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Abstract: The change in precipitation pattern is one of the characteristics of global climate change. Some regions at mid-
latitude might experience more frequent and severe drought. However, it is unclear how the precipitation change will affect
the forest vegetation in those regions. Amongst, Quercus aliena var. acuteserrata is the dominant canopy tree species of
deciduous broad-leaved forests in the warm temperate zone of middle China. Understanding the evapotranspiration responses
of Q aliena to drought induced by climate change is crucial to elucidate carbon-water coupling process. In order to explore

the warm-temperate deciduous broad-leaved forest response to precipitation change, a manipulated throughfall reduction
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experiment was conducted in Baotianman National Nature Reserve since 2013. The Granier thermal diffusion probe ( TDP)
was used to measure the dynamic change of sap flux density of Q. aliena. The results showed that the throughfall reduction
had significant effects on the sap flux density (J,) during the growing season. Firstly, the throughfall reduction significantly
reduced the sap flux density of Q. aliena in July. However, in the late growing season ( October) , the throughfall reduction
increased the sap flux density of Q. aliena significantly. Therefore, the sap flux density of Q. aliena differently responded to
the throughfall reduction among months during the growing season. Secondly, the sap flux density of Q. aliena of different
tree sizes showed different responses to drought during the growing season, especially the small trees ( diameter at breast
height, DBH=<21 cm) was different from that of medium (21 em<DBH<30 ¢m) and large (DBH=30 cm) trees. For
example, the sap flux density of the small trees were significantly reduced by througfall reduction in May and July, but were
significantly raised in September and October. The sap flux density of the medium trees were raised by throughfall reduction
in May and October, but were decreased in July. The sap flux density of the large trees were decreased by the throughfall

reduction in June and July, but were raised in October.

Key Words: Quercus aliena var. acuteserrata; sap flux density; throughfall reduction; thermal diffusion probe; soil

water content

PREBEE BRI R KR R AR T U 3 UK A AN B AT T R4, X
AU R HFE IR T XK AEEE, i HAR s T Mo — R E SR RS R A S R G B A W
e T 457 K 500 5 T RE , A8 A Y 22 S A 7K X6 DX KA PR AN AT R 808 R B2 ) | DAL A B 28 s 1k 1 4 B
S AR A A AR TR A F L ) R, AT R T A S R o B b S W B AR Sy ZE D
T 00 RS YR B | SRR A 1 28 1 B /K AR B T BR324 18 e 107, 78 AR AR AR 25 ZR G I 7K 206 B 5 v
RN

AN RIS Tl RS YR it 28 B RS [R] PR 24 R 3 A [R] B 2B AR R IR, R 22 8O U s M Al R 1 A i
ZEpZERS R B Populus tomentosa \Z5 ¥ Cedrus deodara ¥ Cinnamomum camphora)
B 7% e B AR B R KT L RO RE SR RS R AR S L B s SUK PR T B T
PRI ZEE 1, BRI A B AR ZR B R AN 25T /K BE F0 58, BE T A b Py B2 25201 SR, 204 ( Betula
albosinensis ) WX EAE 5 3 K B 2Z B JC B 8206 &2 ML 2 A H 0 % 10 e W b 2 6 SR A
( Radermachera sinica ) FF M 441 ( Sapium rotundifolium ) BT %5 BEJC & 500 20 56 [ g RL 2 i &2
M IEM 1A% ( Populus tremuloides) SRR AR AL L 22 HIFEAR ( Eucalyptus robusta) L] JHTF T2,
T A AT HEREA A T RTIABBE T A, TER FILRSER 2 A H MARIN 3 IS, RISk T R
T 24.6% 0BG AR ( Quercus mongolica) W) GG H JK A4 BRI A 2 35 Mg AR TR
FRER B A K A3 AR Aot R X6 T 5 i [0 1 2E A A2 LR R ke = TR A BIBIFSE

Bk ( Quercus aliena var. acuteserrata ) VE R P FP 32 43 A T HEALWE I8 7% i R AR X, 7630 pE K
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AT 5T T 00 R AT T SR B R K 3 R AR A 520 . ASBIESE AT S R BUA AR AR A S R G
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1 SEWMEIRIMARTE

1.1 5% X3k

WFFE b S Tl S 48 PE R R A FHTT N & B R
B R R G AR XN A 52K 2 AR S R e A
gEul JRIR A LB P (111°47'—12°04" E,33°20'—33°
36" N, S I ) 7 BT 3ok U b 1K Ja A i 7 22 XU H
i, FRE MR R N 1830 m, BF 58 HL Rk 2 1400 {1 —
m. AEHIWEKIE 900 mm AR AL 991.6 mm TS T Mt
I 11—14 C ,IRAEFRE AR AL LR E . 2018 4F
MINHIN 5 73 O3 R Bt s , 2 186.2 mm ,5—8 J3 i Fig.1 Characteristics of rainfall and air temperature change in
F R 100 mm, 10 H Gy BT HAT 8.8 mm ™ he growth season of 2018
SN 7 A6y, AERGE 21.3 °C K 2 N TR LA [H]
WI(E 1), XA R AR FAEY 150 BL 783 J& 2147 Flv, Fe ol X K] g 08 R AT 9% o I o b AR
RSB BL VAR, 5 AR 65% , MO T34 29 65 47, BV BRI B 5 FEARFE 20 m A4,
2015 AEGERERIE I IR 25.2 em™) | BEHL N2 /INTR AR B A A SEARAL ( Quercus brevipetiolata ) DU &
1t ( Dendrobenthamia japonica) AF ( Platycarya strobilacea) . =A% 2 ( Lindera obtusiloba ) 7K i ££ Mk ( Sorbus
alnifolia) 5% ,
1.2 PN ST

WRFET R SIS RGEE NS, 76 LAV AR R RSB (0 AR AR b ST T 6 B (20%20 m?*) brife
B BT T AR SR I D (BT ) X BE 2 RO ) A SE B b B, AR AL P 3 ST, 7 R R b 2 %
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FEHB VT JEIEAT 70 em VR E BB K AR , B 1EAE b N A 3K 3 284, REHIEET 2013 4F B34FE (5—10 ) XF
Yok ARt A 7 PR T, D O I 1 7 5 1 R o R b T ALY 50% , U R 2 24 o AT B RN Y 30% 1), 2018 4F- 5
H FERH Vol T P 55 AR N 5 70% , S B b ok T 247 o A 8 RN e ) 40% , AT 386 T R R b 114 7K 43
ISR

2018 4F 4 F 75 45 B sl fRAE i F0XT RERE i b 23 B VR ER 15 AR A 1 R A 3 B TS Bl R 30 4 4 58 145 A
g 5 48 T WO B AR 4 . B REL BT AR = AR (7R <21 em J/NMEDE 21—30 em RS
=30 cm N RBY) , FEMRYKIWESNE 5 8, T 2018 4F 7 H il 25 o S50, i BGHS 20 Wh IS0 7% 3%
AR, UL, B D AR R0 8 B ke SR T — AU R A A — o ERE AR 2018 4F 5—10 A K
Pt o VA RN RE R A Y 38 B A2 43 A 25.5.26.3 em , R EIR SR 14.2 16,7 m®, 1A A3
4 188.9 1981 em®  FEAFEAKEIE ULFR 1 (X BB L SEBR A RORER A 13 1) .
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Kb, (J,) IBERHRR % (sap flux density) (g m™ s™") , (AT,)) WERHRKIEZE, (AT) HBERE 2, B
{ﬁ%ﬂg(]) BT R FH 26 AL 0 R A BR 5S4 e A 4 A PR AE B 92225602 Ram Oren ] BAJF % 9 Basliner 3.0.8
R,

R1 HEREEREHE

Table 1 Characteristics of measured trees

1z : . , g1z - .
- iz S MR | R iz S TR
T b tldbmc e: Canopy Sapwood Tree tldbmc ctr Canopy Canopy
ree number at breas . N o b at breas| . ) . o
hight/cm width/m area/cm number hight/cm width/m width/cm
TR1 18.3 4.0 106.5 TR15 34.7 36.0 293.4
TR2 18.7 3.0 111.0 CK1 18.5 0.7 108.8
TR3 19.6 26.0 121.3 CK2 19.0 5.1 114.5
TR4 19.9 7.5 124.7 CK3 20.9 5.4 136.1
TR5 20.1 9.0 127.0 CK4 20.7 6.0 133.8
TR6 22.4 12.0 153.2 CK5 23.3 8.0 163.5
TR7 23.0 14.4 160.1 CK6 24.7 15.2 179.4
TR8 23.5 6.0 165.8 CK7 25.9 15.0 193.1
TR9 24.0 9.9 171.5 CK8 27.5 21.0 211.4
TR10 25.2 13.5 185.1 CK9 28.4 12.1 221.6
TR11 30.5 16.5 245.5 CK10 31.1 24.0 252.4
TR12 34.2 8.0 287.7 CK11 32.8 36.0 271.8
TR13 32.3 7.5 266.1 CKI12 33.8 12.0 283.2
TR14 36.5 39.2 313.9 CK13 35.8 56.0 306.0

TR. VR Throughfall reduction;CK: %} HE Control

1.32 PR TIE

(1) SR I FHARA T 5 8 e 25 R G5 B RO A0 T 1 300, WA i Rainfall) 1
F121-2X B 11’ & 1T ( Davis Rain collector II model 7F852, Davis Instruments, USA) M 5E . 5% & A & 457 5
( Photosynthetically Active Radiation) Fi ( Model LI190SB, Li-cor, Inc., USA) & %5 IR ( Air Temperature )
N8 SAHXHE FE (Air Relative Humidity ) Hi ( Model HMP45D Vaisala, Finlan) Jl5E , #&E2 /Nt OSP34 (8 4 2h
IO T 50 R f£ %% CR3000 ( Campbell Scientific, Logan, UT, USA) i il 4" @ Ht AM16/32B ( Campbell
Scientific, Logan, UT, USA) A,

(2) BEA DI A 5 X BERE b P 4 7E I 363811 5 em 20 em 30 em A STM f£ /84S ( Decagon Devices,
Inc., USA) ,5TM f&JE%4% ] LN 5 1315 ( Soil Temperature ) F1 43355 7K & ( Soil Moisture Content) , £ 552
A/NEPEE— R IFIE 5, i EmS0 Series 5045 R4 22 58 ( Decagon Devices, Inc., USA) HEATHBEAE
1.3.3 AHYM RO R B E

el FHEE 4 20 A4 (LI-6400XT, Li—Cor, Lincoln Inc.NE, USA ) Il 5 456t Bk H- (1954 33 %8 ( Photosynthetic
Rate) T fL-5: % (Stomatal Conductance ) LA K 7% 5 3# % ( Transpiration Rate ) , i T 86 45 ¥R & FEATE 20 m 22
A, B I R A e — S R, DRI oR B A v, s P v A B B9 1o B AR A% A K e gl
SE 3 AN A BRI 3 7k, 2018 4F 5—9 H A ME 1K H AR (7:00—18:00)

1.4 Hdlasbre

K H SPSS 20.0 FRAFHEAT IS FEAS T K, 53 U0k R R i R HEARE S AN ] 458 28 A58 DA PRS- 08007 2 2 1) 2
5o KM Pearson MG, WIFFE IR I BE DG G U AL T2 LUK 78 19 R AR SCHE , 23 Hr 52 me S50 1A AR A
TR B RO A RS, R E A Z2 ot A 3B, W98 W 2 B N2 R DG G A RUR ST 25 U
XU | SFERE N HE S K R YOG AR M TR B Y 3K PR ERE O S AR A
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2 ERES

2.1 ZEB TR A K o P A R R A K R R )

2018 AFAER RN AR TR B Y - I B B s ] 35 2 58 T Je R R ka3 (18 2) ,5—8 1 3 D RN A b 5 X6
HEREHB Y RN 2R 2 H R (5 em) & TIR)Z 2 H8EE (30 em) ,9—10 H 3 IR N 22 R (5 em)
EFIR)Z IR (30 em) . AR EIE S KE AL S5 W PR R, KRR 1) 135K
HIE5—8 AR M 30 cm>20 cm>5 cm, 7E 9—10 H AWM A :30 ecm>5 em>20 em,, Il F A A [6] PR
) - 35 5 K R AR A AR TR, S AR I kg Ul A b 1) = 398 5 K /N T R A

—e—TR5 —®— TR30 —a&—TR20 :+-:0:+- CK5 «ecetreee CK20 «eeed+-- CK30
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0 S35t
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Fig.2 Dynamics of soil temperature and soil moisture content in the growth season
TR J#Ff Throughfall reduction, Rl;TRS TR20 TR30 43 5| 2 /R s I FE LS + L1 5 em 20 em 30 em AY 2 HEE B ; CK. X Control,
HI1: CK5 ,CK20,CK30 43 5375 X BEAE M B ER T 5 em 20 em 30 em Ay 2 TR BEHE

2.2 G D X B AR R A R

TEAE AT P Dol R AR St T Xk HE AR 3t AN (R A 0 4 50 147 M0 980 0L 8 B8 AN TR H 03 4 3 3249 ( 228 WS 78 ) 34
T URER 5:00—19:00 WK AT H SMERREA T A 39 ETHRD) A BT (K 3) ,6.7 H 43 A i)
SR RO /N TS BRI i D R Ak BT[] %) SRR, 8—10 H 475 i RA: s 1) - S R0 4 EE R
X, MRS TR L A 5—T7 H AR IR AR X B, TIAE 8—10 H 173 RS M o X8
WEREH ; /MR ORI AE 5,910 A0A BETERES: 7 A sBI BBtk hagam+
WO RE , UL 7 F Ay Ul R R 3 S 250 T 0 R s ELAE 5.7 10 A A B R 322 5 . RARGR IO IR0
JE ,7E 6—9 il R AE M AT IERE 3 s FLZE 7,10 Ay At w225 78 6 A BEM 2R,

2.3 AERFENRTWRE S R R SR IR N T YA OE O £
2.3.1  BUAHRAOR WO RS AR BB R A SE G &

M2 AT LA e R M, B30 DA MR 00 4 1S AL 3 B R R I i AR A A B A R A S e R
(P<0.01) , 564 M AAEAE B F M IEA EOC R (P<0.05) 5 AEXT HERFE MY, B0 BRI TR0 25 B o & i (R AL
SPHE ZE B BRI AR B F R IEA G AR (P<0.01)

2.3.2  BUAHRIGR RO R S PR T SC R

Xof AN R AR A0 1A MR AN IR0 4 S BB R b A7 1840 Z2on [ e A W (3R 3) , BT AR B 90 it 2
JEE ¥4 52 28 SR E AL A AT RS 32 R, BRI R0 B2 5 2 ORI S OG5 003 A7 A
SFPERIEARHOG . 0T R M 0 1A AR B0 e FEE A [R5 S i T Al 3 K AN A
BEATARERL i S7 i (R | 3 HAT 25, 5 R B R, DR LS 2 R 5 e b 5 AN () A 4 ) L
VAR 0 B R A2 A T AR AR A LR
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Fig.3 J, of different diameter classes
TR W Throughfall reduction; CK: XFH& Control; # # 3577 Ab B [H] Y 375 95 )8 22 F M 5325 (P<0.01) ; % 7215 b 31 [0 9 7 46 & 22 B 3 ( P<
0.05)

R2 BATESRGER SASE ZEBEEM Pearson HXXF

Table 2 The correlation between Sap flux density and photosynthetic rate, stomatal conductance and transpiration rate

W WREE  ObaHR O ARE EBER e WREE  OvadR RARE MR
) . Sap flux  Photosynthetic ~ Stomatal ~ Transpiration - Sap flux  Photosynthetic  Stomatal Transpiration
Throughfall reduction . Control .
density rate conductance rate density rate conductance rate
WO 1 ' WO 1 |
Sap flux density Sap flux density
bk . S |
3357 1 403" 1
Photosynthetic rate 0.335 Photosynthetic rate 0403
LS AR
AR 0.444 * 0.384 " 1 LR 0.366 "~ 0.221 1
Stomatal conductance Stomatal conductance
L? 0.378 ** 0.535 " 0.716 ** 1 L? 0.338 " 0.293 " 0.698 ** 1
Transpiration rate Transpiration rate

o FORMUB EMARIE(P<0.01) ;= Fom B &S (P<0.05)
3 itig

KT FE 2 ATRVE AR RN R A O, HIEEK B D R A RISk /N T
D002 5 R N = v A D O AT v R T e S A1 i T~ FART A = 5 O e R R e A
FR TR IR (1 3) o Fisher 251 e 3V b b AT 25 355 119 52 56 & B 28 Ul T A 2 R I PR 43 25 1 | Besson
A5 12003 3 A 2 2 R A T ) A R T R R ) R AT L AR P B R AR T MR 2 S R A BN
BRR T 08 2 B AE T 52 25 RS H T B D8R A RS TN, 4988 /K R AT A1 A 850 D AR 5 LA
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S P S, IR B 22 7 G R AE R A K o TR ATE YIRS R AT BB, X SE I R b, 52
IR 2 PO TR B TR B i e AR ZR Y 5 AR AT A& Y BUYTAR g v o ] i A o,
ARG RS, DRI, B4 R A I e A A H B B sl R B A oK+ R B TR B D IR & F 1T
B HRAR AL R X , H R 7 B e KRB, AN B AR AR I, T e —E R b nl LAS w A A K
SrRIIRCR , LHE S KX T R bR s 28 W | ELR RO R i SRR B E MR B
AR A 7 5 PR g A TR0 2 ARG A B R R 35K

£3 RATESHERFHESTLERS

Table 3 Multipe regression equations between J; and main environmental factors

Eomtl Ry FE RE R
Multipe stepwise regression equation R? Sig.

TR(DBH<2lcm)=-2.182RH+0.097PAR-3.292T ,+283.525 0.66 <0.001
TR(21em<DBH<30cm) = —1.656RH +0.099PAR-5.04T +271.735 0.72 <0.001
TR(DBH=30cm)=-0.94RH +0.116PAR -5.521T,+210.607 0.58 <0.001
TR (mean)=-1.506RH +0.096PAR —4.649T +248.598 0.67 <0.001
CK(DBH<2lem)=-0.683RH +0.14PAR-2.748T +128.857 0.72 <0.001
CK(2lem<DBH<30c¢m)= -1.526RH +0.082PAR-1.943T +5.96SWC+71.657 0.81 <0.001
CK(DBH=30cm)=-0.689RH +0.068PAR +5.169T,~8.476T +6.43SWC+14.011 0.72 <0.001
CK(mean)= -0.971RH+0.088PAR+2.496T,~5.35T,+5.985SWC +35.914 0.78 <0.001

TR: 8N Throughfall reduction, CK: Xt/ Control. T, : 25K Air temperature, RH: %5 SHIXHEEE Air relative humidity, PAR: Yo & 548

1 Photosynthetically active radiation, T,: T3 Soil temperature, SWC. 3 /KA Soil water content

U R L5 6T R 1 AN (W] A2 2 ) 50 A AR V0D 2 T AP TR 22 5, /NS R R A 1 YR 2 T 22 D A L
32 B 0520 L HABAR G D I AR R /INFE — 8 R LS T 2 S R SR B e R (K 2 K 3),
LR R ARACTE A ( Larix principis—rupprechtii) 15 H B 4518 — 2, BB A R R A KRR
IR, 3 K STEBE ST PE Tl R Z K A5 B4 58, LA SR B (Populus) A KT K . /MRS
PR IR A /N, A X R AR R AN, 5 Z R RS OK BB R, B 4 AR BF 5T 3T A AR (Quercus
liaotungensis ) 5 I8 /N 9 W A ) 4 ot 4 38 5 K fB A8 AR SR, T e 95 4500 W 9E R R, T & A2 (Picea
crassifolia) PeHAAR 5T AR BA BRIV R | I K2 BA BOR E iR A e i I $ oK e k15 55 2
MK E IR . TR i TR BOR B AR LA RS 0 K R K L4, (A TR % B2 AN by 32 38
TR B

TCYE VBRI Ml 340 2 TR0 IR 1, B0 MR AR 9300 85 B2 BRI oG B iR AL 2B iR A A 10 3%
EARSCOCR (3R 2) o MR 7KV B RDGA s AR ZE 1 3 R 5 SR K1 b R I8 25 B A 5 o MR AR G  (BLT)
TH— 2 AR SRS A 2 A8 A BIOKSF L EAT— a2 (A%, S st (] Pl 2o 3 2 i - S FL
JEATE I PR A AT v R S AL R R INBEE TR TR B 8 RN AL AT AR R A AR Aok
PEAT A CTFEE 0 /IR ZE 353 2R K o A 1 2R T 3R 2 19 €O, ) DTS 3 85 K I Y A A o
PR R AE " A TR — S B0 R A T LG R A K T G MR 9 R B, SR WD, BT AR I R AL AR K,
(AL BEAS /N U BH T V8 R A b %) 58 1 AR i A T A PR TR

RSV U 28 P V) RUBE I A9 72 1 T S o 25 R R R T 1 B R P P 1 (3R 3) o Wb AR AF > &
RV 5 T 5 PR R 118 O R s B IS T A S 3 el s, ARG v D RRAE L 55 0T HRAE b A (] A 2 58 1A
BR300 2 B 2 5 A A R S R IR A G SE 5 28 SR S BRI SE 3 3R 3 5 7 AR 46 0 B g 4%
R—2, FREEAWKMNE TR (A KR IR I 55 90% LA ) | SRk 1 88 4 kA= 4 i iy ok 43
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