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Response characteristics of stem sap flow of 7orreya grandis to environ-

mental factors in southern Anhui
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Abstract: [Objectivel Torreya grandis, a unique nut tree species in China, has high economic and eco-
logical values. At present, it” s still unclear about the quantitative relationship between the distribution
of T grandis and the suitable environment. In this study, 7 grandis was used to establish the quantita-
tive relationship between the stem sap flow and the environmental factors. On this basis, we investigat-
ed whether the response characteristics of 7. grandis stem sap flow to the environmental factors would
be affected by different observation periods. It was further verified whether the response of the stem sap
flow to the environmental factors under continuous 19 d high temperature was consistent with that in
the observation period on annual scale. This study would provide a theoretical reference for the ecologi-
cal locating monitoring in 7. grandis economic forest. [Methods] The method of ecological positioning
observation was used to record the changes of the sap flow density of 7 grandis every 15 minutes based
on thermal diffusion technology. A small automatic weather station was used to simultaneously obtain
the data of environmental hydro-thermic factors. The data on the changes of the sap flow density of T.
grandis and environmental factors from April 1, 2020 to March 31, 2021 were matched and divided
based on the first observation period, the second observation period and the comprehensive observation
period with year the scale. In every observation period, consecutive 19 d high temperature was selected
as the continuous high temperature days of the observation period. The continuous high temperature

days of the comprehensive observation period were the total continuous high temperature days of the
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two observation periods. The Pearson correlation analysis and stepwise regression analysis were carried
out respectively in the first observation period, the second observation period and the comprehensive ob-
servation period, including the sap flow density and air temperature, daily maximum air temperature,
air relative humidity, daily maximum air relative humidity, vapor pressure deficit, photosynthetically ac-
tive radiation, soil temperature, soil water content, soil electrical conductivity. The correlation between
sap flow density and different environmental factors, and the interpretation and quantitative relationship
between the sap flow density and different environmental factors were found by the study. Then the
Pearson correlation analysis and stepwise regression analysis between sap flow density and the afore-
said environmental factors in the high temperature days of the first and second observation periods as
well as the comprehensive observation period were carried out. We compared the results of statistical
analysis under the same period, analyzed the similarities and differences of the response characteristics
of the sap flow density to the environmental factors between the high temperature days and the observa-
tion periods based on annual data. And we determined the feasibility of studying the response of the
stem sap flow to the environmental factors with the data collected in high temperature days under the
condition of limited experimental time. [Results] In two years of experiment, the different environmen-
tal factors in two observation periods based on the year scale showed relatively consistent periodic vari-
ation characteristics, and the sap flow density in different observation periods showed different varia-
tion characteristics. The sap flow density during the consecutive high temperature days in the first obser-
vation period showed significant correlation with the air relative humidity (» = —0.61), soil water con-
tent (» = 0.58) and soil electrical conductivity (» = 0.58). The sap flow density and the environmental
factors during the consecutive high temperature days in the second observation period showed no signif-
icant correlation (p>>0.05). The sap flow density during the consecutive high temperature days in the
comprehensive observation period showed significant correlation (p < 0.01) with the soil water content
(r = 0.85), soil electrical conductivity (» = 0.8), daily maximum air relative humidity (» = 0.62) and air
temperature (r = 0.46). The correlations between the sap flow density and the environmental factors dur-
ing the consecutive high temperature days were different from those of the observation period based on
annual data. In the stepwise regression equation of the sap flow density and the environmental factors
of the first observation period, four environmental factors, such as the soil water content, soil tempera-
ture, daily maximum air temperature and air relative humidity, were introduced one by one so as to ex-
plain the changes of 52% sap flow density. In the stepwise regression equation of the sap flow density
and the environmental factors in the second observation period, only the soil water content was intro-
duced into the model and the goodness of fit was 0.462. In the stepwise regression equation of the sap
flow density and the environmental factors in the comprehensive observation period, the soil water con-
tent and soil electrical conductivity were introduced into the model one by one. When the soil electrical
conductivity was introduced into the model, the goodness of fit increased from 0.519 to 0.526. [Conclu-
sion] In various observation periods based on the annual scale, the responses of 7. grandis stem sap
flow to the environmental hydro-thermic factors were different. The sap flow density had a strong re-
sponse to the soil-based hydro-thermic factors and the soil water content was most closely correlated to
the changes of the sap flow density, so it could better explain the changes of stem sap flow. In the case
of limited conditions or less observation costs, the locating monitoring on soil water content changes
could quantitatively analyze the water changes of 7. grandis. The method of 19 d continuous high tem-
perature for studying the response of 7. grandis sap flow density to the environmental factors had rela-

tively short research time, so it could not accurately analyze the response characteristics of the stem sap
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flow to the environmental factors.
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tion duration; Tree moisture
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Fig. 1 Temporal variation characteristics of environmental factors in different observation periods
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Table 1 Correlation analysis between tree stem sap flow density and environmental factors
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* ,E?Iil?r observation observation observation temperature temperature days ~ temperature days in

Environmental factor eriod eriod period days in the first in the second comprehensive
P P observation period observation period observation period
n=366 n=365 n=731 n=19 n=19 n=38

it -0.146" —0.037 —-0.085" 0.048 —0.328 0.458™

Air temperature

H e il -0.056 -0.141" —0.108" -0.226 —0.121 0.172

Daily maximum air temperature

AR —0.134" 0.348" 0.128" -0.610" 0.362 -0.106

Air relative humidity

H e R SRR L 0.162"  —0.063 -0.119" 0.070 0.145 -0.615"

Daily maximum air relative humidity

MR 72 -0.028 -0.176" —0.118" 0.435 0.323 0.180

Vapor pressure deficit
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Photosynthetically active radiation
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Soil temperature

TIPS K E 0.652" 0.680" 0.720" 0.582" 0.272 0.850"

Soil water content

T ER 0.322" 0.486" 0.331" 0.584” 0.217 0.798"

Soil electrical conductivity

TE:#p < 0.05 Al p < 0.01 43 HIFINAH A B2 AR 2 KF

Note: * p < 0.05 and ** p < 0.01 mean significant correlations.
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Table 2 Stepwise regression analysis of stem sap flow density and environmental factors in different observation periods
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Observation period Entry factor R? Regression equation
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5 DL S iR RH 0.372 0=-0.063 RH+6.886

Continuous high temperature days in the first
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T P N R T A B R KT (p < 0.01), SWC. HIFRARE K& T, LSRR ; Ta. HE Ul RH. 2RI s SEC. e &

50, BT HEHIE.

Note: All entry factors reached a very significant level (p < 0.01). SWC. Soil water content; 75. Soil temperature; 7a,... Daily maximum air temper-

ature; RH. Air relative humidity; SEC. Soil electrical conductivity; Q.. Stem sap flow density.
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