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Transpiration rate change in the rare and endangered eremophyte Helianthemum
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Abstract . Helianthemum songaricum Schrenk is an ancient relic plant mainly distributed in the Dzungaria of Xinjiang Uygur
Autonomous Region and the western Ordos of Inner Mongolia Autonomous Region. H. songaricum Schrenk is an important
source of scientific information to study the origin and migration of desert plants in central Asia. However, due to
environmental degradation caused by human activities, such as overgrazing during the past decades, its population and
distribution area has declined rapidly, with substantial changes in the plant community structure. In order to gather
information on its transpiration rate through contactless and non-invasive methods, we measured H. songaricum Schrenk leaf
temperature using infrared thermal imaging technology and assessed the transpiration rate of the species by applying the
“Three-temperature model” . The sample area was set up at a typical H. songaricum Schrenk community, covering an area of

about 1106.857 m” in the Western Ordos National Nature Reserve. In this sample area, we selected three plant sizes ( large,
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medium and small) , with five strains per plant size, making a total of fifteen plants as the sample group. The FLUKE-Ti55
far infrared thermal imager has been applied to the determination of H. songaricum Schrenk leaf temperature. The
experimental results were summarized as follows: the diurnal variation pattern of transpiration rate ( Tr) was a one-peak
curve with the maximum Tr value at 15:00 and the minimum at 17;00. Different crown breadths of H. songaricum Schrenk
had different Tr values, but followed the same pattern. The Tr value was smaller for the smaller H. songaricum Schrenk
plants. The Tr value of the larger H. songaricum Schrenk was greater than the smaller one, with an increase of 125.37%.
The leaf temperature was higher than the ambient air temperature with the difference reaching a maximum of 9.58 K and a
minimum of 0.71 K. The leaf temperature with treatments of large, medium and small H. songaricum Schrenk was 306.14,
306.58, and 308.62, respectively. The leaf temperature of the smaller H. songaricum Schrenk is greater than the larger
plant by 2.48 K. The transpiration transfer coefficient of the different canopy plant H. songaricum Schrenk were different
showing it was inversely proportional to its crown size, with transpiration transfer coefficient decreasing with increasing
canopy. The transpiration transfer coefficient of the large, medium and small H. songaricum Schrenk were 0.41, 0.48, and
0.76, respectively, with the transpiration transfer coefficient of the smaller plant recording higher levels than the larger one,
with an increase of 85% ; There was an inverse relationship between the diurnal variation pattern of the transpiration rate
and the transpiration transfer coefficient. The smaller the crown breadth of H. songaricum Schrenk, the worse the root area
water condition was, and the harder the water stress. The highest transpiration rate was recorded as 9.42x10™° MJ m™ d™'
when the plant’s crown size was the largest and at 15;00, its Tr value reached a maximum of 1.42x107° MJ m™> d™'. In
addition, the lowest transpiration transfer coefficient was 0.41. To summarize, this paper proved that non-invasive and

contactless measurement techniques for determination of transpiration rates of H. songaricum Schrenk are feasible.

Key Words:; three-temperature model; infrared thermal imaging technology; leaf temperature; plant transpiration;
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Table 1 Statistical analysis of the growth index for Helianthemum songaricum Schrenk in the experiment
HEHAE(KR) EHAEC) EHAEDN)

I Helianthemum songaricum H. songaricum H. songaricum
Seit R Schrenk ( Large ) Schrenk ( Medium ) Schrenk ( Small )
Statistical data — — — — — —

P T ek B T i P S et

Hight / cm Canopy/cmXcm Hight / cm Canopy/cmXcm Hight / c¢m Canopy/cmXcm

YA Mean/cm 18.96 38.48 41.42 15.44 29.72 30.76 7.54 15.90 16.18
K AE Maximum/cm 23.30 42.20 52.20 17.30 32.80 34.20 8.70 21.60 19.70
#z/IMA Minimum/cm 16.20 36.30 31.70 13.70 24.60 25.80 6.10 11.50 10.30
FrifEfR 2 Standard Deviation 3.61 2.27 7.83 1.49 3.33 3.55 1.04 3.83 4.34
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