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Abstract

Aims Shallow groundwater table is the main cause of salinization in the northern Ningxia Plain of China. The
uptake of groundwater by halophytes can lower the groundwater table and reduce the demand for irrigation. Our
objective was to investigate the potential water sources (different soil profile and groundwater) of four shrubs, i.e.,
twenty-year-old Tamarix ramosissima and three-year-old T. ramosissima, Lycium barbarum and Atriplex canes-
cens.

Method Stable '*O and D isotope compositions (6'°0 and 6D) of different potential water sources and xylem
water were analyzed before and after irrigation. The IsoSource mode was used to calculate the probable contribu-
tion of different water sources to the total plant water uptake. The photosynthetic gas exchange parameters, con-
tents of salt and water and pH in 0-200 cm soil profile were also determined.

Important findings Soil water 90 and 6D in different depths differed consistently. The soil water 6'°0 and 6D
values decreased with depth. More negative soil water J'°0 and D values were recorded after irrigation. There
were significant effects of evaporation and irrigation on soil water 5'°0 and D values. 6'°0 and D values of
twenty-year-old 7. ramosissima were lower than that of the three-year-old shrubs. Before irrigation, the
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three-year-old 7. ramosissima, L. barbarum and A. canescens mainly tapped water in the upper soil layer (70.1%,
52.3% and 48.9%); highest groundwater uptake rate (21.5%) was observed for twenty-year-old 7. ramosissima.
After irrigation, higher water uptake rates from 80—140 cm soil profile were recorded for three-year-old 7. ramo-
sissima (59.5%) and L. barbarum (58.8%). Highest groundwater uptake rate was found for twenty-year-old T.
ramosissima (18.3%). Before irrigation, the net photosynthetic rate, stomatal conductance and transpiration rate of
twenty-year-old 7. ramosissima were higher than those of other shrubs. Highest net photosynthetic rate were ob-
served for three-year-old A. canescens after irrigation. Irrigation had significant effects on net photosynthetic rate
and stomatal conductance of three-year-old 7. ramosissima and L. barbarum. The intrinsic water use efficiency of
three-year-old A. canescens was higher than other shrubs. These results suggested that different shrubs have dif-
ferent water use strategies, which is presumably related to species and age of shrubs. Young 7. ramosissima mainly
extracted soil water from upper un-saturated profile based on its strong tolerance to drought, and it switched its
water use to middle soil profile after irrigation. Mature 7. ramosissima turned out to bephreatophytic with growth
being heavily dependent on groundwater and deep soil water and unresponsive to irrigation.

Key words groundwater utilization, Ningxia Plain, saline-alkali land, shrub, stable hydrogen and oxygen isotope
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Table 1 Relationship among soil water hydrogen and oxygen composition, soil water content, soil salt content and pH during dif-

ferent periods in Xidatan shrubberies

THKOD THUK  THUKD THOK  THGUKRE THEGKH THgihht THprihit TkpH THepH

Soil water 00 Soil water 0"%0 Soil water  Soil water Soil salt Soil salt  Soil pH Soil pH
oD 5-28 Soil water oD 7-4  Soil water content 5-28 content 7-4 content 5-28 content 7-4  5-28 7-4
50 5-28 3"07-4
+3KsD 1.00
Soil water 6D 5-28
+ 57k o"0 0.99" 1.00
Soil water 60 5-28
1:3%7K6D 0.04 0.17 1.00
Soil water oD 7-4
+HEks o 0.06 0.16 0917 1.00
Soil water 50 7-4
A K —0.66" —0.69" -0.23 -0.16 1.00
Soil water content 5-28
TR E ~0.69" -0.72"  -0.26 -0.17 0.93" 1.00
Soil water content 7-4
A -0.38 ~0.32 0.55 0.59 0.32 0.32 1.00
Soil salt content 5-28
TS HE 0.02 0.08 0.58" 0.59" 0.27 0.12 0.71" 1.00
Soil salt content 7-4
1-3%EpH —0.64" —0.66" 0.06 0.07 0.47 0.41 0.65" 0.38 1.00
Soil pH 5-28
+#ipH —0.68" -0.67" -0.06 -0.14 0.54 0.62" 0.50 0.22 0.78"  1.00
Soil pH 7-4
5-28,5H28H; 7-4, TH4H .
5-28, 28 May; 7-4, 4 July. *, p < 0.05; **, p <0.01.
F2 VHRMEAREAKT 5B 7E KU R EL A (1 318 (B /ME— 5 K AF))
Table 2 Water uptake rate of potential sources for four shrubs in Xidatan (mean (minimum-maximum)) (%)
K3 RS AT
Water source Species of shrub
KU TR 22 4H ik 200FAE BB SRR 3EATEMR 3D E
Isotopic composition of ~ 20-year-old Tamarix 3-year-old T. 3-year-old Lycium 3-year-old Atriplex
water (%o) ramosissima ramosissima barbarum canescens
"o oD
SH28H +HEORE 020 -5.69 —42.89 5.10 (0-20) 70.10 (58-81) 52.30 (35-66) 48.90 (31-63)
28 May (SC‘Ell)deP‘h 20-80 926 76.79 28.70 (0-95) 6.60 (0-30) 10.50 (0-47) 11.30 (0-50)
80-140 -8.27 -71.78 15.40 (0-60) 9.30 (0-42) 14.70 (0-65) 15.80 (0-69)
140-200 -9.47 ~77.00 29.40 (0-90) 6.20 (0-29) 9.90 (0-44) 10.60 (0-47)
iR 7K Groundwater -8.70 —65.93 21.50 (0-100) 7.90 (0-36) 12.60 (0-55) 13.40 (0-59)
7H4H R 0-20 -9.79 -77.72 20.40 (0-90) 11.00 (0-51) 11.20 (0-52) 18.40 (0-82)
4 July (SC‘;;l)deP‘h 20-80 ~10.11 ~78.66 17.50 (0-77) 9.40 (0-44) 9.60 (0-45) 15.80 (0-70)
80-140 ~7.78 ~63.37 25.00 (10-39) 59.50 (49-72) 58.80 (48-71) 32.40 (18-46)
140-200 -9.97 -79.87 18.70 (0-82) 10.10 (0-47) 10.30 (0-48) 16.90 (0-75)
HiF7K Groundwater —10.02 -75.79 18.30 (0-81) 9.90 (0—46) 10.00 (0-47) 16.50 (0-73)

2 BOREMN b 34 AL DS AE 1) GG Sk 2 5 0, TRy 3
RN A3 T RMAC K GA & 0. 3
A B RREMIEBL TS I T2 8 B B K, H
A3 HREAREBE B J5 2805 140 T 25 2207 o AFPIEAR
(I TEAEREBR T o 0 2 2% 22 52

FEBEHT, 200F 42 Z RPN Py GANT w3 T3
HI3FFEAR(E4A. 5B, 5C, p<0.001). WEMES, 344
VU RE P i mn(Bl4A, p < 0.001), 1HE204E 24
PMNTC B3 25 . TV HEM AT IS RS, 34EA42 DU
TR TESS s T HABIFEEA(KI4D, p < 0.01),
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Fig. 4 Net photosynthetic rate (P,), stomatal conductance (G;), transpiration rate (7;) and intrinsic water use efficiency (P,/Gs) of
four shrubs measured before irrigation (28 May) and after irrigation (4 July), 2010 (mean + SD, n = 6). Different lowercases and
capital letters represent significant differences among different measuring time (p < 0.05 and p < 0.01), respectively.
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