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Abstract: Haloxylon ammodendron, Tamarix ramosissima and Nitraria tangutorum are widely used sand-fixing shrubs in
sandy desert areas. They are well adapted to sandy conditions. However, the understanding on the patterns of stem sap flow
of the three shrubs is poor. The diurnal and seasonal variations of sap flow were measured with Stem Heat Balance( SHB) ,

and the simultaneous weather factors were observed at a nearby automatic weather station from May to October in 2006. The
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results showed that the starting time of sap flow was species-specific and varied with stem diameters within a species. The
sap flow of H. ammodendron stems with basal diameters of 1. 70cm, 3.64c¢m and 5. 07cm started at 5:00 —7:00, 5.00 —
7:20 and 6:00 —8:00, respectively. That of 7. ramosissima stems with 1. 57c¢m and 3. 03cm basal diameters started at
5:20—7:20 and 5:40 —7:40, and that of N. tangutorum stems 1.59cm basal diameters started at 6;00 —8:00. The
diurnal variations of sap flow showed a bi-peaked curve for H. ammodendron, and a multi-peaked curve for 7. ramosissima
and N. tangutorum. The maximum velocity of sap flow appeared during 11:40 —13.:20 for H. ammodendron, 12:40 —
1300 for T. ramosissima and 12;00 — 13:00 for N. tangutorum. All of the three species had an ambiguous noon-
depression phenomenon of the sap flow curves. There was sap flow occurred at night for the three shrubs, but the duration
of the flow at night varied with stem diameters. The larger the stem diameter, the longer the duration of sap flow at night.
The sap flow of the three shrubs at night had an obvious decreasing course and approached zero prior to the sap flow started
next day. The seasonal variations of sap flow for the three shrubs showed a unimodal pattern, in which the highest value
occurred in August for H. ammodendron and T. ramosissima, and in July for N. tangutorum. During the entire growing
season, the unit area sap flow intensity for the three shrubs with similar stem diameters ranked as N. tangutorum > T.
ramosissima > H. ammodendron from high to low, which implied that the drought tolerance of H. ammodendron was higher
than that of N. tangutorum and T. ramosissima. The resulis showed that vapor pressure deficit or air temperature was the
major weather factor affecting sap flow for H. ammodendron, and solar radiation for 7. ramosissima and N. tangutorum,

which indicated that the weather factors played different roles in affecting sap flow of the three shrubs.

Key Words: sand-fixing; desert shrub; SHB; sap flow; drought tolerance; weather factor
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438:1.59g/cm’ 2. 76g/cm> 1. 84% ~2.03% .1.23% ; BRIV O AT LE 0 ~200cm T B &K,
FEESKEN:1.47 g/em’ 2. 76g/cm’ 2.05% ~2.27% \1.36% ,
2 WRAE
2.1 ZETFWHENE

SHB F/E R : MR IR LMEE IR (PIERTET R, FMAEZTRRNRBEEAE EE
TARGHEEBNRHT , TR 3 85— HTSEESF M LM KRETHRLE(Q,) s —H LIS
B = m U ARCR (Q,) s— 8 5ZETHKE—E R LEH(Q) . XMRERETEIFREREN:

P,=0Q,+ Q.+
WIBEKIGER P, = V'/ R,Q,40 A1 _E#AH: Q, M T #3H 0,F#52,0,= Q.+ Q4o
¥4 Fourier &3 , 25 F /A JRFHR P [a] L A ST He AN o] T I 33 20 31K
Q.=K,xA x dT/ dx;Q,= K, xA x dT,/ dx,

R K HZETRESRE(W/ (m-K) ) , RFEZEH 0.42;4 A EIE A (m’ ) ;dT,/dx, 5] L35S AR IR
BEREEE(C/m) ;dT,/dx g T #UE AR (C/m) sdo il AR B B PSR R EEES (m) 5

PiEstEm R R AR

Q.= K, x CH
A, K AP ERNSIRAY, BREFRE(Q = 0) NIRRT RAXIE:
Kyp= (P,- Q,) /CH
A, CH, BB R (v) 6
B BB IR BUE L RN 2 EE B OKHRARRA TR, PR BT PR RER:
F=(P,-0Q,-0Q)/C,xdT

A, C K ek (J/g-C) , g 4. 1681/ g-C 5 AT 2 b F B 10 B8 W 0 3 1) 25 T K I 18 8 i 28 4L fE

(C);dT = (T, + T,) /2,

®1 3HENRFESFSH

Table 1 Parameters of the sample shrubs for sap flow measurement

L RWFEA MR (cm) BEMIRE A H2 (om) BRI #1472 (em)
HikE Basal diameter of H. ammodendron Basal diameter of . ramosissima Basal diameter of N . tangutorum
Sp 1 2 3 4 1 2 3 4 1 2
SGA-13 1.65 1.67 1.74 1.73 1.41 1.52 1.77 1.58 1.61 1.57
SGA-25 2.94 2.96 3.00 3.03 3.23 2.90 2.99 3.00
SGB-50 4.99 5.10 5.09 5.16
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B OREAT 8, ORA R R IRER 5 12V Bl BT B SHORSER B I EF AR R ZETRE W
Bk L RGN ] BRICR B RS 280 A BIBCRES , 85 E R R IR SRR , i SPSS-12 Bk
Frabsl, ABIFEERE RISy 60s, 5 20min FAT-FRETHRIFER

M 2006 4£ 5 ~10 A, FIF Dynamax 23 74 7 B3V (SHB ) AR A TR , SRR EEHIAN ERI (52
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Fig.1 Diurnal changes of sap flow of H. ammodendron
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H,3 FHYE 6 AN RMYPEREAHGT,ETH 500 - Sunshine
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T, R AR T KBS T 2R E, |
R B I A ot B o B/, AR b T XU KR, 2= S B AR, B IR] B P 34 W R 5 I R A R A
B ERRMPLRIXIAMET, R K BRF X9 % 3R 5 7 15. 37¢/h 1 14. 97g/h; #EMI % 8. 10,
7.54g/h; HHIZ 17.7T1g/h f119.2g/h, B 4 ~ B 6 WILUE H, AV ERRIRMH T, ETRREZEHAR,
MAMAZE T RSB TS RHETHRRSINEETHRRESE X,

M2 LA W, A FARFEAR R XA TR B PR RE RN B RREFEER,3 MEYETH
FBGFRE A B BB TR IR THFRECOY X > WAER > AR > R, RHABREZELA
SROAREEY) AR K, TS 2 H SR E T RRET,
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Table 2 Daily mean sap flow rate and daily comulative sap flow of three shrubs under different weather conditions

f5X Sunshine BAX Overcast TR Rain b2 2 Sand storm
. HY . HY . HY . H
- EEm)  PEE PR g AR g TR g O
) Stem A (g/h) . HE(g/h) . % (g/h) . HH(g/h) .
Species . Daily Daily Daily Daily
diameter Mean sap i Mean sap i Mean sap i Mean sap i
cumulative cumulative cumulative cumulative
flow rate flow rate flow rate flow rate
sap flow sap flow sap flow sap flow
H. ammodendron 1.70 54.97 1319.52 19.75 474.00 9.48 227.52 34.47 827.28
T. ramosissima 1.57 67.59 1622. 16 40.86 980. 64 11.45 274.80 41.92 1006. 08
N. tangutorum 1.59 108.46 2603. 04 29.12 698. 88 5.88 141.12 79.94 1918. 56

3.3 ETHRRKFETRMAE

FERKE, AFMZEEARN HYBRRE A RRE UM ZEREN AR HBEREFERNEER
(£3)o WFK3 TLUR M, AFRMZERR HBRRENABKE S AHEK,6 ~8 AMMKKIT,8 Ak
&iH,8 AMLUUGETTH THREZR 10 AMAKLER, 3.03cm M 1. 59cm HZEBENIZE 6 ~ 10 AHHWIKE 5K
R, A KEHR R IEWIE 8 A, B THA S AHKIESR, B0 A BRKE&MKAE 10 Ay, X
1. 59cm HH 6 ~10 AGHBIKERFIEH A7 A, TS AR YBRBIEE X, ARIET A5 . THH 8
A EAHEARR,8 A TAMITEEE 6, 3 A B, SR, B 8 AGBIREH T, B2
10 A4,

MAAR BAEHIA [ 2R A ] A 40 PR MR R A K2 BB R L, AXNBRER . B R EE
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AR Z SRR B ERREH 2R KT, ETRRER SETERNEMRKRR, XSHERRBHIER
HMP, HZES. 07em BRI 8 B IROR S R A K MR B 43 514 305. 6g/h 1 760. 88kg, 43
J& 3.64cm HBZERY 2. 65 f5FN 2.09 %, BHiZE 1. 70cm K 6. 11 £5H0 5. 41 £%;3. 64cm HiZER R E 1. 70cm K 2
fEF12.59 £, H2E3.03cm BN 8 A FRBMMERMAERER R SEREZEL 5Tem 9 5. 63 5
4.61 1%,

®3 ERFIWEDEARRBEL

Table 3 Seasonal variation of sap flow in stems of three shrubs

#4#8 H ammodendron BHi T. ramosissima AR N. tangutorum
Aty BA EE S EE S EE S EE S EE S T
Month Ttem Stem diameter  Stem diameter Stem diameter  Stem diameter Stem diameter Stem diameter
5.07cm 3.64cm 1.70cm 3.03cm 1.57cm 1.59¢m
H
5 Daily cumulative( g) 787.20 815.52 39.36
A&t
Monthly cumulation ( g) 24403.20 25281.12 1220.16
6 Hi@ i 4371.36 2318.88 836.64 3617.28 959.52 1165.20
Daily cumulative (g)
A
Aait . 131140.8 69566. 40 25099.20 108518.4 28785.6 34956. 00
Monthly cumulation (g)
7 Hi@ i 5217.6 2452.01 1092.00 7491.6 1596. 00 2292.48
Daily cumulative (g)
A
Asit i 161745.6 76012.31 33852.00 232239.6 49476. 00 71066. 88
Monthly cumulation (g)
8 H i@ i 7334.40 2763.60 1377.60 9610. 80 1706. 40 1565.52
Daily cumulative (g)
A
Asit i 227366.40 85671.6 42705.60 297934. 80 52898. 40 48531. 12
Monthly cumulation (g)
9 H i@ i 4395.12 2230.56 954.24 3612.00 1026. 00 991.68
Daily cumulative (g)
A
Asit i 131853.60 66916. 80 28627.20 108360. 00 30780. 00 29750.2
Monthly cumulation (g)
10 H i@ i 2721.60 1298.40 291.60 692. 88 152.88 537.12
Daily cumulative (g)
A
As i 84369. 60 40250.40 9039. 60 21479. 28 4739.28 16650. 72
Monthly cumulation (g)
5(6) ~10 it C lati
(6) ~10 A &t Cumulation 760879.20  363698.63  140543.80  768532.10  166679.30 200954. 92

from May( June) to October (g)

EENMEKE, R A BRIAERZE (1.5 ~ 1. 70cm) By 2E T 547 T AR 3 #4354 . 14. 05,
23.49g/(h-cm®) fl 27. 31g/(h-cm®) , B T AR 3K BB 4> B 4:6190. 41,86141. 40g/cm” F1 101259. 18
g/cm’, BN AR BB B RAMRYC : ELRI > R0 > B4R
3.4 3 MEARZTHRRSIEEFRHERIT

YRR ZHEY) B SR tEEm LS, RZ [ B H FREW . 8T H—2PH50K 3 A E AR HE
BIREEFHma L, RN AEKTE6 ~ 10 RN ERBRER S KHAEN ZSRKREZ%E S5 1M%
HFH#EAT TIRME R, R INEK 4, AR 4 TTUE N, A KZFER 3. 03em HZERMM R FiE R 5 K HAE
P ERKREE FXEE  RBARNESE S METFZE2EEHRI, HEHEE 3 MR RERRF S
MEHEFERBEHHR,p <0.01, 3 3 MR ZETREAERE S MSEFEFEERNES R, K
ARFEMEKBOAFE, SEEFXIARRFAFRZTHREOZEE —ENER. MHRITRYN, Eu
1.70.3. 64cm MRET WM IZE T4 AR BUKIREZ > ]I > KFHSES > HXNRE > NE <R
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> BRUKIREE > KBRS > AXHREE > WG ; B0 1. 57cm A1 3. 03cm BEMIZE TR KR : KFHBIRET >
TRKREZE > HXHEE > [ > K KBRS > HXNRE > RRKKREE > IR > Xi#E; i 1. 59cm
HRZETHRIRH R R BES > BUKREE > R > HXRE > X, ZKREZBRENERER
RREE SRR, TR RS A RFAEMA ARE E M, AN AN RBIRZAHE TSR
Wi , 22 HIEE T A I8 B BEAS I8 W% 76 ek 1] — B g i o2 A [, T ] — B B2 A I A9 7 3% [ — B B Wi 2 4 S
_ﬁ[%] .
4 FS5iit
H T B B A A AR P B 22 5 X R R 1M B A ), AR RN LRI ZE TR0 B AR bt e

AAER . To/Ne P03 AR R ERCRIUT AR H 25k B SR , T AR 45 SRR B 2 B
W g 2% , I 43 B i1 BRAE 1140 ~13:20 A1 1400 ~ 1620, T ELB-MIEEAE 2 6] gy A M09 “ 4K BR T
HE—MES . YR TR BER Yy A B0 30 32 B e s , R T 882 390K 20 71 R RN 1L
BARMTKEES . GRS HKRIE PR, Y3 T KAz < Sm, A > 3.5% , KA,
HREAEK R, WA YA 7K 7 B8 BOK 73 B8 AR /s T 24 F KA. > Sm, HEFKRE L 6% ~
2.2% i} RRAERK —, HBUK G, B/ RIETR BB R T (T KA 2.7 ~3. 5m, 13HF KR
8% ~12% ) BIRRRIMAFAER) o ABFTFTRAEH T KL 18. 78m K FHIEEFKE1.9% ~2.05% KM T
WERRIBI R . P HBFR RR WA BBE A R EF BRI, TE PP RIRE“FIK”
BSARIE, IR T FRERE AR AR ERIZE -4 BRI BORISE 2 BB A 7R “ PR S, SHRR—
FECFR7 A B, TR P B = UK R Z PSR, AR THRAR NI BRI 28 B 1E R, 30 T —# 0
B TR TR R A S R A BT, ARUIA BRI B 22 P P RE WA B RIEEZ G T2
/NI B, B AR IR O T BR R A AR Bl , BT BR R AR SR E TR, BB — BT

F4 EDEAERFETHRELSSHREEAFAXEDI N

Table 4 Correlation analysis between sap flow rate of the examined shrubs and meteorological factors in growing season

e FEHE (em)  ZFR KEERE  =5k% SHR(T) AFHREE(% ) RoE
Spec Stem Ttem (W/m?) FEZ (hPa) Air t : Air relative (m/s)
pectes diameter Solar radiation VPD T temperaiure humidity Wind velocity
&& *H%%\ ﬁ £ LX) £ £ LX)
I dron 1.70 Correlation coefficient 0.580 0.651 0.638 -0.565 0.187
E%AEZKSF 0.003 0.003 0.003 0.003 0.003
Significant level
3.64 *H%?Rﬁ . 0.728** 0.741 % 0.756 ** -0.659°* 0.385*
Correlation coefficient
E%AEZKSF 0.001 0.001 0.001 0.001 0.001
Significant level
i . 1.57 *H%?Rﬁ . 0.601 ** 0.568 ** 0.236°* -0.426°* 0.234 ¢
T. ramosissima Correlation coefficient
E%AEZKSF 0.008 0.008 0.008 0.008 0.008
Significant level
3.03 *H%?Rﬁ . 0.442* 0.333* 0.236" -0.416" 0.189*
Correlation coefficient
E%AEZKSF 0.012 0.012 0.012 0.012 0.012
Significant level
Bl 1.59 ﬁ%?ﬂﬁ . 0.833** 0.734** 0.669 ** -0.447°* 0.323*¢
N. tangutorum Correlation coefficient
BEHAF 0.002 0.002 0.002 0.002 0.002

Significant level

# % 0.01 JKF BEHRIK represents significant at 0.01 level
)R SHRHRID Y H 2 R0 A KW R S5 R W, B0 ( Salin gordejevii ) F1 /)45 38 )L ( Caragana
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microphylla ) ZE B R34 tH B B 8 A9 Y080 T3 B BR4R , DA UL SR BVRAE M R 78 /K P4 5 VP o H  RARR Y 478
( Calligonum arborescens ) FER AT RERIF B EIMME AR, ABTHI 3 Fi BV FEARFER B B IRFF— E BB
ER, ETRUEMX MY A RRBER, FrUR 2B LG , AR ERER TR AR b gi3h 28y
F3h, FERIFRAKRE S, AL A REB T RNKS TR, FNF R YRR SR, 0 a6 &R
18 BE BRI BB 25 | R SFLEER7F B, AT hisck L 7K e A2, s R AR 0 e B AT AR 45 — e W R B — N R
B 56" TR W, Bk ik (Juglans mandshurica) e EWBOR R ZRAR/D, T LR E . AFHIZE 3 FFE WA
FERL ] B ARPRAF — BRI, (BT SH I ) A [) , i 25 0L 782 W) 90 o 5 ) I TR, 3 25700 40 45 5 I [
58, AR ZEEARTE 55 — RWOR B ShZ B8R A — LB T Rl 12, WTRE 5 HRE K T s EDH K,

RAR VEUIFTER] 3 A L BB UEARTE R AR AT, i TESHXNEEE R, B R AR SRk
REZFISEHE THMNE, FEOR MR R, BT E B &8 T2 SHEXHB LA S 90% Lk, MRS
TR, L P REER  BRGRRERARE ™, HEH 0, AVLRAMT , RESKMIR, AXHEER, AT
WARZERE , (HR= PR BRIV LR RS RER S =K T R, A KRG B TAR
PR, 3o T I 2 B MBI R AR IR B LS Kb e AT R I, KA B —E(H I, B T3]
TSILEH, I T ERBEY

3 R E DA TR BN BRI RIS R, X 5 AN = A BB RS8P,
B THEY B SEY AR ERZS  RRIENZETHIRE 8 AfEm,7 ARz ,6 A59 A%EA—%, A
7 RrEor,8 AR RN A K S MIEHZE 3 A S T AR I B8 R/ MY - BRI > R0 > 4R
R, LI RR TR R R

WCR P RIS SR R ITZR M (Quercus liaotungensis ) W FAI A KWL 22 AL I £ 2 B T4 KR
B ERIRE SRR, X AT F A R A A R A 5 R R A E T & (C
korshinskii) # TR IRFEW AL EER, YOARUKREZ KB HNEVRE R WM TREN EZET;
BEECIHEROY, SIBESHRRN EERT . SEETFHARRMHETRRNEEE — LR, W
TRRESIRETHRR RIS, AEMERS, PR3 HRBEDEAZTRRNERIZBT . ER
AKIREZBRIRN AR Z RS AR , T AR FH 8 S e A K ZR i AR A FRIE = 4R
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