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Abstract; The paper aimed to study the characteristics of stem sap flow, the transpiration rate and their correlations with
the environmental factors for tree species, Populus hopeiensis, P. simonii and Armeniaca ansu in the mixed area with both
water and wind erosion on the Loess Plateau of northwestern China. We used PT-stem flow and LI-6400 Photosynthesis
systems, and a LI-1400 meteorological station. The stem sap flow was usually weak at nighttime. The regulation of single-
peak and multiple-peak was not obvious. The start and ending time of sap flow of the three species were similar, starting at
7:00 am and ended at 8 ;04 pm. The diumnal stem sap flow rate of P. hopeiensis’s, P. simonii’'s and A. ansu’s were (3.65
£0.40), (2.22+0.21) and (1.63 £0.13) kilograms per hour, respectively, resulting in daily water use of (49.29 =
5.42), (30.64 £2.92) and (22.19 £1.73) kilograms, respectively. Overcast and rainy weather influenced transpiration
sharply. The stem sap flow followed the environmental factors closely. The starting and the ending points of the stem sap
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flow fell behind the corresponding changes of environmental factors with different lags. The peaks of the stem sap flow came
ealier than other environmental factors. The stem sap flow had significant positive correlations with photosynthetic active
radiation, air temperature, soil temperature and wind speed, but had significant negative correlation with air relative
humidity. The rank in influencing sapflow rate among environmental factors in a descending order was ; photosynthetic active

radiation, air temperature, air relative humidity, soil temperature and wind speed.

Key Words: the Loess Plateau; wind-water erosion region; artificial vegetations; stem sap flow; impact factor
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KERE, BAKHRE X GAEHE, A BERARHE FZAAERE SRR RZRX
K TR BTG RGN G . WARZEBFK BT S B AOK - E A R EM R L, W R
B S TBRMIE T R ES IR 2 — , 3 RBE MM B S EHRE NI MELEY . X 8%
XX FEEA R ZR B R R RS, BE— 2P RSN P R FEK R, D X SRR B 3 K
AL B R ARIE R

B FRARZE B RRY 99.8% LA b3k BT, BT LAE % FIOR B B8 R AR A B FEKRE S o
7 P3R4 R T A TR ) Huber ™ B SB4R 1 , 25 3P4 L 30 orh A0 B e B R T 22 B TR
EBEFAKBERTIR. ERE, B L%H AR 3ARX# (Populus spp. )™ | i i # ( Betula
davurica)'® AW (Acer truncatum ) ' Bk ( Prunus persica) ) #8848 ( Haloxylon ammodendron) '™ {45 ( P.
euphratica) * $2W0 ( Tamarix chinensis) "'®) #t#% ( Hedysarum scoparium) "™ JBM 4% ( Eucalyptus urophylla) '™ 4
BEAT T BFIT 5 0 A5 3 AR S B Bk ik (Juglans mandshurica) "' | 40 ( Salix gordejivii) ™ /N4 35 L,
( Caragana microphylla) (141 o TR ( Sophora japonica {. pendula) (5] d e 4 17 P55 50 R 3™ B0 AR Yo gl 4R
( Pinus tabulaeformis) <14 Platycladus orientalis) (6] KIERR(P. taeda)" 3EH (Malus pumila) (18] 37
P (P. sylvestnis var. mongolica) " %34T T WYL , 1 Xohisk Bt 3 B ZE N R 3 X 3k B MR REAK B FBK H R (28
FEFEK B N 34T T S BUR T —E MR R Bt R, AR L EEKMXMmE & X, b #
BARXEX FEEAMMBAIL (P, hopeiensis ) /N4 (P, simonii) FILL A (Armeniaca ansu) Z8 B 67K BB
g/

1 HEE5FZE
1.1 HAEX BRI

5T XA F BT RAZ R PEALER , M AR AR R AR 48 108°23709” ~108°23720"  JL£F 37°21'09" ~37°21'20", 1§
K 1500 ~1600m, Hi4bE SRS, P Il ERWERX, BIER RS, #XE¥ T BEH KR
F XA ETFHRE 7. 8C , Mm BRI -25. 1°C, B H SR 37. 1°C, =10C R 3086°C , £ TLEH
130d &4, FFHFEKE 395. 4mm, A, FEEPET ~9 B G, FFHEKEN 1595.2 mm; +3F
RKEUREA T, TR VEE, AERE R 3.5% , HEFKE N 15.3%,

BRIX AL T 0P IR 1] LAY B R P, th TSR SRR TIRAE R4, LR A RS S,
R EBIRFRR, A HEE S RATEE, EEEWRFE RIS N5 B (Ulmus pumila) | 1LF
WHBk(P. davidiana) ¥745(C. korshinskii) 0§k ( Hippophae thamnoides) . %5818 (Amorpha fruticosa) \ YV ( S.
psammophila) % , LIEAR R £, /MY ARRILBUEER F T E 537
1.2 FH5Eket

PR SO SR, SR 11°, 3K 1520m, BRSEASBLAT AL /N LU . TR R 9 A TAR, i
AT FE I, O BATITIER , S R B BN F B IS AR, KR4 /A R LA 7 TR JB3, /b
A7 AR, AR R 800 #k -hm 7 i T B RAKRMES , KEBE, NI BN O NE LR I AT
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Table 1 Characteristics of the trees measured

R i wE WE Btz g WEBRE
Trees Age(a) Density( trees-hm ~2) Height(m) Diameter ( cm) Crown (mXm)  Bark thickness(cm)
1L45 P. hopeiensis 48 240 15.5 23.5 6.2x5.8 1.3
/N3 P, simonii 48 800 3.6 13.2 3.3x3.5 1.4
A A ansu 48 900 3.2 13.6 4.1x3.8 1.4

1.3 BRIk

1.3.1 RFERNE

TR T Mo AL , S8 m FH— T 25 TR A RS . MER T RS LRKARNE S EREE, #
FEARSYGRBERET TS TREVPENTRE R RE S PR R, LRk, B —Emika
T4 YRR, BT 3 AMERAT A ALEZERS R ER, TH 1 MEFAEERR, B ERSEEEER L BE
AR AR R T, B LR SR M TR LR RN S, B SRS SRR RS A
BLEE ., RENSSE, BRI R ERE Y 2min, FAEFAERINE S 10min, 333 5B E w4 , #TE R, 7
I ER R, FrAREE H LI, LI H B8 >% 2007 4 8 ~9 A,
1.3.2 7B HEENE

1 LI-6400 YA€ RGN E M F 78R, 7ERR M FHESEBERI RGN A 3 MiuFisid, B8
FrIURERT . H Rt 8:00 2 1800, W B [HI 25K 2h, BANEEMI 2 5 AMEL, ¥ e 15 AMEHITF
BN 2 (. WE H HA R TR
1.3.3 HEHEFIE

f#H LI-1400 S TAES M E R EE 7, SR EETA RSB REN (PAR) . RRBEE(T,) . LER
BE(T,) JKREAMMEE(RH,) N (S,) o BB TR ELEREFEMKRE S, SR EFHHEET
1. Om FALZ R EE BB R AR R BFEE T HPEE  BE AR R RS K P E B 5 - F T E
EFE b RSB EMAXNEE GRS BT 5 AR ALEN , L% KPR Xk b 1 IRIRE %
AR TN P RAL BB 200m ; R AL RES A S 2R BB TE 2. Sm B4k, LA E AR R . HR 4B 48
R ESE TS, RS KE N 30min, TERESHTR TR
1.4 FaEath

i Ff Office Excel 2003 J SPSS13. 0 4513k 4%t %k

—— LK% P.hopeiensis — /NHAG P.simonii —a— |1 A.ansu

BT A S B BV NI é g @ @

2 RO EItr

21 RETWREE A - |

21.1 H%E%W:meizﬁ'%la@% @ 00:00 12:00 00:00 lZ:OOEj‘I(‘)é)ZF(I)ﬂ?melQZOO 00:00 12:00 00:00

XHRALA /b B AL AT 3 4% Fh7E S 2L S B RS,
F ’ ﬁguj&ﬁ?ﬁ& 4d W:Fmﬁimmu 0 3 Wﬁm?mﬁ Fig.1 Diurnal variations of stem sap flow speed in sunshine
E’Bﬁ%ﬁ%ﬂg_‘ﬁ, EDE‘%W:FWY%EE%&&E%%, E JNHAZFTIL A BRI B 28k 2007 428 H 13 ~ 16 B, WAt
¢¢ﬁﬁjﬁﬁ,$\md§ﬂ¢$%ﬁ ,ZEW$@%E$ H#§5 2007 4£9 H 2 ~5 H The observing dates of P. simonii And
Xiﬂigp%ﬁ s E{%ﬁ%zﬁ%f@&*ﬁ Xﬂ‘ﬁﬁ%@ﬁ( [&] A. ansu are between 13 to 16 in August 2007, but the observing dates of
1), 3 Wﬁﬁ:‘:mﬁ}ﬁn ﬁﬂ#fﬁjﬁf]“ﬁ 7:10.7:00.6:50, P. hopeiensis is between 2 to 5 in September 2007

Bl BRANTREERREL
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1% 1L B E] 23 5104 20 :40.,20:50.,20 : 30 , AR TV )5 S FNE LE B I 2R AR — 30, 3 RPN T W i 2R 2R {6
43300 8.18.4.43.2.67kg-h ™", B %4> H o4 13:10,12:30.,12:20, B0 TH IS S £ 1E B9 BoE N
B A TR B, 78 B A TR BePY ,3 WEF-E W TRE R B4 (3.65 £0.40) kg-h ™' [ (2.22 +0. 21)
kg-h™' . (1.63 +£0.13)kg-h ' (BEE R 99% ) ; M| H BAMKFEAK B 254 (49.29 +5.42) kg, (30.64 +2.92) kg,
(22.19 +1.73) kg ARKHEF . T HLAG > /N4 > 13y, WHGE B SkFEK 20 85 F HAMAmwF (R 2) .

R R B BKEE R EERT M TRRERBE BN FRENRRFEZE _HER, WHT K
WIS K S AR TE R R, 4555 B 8K T4 . ZERBIEEW TWRES B, W Ls N8 AL 3 4%
P TR Z4 B10 (0. 11 £0.02) kg-h ™", (0.18 £0.04) kg-h™',(0.15 £0.02) kg-h ™' ( BfEE N
99% ) ; M ) FEA IR Bt BE I RSk 20 BB 4 5100 (1. 11 £0.20) kg (1. 83 £0.43) kg, (1.55 £0. 17 ) kg,
WRRHE WLt > /b4 > WL, AL H BUukFok 2 85 T HARF R (£ 2) .

£2 3 WM BENTERRESE
Table 2 Characteristics of daily stem sap flow of 3 trees

PR
- H VIR W 7 5]

it BRI R fkem T T * PR ok

T Startup ti Peak ti Stop ti Daily stem sap ~ Average stem Standard Daily water
rees ~up hme eak tme op fume flow hours(h)  sap flow speed deviation consumption (kg)

(kg'h™)

1L45 P. hopeiensis 7:10 13.10 20.40 13.5 3.65+0.40 2.82 49.29 +5.42

/N4 P. simonii 7.00 12.30 20.50 13.8 2.22+0.21 1.50 30.64 £2.92

7 A, ansu 6:50 12.20 20.:30 13.6 1.63+0.13 0.89 22.19+1.73

2.1.2 HAWMRXSMNTHIREZEHZL

72007 428 B 6 ~8 HEZMAMKXA T, XHmdLig
FUNH R T WOR 2 2 H AL BEAT I, 6.7 HRR
2, 0EARIBIBRERT,2 W TR SRR
1§, SRR B 858 B RSB, FAA A 000 1200 0000 1200 0000 1300 0000
BT RET , SR ERK, 2 SRR T W8 I 2 2 A X R AT Time
P H S8R, BRI BOR T WM 20 B R, TR B2 BRI AN TR e A A
NAPF R, ESE G, B TR B 2 MM F  Fig 2 Diumal variations of stem sap flow speed of P. hopeiensis and
P TR Z 4> F4 (0.69 £0.14)kg-h ™' ,(0.22 + P, simonii in overcast and rainy day
0.05)kg-h~", B BAR T S0 5 5 K b S 2 W T 9 0 3ok
(E2),

HEHESAMRAT , WA KT8 7% 2 H 24170, 3d WFEERE 25108 32.3.1.3.3. 3mm, 29
H A RFREERET , BRERM 8K, ISR TR SRR 8, AR TR R TRIERE T s,

—o— JAJL#% P.hopeiensis  —— /NG P.simonii

EEE
Sap flow speed (kg/h)

5
4
3
2
1
0
0
0

T ORES B P19 TR % 0 (0.81 £0.14)  Fop

kg-h™';30 HOWER, M2 A8 LKA ERBEAMN 53 4

Fo B B H T ) B, R T HORAT R 52 2|

P T IO R 2 4 (2. 96 £0.55) kg-h ™' 7E 31 H, 5 0520 0820 0830 0830 0831 0831 0900
10,00 LS , SR LB . 5 % F I8 Y 0 0 I 7R 00:00  12:00  00:00 Hfrlé(;oime 00:00  12:00 00:00
8, W TR T 9 SRS B RS IR

WA 3), B3 BRRSILAHT RN RS A 2L

Fig.3 Diurnal variations of stem sap flow speed of A. ansu in overcast

2.2 WTBRERSHEET LR
WARZBBEFK ERZAGHUEN KRR K

and rainy day
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SMHXHEEE | TR K RESFINEE TR EE B, Ko, b5 HR0RS—RRARRWE T, EAMUE
AR H B A BT 3l , [ it R KRR R SRR HRIR 3N N T BRI o i
BIRS HHGESE MM, b5 AR N SW TR ER A S -3 AR R EAERR 6:30 £ZA M
BIFIATGE T, T T E 2R 8 Shis} AR X S 30min 24, BEE LA BB REN AN A&, B
FERTBRERBIR , RSHEIHEE BRI, 5 WAMEREZ ISR, B LTI, M 2R 2R
WK, SRR K S AWTELR , ZEK D BRI ME R, ARER A T K 2 S T AR SRR 1) Lz 3%, R A
FERFERLEY 7K J0r, BE A T WO R A BT K. 7 4 DT H ot A A SR SRR R g 2 B 1763
wmol/ (m™*s™") , {BRFE 13:30 7245 , Befo T W WL SR 14 DA RIS 20 ~60min ([ 4) ,0:00 R Bef, 72
SRR RCRS R AR — AR, RS MRS, REE R Z BRG], A3 S0 TR E Rk 2 —
{E I, ARSI A T BEBRAE; T 4 HEE Y6578 S0R 58 B A RIR BB R AR, X SUR XeHE B 22 5 7
i, I MR SR 2D, M FR M AR ARG, A T WOR R R PR, 7E B8 20:00 £, S B A AUR
5RO pmol/ (m s ™) , KREMXHEE T F 80% LA |, FH2: 30 ~ 50min J5 & A T 900 000 o 2 P 3 (K
{8, FREFLE.

RS TR 8 % H AR LB E , WL H Py B3R 43 5105 16.3,18.6°C, HIEE 7
24.3.26. 8°C, W Hj BRI 18] 73 515 14:30,15:00( /& 5) .

1800 — AT, —m_T
? = 26
£ 1200 - L
E g
: K
= s
600 — =2
=
< E 1
=
0 E g | | | | | | | |
00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00
: 13:30 13:30 13:30 12:00 12:00 12:00 12:00
Bif (/] Time Fif 1] Time
B4 BEHEREENAEL Bs5 KR|M-gEEEAZL
Fig. 4 Diurnal variation of photosynthetically active radiation Fig. 5 Diurnal variation of temperature of air and soil

RAMXHEEE H ARy 65.25% +30.75% BB R A (B 6) o KR TR B K SAXT
TS TR R R H AR AR — B (ERX 3 B3R 555 BN (B HH BRI AL 35 T T8 IR AR (R 1 B
6], HEE AR 20 1 ~2h, R H AL 2 BB R I B i, (BAEA 8, %X H PR 13. 5m-s ™", K
HER, WA — 2SR (B8 7).

90

@ Q)

= 70 £
] T
F :
Z2 Z
E ;i 50 =

T il

= K

30 I I 3 1 [ 1 I
00:00, | 0000, 000 90:00 9000 00:00 00:00 00:00 00:00 00:00
) Time Bt ) Time
B6 RSEXHEEREL B7 REAZL
Fig. 6 Diurnal variation of air relative humidity Fig. 7 Diumal variation of sind speed
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RTWRRE RSN EZEHIRETFEEEM. 3 3 KRR TRRERESLEEREN  KRE.
RAFENRE R R GE TR, 3 WA TREERS AR EN  KEBEEEEEIE
R, SRR R BE AN, W TRAERS TR XOE R A AR £INRET5H
THFE AR I N SRR RORS > KREE > KHEHEE > HREE > KE (R 3) .

£3 WTHERELESHERFRAXESH

Table 3 Correlation analysis of stem sap flow speed and environmental factors

WT R ER H£ B # Correlation coefficient
P Trees Sap flow HEEHES O ASEE  KSHWMEE  TREE R
velocity PAR T, RH, T, S,
J1L#% P. hopeiensis Oree 0.976 " 0.887°° -0.842°* 0.775** 0.726**
/N4 P simonii Orree 0.942** 0.938** -0.910°** 0.864 ** 0.685**
ILZ A. ansu Qrree 0.955°° 0.908 ** -0.865°* 0.752%* 0.848 **

# % P} 0.01 B)KFEAXCHERZE Correlation is significant at the 0. 01 level

LR N AL 3 AR TR 2R SR AR BRSO RIRE RSN B | 8RR B AR
BHATAESC T, 182 3 PR TR0 2 2 %k DL B 45 30 558 B -l A 5K R 343 1 0. 9030255, - 0. 124,
0.269.0.172;0.869.0.314, -0.262.0.336.0.229;0. 638.0. 357, —0.291.0.569.0. 119, H I, ZEM A4 K
RERRHANY , 2R AR B B £ BINE N T R RIE S

S AL /N AL R TR R SR SR RSB R SRR B - 3R B A R 2t
fr R, SRS F ST RO E SR R A, 3 R M SR BO9FE 0.98 DL E(R4).

F4 WTHRELESHREETFEHER
Table 4 Regression models of stem sap flow speed and environmental factors

EHEERE
Evit 1R 777 Regression equations coMr:ElI:jl:n vaﬁe Siiii%caﬁnce
coefficient
{it4% P. hopeiensis Q. =4.219 + 0.005PAR +0.275T, —3.173HR,, +0.178T, +0.018S,, 0.987 306.49 ** 0. 000
N4 P. simonii Qe =4.484 + 0.002PAR +0.193T, -3.852HR, +0.1287T, +0.013S,, 0.987 317.66 ** 0.000
7 A ansu Qree =2-983 + 0.001PAR +0.152T, -2.706HR, +0.164T, +0.004S,, 0.988 331.33°%* 0. 000

#* % PXg0.01 AKSEEAEXEBZE  Correlation is significant at the 0. 01 level

3 gig5itig

(1) Wbk /M FILAs 3 #F TR EER S, X TR R EREE LS/ BN
R AWK, (B MR TR R R A B — AR, AR T &, 2R BEE , 2 )5 W sh 2L IERE T
AP 4R S B R T R AR, 7T BE 2 K LR SAE MR oK Z Rl 29 s T R R B DU LA A B, %2
RAROE WK RN T IR B, I LB/ E B E T3 RIFPRTFHIR )8 sh it R ¥ 7E 7:00 £
A 45 IR 7R 20.:40 247 ;3 MR BARST , PRI TR ER S BN (3.65 £0.40) kg-h ™", (2.22 =
0.21)kg-h™' . (1.63£0.13) kg-h™", H BkkEEAKE 4514 (49.29 +£5.42) kg (30.64 £2.92) kg (22.19 +
1. 73) kg s AT RS F IR E R K

(2) WFWREEMELAERE T H B AMEEY S, BN THRN B AT H KRS FENE, e
B[R] K298 30 ~ 60min, i T - 5065 A REESN KRIRE . L IBIB XX GE 2 8 E HIEM %, 5 RS HE
B2 EAMERX, FHEET SW TR IREREHECERKEDT N S A RIES > KREE > KRN
B> HEIRE > N, KPS A RN R FENEmE R,

(3) EZEXAREEZFPRET e EmMHERBFKRUL L IERERR BEHESHKE, NG
HHATHEERE, TRKRBEASEAHRAEEEN,
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