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CAI Wanting', JIA Liming'* , WANG Mianzhi', ZHENG Yulin', LI Lu', LUO Shuijing’

(1.National Energy R & D Center for Non-Food Biomass, Key Laboratory for Silviculture and Conservation of
the Ministry of Education, College of Forestry, Beijing Forestry University, Beijing 100083, China;
2. Fujian Yuanhua Forestry Biotechnology Co., Ltd., Jianning 354500, China)

Abstract: [ Objective ] This study aims to investigate the time lag characteristics of sap flow during reproductive
phenological periods in Sapindus saponaria and the effect of shading inflorescence branching and leaf pruning on the time
lag of sap flow. [ Method]In the experimental area of the Sapindus saponaria National Forest Germplasm Repository in
Jianning County, Fujian Province, five-year-old S. saponaria ‘ Yuanhua’ asexual lines were employed as experimental
materials. Sap flow was measured using a thermal diffusion probe, and environmental factors including photosynthetically
active radiation (PAR) , air temperature (Ta), and relative air humidity (RHa) were simultaneously measured during
the reproductive growing season. Time lags between sap flow velocity and the dominant environmental factors were
analyzed using the mismatch correlation method. [ Result] PAR and VPD were the dominant environmental factors
affecting sap flow, independent of pruning treatments. On typical sunny days, the relationship between sap flow and

these environmental factors showed a “hysteresis loop” , with PAR responsed in a counterclockwise direction and VPD
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responsed in a clockwise direction. Across six reproductive phenological periods (bud swelling, flowering, early ovary

growing, fruit developmet, fruit colour change, fruit ripening) , the control ( CK) and pruning group sap flow lagged
PAR by 10, 10, 0, 10, 20, 50 min and 0, 20, 10, 10, 20, 50 min, respectively; and advanced VPD by 160, 120,
90, 90, 130, 100 min and 190,110, 70, 90, 130, 100 min at six key reproductive phenological periods.[ Conclusion ]

The time lag between sap flow and dominant environmental factors varied across different reproductive phenological

periods. Pruning impacted these time lags differently: it reduced the time lag of Fd-PAR during bud swelling and

increased it during the flowering and early ovary growing periods, while it had the opposite effect on Fd-VPD. This study

provides a scientific foundation for accurately evaluating the influence of environmental factors on the water consumption

of forest trees and contributes to the development of more precise models to simulate daytime transpiration processes.
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Table 1 The sample trees of Sapindus saponaria

o PREF AL -
L T i3
No tree diameter erown treatment
: heigh ’ width ’
at probe

T, 2.55 10.03 2.65%x2.10 i3 pruning
T, 2.80 8.00 2.30%2.30 f&BY pruning
T, 3.36 10.15 2.60x1.95 39 pruning
T, 3.10 8.30 2.20%2.30 X} iR CK
T 2.60 6.89 1.25x1.15 X} HE CK
Te 2.75 8.50 1.70x1.62 AR CK
T, 2.55 7.61 2.80%2.90 Xt R CK
Ty 3.22 6.90 2.20x2.35 X HE CK
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Table 2 Stepwise regression between sap flow velocity with environmental factors at daily scale for
each reproductive phenology period
B }
i/ﬁ%b’%-,ﬁ b3 B R EYEp
reproductive . R . . P
phen()logical perio ds treatment factor regression equation
BN A 15y X, X, ,X5,X, 0.874  Y=0.734+0.003 X, +0.928 X,-0.212 X;+0.105 X, <0.01
bud swelling period xt# XX, X, X, X5 0.837 Y=13.54+0.004 X, +0.852 X,-0.484 X, +1.070 X,~0.080 X; <0.01
e I’ 31 X, X, ,X5,X, 0.834  Y=-22.956+0.004 X, +0.548 X,+0.527 X5+0.309 X, <0.01
flowering period %ot X, Xy, X5, X, 0.840  Y=-20.389+0.004 X,+0.423 X,+0.495 X,+0.259 X, <0.01
IR &3 X, ,X,,X,,X,,X,  0.865 Y=6.183+0.003 X,+0.781 X,-0.165 X,~0.059 X,+0.871 X5 <0.01
early ovary growing period it HE X, Xy, X5, X, 0.879  Y=6.938+0.004 X,+0.655 X,-0.268 X,+1.274 X, <0.01
P Ty | Ir31) X, X, ,X5,Xs 0.869 Y=4.012+0.002 X, +0.978 X,-0.153 X;+1.339 X, <0.01
fruit development period R XX, Xy, X5, X, 0906  Y=9.655+0.003 X,+0.777 X,~0.277 X;+0.941 X5-0.075 X, <0.01
LA (4] Ir31 X, X, ,X5,Xs 0.789 Y=1.416+0.002 X, +0.574 X,-0.059 X;-0.402 X, <0.01
fruit colour change period %t# X, X,,X;, X, X5 0.906 Y=9.655+0.003 X,+0.777 X,~0.277 X,~0.075 X,+0.941 X; <0.01
LS R Y] I’31 X, X, ,X5,X, 0.395 Y=-1.887+0.001 X, +0.609 X,+0.088 X;+0.010 X, <0.01
fruit ripening period it HR X1, X5, X; 0.614 Y=-1.158+0.001 X,+1.145 X,+0.056 X, <0.01
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Fig. 1 Hysteresis loops between sap flow (Fd) and dominant environmental factors ( PAR and

VPD) during typical sunny days
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