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Abstract: Knowledge on the transpiration and environmental factors of forests facilitates the management of self-sustainable
vegetation ecosystems in northern rocky mountainous areas, and provides scientific vegetation construction strategies. We
surveyed forest transpiration and environmental factors in a mixed stand of Robinia pseudoacacia and Pinus tabulaeformis
from July 11 to October 31, 2016 in the experimental forest of the Beijing Forestry University, West Mountain. A thermal
dissipation probe (TDP) system was applied to monitor the transpiration. To study the effects of the environmental factors on
transpiration, volumetric soil water content, and meteorological variables were also monitored simultaneously, including
solar radiation ( Rn) , air temperature (T) , relative humidity (RH) , wind speed (W), and precipitation (P ). This study
aimed to (1) analyze forest transpiration processes and the transpiration responses to environmental factors, and (2)
determine the canopy coupling of the forest and quantify the contribution of different factors to transpiration. Results showed

that (1) the two species exhibited different seasonal transpiration trends despite their similar diurnal patterns. The
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transpiration of R. pseudoacacia decreased in autumn. By contrast, the transpiration of P. tabulaeformis was maintained
throughout the growing season. The two species demonstrated similar transpiration patterns, but the transpiration of P.
tabulaeformis was higher than that of R. pseudoacacia; (2) both species demonstrated hysteresis between transpiration and
Rn. But R. pseudoacacia had a clockwise hysteresis loop, whereas P. tabulaeformis had an anti-clockwise loop. Hysteresis
was also observed between transpiration and VPD (vapor pressure deficit). Both species showed clock-wise hysteresis loops
with much higher transpiration rates in the morning than afternoon; (3) the main environmental factors influencing
transpiration included Rn (P < 0.01), VPD (P < 0.01), and W (P < 0.01). Among them, VPD induced higher
transpiration than Rn; (4) the two species were well coupled to the ambient environment ( Q< 0.1) ; thus, their stomatal
control over transpiration was efficient, and the effect of Rn was highest before noon. The sap flow was observed to start
earlier under high VPD conditions to avoid xylem cavitation or embolism owing to intense transpiration; (5) the soil water
condition of shallow layers (0—50 ¢m) was not a major influencing factor on plant transpiration. Therefore, further study
should include monitoring deeper soil layers to locate the soil water supply source. Based on our results, the transpiration of
this mixed stand could be reduced through the abatement of canopy conductance. Thus, water restrictions would be
alleviated and the survival rate would be increased. Both species could efficiently physiologically control transpiration.
Therefore, in practice, the water consumption of this forest could be managed by reducing the canopy conductance. This
could be carried out by pruning, or selecting a species with a low canopy conductance to increase the survival rate of the

forest under limited water conditions.

Key Words: northern rocky mountainous area; plant transpiration; environmental variables; coupling
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Table 1 Characteristics of sampled trees (mean + S.E.)
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Species Sample size . Sapwood area/cm Crown area/m~ Tree height/m

height/cm

Y Pinus tabulaeformis 11 7.87+0.65 43.103+6.68 9.85+1.6 4.15+0.26
HIBE Robinia pseudoacacia 6 7.89+1.35 18.50+3.67 12.67+2.67 4.12+1.07
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Table 2 One-way ANOVA of climatic variables fluctuation among months

Ay NGRS EEIRE AHX MR Wk

Month Radiation/ ( W/m?) Air temperature/°C Relative humidity/% Wind speed/(m/s)

7 A July 204.67 a(0.116) 22.48 a 68.60 a 171 a

8 H August 181.56 a 19.48 b 73.31 b(0.273) 1.61 ac(0.069)
9 A September 120.19 h(0.280) 1542 ¢ 78.77 b 1.48 b

10 A October 136.04 b 11.90 d 71.91 ¢ 1.77 ad(0.234)

FE N 4 A YA (n=2010,P=0.05) , Lk LSD ka3 E 47 5 L , ASFEAE S35 25 5 0 0y ) HG I 3 B /KO i T 3MELAT LA dE 5
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Fig.1 Changing patterns of solar radiation, vapor pressure deficit, precipitation and volumetric water content status
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Table 3 Correlation between sap flow and environment variables for different species

. % R EL Correlation coefficient o

Species VPD/kPa pNEEE T R Sample size Sig.
Radiation/( W/m?)  Wind speed/(m/s)
IR Robinia pseudoacacia 0.505"*£0.0242  0.571*7£0.0132  0.139"* +0.046 706 0.000
{4 Pinus tabulagformis 0.759** £0.010 0.785"* +0.019 0.243™* +0.005 706 0.000
% P=0.01
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Fig.3 Diurnal patterns of averaged canopy transpiration, canopy conductance and decoupling coefficient in relation to solar radiation and
vapor pressure deficit at respective time from all day in August
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Fig.5 Hysteresis between sap flow and vapor pressure deficit as well as Rr. Data in the plots were average values of 31 days in August
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Table 4 Linear regression between sap flow and environmental variables for different species

) Fef [l Bl Epiy: R
Species Diameter at breast height class/em  Linear regression model
6—10 Js=2.406+1.112VPD+0.012R 0.770
4—6 Js =0.218+0.413VPD+0.22R 0.939
R Robinia pseudoacacia 6—10 Js =0.107+0.302VPD+0.014R 0.908
L Pinus tabulacformis 10—12 Js =0.209+1.465VPD+0.026R 0.850

BEXIN 95%
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Fig.6 Hysteresis variation between sap flow and vapor pressure deficit by Robinia pseudoacacia and Pinus tabulaeformis

R5 TRAMMEEZEINESUSENRENER ¢ 451

Table 5 Paired samples T-test between observed and simulated values of canopy transpiration of different species

by e ey s e
i N i PR AR W
X Diameter at breast t A B df . .
Species . Mean S.D. S.E. Sig. (2-tailed)
height class/cm
6—10 -0.140 2.786 0.156 -0.892 316 0.373
4—6 -0.197 2.121 0.119 -1.657 316 0.099
H4R Robinia pseudoacacia
6—10 -0.144 1.497 0.098 —-1.465 316 0.144
AR Pinus tabulaeformis
10—12 -0.218 2.577 0.145 -1.505 316 0.133

3 e
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Fig.7 Response of Js to vapor pressure deficit and solar radiation at 10:00, 12:00 and 16:00
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