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Water source of dominant plants of the subalpine shrubland in the Qilian

Mountains, China

DING Dan, JIA Wenxiong*, MA Xinggang, WANG Jie
College of Geography and Environment Science, Northwest Normal University, Lanzhou 730070, China

Abstract. Water plays an important role in plant growth and distribution, and its resource selection is an important process
in the botanical cycle. Although precipitation is the ultimate water source for all plants, factors like evaporation, altitude,
geological aquifer features, and soil water characteristics may all influence values of stable hydrogen and oxygen isotopes
(3D, 8"0). The water source used by a plant can be revealed by comparing the water 3D and 80 values from stem xylem
with those from the available water sources. Subalpine shrubland is an important vegetation type in the Qilian Mountains,
and has high water-conservation capacity. Studies on the water source of the dominant plants of the subalpine shrubland in
the Qilian Mountains contribute to understanding the water cycle and eco-hydrological process of subalpine shrubland. In
this study, six species of dominant subalpine shrub plants in the eastern Qilian Mountains were selected to analyze the water
sources of different plants in the same biotope landscape and the water source changes of the same plant in different growth
stages using multivariate linear mixed models ( Isosource). The local meteoric water line ( LMWL) equation was 8D =
7.775 8" 0 + 12.34 (R>= 0.871, P < 0.001), which showed that the study area has the characteristics of strong
evaporation, low temperature, and high humidity. The results showed that the six dominant plant species mainly used
precipitation during the entire growth season. Soil water from O to 10 cm was the second major water source. The contribution
of groundwater was the lowest. The six dominant plant species changed the proportions of different water sources utilized

during the growth season. In July, the six dominant plant species mainly used precipitation and shallow soil water. The
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contribution rates of precipitation and 0—10cm soil water to Spiraea salicifolia 1., Rhododendron capitatum Maxim, and
Rhododendron thymifolium Maxim were similar, but the other three species mainly used precipitation. In August, the main
water source of all six species was precipitation. The use of soil water in each soil layer from 10 to 80 ¢cm by R. thymifolium
and S. salicifolia. decreased over time, whereas that by the other four plants first increased and then decreased with depth.
The ability of S. salicifolia and R. capitatum to utilize soil moisture was strong. The use of groundwater by R. capitatum was

higher than that by other plants.
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£1 MEUFRDELES LEMTRRKE RS RFEAE L ZE (mean £5.E.) (%o0)
Table 1 Hydrogen and oxygen stable isotope ratio in different water in alpine shrub area in the east region of Qilian Mountains ( mean + S.E.)
H 3 Date (month/day)

3D 3180 3D 30 3D 3180
[&7K Precipitation -21.9 #1.69a -4.75 #0.79a -0.7 #3.80c¢ -1.03 £1.08a -12.93 +4.04a -3.29 40.24a
[ 7K River water -52.4640.21b  —8.84 #0.55b -52.8140.31b -8.73 40.14b -52.05 +0.07b -8.72 +0.42b
MR 7K Groundwater -54.79 40.22b  -8.83 +0.30b -54.53 +0.25h -9.10 £0.03b -55.29 40.11b -9.32 40.45b
3K Soil water -45.19£1.05¢  -7.1240.44c -50.37 +0.90b -8.01 20.63b -45.75 +1.62¢ -7.51 40.78b

[R% ( [RAT ) ANl B3R 25 55 8 3 ( P<0.05)

Fx2 TEIEASKEERMELLL RN (mean +S.E.) (%o)
Table 2 The variation of hydrogen and oxygen stable isotope ratio in soil water along soil profile (mean + S.E.)
H 1Y Date (month/day)

Soiﬁff; o 7/23 8/2 8/14
3D 380 3D 380 3D 380
0—10 -35.49+2.85a -4.98+0.58a -44.06+1.79h -6.93+0.51a -35.49+2.34a -5.53+0.60b
10—20 -48.70£2.07b -7.52+0.30b -49.65+2.11ab -8.28+0.45h -43.03+1.87b -7.25+0.29a
20—30 -46.43+0.72b -4.98+0.89a -46.94+0.83ab -7.78+0.97b -44.57+1.05b -7.52+0.65ba
30—40 -47.71£1.45b -7.52+0.07b -48.12£0.90ab ~7.44+0.20b -43.57£1.26b -7.27+0.35a
40—50 -45.42+1.08b -7.10+0.16b -48.12+1.01ab -7.66+0.25h -44.54+0.56b -7.40+0.04a
50—60 -46.05£1.05b -7.57+0.12b -51.53£1.02ab -7.99+0.39h -44.86+0.94b -7.67+0.35a
60—70 -45.71£0.75b -7.52+0.45ac -57.67£0.65¢ -9.05+0.60bc -52.40£0.59¢ -8.57+0.81c¢
70—80 -46.01£1.73b ~7.63+0.41ac -56.87+1.52¢ -8.89+0.13¢ -57.51£1.33¢ -8.87+0.27¢

[R5 (A7) AR F AR 22 5 83 (P<0.05)

£3 FEEYKIHEREAELLZE (mean +S.E.) (%o)
Table 3 Hydrogen and oxygen stable isotope ratio in different plant water ( mean + S.E.)
H 3 Date (month/day)

e
3D 3180 3D 310 3D 3180
WA S, oritrepha S. -45.78+1.35a -5.25+0.14a -45.05£0.84a -4.87+0.09a -43.55£0.62b -4.81+0.10b
SAEMBY R. capitatum M. -45.111.40a -6.030.11b -41.25+1.22a -6.3120.15b ~41.76x1.44b -5.85£0.08a
ZLRH S. salicifolia L. -51.75+2.05b -6.33+0.36b -45.41+0.70a -5.10+0.70b -48.47+0.78a -5.46£0.51a
ERLLID S, cupularis -49.40+0.94b -6.17+0.54b -44.77+0.65a -5.52+0.22b -39.971.36¢ -4.32£0.52¢
T-HEHES R, thymifolium M. -43.95+0.80a -6.1620.61b -38.91+2.21h -4.96+0.0.41ab  -32.63£1.08¢ ~4.04£0.34¢
&M P. fruticosa L. -48.91+1.51b -5.20+.0.65a -44.09+0.86a -5.09+0.57a -39.35+.0.43¢ -4.75+0.54b
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Fig.1 3D-8"0 plots of precipitation, soil water, ground water Fig.2 Precipitation from July to August in 2015 in the subalpine
and plant water in subalpine shrub area of eastern Qilian shrub area of eastern Qilian Mountains

Mountains
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Fig.3 Water source percentage of dominant plant species in the subalpine shrub area of eastern Qilian Mountains
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PP TR AEAEAS . L AE MRS L SEAR A X540, AR 42 % 55 | (B 5 LA XS 0—80cem 336 /K (1 R
FF AN, SRR AR 1L LA B F R K X SR R G o0 AR S A — 2, BRI 1 v 4
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Fig.4 Water source percentage of dominant plant species in the subalpine shrub area of eastern Qilian Mountains in different times
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