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Variation in sap flow density among levels of tree dominance in Picea crassifolia

in the Qilian Mountains
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Abstract; Tree transpiration plays a determining role in water balance for forest stands and in water yield from forested
catchments. In the present study, an experiment was conducted in the Pailugou watershed in the Qilian Mountains, in the
arid region of Northwest China. In a 86-year-old Picea crassifolia forest stand, 3—5 trees from each of dominant,
subdominant, intermediate and suppressed trees were chosen as sample trees. The sap flux density for these trees was
measured using the thermal dissipation probe (TDP) method from June 16 to October 14, 2015. Furthermore, the related
meteorological factors, including solar radiation (R, ), air temperature (T'), air relative humidity (R, ), and precipitation
(P) were simultaneously monitored by an automatic meteorological station in the outer forest. The results showed that; (1)
Daily sap flow density was higher during the day than during the night. On sunny days, daily variation in sap flow density
exhibited large amplitudes, whereas it exhibited little variation on cloudy and rainy days. (2) On sunny days, daily sap
flow density began earlier in the morning, ended later at night, and exhibited a larger maximum of sap flow density as tree

dominance class increased. The value of the mean sap flow density of dominant trees was (0.0758 + 0.0475) mL c¢m™
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min~', which was 1.5 times of that of subdominant trees and 1.68 times that of intermediate and suppressed trees. (3) Mean
daily sap flow density for all dominant trees showed that the maximum values were achieved in June, with the next highest
values in August, and decreasing values in September and October. In addition, sap flow density exhibited the following
order; dominant > subdominant > intermediate > suppressed trees. (4) Correlation and stepwise regression analyses
indicated that mean daily sap flow density was significantly correlated with solar radiation, vapor pressure deficit, and air
temperature, and was negatively correlated with air relative humidity and precipitation. Solar radiation was the main
meteorological factor influencing mean daily sap flow density of dominant, subdominant, and intermediate trees, whereas air

relative humidity primarily influenced suppressed trees.

Key Words: sap flow; dominance; meteorological factors; Picea crassifolia forest; Qilian Mountains
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FHG DA ( Picea crassifolia) ZAR % LY FEZGRER, 2 BEHOR S0 7E 19K 2500—3300 m 1Y B3 21 B
72 OB B O WRE & T @ TI & S e ol = 7 S =N U (S E R (S = IR DO = ey AU B = 20/ e e
Chang FIEREESE 17 208 T BARRTT 8 = W IR 1) 28 Ak LA S B 23 Bl 45 R LSS i PR 2% T oK 2% JE
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1 R XHEER

6 XA T AR % 1L HE &2 16 /N Ak (38°33758.77N, 100°17"18.0"E , 144 i Fil 2600—3800 m) , J& T il <
1%, ZEMFAR 2600 m &b, AE3TR 0.5°C  AEH K & 435.5 mm, HLAETTE 5—9 A 43, 4F#528 K & 1051.7 mm, 4F
H REAS 4K 1892.6 h, AEIJAAXIIE 60% , 5 X AR 1 — | F 2R LLHF I =42 (Picea crassifolia) A £ 1)
FEMRPEET AR, R BETOIR 7 A0 78 B3 2 B3 5 B3 DLk ok 5 % 8 53 A A 4K 1% BRI AT ( Sabina prezewalskii ) #k
FIVE N ; HE ML S5 F A BT 08 L ( Caragana jubata) |51 ( Salix cupularis) ERE& 1 ( Dasiphora davurica) 55
HR FHA & H ( Koeleria crisrata) 5 (Iris ensata) B9 ( Pedicularis spp. ) 55, 138 FEA 1L M 2R AKX HE
Ao Ll A A F ) R L AR A R L FE TR A A

2 MR#MBERE

2.1 FEHBAHES
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http ; //www.ecologica.cn



9 H TS A AR AR RO R i L 2 3

B, I Ry 23° 1M B HE Ol 1128 #E/hm® , #RiE 86 4F AR FE 0.55, F- 318 55 (10.6+5.6) m, FHH1E
(15.3£9.1) em,FH5EE (3.6+1.1) m, AR TFHEAN)Z FZ AR W ( Dasiphora davurica) 215, 55 FETE 4% 15
i BARZAA P& 5 ( Koeleria crisrata) #EM4: DJ95E, (Pedicularis spp.) JR5.( Oxytropis kansuensis) % , 55 J& 75
3T% LA s B EREJE TR N (8.443.1) em, B JEAE 30% 440,
2.2 FERBEHL

R H 5 s PR AR A AE AR S P AR 7 B, 42 B8 Koraft A8 S0 340 B A0 b ') W i PN 75 08 o A R AR R A
ROLAEE SR 5 H L AREBEAR, TRFUAREA, MARPER, VAT EA, V ACRBIEA . X HL A
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FR A 1 PN 75 16 = A2 R AR DL BE 0 A1, FE R A DL A BE G0 rh e 4 3—5 B VE AR (R JEARBR AP ) |
HEBEHCT 13 MREERT (1) o BERT BB T 10—38 em WA T 6—21 m, @A T 2—7 m, Hi ok
FR-F- 2 Ji A A e AR DR AR B, 70931 4 (28.184£6.93) em (19.4+1.0) m FI(5.2+0.8) m , HUUE WAL H AR
HAEAR B ARER /N, 43512 10.52 em (6.1 m 1 3.6 m,

ST M ST T AL E 5 AR 2 IR s oG R 10T (R 1) T H AR RRRE R A T b B

y =22.19 x " (R*=0.85,n=17) (1)

K,y IHEFEE IR G (mm) ,x NF BRI (em) .

AWFFEEE 13 AR 2 B M SEREA T 28—57 mm (38 1), Horbr AR HOK 19306 T80 AR K, S 34908 R
(45.45+8.15) mm, /T 39.39—56.88 mm, HIEWARFHA ((34.07£1.08) mm) FIH155AK ((30.81+1.61)
mm) , B¢ R AT/, 4 28.87 mm,

®1 HRHFESH
Table 1 The characteristics of sample trees for sap flow measurement
P +S.D. Average value
PR BE A Wz . T MR SR 5

Mtz e i MM TEE

s

Tree dominance classes Diameter/ Hji;:},?/m C.EIHOP)’ Sapwood Tree No. Diar:r:ter/ Height/m »izr:}?;) :In di?)lt)lztjr:jn
cm width/m depth/mm

HEFAAR Dominant tree 28.18+6.93 19.4+1.0 5.2+0.8 45.45+8.15 1 37.65 19.0 6.7 56.88
2 33.55 20.5 4.9 51.34
3 23.45 18.5 5.1 39.88
4 23.31 18.5 4.8 39.74
5 22.95 20.5 4.8 39.39
DIZYIEFN 17.13£1.28 16.3£2.2 4.1+0.6 34.07+1.08 6 18.11 16.4 3.8 34.90
Subdominant tree 7 17.61 14 4.8 34.46
8 15.68 18.5 3.6 32.84
LIEVN 13.08+2.11 12.0+3.4 3.2+0.7 30.81+1.61 9 15.16 15.2 2.8 32.42
Intermediate tree 10 14.32 7.6 3.9 31.74
11 12.43 11.2 3.8 30.28
12 10.43 14.2 2.4 28.80
B KA Suppressed tree 10.52 6.1 3.6 28.87 13 10.52 6.1 3.6 28.87

2.3 BT IR 2 I
8 % B ] Ecomatik 23 B Az 72 19 SF-L BV BOR G THHE T I0 22 , SF-L A 80 0 I 22 1302 3
TG HORHEBET Y, B i 4 DNMREF(IEN Sy .S, WS, A0S, 4R, BREH A 20 mm , Tl H A9 380308 2% T4k
A (A 50T Kol 2 R G s 3808 T2 R AR T BERE A T U o A2 WU 4 T I i b SR R A Ak T
AE T LAY 72 S ( RV I 2 BE AR b AR 1) 2840 ) I 7 (RS A 2~ S RO 3 B . DM PR BT 2 IR it 22, 75
AR ZE B MR % (J, ,mL em™ min™') (X 2 F13) .
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K, T T80 T Ay R S, F1 S, .S, Fl S, S, Al S, Z Rl piR 22 (C)

B R A RN A]FE A 10 min, W72 BFE] A 2015 4F 6 H 16 HE 10 H 14 H,
2.4 AEEHFIE

TETRIHE M P 84T 21 Campbell 2451579 CR3000 1 80406 , 1T 80 RIEMRMIELZ EITFEAK (P,
mm) KFHAESTHRE (R, w/m®) 2SR (T,°C) 8 SOMIRFIE (R, , %) FIAKIA HHERE (M, , %) -3
BECT,,C) %8s, Hrboe)2 oy SRR A0 & B2 5 30 m, 3B & K 343 5IHE 0—10,10—20 20—
40 ,40—60 cm 1 60—80 cm5 A~ L JZFEA T , LR E 73 5IHE 10,20 .40 .60 em F1 80 cm5 > 1 JZFEA T E
Hdl R A E BG4 10 min,

FR 825 SR RN 2s SAHXHR R T KRR 22 (VPD kPa) I (20 4 F15) .

17.502xT

E =0.611 x er-20 (4)
E x Rh
VPD = E - (5)
100
X, E EAUKIRE (kPa) s T 28 S (°C) s R, A2 SAHXHRE (%) .
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2% 2% 5 15 R0 R 22 B4, A R K SR 25 78 0. 00—8 2 10 3 1] 22 18 FE AL, 8 - 10—24 . 00 11 1] 722 1k i J3F 4%
I EEARLERFAE 0.23 kPa WEARAKSF , B A T B K5 B R i FuK SR 22
3.2 MRVRASTH TR 2 R H AR L

VI B H AR AL S I A S R AR AR R (1A 2) B P DR %% B B S 8 I SR AR, AR R A 5 T i
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Fig.1 Daily courses of solar radiation intensity and vapor pressure deficit in different weather condition
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Fig.2 Daily courses of sap flow density in different weather condition
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Fig.3 Daily courses of sap flow density for each crown class of Picea crassifolia on August 4, 2015

3.4 AFEEHEFIE TR L

MHAR- BRI E 6 Aok, YO 8 A3,9.10 A GBS, BAHEIE, —# M2 1.81 mL em™
d( K 2) o WARHAR  HSEAR MG AN LR LS LA B IR — B HIEAR 8 AMAA S
5, e 6 A AR B R 2.80 mL em™ d', J3 40, B L3R BTN , 1000 5 B ) 3 (B2 B/ N B4
e, LA S WALHEARS PEARSHIEAR . PEFEA SEACHA | EEAFIRH A B9 7 25 B P 2 ] B9 22 5
W BEA A R A HERE T8/
3.5 HiFD 2 XS SO IR N TR

T A2 H W0 % 5 R PH R A a5 (R,) AR U 22 (VPD) RIS R (1) BIEA R KR, 5
2 AR (R,) MIFERT R (P) IR (R 3),

PRENTGR IR -8 H 427 WL 26 L 1) 5 e e P L DA 34 B F9 /N T i /) ( BRI X 2R 800 RP s/ ) o e AR 3
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AR GEARFHAFM P EEAR H IR ES R, VPD M1 T 2R F R IEMCCR , MPIEAR S VPD 2 B3 IEM
K, 5 RN T AL IEASG, HARKC R BN H il o2 H WS S R 2R B AR M REL
F18 2 oF (L A DI 552 8/ N T D/ 5 DA AR AL A A 140 900 0 3 38 -5 Ik 1 o R 1 o i 22 A0 A 25 19 S AW
K, MAPAEARS P AU BFR TR, BUEARE P RO R, BHOKE LA B B EZ AN
LINT R R, HUOR AR ARI SR BIEAR TR/

*2 AAAMAHERZEEZN(mL cm>d™)
Table 2 Mean sap flow density in different month

Ay AR WALHA AR URN
Month Dominant tree Subdominant tree Intermediate tree Suppressed tree
6 57.69+22.87 45.13+18.02 38.64+13.33 13.15+7.57
7 80.90+5.78 55.03+11.08 36.60+2.48 15.92+5.22
8 42.81+20.25 31.76+16.11 25.03+14.49 18.72+13.83
9 25.35+14.79 18.02+11.06 12.61+7.45 5.41£3.52
10 23.54+7.92 16.35+6.18 12.32+4.46 7.16+2.88

(D) B P HS.D.5(2) 7 A6 29 H—31 H 9 FH1H.

#*3 BREFEESSKETFH Pearson HXRE

Table 3 Pearson’s correlation coefficient between mean sap flow density and related meteorological factors

- K PR 58 HFK AR 2SR o
A2 R AKTUR2 R At Pt

R Solar radiation / Vapour-pressure . Air relative L
Tree dominance class ) . Air temperature/°C o Precipitation/mm

(w/m”) deficit/kPa humidity/ %

PEFAAR Dominant tree 0.682** 0.554** 0.493** -0.542"* -0.385""
WALFA Subdominant tree 0.624 " 0.457"" 0.339 " -0.521"" -0.386""
4K Intermediate tree 0.465"" 0.389 " 0.317*" -0.443"" -0.297"
W EA Suppressed tree 0.211 0.284 " 0.159 -0.335"" -0.135

x| SRPIFORIZIEAE 0.01 1 0.05 K 225 03

Z I A3 R S 1 s A2 O B B ) R N T IR AR B S 5 (£ 4) .
SEMAPEFAR MEACH AT SE AT B E 19 G N 72 R PR S 5 | B RO 3 JE B s
AFXT I B (Y 50

R4 RATESS|SKEFHESTEFER

Table 4 Multiple linear regression models of sapflow density against related meteorological factors

PRI EE G BT R » P P
Tree dominance class Stepwise regression equation

A Dominant tree J, =8.679+0.122R, 0.682 60.96 0.000
WA K Subdominant tree J,=7.990+0.087R, 0.624 44.73 0.000
125K Intermediate tree J;=8.403+0.053R, 0.465 19.34 0.000
B A Suppressed tree J4=23.982-0.1888R,, 0.335 8.84 0.004

4 it

ARG 1 B AMAEMEIE A (H42 10—38 em B 55 6—21 m) FIZHAEE FAMLB i, 13 BRI RERT i
SRR A B BE AT 12.84—43.35 mL em™ d7 T HL X PR 220N R S A4 K (DBH 10.43 cm)
FIGEEA (DBH 10.52 em) (14 2 BEFER , V030 25 B2 1 F- 53514 (21.80+18.68) mL em™ d™' F1(12.24£8.84)
mL em™ d7', 2354 T 2.64—92.48 mL cm™> d ™' 1 0.68—36.20 mL em ™ d™", BB R AL 3 &R A B T 7
FEA HE R O] RE SR AL B KI4232 K PR S e i 2 Ok,

http ; //www.ecologica.cn



8 A E = 37 &

T A TR H Sh A8 DA A FBE S 4T 5 o Wi X YR It 7% 2 5 Bl Rt £ W A 7:00—8: 00 Ji
301,12:00—13.00 3 A K{H, 20:00—23.00 & B EIK P, HA R 0, X 54 14 ( Populus alba L.xP.
talassica)'” ZIHN ( Pinus koraiensis) '™ MG} ( Schima superba) '™ RV A2 (Abies fabri) "' i) I K I i i 28 75 1k
R —E P R R 2 A e FARALIE A ( Larix principis—rupprechtii ) 22T B T it TSR
PR B4, U B TR A B Y H AR 5 R 2B R Rt & R B SERR AR ] 2L i g s
AR RV SALTFEE T REAL T2 /IR ABAR DK SR 2R, WA #E 17518 = 2 28 B VE T, (075 th <AL
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