, one a 

unicellular uniseriate trichome and- the other a uniseriate 

trichome v/ith a multicellular base. The ventral surface 

has 62,56 + 4,̂ 8̂ trichomes per sq, mm,, and the dorsal sur

face has 61,68 +̂  5*18 trichomes per sq, mm. The trichomes 

on the ventral surface have a length of 188.50u to 575.70u 

with an average length of 265.36u, and the trichomes on the 

dorsal surface have a length of 195.OOu to 452.40u with an 

average of 540.60u. 

The stomata are anomocytic, and the guard cells are 

level v/ith the epidermis. The ventral surface has 45.44 ĵ  

2.40 stomata per sq. mm., and the dorsal surface has 46.48 

+1.72 stomata per sq. mm. 

The palisade parenchyma is isobilateral, the layer 

below the ventral s'urface having a thiclmess of 0.16 (0.12-

0.25) mm. and the layer belov/ the dorsal surface having a 

thiclmess of 0.12 (0,11-0.16) mm. The thiclmess of the 

combined layers of palisade parenchyma is 0,28 + 0,01 mm., 

and the thiclmess of the spongy mesophyll is 0,16 _+ 0,01 

mm. The total leaf thickness is 0,47 + 0,01 mm. 

The ratio of the number of trichomes per sq, mm, to 
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the number of stomata per sq, mm. on the ventral surface 

is 1,^\A- to 1, the ratio of the number of trichomes per sq, 

mm. to the ventral surface area is 1 to 1.55, the ratio of 

the nmiber of stomata per sq. mm. to the ventral surface 

area is 1 to 2.23, the ratio of the number of trichomes per 

sq, imn, to the volume is 1.57 to 1, and the iv,imber of sto

mata per sq. mm. to the volume is 1.01 to 1. On the dorsal 

surface, the ratio of the number of trichomes per sq. nn. 

to the number of stomata per sq. mm. is 1.52 to 1, the nvjz-

ber of trichomes per sq. mm. to the dorsal s'orface ajrea is 

1 to 1.57, the ratio of the number of stomata per sq. iin, 

to the dorsal surface area is 1 to 2,08, the ratio of the 

number of trichomes per sq. mm. to the volume is 1.55 '̂c 1, 

and the ratio of the number of stomata per sq. mm. to the 

volume is 1 to 1.04. The ratio of the average niomber of 

trichomes per sq. mm. to the average number of stomata per 

sq. mm. of the dorsal and ventral surfaces combined is 2.14 

to 1. The ratio of the average number of trichomes per sq. 

mm. of the dorsal and ventral surfaces combined to the total 

surface area is 1 to 5.12, to the volume 1,56 to 1. The 

ratio of the average number of stomata per sq. mm, of the 

dorsal and ventral surfaces combined to the total surface 

area is 1 to 4,30, to the volume 1 to 1,01. The ratio of 

the combined layers of palisade parenchyma to the sponr;— 

mesophyll is 1,75 to 1, 

Baileya multiradiata Harvey C; Gray 
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The leaves of this species are spatulate v/ith lobed 

margins, having a total surface area of 296 (258-374) sq, 

mm, and a volume of 50.32 (43.86-63.58) cu. rmn. The tri

chomes of both surfaces are imiseriate with a multicellular 

base, the ventral surface having 18.80 + 0.72 trichomes per 

sq. mm. and the dorsal surface having 23.52 + 0.66 tri

chomes per sq. mm. The trichomes on the ventral surface 

have a length of 2928.OOu to 5726.OOu \srith an average of 

5500.OOu, and the trichomes on the dorsal surface have a 

length of 2640.OOu to 5642.OOu v/ith an average length of 

5205.OOu. The trichomes on both surfaces are very long and 

curly. 

The stomata sire anomocytic, and the gua2?d cells sire 

slightly sunken belov/ the surface. The ventral surface has 

23.12 Hh 0.80 stomata per sq. mm., and the dorsal surface 

has 41.60 + 1.30 stomata per sq. ram. 

The palisade parenchyma is distributed isobilaterally, 

the layer below the ventral surface having a thickness of 

0.12 (0.10-0.15) mm. and the layer below the dorsal surface 

having a thickness of 0.09 (0.07-0.12) mm. The thiclmess 

of the combined layers of palisade parenchyma is 0.21 +_ 

0.00 mm., and the spongy mesophyll thickness is 0.08 +_ 0,00 

mm. The total leaf thiclmess is 0.54 _+ 0.00 mm. 

On the ventral surface, the ratio of the number of 

trichomes per sq. mm. to the number of stomata per sq. mm. 

is 1 to 1.22, the ratio of the number of trichomes per sq. 

mm. to the ventral surface area is 1 to 7-87, the ratio of 

file:///srith
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the number of stomata per sq. nun. to the ventral surface 

area is 1 to 6.40, the ratio of the nunber of trichomes per 

sq. mm. to the volume is 1 to 2.67, and the ratio of the 

number of stomata per sq. mm. to the volume is 1 to 2.17. 

On the dorsal surface, the ratio of the number of trichomes 

per sq. mm. to the number of stomata per sq. mm. is 1 to 

1.76, the ratio of the number of trichomes per sq. mm. to 

the dorsal surface area is 1 to 6.29, the ratio of the num

ber of stomata per sq. mm. to the dorsal surface area is 1 

to 3-55? the ratio of the number of trichomes per sq. mm. 

to the volupe is 1 to 2.13, end the number of stomata per 

sq. mm. to the volume is 1 to 1.20. The ratio of the av

erage number of trichomes per sq. mm. to the average num

ber of stomata per sq. mm. of the dorsal and ventral sur

faces combined is 1 to 2.58. The ratio of the average 

number of trichomes per sq. mm. of the dorsal and ventral 

surfaces combined to the total surface area is 1 to 13.98, 

to the volume 1 to 2.37. f̂he ratio of the average number 

of stomata per sq. mm. of the dorsal and ventral surfaces 

combined to the total surface area is 1 to 9-14, to the 

volume is 1 to 1.61. The ratio of the combined layers of 

palisade parenchyma to the spongy mesophyll is 2.62 to 1. 

Melampodiura leucanthiLm T. Cc G. 

The leaves of this species ere lanceolate v;ith sinu

ate margins, having a total surface area of 168 (140-2::;2) 

sq. mm. and a volume of 20.16 (16.80-27.84) cu. mm. Both 
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surfaces are supplied v/ith multicellular uniseriate tri

chomes that are jointed. The ventral surface has 14.72 + 

0,80 ti'ichomes per sq, mm, and the dorsal surface has 15,08 

+^0,62 trichomes per sq, mm. The trichomes on the ventral 

surface have a length of 250,90u to 384,80u v/ith an average 

length of 301,08u, and the trichomes on the dorsal surface 

have lengths of 254,80u to 377.OOu with an average length 

of 317.72u, 

The stomata are anomoc^^ic, and the guard cells are 

level with the surface. The ventral surface has 68,48 + 

1,32 stomata per sq, mm,, the dorsal surface has 125.52 _+ 

2,50 stomata per sq, ram. 

The palisade parenchyma is dorsiventral and has e. 

thiclmess of 0,09 + 0,00 mm,, and the spongy mesophyll has 

a thiclmess of 0,12 + 0,01 mm. The total leaf thickness is 

0,24 + 0,01 mm. 

On the ventral surface, the ratio of the number of 

trichomes per sq. mm. to the number of stomata per sq. mm. 

is 1 to 7.68, the ratio of the number of trichomes per sq, 

mm, to the ventral surface area is 1 to 5*70, the ratio of 

the number of stomata per sq, mm, to the ventral surface 

area is 1 to 1,22, the ratio of the number of trichomes 

per sq, mm, to the volume is 1 to 1,36, and the ratio of the 

number of stomata per sq, mm, to the volume is 5,59 to 1, 

On the dorsal surface, the ratio of the number of trichomes 

per sq, mm, to the niomber of stomata per sq, mm, is 1 to 

4,65, the ratio of the number of trichomes per sq. VJ2. to 
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the dorsal surface area is 1 to 5.22, the ratio of the num

ber of stomata per sq. mm. to the dorsal surface area is 

1.47 to 1, the ratio of the number of trichomes per sq. mm, 

to the volume is 1 to 1,25, and the ratio of the number of 

stomata per sq, nmi, to the volume is 6,12 to 1, The ratio 

of the average number of trichomes per sq, mm, to the av

erage number of stomata per sq, mm, of the dorsal and ven

tral surfaces combined is 1.58 to 1. The ratio of the 

average number of trichomes per sq. mm. of the dorsal and 

ventral surfaces combined to the total surface area is 1 

to 10.90, to the volume 1 to 1.30. The ratio of the aver

age number of stomata per sq. rom. of the dorsal and ven

tral surfaces combined to the total surface area is 2.28 

to 1, to the volume 4.76 to 1. The ratio of the palisade 

parenchyma to the spongy mesophyll is 1 to 1.33. 

Parthenium incanum K.B,K, 

The leaves of this species are ovate with pinnately 

lobed margins, having a total surface area of 270 (206-354) 

sq, mm, and a volume of 25,65 (19.57-51.73) cu, mm, Tri

chomes of two types are present on both surfaces; one tj^e 

is a unicellular uniseriate trichome and the other tĵ pe is 

a uniseriate trichome v/ith a multicellular base. The ven

tral surface has 50,96 ± 1,88 trichomes per sq. mm, and the 

dorsal surface has 119.60 + 2.14 trichomes per sq, mm. The 

trichomes on the ventral surface have a length of 1206,OOu 

to 1686.OOu with an average of 1473.84u, and the dorsal 
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surface trichomes have a length of 1164.OOu to 1722.OOu 

with an average length of 1510,52u, 

The stomata are anomocytic, and the guard cells are 

level v/ith the epidermis. The ventral surface has 34,80 + 

0,92 stomata per sq, mm., and the dorsal surface has 44,64 

+ 1,18 stomata per sq, mm. 

The palisade parenchyma distribution is isobilateral, 

the layer beneath the ventral surface having a thickness of 

0,06 (0.06-0.08) mm. and the layer beneath the dorsal sur

face having a thiclmess of 0.04 (0.04-0.06) mm. The com

bined layers of the palisade parenchyma are 0.10 + 0.00 

mm., and the spongy mesophyll has a thiclmess of 0.04 + 

0.01 mm. The total leaf thiclmess is 0.19 ± 0.00 mm. 

On the ventral surface, the ratio of the member of 

trichomes per sq. rara. to the number of stomata per sq. mm. 

is 1.46 to 1, the ratio of the number of trichomes per sq. 

mm. to the ventral surface area is 1 to 2.64, the ratio of 

the number of stomata per sq. mm. to the ventral surface 

area is 1 to 5.87, the ratio of the number of trichomes per 

sq. mm, to the volume is 1,98 to 1, and the ratio of the 

number of stomata per sq, mm, to the volimie is 1,55 to 1, 

On the dorsal surface, the ratio of the niimber of trichomes 

per sq, mm, to the number of stomata per sq, mm, is 2,67 to 

1, the ratio of the number of trichomes per sq, mm, to the 

dorsal surface area is 1 to 1,12, the ratio of the number 

of stomata per sq, mm, to the dorsal surface area is 1 to 

3,02, the ratio of the number of trichomes per sq, mm, to 



the volume is 4.66 to 1, and the ratio of the number of sto

mata per sq. mm. to the volume is 1.74 to 1. The ratio of 

the average number of trichomes per sq. mm. to the averace 

number of stomata per sq. mm. of the dorsal and ventral sur

faces combined is 1 to 1.52. The ratio of the average num

ber of trichomes per sq. mm. of the dorsal and ventral 

surfaces combined to the total surface area of the leaf is 1 

to 3-16, to the volume 3.32 to 1. The ratio of the average 

niimber of stomata per sq. mm. of the dorsal and ventral sur

faces combined to the total surface area is 1 to 6.78? to 

the volume is 1.54 to 1. The ratio of the combined layers 

of palisade parenchyma to the spongy mesophyll is 2.50 -o 1. 

PsilostroTDhe tagetina (Nutt.) Greene var. lanata 

The leaves of this species are spatulate to oblsmceo-

late with slightly undulate margins, having a total surface 

area of 232 (128-308) sq. mm. and a volume of 44.08 (24.32-

58.52) cu. mm. Two types of trichomes are present on both 

surfaces; one is a unicellular uniseriate trichome and the 

other is a uniseriate trichome with a multicellular base. 

The ventral surface has 13.28 + 0.72 trichomes per sq. TJU. 

and the dorsal surface has 12.32 + 0.52 trichomes per s:. mm. 

The trichomes on the ventral surface have a length of 

882.OOu to 1338.OOu with an average length of 1127.52u sr.d 

the trichomes on the dorsal surface have a length of lC74.00u 

to 1536.OOu with an average length of 1293.1̂ "-̂ . 

The stomata are anomocytic, ernd the gucrd cells are 
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level with the surface. The ventral surface has 31.04 + 

2.04 stomata per sq. mm., and the dorsal surface has 35.04 

+ 1.80 stomata per sq. mm. 

The palisade parenchyraa is isobilaterally distributed, 

the layer below the ventral surface having a thickness of 

0.14 (0.11-0.20) mm. and the layer below the dorsal surface 

having a thiclmess of 0.10 (0.08-0.13) mm. thick. The com

bined thickness of the palisade parenchyma layers is 0.26 + 

0.01 mm., and the thickness of the spongy mesophyll is 0.08 

+ 0.00 mm. The total leaf thickness is 0.38 + 0.01 mm. 

On the ventral surface, the ratio of the number of 

trichomes per sq. mm. to the number of stomata per sq. mm. 

is 1 to 2.33, the ratio of the number of trichomes per sq. 

mm. to the ventral surface area is 1 to 8.73, the ratio of 

the number of stomata per sq. mm. to the ventral surface 

area is 1 to 3.73? the ratio of the number of trichomes per 

sq. mm. to the volume is 1 to 3*31, and the ratio of the 

number of stomata per sq. mm. to the volume is 1 to 1.42. 

On the dorsal surface, the ratio of the number of trichomes 

per sq. mm. to the number of stomata per sq. mm. is 1 to 

2.84, the ratio of the number of trichomes per sq. mm. to 

the dorsal surface area is 1 to 9.41, the ratio of the num

ber of stomata per sq. mm. to the dorsal surface area is 1 

to 3»31> the ratio of the trichomes per sq. mm. to the 

volume is 1 to 3.57» and the ratio of the number of stomata 

per sq. mm. to the volume is 1 to 1.25. The ratio of the 

average number of trichomes per sq. mm. to the average num-
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ber of stomata per sq. mm. of the dorsal and ventral sur

faces combined is 1 to 6.25. The ratio of the average 

number of trichomes of the dorsal and ventral surfaces 

combined to the total surface area is 1 to 18,12, to the 

volume 1 to 3.44, The i-atio of the average number of sto

mata per sq. mm. of the dorsal and ventral surfaces com

bined to the total surface area is 1 to 7.02, to the 

volume 1 to 1,53. The ratio of the- combined layers of 

palisade parenchyma to the spongy mesophyll is 3 to 1, 



CHAPTER IV 

DISCUSSION 

A compgu?ison of the anatomical features to the spatial 

relationships of the species studied reveals an inverse 

relationship betv/een the average number of stomata per sq. 

mm. and the total surface area of the leaf. If the species 

examined are separated into tv/o groups according to tri

chome type, one group consisting of those species v/ith den

dritic or stellate trichomes and the other group consisting 

of those species \̂ îth uni- or multicellular uniseriate tri

chomes, the average nuKiber of stomata per sq, mm, of both 

the dorsal and ventral surfaces combined generally increases 

as the surface area of the leaf decreases (Tables III, IV), 

An inverse relationship betv/een the average number of sto

mata per sq, mm, and the volume is also found in each tri

chome grouping among the species examined. The relationship 

between the average number of stomata per sq, mm, and the 

volume is not as pronounced as that between the average mem

ber of stomata per sq, mm, and the total surface area 

(Tables III, IV), nor is the relationship between the aver

age number of stomata per sq, mm, and the total surface 

area or volume pronounced in those species examined having 

dendritic or stellate trichomes as it is in those species 

having uniseriate trichomes (Tables III, IV), The excep

tions of the species examined to the inverse relationship 

described may be due to less genetic flexibility of the 
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TABLE I 

Trichome and stomata distribution.* 
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S
p
e
c
i
e
s
 

Allonia 
incamata 

Nerisyrenia 
camporum 

Dalea 
nana 

Croton 
!frut'icuj.osis 

Sphaeralcea 
angustifolia 

Menodora 
longifiora 

Buddleia 
marrubiiroiia 

Buddleia 
scordioides 

Chamae s aracha 
villosa 

Leucoph;7llum 
frutescens 

Leucophyllum 
minus 

Leucophyllum 
violaceum 

Bahia 
"absinthiroiia 

Baileya 
inxiltiraaiata 

Melampodium 
leucanthum 

Partheni\im 
incanum 

Psilostrophe 
tagetina var. 
lanata 

t
r
i
c
h
o
m
e
s
 

v
e
n
t
r
a
l
 

. 
s
u
r
f
a
c
e
 

4.64 
+ 0.56 

11.44-
+ 0.68 

25.76 
+ 0.99 

4.16 
+ 0.50 

11.76 
+ 0.70 

4.64 
+ 0.40 

61.76 
+ 2.06 

14.16 
+ 0.68 

12.16 
+ 0.60 

161.28 
+ 4.28 

86.40 
+ 4.40 

207.04 
+ 4.50 

62.56 
+ 4.48 

18.80 
+ 0.72 

14.72 
+ 0.80 

50.96 
+ 1.88 

15.28 
+ 0.72 

t
r
i
c
h
o
m
e
s
 

d
o
r
s
a
l
 

s
u
r
f
a
c
e
 

4.88 
+ 0.50 

11.20 
+ 0.78 

22.40 
+ 0.76 

6.4a 
+ 0.50 

9.84 
+ 0.64 

2.56 
+ 0.52 

41.50 
+ 2.10 

14.48 
+ 1.08 

17.12 
+ 1.06 

161.80 
+ 5.56 

81.28 
+ 5.28 

207.76 
+ 5.52 

61.68 
+ 5.18 

25.52 
+ 0.66 

16.08 
+ 0.62 

119.60 
+ 2.14 

12.52 
+ 0.52 

t
r
i
c
h
o
m
e
s
 

a
v
e
r
a
g
e
 

b
o
t
h
 

, 
s
u
r
f
a
c
e
s
 

4.76 
+ 0.55 

11.52 
+ 0.75 

24.08 
+ 0.88 

5.52 
+ 0.50 

10.80 
+ 0.67 

5.60 
+ 0.56 

51.61 
+ 2.08 

14.52 
+ 0.88 

14.64 
+ 0.85 

161.54 
+ 4.96 

85.84 
± 5.96 

207.40 
± 5.91 

62.12 
± 5.85 

21.16 
+ 0.69 

15.40 
+ 0.71 

85.28 
+ 2.01 

12.80 
+ 0.62 

s
t
o
m
a
t
a
 

v
e
n
t
r
a
l
 

s
u
r
f
a
c
e
 

15.36 
+ 0.56 

50.72 
+ 2.74 

52.48 
+ 1.08 

0.56 
+ 0.01 

54.72 
+ 1.48 

58.24 
+ 1.16 

0.24 
+ 0.01 

29.60 
+ 0.88 

19.28 
+ 0.78 . 

14.52 
+ 0.96 

47.68 
+ 0.90 

22.00 
+ 0.44 

43.55 
+ 2.40 

25.12 
+ 0.80 

68.48 
+ 1.52 

54.80 
+ 0.92 

51.04 
+ 2.04 

s
t
o
m
a
t
a
 

d
o
r
s
a
l
 

s
u
r
f
a
c
e
 

12.88 
+ 0.54 

47.28 
+ 2.14 

45.12 
+ 1.15 

55.44 
+ 1.64 

75.20 
+ 1.86 

55.68 
+ 1.50 

52.52 
+ 1.56 

54.64 
+ 1.24 

28.48 
+ 1.52 

72.96 
+ 1.60 

50.24 
+ 1.54 

60.16 
+ 1.44 

46.48 
+ 1.72 

41.60 
+ 1.50 

125.52 
+ 2.50 

44.64 
+ 1.18 

55.04 
+ 1.80 

s
t
o
m
a
t
a
 

a
v
e
r
a
g
e
 

b
o
t
h
 

s
u
r
f
a
c
e
s
 

14.12 
+ 0.55 

49.00 
+ 2.44 

58.80 
+ 1.10 

27.90 
+ 0.82 

63.90 
+ 1.57 

35.96 
+ 1.35 

26.28 
+ 0.68 

42.10 
+ 1.06 

25.88 
+ 1.57 

45.50 
+ 1.28 

48.96 
+ 1.22 

41.08 
+ 0.94 

44.96 
+ 2.06 

52.56 
+ 1.05 

96.00 
+ 1.91 

59.72 
+ 1.05 

55.04 
+ 1.92 

*Average niomber per sq . mm. 

"'. iT-.«' H-teisilJSiJsir;--



TABLE II 

Leaf blade and mesophyll thickness. 
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<0 
• H 
O 
V 

eg* 
Allonia 

i n c a m a t a 

Nerisyrenia 
camporiMn 

Dalea 
nana 
Proton 
fruticulosis 

Sphaeralcea 
anprustifolia' 

Menodora 
lonRiflora 

Buddleia 
marrubTifolia 

Buddleia 
scordi'oides 

Chamaesaracha 
LH viiiosa 

Leucophyllum 
frutescens 

Leucophyllum 
minus 

Leucophyllum 
violaceum 

Bahia 
absinthifolia 

Baileya 
multiradiata 

Helampodium 
leucanthum 

Parthenium 
incanum 

(0 
« a 

H i d <i» 

•p-ri o a 

> ft-p 

PsiloBtrophe 
tagetina var. 
lanata 

0.10 
(0.08-0.15) 

0.16 
(0.12-0.21) 

0.11 
(0.06-0.14) 

0.07 
i 0.00 

0.09 
(0.05-0,11) 

0.12 
(0.10-0.13) 

0,04 
+ 0.00 

0.04 
+ 0.00 

0,07 
(0.06-0.10) 

0.11 
(0.10-0.15) 

0.11 
(0,09-0.13) 

0.09 
(0.06-0.10) 

0.16 
(0.12-0.25) 

0.12 
(0.10-0.15) 

0.09 
+ 0.00 

0.06 
(0.05-0.08) 

0.14 
(0.11-0.20) 

in 
<U CQ 

•SSI a 
03-rt O B 

P P<-P 0.12 
(0.10-0.16) 

0.12 
(0.09-0.21) 

0.08 
(0.04-0.11) 

0.06 
(0.04-0.07) 

0.08 
(0.06-0.10) 

0,08 
(0,06-0.10) 

0.08 
(0.07-0.09) 

0.08 
(0.06-0.12) 

0.07 
(0.06-0.10) 

0.12 
(0.11-0.16) 

0.09 
(0.07-0.12) 

0.04 
(0.04-0.06) 

0.10 
(0.08-0.13) 

CQ 
0 ) CQ 

* fi ^ 
cd-H o a 
oroiS 
en p,.p 

H m 
H m 

fella 
f5 o o a 
O D3.r| 

CQ a -p 

0.22 
+ 0.00 

0.28 
+ 0.01 

0.19 
+ 0.01 

0.07 
+ 0.00 

0.15 
+ 0.00 

0.20 
+ 0.00 

0,04 
+ 0,00 

0.04 
+ 0,00 

0,15 
+ 0.00 

0.19 
+ 0.00 

0.19 
+ 0.00 

0,16 
+ 0.00 

0,28 
+ 0.01 

0.21 
+ 0.00 

0.09 
+ 0,00 

0.10 
+ 0.00 

0.26 
+ 0.01 

0.09 
+ 0.01 

0.10 
+ 0.01 

0.04 
+ 0,00 

0,10 
+ 0.00 

0.05 
+ 0,00 

0.06 
+ 0.00 

0.04 
+ 0,00 

0,04 
+ 0.00 

0,12 
+ 0.00 

0,08 
+ 0.00 

0.08 
+ 0.00 

0.05 
+ 0.00 

0.16 
+ 0.01 

0.08 
+ 0.00 

0.12 
+ 0.01 

0.04 
+ 0.01 

0.08 
+ 0.00 

3 CQ 
03 to 

H Q> 

td O B 

EH-P 

0.59 
+ 0.00 

0.46 
+ 0.02 

0.50 
+ 0.01 

0.19 
+ 0.00 

0.22 
+ 0.00 

0,50 
+ 0.00 

0.10 
+ 0.00 

0.10 
+ 0.00 

0.52 
+ 0.01 

0.32 
+ 0.00 

0.32 
+ 0.01 

0.25 
+ 0.00 

0.47 
+ 0.01 

0.54 
+ 0.00 

0.24 
+ 0.01 

0.19 
+ 0.00 

0.58 
+ 0.01 
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TABLE III 

Species mth stellate or dendritic trichomes, showing 

inverse relationship between the number of stomata per sq, 

mm,, the surface area and volume. 

to 
<D 
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<D 
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o oJ E 
fl-P S 

CO 
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boo D* 
CCi - P CQ 
U (Q 
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{>«H 0) 
<1 O Pi 

Cd 

o • 
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cd C M 

o 3 cx< 
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0) 

H • 

> O 

Croton 
frutP-culosis 

Sphaeralcea 
angustifolia 

Leuconhyllum 
frutescens 

Nerisyrenia 
camporum 

Buddleia 
marrubTi folia 

Leucophyllum 
violaceum 

Buddleia 
scordioides 

LeucoT)hyllum 
minus 

27,90 
+ 0,82 

65.90 
± 1.57 

43.50 
+ 1,28 

49.00 
+ 2,44 

26,28 
+ 0,68 

41,08 
+ 0,94 

42,10 
+ 1,06 

48.96 
+ 1,22 

1586 
(1444-1728) 

710 
(528-1018) 

296 
(258-548) 

284 
(244-534) 

206 
(166-282) 

166 
(128-192) 

140 
(76-180) 

64 
(24-42) 

150.67 
(137.18-164,16) 

78.10 
(58.08-111.98) 

47.36 
(41,28-55.68) 

: 65.32 
(56,12-76,82) 

10,30 
(8.30-14,10) 

20,75 
(16,00-24.00) 

7.00 
(3.80-9.00) 

10.24 
(7.68-13.44) 

•Average of the dorsal and ventral surfaces combined, 

:;::n7T;iixgiassai^jssi]S'. -iM-asssSH?; 
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TABLE IV 

Species v/ith uni- or raultiseriate trichomes, shov;ing 

inverse relationship between the number of stomata per sq. 

mm,, the surface area and voliime. 

S
p
e
c
i
e
s
 

Allonia 
incarnata 

Chamaesaracha 
villosa 

Baileya 
multiradiata 

Menodora 
longifiora 

Parthenium 
incanum 

Dalea 
nana 

Psilostronhe 
tagetina var, 
lanata 

Bahia 
absinthifolia 

Helampodium 
leucanthum 

*
 

A
v
e
r
a
g
e
 
n
o
,
 

of
 
s
t
o
m
a
t
a
 

p
e
r
 
s
q
,
 
m
m
.
 

14.12 
+ 0.55 

23.88 
+ 1.37 

32.36 
± 1.05 

35.96 
+ 1.33 

39.72 
± 1.05 

38.80 
+ 1.10 

33.04 
+ 1.92 

44.96 
+ 2.06 

96.00 
+ 1.91 

T
o
t
a
l
 

s
u
r
f
a
c
e
 
a
r
e
a
 

sq
.
 
m
m
.
 

2514 
(1792-5534) 

710 
(632-812) 

296 
(258-374) 

296 
(232-386). 

270 
(206-534) 

258 
(180-322) 

232 
(128-308) 

194 
(l^tO-270) 

168 
(140-252) 

V
o
l
u
m
e
 

cu
.
 
m
m
.
 

490.23 
(349.zi4_689.13) 

113.60 
(101,12-129.92) 

50.32 
(43.86-63.58) 

44.40 
(34.8O-57.9O) 

25.65 ^ 
(19.57-31.73) 

38.70 
(27.00-48,30) 

44.08 
(24,32-58,52) 

45.49 
(32.90-63.45) 

20.16 
(16.80-27.84) 

•Average of the dorsal and ventral surfaces combined, 

http://349.zi4_689.13


TABLE V 

Types of trichomes found in each of the species 

examined. 
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S
p
e
c
i
e
s
 

Allonia 
incamata 
Nerisyrenia 
camporum 
Dalea 
nana 
Croton 
fruticulosis 
Sphaeralcea 
angustifolia 

Menodora 
longifiora 
Buddleia 
marrubiifolia , 
Buddleia 
scordioides 

Chamaeseracna 
villosa 
Leucophyllum 
frutescens 
Leucophyllum 
minus 
Leucophyllum 
violaceum 
Bahia 
absinthifolia 
Baileya 
multiradiata 
MelaiTip odium 
leucanthum 
Parthenium 
mcanimi 
Psilostrophe 
tagetina var, 
laiiatc. 

D
e
n
d
r
i
t
i
c
 

t
r
i
c
h
o
m
e
s
 

X 

X 

X 

X 

X 

X 

s
t
e
l
l
a
t
e
 

t
r
i
c
h
o
m
e
s
 

X 

X 

M
u
l
t
i
c
e
l
l
u
l
a
r
 

u
n
i
s
e
r
i
a
t
e
 

t
r
i
c
h
o
m
e
s
 

X 

X 

X 

X 

X 

X 

X 

U
n
i
c
e
l
l
u
l
a
r
 

x
m
i
s
e
r
i
a
t
e
 

t
r
i
c
h
o
m
e
s
 

X
X

X
 

X
X

X
 

G
l
a
n
d
u
l
a
r
 

t
r
i
c
h
o
m
e
s
 

X
X

X
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Plate 1, Cross section of leaf showing isobilateral 

palisade parench;)Tna, 

PL = Palisade parenchyma 

SL = Spongy mesophyll 

Plate 2, Cross section of leaf showing dorsiventral 

palisade parenchyma, 

PL = Palisade parenchyma 

SL = Spongy mesophyll 
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Plate 1. Leaf shov/inp- isobilateral palisade Darenchyma, 

Plate 2. Leaf showinp; dorsiventral palisade parenchyma,. 
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^^ 

Plate 5. Epidermal peel shov;ing dendritic trichomes, 

DT = Dendritic trichome 

S = Stomata 

Plate 4, Epidermal peel showing stellate trichomes. 

ST = Stellate trichome 

S = Stomata 



54 

Plate 3. Epidermal peel showing dendritic trichome. 

Plate I4.. Epidermal peel showing stellate trichomes, 
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Plate 5, Epidermal peel shov/ing imicel lular imiseriate 

trichomes, 

UT = Unicellular uniser ia te trichomes 

Plate 6, Epidermal peel shov/ing mult icel lular imiseriare 

trichome. 

MT = Multicellular imiseriate trichomes. 
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Plate 5. Epidermal peel showing unicellular uniseriate 

trichomes. 

Plate 6. Epidermal peel showing multicellular uniseriate 

trichomes. 
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Plate 7. Epidermal peel showing glandular trichome. 

GT = Glandular trichomes 
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species v;ithin the enviroximent. 

A comparison of the average number of trichomes on 

the dorsal and ventral surfaces combined to the total 

surface orea and volume shov/ed a v/ide range of variation 

of the trichome number per sq, mm, among species of 

approximately the same volume or surface area in the species 

examined (Table I), If the average number of trichomes 

per sq, mm, of each surface is compared to the surface 

area and volume, the same random variation is observed 

in the species examined. The same vajriation in trichome 

number per sq, nn, as compared to the volume and total 

surface area is foimd among genera v/ithin the same family 

and among species within the same genus, indicating that 

no relationship exists betv/een the number of trichomes 

per sq, mm, and the surface area or volume (Table I), 

Comparing the average niimber of stomata per sq, mm, 

on the dorsal surface and on the ventral surface to the 

surface area and volume, the relationship observed betv/een 

the average number of stomata per sq, mm, of both surfaces 

combined and the total surface area or volume is not found 

(Table I). An examination of species in this study v/ith 

approximately the same surface area or volume reveals a 

v/ide range of variation in the number of stomata per sq, 

mm,, regar-dless of trichome type. As in the trichomes 

per sq, mm,, this variation in stomatal number per sq, mm, 

compared to the volume and surface area is foimd among 

genera of the same family and species of the same genus. 
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Apparently the inverse relationship exists only for the 

averr?ge nuuber of stomata per sq, imn, of the dorsal and 

ventral surfaces conbireo and not for either surface con

sidered separately. 

If the species in this study are examined from the 

standpoint of leaf and mesophyll thiclaiess, no relationship 

is foimd (Table II), The species in this study v/ith the 

largest surface areas and greatest volumes have essentially 

the seme leaf, palisade parenchyma, and spongy mesophyll 

thiclmess as do the species v/ith the smallest surface areas 

and least volumes (Table II), The distribution of the pali

sade parenchyma, either isobilaterally or dorsiventrally, 

apparently has no effect on the inverse relationship nor 

the comparisons previously noted. 

The only anatomical characteristic common to all the 

species examined is that of having anomocytic stomata. Of 

the 17 species examined, 15 had isobilateral palisade paren

chyma (Plate 1) v/hereas 4 had a dorsiventral palisade paren

chyma distribution (Plate 2), Two of the species had suiiken 

stomata, 13 had stomata level with the leaf surface, and 2 

had raised stomata. Six of the species had dendritic tri

chomes (Plate 5), 2 had stellate trichomes (Plate 4), 6 had 

unicellular uniseriate trichomes (Plate 5), 7 had multicel-

lulai? uniseriate trichomes (Plate 6), and 3 had glandular 

trichomes (Plate 7, Table V), 

In the tv/o genera studied with more than one species, 

each species v/ithin the genus possesses the same type of 
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trichomes (Table V), mesophyll arrangement (Table II), and 

leaf shape. A.11 the species of Leucophyllum have dendritic 

trichomes, isobilateral palisade parenchyma, and ovate to 

elliptical leaves. The tv/o species of Buddleia have den

dritic and glcmdular trichomes (Table V), dorsiventral pali

sade parenchyma, and ovate to elliptical leaves. Only the 

quantity or thickness varies for each species v/ithin the 

genus. 

The one family v/ith more than one genus, the Compositae, 

has only imiseriate trichomes as a common intergeneric char

acteristic (Table V), The genera in this family shov/ a di

versity in mesophyll distribution, leaf shape, and stomatal 

and trichomal frequencies. No one anatomical feature other 

than anomocytic stomata is common to all the species, al

though many species possess a number of comraon features. 

In an attempt to describe the trichome covering of 

the leaf, it was thought that the total trichome length per 

sq, rara, could be used to describe the trichome "blanket". 

The total trichome length per sq, mm, v/as calculated for 

species having uniseriate trichomes by multiplying the aver

age number of trichomes per sq. mm, by the average trichome 

length on both surfaces. This length v/as also calculated 

for stellate trichomes by multiplying the average branch 

length, the average branch number, and the average number 

of trichomes per sq, mm for both siirfaces. The total tri

chome length per sq, mm, v/as not calculated for dendritic 

trichomes, as the tiered nature of the branches of this t;>T)e 
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of trichorae v/ould give a misleading figure for the "blaail:-

et" nature of the trichomes. The greatest amount v/as 127.24 

mn., of trichome length per sq, mm, in Parthenium inc-r-i-'ar:, 

and the others in decreasing order are: Baileya multiradi

ata, 6F:.80 mm. of trichome length per sq, mm,; Dalea nana, 

26,04 mm. of trichome len:;th per scj, mm,; Bahia absinthi

folia, IS.82 rma, of trichome length per sq, mm.; Psilo

strophe •:.;n-:etina var lanata, 15.49 mm, of trichome length 

per sq. mm; Chajiaesaracha villosa, 8,11 mm, of trichome 

length per sq, rara,; Melampodiura leucanthum, 4,76 mm, of 

trichome length per sq. mm.; and Menodora longifiora and 

Allonia incarnata, 0,80 mm. of trichome length per sq, mm, 

llo relationship v/as found betv/een this total trichome 

length per sq, mm, and the average number of trichomes per 

sq, ram,, the average number of stomata per sq, mm,, the 

surface area, or the volume. 

Per the species studied, the average number of stomata 

per sq, mm, appears to be inversely proportional to the 

total surface area and volume of the leaf. These are xero-

phytic species, and perhaps this is a water conservation 

mechcuiism. Further investigation of individuals of these 

species grown under controlled environmental conditions are 

needed to determine if this relationship exists over a v/ide 

range of different taxa and to determine the genetic ile:d.-

bility of the characteristics examined in this study. 



CHAPTER V 

SUI-:MARY 

Xeromorphic leaves of 1/ species representing 14 genera 

and 10 families v/ere excjnined for relationships betv/een 

anatomical features and spatial relationships. Among the 

species investigated, the average number of stomata per 

sq, mm, of the dorsal and ventral surfaces combined v/as 

found to be inversely proportional to the total surface 

area and volume if the species were separated into tv/o 

groups according to trichome type. One group consisted 

of those species having dendritic or stellate trichomes 

and the other group was composed of species having uni- or 

multicellular uniseriate trichomes. No other relationship 

was found betv/een the anatomical features studied and the 

spatial relationships. 

The only anatomical feature common to all 17 species 

was anomocytic stomata, although the majority had isobi

lateral palisade parenchyma and stomata level with the 

leaf surface. Species v/ithin the same genus possessed the 

same anatomical features, but genera v/ithin the same family 

showed a diversity of anatomical features. 
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