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Stomate Density and Physiological Measurements
on Leaves of Alkali Sacaton

A. K Dobrenz, J. Cox, B. Munda, and D. Robinson

INTRODUCTION

Alkali sacaton (Sporobolus airoides TORR.) is a drought- tolerant forage that is well- adapted to the arid
regions of the southwestern United States (Hickey and Springfield, 1966) and central Mexico. El- Sharkawi and
Michel (1975) reported that this species showed enhanced photosynthetic rates at moderate stress levels. Its
rapid decline in transpiration during water stress suggested that stomatal control might play an important role
in plant survival. Transpiration rates of alkali sacaton declined much faster at low humidity and high stress than
the rates of blue grama grass (Bouteloua gracilis H.B.I. Lag. ex Steud.)

Miskin and Rasmusson (1970) measured the stomatal frequency of 649 different barley (Hordeum
vulgare L.) cultivars and reported a range of 36 to 98 stomata per mm2. Miskin, Rasmusson and Moss (1972)
reported that heritability estimates for stomatal density ranged from 22 to 74% and that lines which had lower
stomate density transpired less water than lines with higher stomate density. A 24% reduction in stomate density,
on the average, reduced transpiration rates by 25 %. Jones (1977), however, reported no difference in stomatal
conductance on barley leaves that had a wide range in flag leaf stomatal densities.

Dobrenz et al. (1969) found a two -fold difference in stomate density among six clones of blue panicgrass
(Panicum antidotale Retz.). They reported that seedling drought -tolerant clones had a lower stomate density
than drought- susceptible clones, but a non -significant relationship was found between water -use efficiency and
stomate density.

The objective of this study was to determine the variation in stomate density, vascular bundle number,
transpiration rates and other leaf characteristics for a wide range of alkali sacaton germplasm.

MATERIALS AND METHODS

The 41 collections of alkali sacaton used in this study were obtained from sites ranging from central
Idaho to south central Mexico. The plants were grown in a common garden at the Plant Materials Center in
Tucson, Arizona.

Measurement of leaf characteristics were made on three- year -old plants. Stomate density was evaluated
on the main culm leaf, just below the flag leaf. Leaf impressions were taken for stomate density counts using
a technique described by Cooper and Qualls (1967). Impressions were taken at the middle of the leaf on both
the abaxial and adaxial leaf surfaces. Leaves were sampled in three replications for each collection and stomate
counts were made of five microscope fields (.132 mm) per impression.

Counts of primary and secondary vascular bundles were made on free -hand cross sections of leaves from
ecotypes collected in Mexico. Transpiration, leaf temperatures and leaf stomatal resistance were also measured
on these ecotypes on the abaxial leaf surface with a Li -Cor 1600 Steady State Porometer (Li -Cor, Inc., Lincoln,
Nebraska). Air temperature during the measurement period averaged 43 C with a relative humidity of 19% and
photosynthetic active radiation of 2060 µEinstein m 2 s t.
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RESULTS AND DISCUSSION

Stomate density among the alkali sacaton collections ranged from 70 mm -2 for plants collected near Casa
Grande, Arizona to 319 mm-2 for TX -III collected near Alpine, TX (Table 1). The variability within this species
is much greater than that reported for other species within Poaceae. (Miskin and Rasmusson, 1970: Dobrenz,
et al, 1969.)

Mean separation with the Student - Newman -Kuehl test indicated that there were several distinct
groupings for stomate density on the lower surface of the leaf. Texas III was the only entry with greater than

m300 stomates per m2. TX -II and Casa Grande collections were the only two with less than 100 stomates per
mm2. Due to the extreme corrugation of the upper leaf surface, however, accurate stomate counts could not be
made.

Neither leaf width nor primary and secondary vascular bundle numbers were significantly different
among the 12 collections from Mexico (Table 2). Primary vascular bundle number was consistently higher than
the number of secondary vascular bundles among all the collections. Leaf width did show a positive and
significant (r= 0.86 *) relationship with number of primary vascular bundles; however, the number of secondary
bundles was not significantly related to leaf width (r= 0.10). Although the primary vascular bundle number
ranged from 19 for collection DU -132 to 28 for SLP -67, the magnitude in variability among individual plants was
large enough that significant differences were not detected among collections for this characteristic.

No significant differences in transpiration, diffusive resistance and leaf temperature were found among
12 collections from Mexico (Table 3). Even though these entries displayed phenotypic differences, the
physiological mechanisms which regulate leaf temperature appeared to be consistent among the ecotypes when
measurements were made on plants grown under the same environmental conditions. A negative relationship
(r = -0.41) between diffusive resistance and stomate density demonstrated that plants with a higher stomate density
had lower resistance to gas and water vapor movement in or out of the leaf.

Considerable variation existed in morphological and physiological characteristics measuredon the alkali
sacaton collections. These parameters may be useful in the future for identification of more drought- tolerant
rangeland grasses.
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Table 1. Abaxial stomate density for 41 collections of alkali sacaton.

Ecotype
Abaxial Stomate

Density/mm2 SNK Grouping

TX - III 319.2 A
Salado 288.8 B
PI-442 230.5 C
ID - III 2303 C
Rosewell, N.M. 228.0 C
ID - II 222.9 C
PI-711(AZ) 215.3 C
ID - I 179.9 D
MX - I 177.3 DE
PMK - 1486 174.8 DEF
Saltalk 174.8 DEF
ZA - 15 172.3 DEFG
AZ - II (Portal) 159.6 DEFGH
CO - 40 159.6 DEFGH
DU - 236 157.1 DEFGH
AZ - 1 157.1 DEFGH
AZ - 5 157.1 DEFGH
TX - I 154.5 DEFGH
PMK - 1388 154.5 DEFGH
PMK - 1387 149.5 DEFGHI
AC - 73 149.5 DEFGHI
PI - 953 149.5 DEFGHI
PMK - 1486 1482 DEFGHI
PI - 678 146.9 DEFGHI
NM - (T or C) 140.6 DEFGHIJ
DU - 132 140.6 DEFGHIJ
AZ - 4 139.3 DEFGHIJ
AC - 13 136.8 DEFGHIJ
SLP - 244 134.3 DEFGHIJ
AZ - 6 1343 DEFGHIJ
PI - 589 131.7 DEFGHIJ
AZ - 3 129.2 EFGHIJ
SLP - 67 126.7 FGHIJ
Artesia, N.M. 124.1 GHLT
AC - 15 119.1 HU
SLP - 190 111.5 HIJK
NL - 105 103.9 IJKL
CH - 90 103.9 UKL
ZA - 90 101.3 JKL
TX - II 76.0 KL
Casa Grande, AZ 70.9 L
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Table 2.
collections.

Leaf blade width and primary and secondary vascular bundles of 12 alkali sacaton

Leaf Blade Number of Primary Number of Secondary
Ecotype Width (mm)* Vascular Bundles* Vascular Bundles*

AC-13 6 23 14
SLP-67 7 28 16
CH-90 5 22 15
NL - 105 5 25 13
CO-40 5 21 16
DU - 132 4 19 14
ZA-90 5 22 14
AC - 15 6 26 10
SLP - 190 5 23 13
DU-236 5 22 15
ZA-15 5 21 15
SLP - 244 6 24 17

*No significant differences at the .05 percent level.

Table 3.
collections.

Transpiration, diffusive resistance and leaf temperature* for 12 alkali sacaton

Diffusive Leaf
Transpiration Resistance Temperature

Ecotype (ug cm-2s-1) (sec.cm"1) ( °C)

AC - 13 12.22 3.26 39.7
SLP - 67 9.02 4.84 42.4
CH-90 8.99 5.40 40.4
NL - 105 11.82 5.19 41.2
CO-40 11.60 5.37 41.7
DU - 132 7.40 6.29 43.1
ZA-90 8.56 5.13 42.2
AC-15 11.12 4.14 42.1
SLP - 190 13.23 4.35 42.4
DU-236 10.81 4.08 41.9
ZA-15 15.21 2.56 41.0
SLP-244 9.71 4.60 41.6

*No significant differences in these characteristics were found at the .05 level.
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