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Abstract: Plant transpiration is of great importance in restoration and water resources management, especially, in inland
arid region of Northwestern China. In this study, based on the meteorological data of Qingtu Lake in Minqin County, Gansu
Province of China, the physiological parameters of the seven typical desert plants, and soil hydraulic characteristics in the
inland arid region of China, the transpirations of the seven typical plants were simulated by the Tardieu-Davies model.
Moreover, since the xeromorphic plants rely on depth to groundwater. The plant transpiration modelling is executed in the
two soil moisture conditions in root zone maintained by groundwater. The soil moistures were roughly estimated by the Van
Genuchten model at the depths to groundwater table that were suitable and could lead to extinction for plant growth. The
modeling obtained hourly and daily transpiration in the ten years during 2009—2018. Compared to the collected data from

the published literatures, our simulated transpirations of the seven typical plants during growing season ( April—September)
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were proven to be reasonable. The modeling results show that the mean transpiration of the seven plants during growing
season under the suitable and the extinction depths is 793 and 602 mm, respectively.The transpirations of individual plant
species during growing season were different. Under the condition of the suitable depth, the transpirations of Phragmites
australis of aquatic plant and Tamarix chinensis of riparian plant were largest, which were 1292 and 1147 mm in growing
season, respectively; by contrast, Haloxylon ammodendron needs the least water for transpiration (279 mm) as Haloxylon
ammodendron can resists extremely dry climate. The transpirations of the other plant species decrease in the order as
follows; 940 mm for Halocnemum strobilaceum, 913 mm for Poacynum hendersonii, 534 mm for Nitraria tangutorum, and
448 mm for Populus euphratica in growing season. When the suitable depth declines to the extinction depth, the plant
transpiration during growing season decreases by 24% , on average. The decreases of plant transpirations were also different
for different plant species. Since Haloxylon ammodendron and Nitraria tangutorum have strong capacity of drought
tolerance, their transpirations decrease markedly with depth to water table, e.g., 53 and 35%, respectively, when the
suitable depth declines to the extinction depth. Phragmites australis and Tamarix chinensis have low capacity to resist
drought. Thus, their transpirations decrease least with the depth to water table, e.g., 19 and 13%, respectively. For the
other plant species, when the suitable depth declines to the extinction depth, the transpirations of Populus euphratica,

Poacynum hendersonii, and Halocnemum strobilaceum decrease by 33, 25 and 25% , respectively.
Key Words: inland arid region; depth to groundwater table; transpiration in growing season; Tardieu-Davies model
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Table 1 Transpiration of plants in arid region during growing season based on estimates of available methods and results
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Fig.1 Transpiration of Phreatophytic Vegetation and soil water characteristic curve
Jin :HRERZEIE TR Water flux entering into roots;J, : RBTHR/KI Water flux in the xylem; J,,, : M i Z& i Transpiration flux; ¥, : 17K Water
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W indle ¢ 7K #% Water potential in the bundle sheaths; 0 &K & Water content; V¥, K # Water potential ; P; [ 7K Precipitation; Tp: 7%

i3 Transpiration

AW B

g, = &umin T aexp[B [ABA] meXp((S ,\Ifbundle) ] (2)
aV,
[ABA]W]:‘m (3)
v -,
Jo=m (4)

In (dj)
? T Amk(W )
Kol g AR ME (mol m™ ™) a8 18 M A4 [ ABAT AT ABA HJE (pmol/m®) , ¥,
KRR (MPa) , W AR KSR (MPa) | J, MR R ZEB I (mg/s) , a(pmol kg m™ s™' MPa™) b NAIFREL,
LA UK S 5K T ABA WRETIE . ¥, HOK S (MPa) R, W L (MPa s mn”) 4
4RI R TR (m) 7 AR (m) BV, TR KIS TR (em/d)
YRR J,, F 7K T,(mm/s)

(5)

T
T, =" (6)
B sh S TR
(1) TEEZHEBH(R, 5. VPD g,) :
VAT (R, ) -
PPFD
R = (7)

A, PPFD MG IE (umol m™ s™') ,PPFD=4.72 R, R N KIS (W/m?) .

PR SRR IR AR ()
s == 0.1849 T° + 1.0057 + 50.87 (8)

http ; //www.ecologica.cn



19 1 SRBHBE 45 ARG 52 DX UL R 5 AR R ) 2 IS AE K AL 5 7755
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5 KBRS (R) JREE(F) LW (q,) JEIR(P,) o BFFEIAN, GLDAS %448 % 5 rh B S5 45045 ™ (hitp - // data.
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Fig.2 Daily variations of PPFD, T, and VPD during growing season( The small figure shows hourly PPFD, T, and VPD on May 19)
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LERMLEL, BEMAORE |, Tardieu-Davies BIRITHRAS B A A R BEK S50 F A A 1 = RE /K B 70 BUA W 50 R
AR YR R A ET B BRAE 25t R K BRI S A SO ZE A 5 B A DRSS R A BCXT ¢ 4256, P B 735109 0.12.,0.94,
FIRT 0.05, RIEHEME -5 C A SCERRUR 1922 SV AN B35, Ui WIAR SCBLILZE A T 5, A SCRR AR W) 28 i 1R
VT AT B AR BT AR R A A SEAE (W) 22 5%, IO ) 26 B8 2 ST AR AR LR

F2 THOKNFHEFEY A EFESH

Table 2  Soil hydraulic characteristics and plant physiological parameters

V-G BB Ak TR RS
1HY Parameters of V-G model Soil moisture Parameters of phytophysiology
Plant 0/ K/ 6,/ 0,/ 5
a, n a r/m L/(m/m”)
(em¥/em?) (em¥d)  (em*em®)  (em¥/em?)
ik Populus euphratica 0.57 0.018 3.61 335.2 0.13 0.09 0.45 0.0095 2491
F13 Nitraria tangutorum 0.57 0.018 3.61 335.2 0.13 0.09 0.69 0.0003 636
FEM Tamarix chinensis 0.60 0.049 3.35 25.39 0.14 0.09 0.33 0.0013 400
B i ik Poacynum hendersonii 0.60 0.045 2.75 642.9 0.14 0.09 0.31 0.0001 7.8
¥tk Haloxylon ammodendron 0.73 0.053 1.82 13.34 0.17 0.11 0.34 0.0005 221
45K Halocnemum strobilaceum 0.60 0.045 2.75 642.9 0.14 0.09 0.33 0.0015 104
P93 Phragmites australis 0.59 0.075 2.51 328.2 0.13 0.09 0.41 0.0002 2.8

H\f@*ﬂﬁﬂ(z Saturated water content; o, + 3K ST HE B4 Parameters of physical soil hydraulic;n; T+ K S HESEL Parameters of physical soil hydraulic;
KS:’L@*HTEF*%E Saturated hydraulic conductivity; 6, : 70% I [a) K i 70% of field capacity; 0,: 67.5% HH 8] 435 K 5t 67.5% of field capacity; a; Z 0 R Empirical
coefficient ;7 #R 4412 Root radius; L, : iRZR L Root density

®3 HESHEE

Table 3 Values of model parameters

ZHJ Parameters B 8 g &smin a b q’m.m q/xylmin
HA] Units — — mol m™%s7! mol m™2™! pmol kg m™3s™'MPa™! — MPa MPa
U{E Values -0.003 -1.0 0.17 0.01 -600 4.0 -0.05 -0.45

B: ZI R Empirical coefficient; §; 48 R Empirical coefficient; g, : KA F)ZH S Stomatal boundary resistance; g . : S AL S £ /ME Minimum stomatal
conductance ;a ; 22K Empirical coefficient; b 7 ZE Empirical coefficient; nylmﬂ AR KK # Maximum water potential of xylem; q’xylmi,, AR RN K

Minimum water potential of xylem; “—" /R JLHL{L

3.2 AERKFHYZEBEFEKE AR

HUIZEFEK AP 4, 5 R % 2 [ gt @ Bt
e 2) AL, SRS s D i AR AR A e KA ' ' '
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MR KAO R T M P IE (RS I T, T),) 435k
161,122 mm; ik KT 4 H Z& B AE/K &, FBE 53 5 8
99 74 mm,

FEIE HAE S R KA EIR S FEAK S RBP4 &R
W7 H ZERERE K209 256 232 mm 4 F ZEEFEK &
BV (E 530 0 166 142 mm; #/K B/ NRIEZ 7 A - -
FFEAE N 58 mm 4 FZEMEREKIEN 34 mm,, 7E B Rk R
FRAZSH T AKAIEIR T, FEZK B KA =5 R0 7 H 78
[ AE K2 9 210,203 mm, 4 H ZE B FE K £ 102
{EH43 510 133 123 mm; ¥EK B H/NIRR 7 H 28154
KN 29 mm, 4 A ZEEFEKE N 14 mm,

HEHEUEE (B4 95 H 19 H) ZZBFEKEAK, Y ZE B FE/K A8 b 345 O REORIIR BE A8 1 i 34
AR, FE G B AR B A R B 2R 28 B FE /K i 22 6 R B /NI AL ) 28 B FE K i /b AR A ) 7% s #E
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Fig.3 Comparison of plant transpirations between simulation

results and existing statistical results
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Fig.4 Daily transpiration of typical plants during growing season ( The small figure shows diurnal change of transpiration on May 19)
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F4 BEEYEBEES/ mm
Table 4 Transpirations of typical plants

ST KR T 0 T,

L] Transpiration under suitable depth
Plant 4 H 5H 6 H 7H 8 H 9 H T3 pEv
Apr May Jun Jul Aug Sep Mean Sum
W% Populus euphratica 55 74 85 92 82 61 74 448
13 Nitraria tangutorum 67 88 100 108 97 74 89 534
K& Tamarix chinensis 142 191 216 232 209 157 191 1147
B A5 B Poacynum hendersonii 111 152 173 187 167 123 152 913
Wb Haloxylon ammodendron 34 46 53 58 51 38 47 279
4K Halocnemum strobilaceum 115 156 178 192 172 127 157 940
P52 Phragmites australis 166 216 240 256 234 181 215 1292

TP T KBS R AW oL T,

Transpiration under extinction depth

HE%) Plant -

41 5H 6 1 7H 8 H 9H 2 Sl

Apr May Jun Jul Aug Sep Mean Sum
i34 Populus euphratica 37 49 56 61 55 41 49 298
F1H Nitraria tangutorum 43 57 65 70 63 48 57 345
1EMI Tamarix chinensis 123 166 189 203 182 136 166 999
B AR Poacynum hendersonii 84 113 130 141 126 92 114 686
W Haloxylon ammodendron 14 21 26 29 24 16 22 130
ERAIAR Halocnemum strobilaceum 86 117 134 145 129 95 118 706
P35 Phragmites australis 133 176 196 210 191 146 175 1050

x5 EEMRRESHTKMER TENEBREKES
Table 5 Change of transpiration when the groundwater depth from suitable to extinction depths
i

iy Change/(mm:T,,-T,)
Plant 4 5H 6 1 7H 8 J1 9 A P vl

Apr May Jun Jul Aug Sep Mean Sum
145 Populus euphratica 19 25 28 31 27 20 25 150
H | Nitraria tangutorum 24 31 35 38 34 26 32 189
M Tamarix chinensis 19 25 27 29 27 21 25 148
B BK Poacynum hendersonii 28 38 43 46 42 31 38 227
W Haloxylon ammodendron 20 25 27 28 27 22 25 149
AT Halocnemum strobilaceum 29 40 44 47 43 32 39 234
P2 Phragmites australis 32 41 44 47 43 35 40 242

I

iy Rate of change/(%: (T, =T, )/T, x100%)
Plant 4 H 5H 6 H TH 8 H 9A -2 sl

Apr May Jun Jul Aug Sep Mean Sum
B Populus euphratica 34 34 33 33 33 33 34 33
| Nitraria tangutorum 36 36 35 35 35 35 36 35
M Tamarix chinensis 14 13 13 13 13 13 13 13
B RK Poacynum hendersonii 25 25 25 25 25 25 25 25
W Haloxylon ammodendron 60 55 51 49 52 58 53 53
AR Halocnemum strobilaceum 25 25 25 24 25 25 25 25
P2 Phragmites australis 19 19 18 18 18 19 19 19

3.3 (RHEY 2 FEK
it L KL BN K, Sre A AU AR 2 i RE A P K9 7K AT, A9y ml e ok 90 4 2 BRARR AiE (U <AL 2 DA
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W/ DZEBEFEK , R S B AR A M K PRI B R A S R KRR A 2 S FE K &= (R 5) 7 FiE A
SRR FE K EIEA 13%—53% ,FY08 29% , ARINYI 788 S/ 2 A T 22 5, #E K & KR 7% 1%
TN IR D R /N (13%) |, PFEEIRZ (19% ) 5 KEZK /N HE 0 25 10 il /D 9 K, B A Ui/ e
K(53%) s FARIFIAAIR Z (35.33%)

4 Wit

4.1 ifig

AR A LR LW AR YA ZE PR H B R L 28BS FE K 3877 7 B 22 et . P S5 R D
MIZE B FEK R, M2 U RTEH A ZE B FE K /N, X S AN [FIZE AV YR 3R o0 A S AR OC MR &
S 7K A ] FH AR L B A A S D0 0 Sl A AR T I ., XK AR PR TR RN Wik R
A0 yA] AR A, (AP AR K i 22 A R ) A AR AR S B (W IR ATk 7.0 m) |, W U A 5
2 S A BRK IR AT, SRR ZE I FE K T AE R A B A K, AR AR A1 00 i 52 v e o, B K e e
AN S SRR H R M A K R K R N A SR — B

24l T KA HEVR I IR , M 22 S B D, A DT B K A B AR 2 R KA R AR SO R R ) 7%
J# FEAK Y80 24% , HASIRI R U8 /0 e 2 S 0 4k D36 0 24 b T 7K A, R ARG s, 400 02 25 1 B /K i LA 4
FrABRAER ) 2R s D AR SR K o R SR A G, 16 T R A0 T T S S AR 4 7K 43R
RICRIE T RERE K, 22 FEAK BRI IE B K Farid 451 SR FHVBUIR 11X 5 A7 /K R TR b i /K T B A 2% I
FEACH W & 3L, 5 A 7 () e i 7K 9T B2 25 I /B /K 1 (396 mm) 4588 AF i 7K 1T B2 19 (936 mm ) 87> 57.8% ;
Dong > Xt 4 AR A RIHK S0 T PR B 25 18 BT 5, 45 24 H 3 5K B 16.8% F# (%0 6.0% , 11 fiIl#E
IR 67% , ABXFKAAEY) S 25100, AP RE K B K 43 2% RN T K7 3 R AR AL AR K, B Xu 2600 3 5
WA TR B AR A0 P 25 FE K B, A5 40 S K 08D 21% , P35 B /K S JCHH SRR A 3

FYTEA K PR H B RIRUEE A28 IS FEK B8 b B 5 R R W T AR FEAH AL, R ZE B FE/K i
AR S Dang 250" SR WA LS H ARG B — 80, SR R P 28 AR K 2R LAY I 5 Yu 4507 32
FHIR BEAH ST A 25 SR — 35, BIRE 7R B FE /K d2 A2 E IR IR MUK SR 22 152

AR 3Ciz H Tardieu-Davies FRFRIT8A) J2 402 HEK 5440 GEEL M PR A= 25 3R A BV X I AR 22 7K 43tk
) AR R K 2R I K, RIS i B i B 28 0 (S (1) ) o T DXEOTE T S s 78
B FEAK AL AT BRI A TR XRR A K RS T KRR, I 45 G 8 8RS 7 sk 3 o
BE PR TR IRE R AR S RGN AR SR K S, I T AR RS B R R T KA SRR T AR A
JEE AR 1 25 B /K I 5 S PRI T 7K A BER N AR RIS B 2R B FE/K et 22 (A1 A 25 (8, 80T 52 DX b 7K A 9 il
X BORAS S AR A FE K B W R R
42 #5i5

AR SCHE IR E PG AL A Rl T 5 X7 AP AL AR AR, R Tardieu-Davies B8 TH5AN ] R 7K 3R (G HC AN
B ) LB IR A K e K o, A B HAE K o 1) 22 55 B LR 75 40 DL R 2598

(1) #3718 Tardieu-Davies BERIZES 5 & TG54 (AR GRS VKRR 22) AR 8 AR PRAEAE ( 4n <AL
FEE) FUK AR (AR R )2 5 7K0R) X 28 S FE K B2, THE A R A Y E K EE B E S5O
H WFFE RN N (A ) 72 WS AE 7K F 6T [ F2 W | Tardieu-Davies 1135245 AT AR “ SPAC” & %t A [d]
2 1 FEAK B X 7K 43 () 358 g %

(2) 7638 H M BRAE S T /KR T 7 R A K ZE 78 1 3ME 4300 0 793 1602 mm, AN [FIFE I HFE/K &2
ZRRK FEARKFERBERR, BRI E/D, & T RRA S T KR, KR 550008
1292 1050 mm , & K FARM I ZE M & (43908 279 130 mm) . FENHIYIZERE & 4 H /N7 A ek,

(3) oK S AR AR ) 78 I FE /K B | PO BT A A5 MR KAV JHE R 8 A A R A 5 R AR B s A ) A
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KRBT I8 24% , Tl SEPEDR MR | 2 19 Fa Dol K (53 .35% ), i SR 555 14 7 =45 AR M Z8 s it il
E/N(19.13%) .
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