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Ecophysiological responses and adaptation of Tamarix ramosissima to changes in

groundwater depth in the Heihe river basin
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Abstract: Areas in middle reaches of the Heihe river basin constitute a desert oasis ecotone. The normal growth of
vegetation in this area is significantly affected by irrigation practices and seasonal groundwater level fluctuations. This is
particularly true for groundwater dependent species. The continued decline of the groundwater level, due high levels of
groundwater consumption for agricultural irrigation in the area, threatens the stability and sustainability of this transitional
ecosystem. A field experiment was conducted on Tamarix ramosissima , one of the main species of this desert-oasis ecotone,
to elucidate the response processes and adaptation mechanisms of this species to changes in groundwater depth. The
groundwater depth differences examined included two conditions; spatial differences in absolute groundwater depth and
seasonal fluctuations of the groundwater level. Field measurements were carried out at seven sites, where groundwater depth
ranged from 0. 75m to 7. 05m. A number of leafl ecophysiological indicators were recorded, including, midday leaf net
photosynthetic rate (P,), transpiration rate (T,), stomatal conductance (C), intercellular CO, concentration (C,), and
midday stem water potential (¥, ). All measurements were made under similar meteorological conditions. The study was
conducted from late June to early September. During this period groundwater levels at the different sites fell by differing
amounts. The results show that P_and T, values among the seven sites were not notably different ( the fitted trendline slopes

were —0. 24 for P_, and -0. 13 for T, respectively ), indicating that there was little difference in the growth rates of
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T. ramosissima among sites with different absolute groundwater depth. However, P_and T, showed a clear decline with the
main seasonal declines in groundwater level ( the fitted trendline slopes were —10. 10 for P, and -6. 34 for T,
respectively ) . These differing responses to changes in groundwater depth suggest that T. ramosissima may be adapted to the
different absolute groundwater depths, but shows a clear response to rapid seasonal fluctuations of groundwater level. C
values for T. ramosissima declined with decreasing ¥, when ¥ < 3. 0MPa. However, C values increased slowly with

decreasing ¥, when ¥, > 3.0MPa. Nonetheless, both C and C,/C, values among the seven sites were similar. These results

suggest that T. ramosisstima maintains a relatively stable carbon assimilation capacity at different absolute groundwater
depths. This is achieved through stomatal regulation which results in stable stomatal conductance and thus stable leaf
intercellular carbon dioxide concentration. On the other hand, seasonal declines in groundwater level could have a marked
influence on the normal growth of T. ramosissima. The leaf physiological indicators for T. ramosissima showed different
responses to seasonal groundwater level fluctuations. At sites where groundwater depths were less than 3m, the leaf gas
exchange rates of T. ramosissima increased as the groundwater level declined. On the other hand, at sites where
groundwater depths were more than 3m gas exchange rates decreased with a decline in groundwater level. These differences

suggest that there is an optimal groundwater depth for 7. ramosissima growth in this section of the Heihe river basin. The

results indicate that this optimal groundwater depth is about 3m.

Key Words: Tamarix ramosissima; desert-oasis ecotone; groundwater depth, photosynthesis; transpiration; stomatal

conductance
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Table 1  Information of the Observation wells and observation points and differences in groundwater depth for each observation point
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bt T K GRS LI 30T ) - 24, J T A I 678 12 Ak Ml K A F4 24 e Bl

1.3 AR B A SR AR

BY AN = BEAE 2010 A1 6 A E 9 AWIHEAT, BRI 5 ARS8 8 R H C1-340 FHRX06 A1 CID
corp. , USA) i, ARSI b EHL 3 R BRI, bk b il se % 3 > A 4% A AL e — K8
BFI M F 2R CL-340 YA WML A AR (P,) ZEEHCR(T) SALFE () UK MEIE CO, ik E
(C;) o BEMEIT RS2 bR R R A BCEET A0 58 i A A 2S48 A5 BCT i B R SGRBOL %
FH Rootedge 43 Hr 441> 4521 i T AUESCH , A1) PR A 20 A e o RRURSCHE 16 11430 ) 2 (45 380 S POl 4, ARG
SR I B K o3 ARG (WUE ) Bl 06 & R S 28 I R 2 thAR 21, i S 26 A4 o B AR A5 3 9
AH R , S5 R EFIZ I S H BB

FERFRERSE RGBT TRl — OB A% A KORG8 /NS, A TR P A7 8122 P, R T 0K 343X
(CEMNRAEAE ) s PR () o RIS AE 2 K 0 SR B AR SR AR MR 25 0 s BRI i 250K 35 () o HEAS

http ; //www. ecologica. cn



6680 A E = 31 &

ORI A5 143 7K AR AT ORI 257, 6—9 AR 4% 14 7K A Date
ﬁﬁgiﬁi’gﬁo 06-18 07-02 07-16 07-30 08-13 0827 09-10
1.4 Hlipahsy 1P 000090000 ieonco
N . o OMAAAAAMAAAAA<A>OO 2328200082
VARREU R SUA A kg2 T S o cE oS U B %
AU IARREAE | 75 SR R I ) A A B N e — B o H
ANFT VL B4 PRI PY . S 06 B9 K, 9 R Ae e it i) § 3 =3
10:00—12 ;00 Z [, e #f— P UUMIE R B il . 5 4] oL
PEFTULI AR I AR — M 7E 1800 pmol m™ s7™") © q««qq«qq4«]«]<<<1<<1<1<1<1<1<1<1<<1<1<1<1<1<1<1<<1<1<

00009005 ,0
5[ Oo 00004,

OOOO

ZEATSO ORI K R IREE T, S Rk fe TS
GO TR AR A B A S 2 5 T B
IRET AR SLH B0, BT 5 UL 5 BRI 4 TR TAGTR A

%%E% E’\J/E’ﬂj 74[1: 2 "\] % Tj? DI ?ﬁ i ( %% 2) , Z:{ﬁj I %:z Fig.1 Changes of groundwater depth for the four observation wells
w2 AP R LI S B S

Co
o o
0000000000000 600°

F2 YN KSERESEE
Table 2 Control of atmospheric elements for observations
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Table 3 Results of trend statistical analysis in net photosynthetic rate at light saturation point ( P_ ), and transpiration rate (7,) of Tamarix

Fig. 2 Predawn stem water potential and midday stem water

potential of Tamarix ramosissma at different groundwater depths

ramosissima in response to groundwater depth changes at different groundwater depths

Wl T ARIRIE BT i
Observation point Changes of groundwater Trend line equation R "
depth/m
P =22.47 +1.06xGDD 0.23
H 0.75—1.45 T = 7.59-0.55xGDD 0.02 7
P = 18.38+5.32xGDD 0.55
St 2.51=2.7 T.= 8.13-1.99xGDD 0.21 4
P, =28.66-8.09xGDD 0.43
Sh #1 1 3.5—3.82 T.=7.55-2.22xGDD 0.25 11
P, =29.23-10.16xGDD 0.53
Jh A LI 4.8275.75 T,=8.95-4.02xGDD 0.30 i
P.=27.94-6.92xGDD 0.34
Lh 6.32-7.05 T,=9.79-4.87xGDD 0. 54 10
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Fig. 3 Net photosynthetic rate at light saturation point (P,), and transpiration rate (7,) of Tamarix ramosissima in response to changes in

groundwater depth
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