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TECHNICAL NOTES 

TIME (hr) 

FIG. 2. Thermal regulation of imbibition 
by honey mesquite seeds per unit time 
(At) based on the total water uptake 
for first germination (Atg) as a func- 
tion of time. 

at 100 F and each seed had imbibed 
an average of 69 mg of water. There- 
fore, imbibition of water for germina- 
tion of honey mesquite seeds was less 
efficient at 100 than at 85 F (Fig. 2). 

Germination did not occur until 42 
hr at 70 F when each seed had imbibed 
an average of 121 mg water. The slow 
rate of water imbibition (about 2.8 
mg/seed/hr) and the extended time re- 
quired for germination indicated that 
70 F was the least efficient tempera- 
ture for the imbibition of water by 
honey mesquite seeds. 

Honey mesquite seed germination in 
a solution with an adjusted 8 atm 
moisture stress resulted in ,reduced 
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Table 1. Ratio of water uptake at 2, 4 and 6 hr (At) to the amount of uptake 
at first germination (Atg) of honey mesquite seeds under 0 and 8 atm osmotic 
pressure at 70, 85 and 100 F. 

Germination 
temperature 

(P) 

Osmotic 
pressure 
(At m) 

Water uptake ratios at various 
times (hr) after wetting1 

2 4 6 

70 0 0.03 0.08 0.11 
8 0.02 0.05 0.09 

85 0 0.47 0.72 0.82 
8 0.13 0.26 0.33 

100 0 0.28 0.45 0.54 
8 0.08 0.13 0.23 

l Differences in mean ratios must exceed 0.13 for significance (P < 0.05). 

rate of water imbibition and total 
amount of water imbibed at 85 and 
100 F. However, reduced moisture 
availability had little affect on imbibi- 
tion at 70 F (Table 1). This probably 
indicates the effect of the lower tem- 
perature on the physiological processes 
responsible for imbibition. Theo- 
retically, the kinetic energy of the 
water and activity of the embryonic 
tissues was reduced at 70 F. Water ad- 
sorbed by the testa was probably 
responsible for the weight change. 

These data indicate that the in- 
fluence of temperature on honey mes- 
quite seed germination (Scifres and 
Brock, 1969), may be explained by 
reduction in rate and extent of im- 

The reduction in rate of imbibition 
at 8 atm osmotic pressure was greater 
at 100 as compared to 85 F (Table 1). 
The drying effect of the higher tem- 
perature probably limited the amount 
of water adsorbed on the testa and 
lowered the uptake ratio. Secondly, 
reduced physiological activity of the 
embryo at the high temperature may 
account for reduced imbibition. 

Highlight 

A study of the maximum air tem- 
perature near the soil surface at 11 
grassland locations was made during 
the summer of 1968 using a simple 
maximum temperature indicator. Max- 
imum temperatures within the first 
centimeter above the soil were found 
to exceed 144 F on a number of these 
locations. Although the range of indi- 
cators was not large enough to in- 
clude the extremes at all locations, 
a seasonal pattern was identifiable. 
Large local differences in near-surf ace 
temperatures were frequently observed. 

bibition of water during the initial few 
hours of the germination process. Al- 
though reductions in available water 
are important, temperature is most 
influential in regulating efficient use 
of water by germinating honey mes- 
quite seeds. Physiological activity of 
honey mesquite seed tissues is appar- 
ently favored more at a temperature 
of 85 F than of 70 or 100 F, and, assum- 
ing available water is not critical, may 
regulate germination. 
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Presently, there is a lack of infor- 
mation describing the development 
and survival of forage plants in limit- 
ing environments. Temperature ex- 
tremes are frequently recognized as an 
index for plant survival in these loca- 
tions, but it is well known that many 
other factors (e.g., humidity, duration 
of exposure, plant age) influence the 
impact of temperature (Laude, 1964). 
It has been reported (Hallin, 1968; 
Gates et al., 1968) that maximum air 
temperatures near the soil surface in 
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the semiarid climate of the West ex- 
ceed the values recognized as lethal 
ior plants. Mutual shading or an 
insulating epidermis may serve to pro- 
tect internal tissue on established 
plants during these times, but cmerg- 
ing seedlings or isolated individuals 
frequently succumb. Although tem~ 
perature extreme5 are inluitively sus- 
pected as responsible for observed plant 
failures, effective remedial treatment 
to rcvegetate these harsh areas may 
require more knowledge of the present 
temperature regime. iVeasurements are 
often neglected due to instrumental 
difficulty, expense, and/or sampling 
problems. Few procedurea provide any 
examinalion of the spatial variation in 
the temperature field. With a simple 
temperature indicator, WC have been 
able to identify the limits and duration 
of extreme maximum temperatures on 
some of our poorly vegetated local 
areas. 

Materials and Methods 

The temperature indicator used cons 
sists of a small, Unshaped spring held 
in compression by a bead of tempem 
ture-sensitive wax (Fowler, 1970). If 
the wax is exposed to a temperature 
above the melting point, the spring is 
released. This indicator differs from 

the wan pellets frequently used to 
indicate surface temperature in the size 
of bead, uniformity of radiation ab- 
sorption, and ease of reading. 

Indicators used in this study released 
at 100, 109, 119, 131, and 144 F. Three 
indicators were installed at each site, 
mounted on a wire rack with the wax 
bead as close to the soil surface as 
desired. Suspension in the 0. to l-cm 
layer above the surface was chosen as 
adequate to show the temperature vari- 
ation in the sires at each location. 

Eleven locations (each with six mea- 
surcment sites) were selected as typical 
of revegctation problem areas on the 
eastern Washington Cascade slope. 
These covered an altitudinal range of 
9,000 to 6,000 ft and were all on 
southwest- to west-facing slopes. Soils 
at these locations were derived from 
sandstone or basalt parent material. 
Four locations were on sandstone and 
seven on basalt. Sandstone locations 
were at lower elevations (near 3,000 
ft) than basalt (4,000 to 6,000 ft). 

Cover on the measurement sites 
ranged from bare soil to a climax 
Artcmisia tridrntata/Agropyron spica- 
turn association. Figure 1 is typical of 
a moderately productive sarrdstonc lo- 
cation. Horizontal distance betwecn 
the hix sites at each location was about 
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20 ft for a total line length of about 
100 ft. Locations were visited at ap- 
proximately weekly intervals, mari- 
mum temperatures noted, and spent 
indicators replaced. 

Results and Discussion 

Although it was expected that the 
early summer samples would register 
moderate maximum temperatures (not 
greater than 119 F), this was soon 
found to be unrealistic. Temperatures 
early in the season exceeded 119 F, 
forcing the selection of the three indi- 
cators at each site to increasingly higher 
values. Unfortunately, with only three 
indicators at each site and the large 
observed variations, more measure- 
ments fell outside the available range 
than was desirable. 

Figure 2 presents the data from all 
G6 measurement sites at the 11 loca- 
tions. Locations are grouped accord- 
ing to basic soil material. 

Limits of the indicators are shown 
for each location during each time 
period. An adjustment to higher limits 
was made during July. No attempt 
was made in Figure 2 to identify the 
six measurement sites at each of the 
locations. The figure indicates only 
wirether the measurement sites at each 
location were within the limits of the 
indicators or the number of sites where 
measurements were either below or 
above the limits shown. Number of 
measurement sites outside of the limits 
are shown numerically either above or 
below the limit lines. The total num- 
ber of measurement sites for each lo- 
cation is equal to six in any case. 

Each of the 66 measurement sites 
could have been identified and its 
seasonal temperature regime examined 
if desired. Only one example of this 
site-to-site variation is shown (Fig. 1). 
This sandstone location had been cow 
tour trenched sometime in the past to 
aid in establishing vegetation and im- 
proving infiltration. Trenches are lo- 
cated in lower left and upper right of 
the photo. The role of the isolated 
arrowleaf balsamroot plant (Balsamor- 
rhiza sngittata) and the trough of the 
trench in reducing seasonal tempera- 
ture extremes are seen. Figures show 
the maximum temperature known to 
be exceeded at (from lower left) the 
ridge of the trench, in partial live 
shade, beneath cured cheatgrass (Bro- 
mus tectorum), and in the trough of 
the trench. Differences of maximum 



160 TECHNICAL NOTES 

FIG. 

Sandstone Soils 

4 Locations 

L 
144 E 

Basalt Soils 
G 
E 

I31 7 LocatIons 

Limit- N 
D 

II9 

100 

sl/za &4 7:2 7h 7h5 
Date Of Measurement 

2. Seasonal run of maximum temperature in O-l-cm air layers on two soil types. 

temperatures of at least 20 F over this 
short distance (about 10 ft) are seen. 

At this location, on the basis of the 
seasonal march of temperature, some 
preferred locations for plant establish- 
ment can be identified. A similar 
assessment can be made for the typical 
sites at the other locations. Among 
the locations in the basalt grouping, 
the first plotted location in Figure 2 
can be identified throughout the sea- 
son as more moderate in maximum 
temperatures. This location was the 
highest in elevation and had the most 
dense cover (sagebrush). 

In addition to the maximum at any 
site, onset and duration of excessively 
high temperatures are often equally 
important to plant survival. Short 
periods of exposure to high tempera- 
tures can often be tolerated, but pro- 
longed exposure adversely affects most 
physiological processes (Meyer and An- 
derson, 1952). The site-to-site variation 
in this quite large sample allows only 
a very general statement about these 
features of the temperature regime. 
With the exception of the location 
shown in Figure 1 and the location 
with isolated sagebrush cover on the 

basalt, large early-season variation ap- 
peared between the sites at any loca- 
tion and between sites on different 
locations. These differences became 
increasingly smaller with time. Sand- 
stone sites at all locations, however, 
appeared to show more of this early 
variability and to reach higher abso- 
lute maximums earlier than com- 
parable basalt sites. 

Summary and Conclusions 

With an easily used temperature 
indicator of limited resolution, we have 
been able to establish reasonable 
boundaries for the maximum temper- 
atures developed near the surface on 
some of our problem areas. Large 
early season variability between sites, 
especially on the sandstone, more mod- 
erate extremes on the basalts, and 
longer periods of excess temperature 
on the sandstone were identified. Addi- 
tional studies will be required to relate 
these temperature extremes to plant 
distribution and height, physical prop- 
erties of the soils, seasonal moisture 
availability, and the energy balance of 
these semiarid lands. 

Improvements in the indicator to 
increase range and resolution required 
for these future studies have been suc- 
cessful. 
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