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Abstract

Aims  Caragana microphylla is a dominant shrub widely distributed in the grasslands of Nei Mongol. Its water
utilization pattern has an important effect on local plant community composition. However, the water source for
C. microphylla remains poorly quantified, which is vital in understanding the adaptation of this specie to arid en-
vironment. This study aims to investigate the dynamics of water use in C. microphylla and its response to soil wa-
ter fluctuations resulting from precipitation pattern including summer rains and winter snow.

Methods Seasonal variations of hydrogen stable isotope ratios (6D) in the xylem of C. microphylla and potential
sources of water (summer rains, winter snow and soil water) were analyzed by LGR hydrogen stable isotope trac-
er method. The contribution of soil water to C. microphylia was calculated by IsoSource model and the contribu-
tion of rainfall to soil water was calculated by a two-source model.

Important findings The xylem of C. microphylla (xylem) showed no seasonal differences in 6D, whereas there
were significant differences in the water source of plants between two contrasting hydrological environments. In
habitats where rainfall was shielded off, C. microphylla mainly used the soil water at depth of 0—20 cm, which
accounted for 73.30% + 16.14% of the total water usage; whilst under natural conditions, water uptake by C. mi-
crophylla was more or less similar at the depths of 0-20 cm, 20-60 cm and 60-100 c¢cm, accounting for 34.66% +
7.83%, 32.44% % 7.42%, 32.90% =+ 4.14% of the total water usage, respectively. Competition for water between
shrubs and grasses gave a possible explanation for different water utilization patterns of the plants. In addition,
rainfall accounted for 42.65%—-63.92% of the water sources for C. microphylla. Results in this study demonstrated

WA H WReceived: 2014-07-07  $25% H ffiAccepted: 2014-12-09
* @ # Author for correspondence (E-mail: xyli@bnu.edu.cn)



AR ARALERAE N S NS ) LRE A K S RIS S P N 185

that C. microphylla used both summer rains and winter snow, and dynamics of water use in C. microphylla re-

flects its adaptation to the water-limiting arid environment.

Key words source of water use, deuterium isotope, Caragana microphylla, plant water use
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Fig. 1 Photographs showing experimental treatments of rain-exclusion (A) and natural (B) conditions.
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Fig. 2 Changes of rainfall during growing season (A) and monthly changes of precipitation and hydrogen stable isotope ratios (D)

(B) in the experimental field in 2013 (mean + SD).
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Fig. 3 Plots of JD versus 5O values of precipitation, soil water and plant water in the study area and global meteoric water line.

6D, hydrogen stable isotope ratios; 60, oxygen stable isotope ratios.
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Table 1 Features of six precipitation events
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6-9 6.6 0.2 -54.01 -48.20 £ 46.20
6-14 4.2 1.0 -5.89 -48.20 £ 46.20
7-8 15.6 12 -10.01 —-42.80 £ 26.50
7-12 2.0 0.2 -38.47 —-42.80 + 26.50
8-8 6.2 3.6 -38.10 -50.84 £ 32.52

oD, Z R E R A,
oD, hydrogen stable isotope ratio.
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A HREIR (T REALL (2 2) « 6 15 H B MY RESDA % 5]
T -5.89%0, FEAKANGALAG H ARSI % )E L5
K3 I SDAE AR R BE 3G o X 387K 73 oD 5
PR REAE (TN B PRV SRE . PEMODME PR S
SR B[] ) A0 - 38 % B 3B AT Pearson A G 1k 4 BT, 45
7R T EIK 5 oDAE 5 B W i SRR I ) 5 2 A
K, 5 PR AEODE 2 W IEAH G, A O R E0 il
J£-0.546410.550 (p < 0.001). W45 5B B B R o 1

Koy oDMH H A W v, (HBEAE I [ 4ERS, PR
X RE M 2 A TS o

h T mAL B R K I RNA R, R
W TCZe MR S ATHE B SRR PR Y 0 4 )2 1438
IR DR (K3) . 4 KB X} T0-20 cm, FERNA
T FE TR K IR, UTBk % b 63.23%-80.13%; 20-60
cm, HTIRRRZ LB, W2 L3R
A NBENGEZ L5, HNAZEaE hizt)2+
B A g5 K U5, B R DT R Ol 36.61%-38.95%;
60-100 cmlf iy F& Ry 55 B 27 2L [RIFE T, B DT ik 20
146.51%-48.67%.
24 HEIKS D
241 tEMKSIDEZTTHETL

BRI R AL, Ko AR R 1) 25
ik P ak i SR R 28 R DR 25 R BB R AR
oy, DA IS Hh SR RIS 25 nT LS B 42 1)
K HePE (Lin et al., 1993). E6fT7R, BEEZ T4k

FT2 RNFREE 3K o AR AL 2 L3 (0D, %o) (17515 ARk (PS4 b i 25)
Table 2 Seasonal variation of hydrogen stable isotope ratio (6D, %o) in soil water (mean + SD)

FIHRTE

JERYALFE Rain-exclusion treatment

Soil depth (cm)

H1 Date (month-day)

4-20 6-11 6-15 7-8 7-14 8-9
0-5 —151.46 + 17.39% -109.92 + 30.98 —93.19 + 35.33° —-82.37+6.97° -82.53 +18.76° —85.90 + 4.45°
5-10 -140.87 + 27.79% -132.75 + 34.01% -125.13 + 22.85° -111.30 + 1.96® -96.05 + 16.53° -97.08 + 12.39%
10-20 -116.40 + 5.83"° -144.64 +7.83° -137.39 + 25.87° -12457 +15.03*  -110.08 + 36.13° —98.74 + 16.74®
20-40 -89.31 + 1.60° -163.35 + 30.89% —148.37 + 32.38° -152.23 +16.11™ -132.06 +9.74° —119.34 + 22.01%°
40-60 —92.37 +29.59° -154.73 + 39.10* -143.87 + 41.27° -155.80 + 13.31° -142.22 +9.81™ -128.18 + 17.92™
60-80 -101.28 + 16.09" —138.64 + 42.40°% -136.51 + 37.99% ~166.77 + 21.93° -154.07 +0.23° —138.05 + 12.59°
80-100 -88.28 + 13.99° —133.77 + 29.10°% -111.70 + 14.02% —140.27 + 18.60" -150.10 + 10.17° —145.18 + 0.42°
it Total -111.42 + 28.30 —139.69 + 28.91 —129.43 +30.40 -133.33 +30.28 -123.87 +29.85 -114.16 +23.93
IR 4IRS Natural condition
Soil depth (cm)
H ¥ Date (month-day)

4-20 6-11 6-15 7-8 7-14 8-9
0-5 -161.74 + 1.21° -80.65 + 11.33° -46.96 + 14.16° —44.55 + 7.54° —39.07 +4.72% —73.00 + 3.86°
5-10 ~145.11 +7.93 -116.48 +0.62° -82.27 +16.08% —55.23 +22.23° —58.54 + 18.07% -83.77 +0.03%
10-20 -129.67 + 41.18° -143.01 + 12.45° -108.05 + 23.09" —75.70 + 19.69% -80.23 + 14.00 -80.38 + 18.94°
20-40 —143.43 + 33.96° -135.82 +8.17° -100.7 +20.72° -119.97 + 19.88° -109.48 + 9.59° -113.12 +21.33°
40-60 -137.41 + 38.22° -111.21 +3.98° -103.35 + 32.47° -124.08 + 16.14° -115.16 + 30.70° -103.35 + 16.54®
60-80 -106.92 + 32.80° -103.74 + 8.42° —93.11 +8.75% ~115.80 + 10.20™ -100.41 + 13.57° -91.16 + 4.62°
80-100 —111.89 + 21.70° -109.07 + 5.05° —87.31+17.86® —129.67 + 20.34° -92.01 +8.95" —100.55 + 0.26®
St Total -135.54 + 28.58 -114.28 +20.77 -88.82 + 24.72 —95.00 + 36.50 -84.59 +30.37 9224 +17.18

[FIFAN [l P B 7R 22 57 i 3% (p < 0.05)

Different letters in the same column indicate significant difference (» < 0.05).
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3 ARG T BN AN IR BE L3587k 23 SDAE A DTk E
Table 3 Contribution of rainfall to soil water at different depths under
natural conditions

TR F 38 Date (month-day) SERIY
Soil Mean
depth 6-11 6-15 7-8 7-14 8-9
(cm)

0-5 76.22% 74.36% 77.87% 99.53% 72.65% 80.13%

5-10 4425% 52.31% 71.02% 84.27% 64.31% 63.23%

10-20 20.57% 36.21% 57.90% 75.03% 66.96% 51.33%

20-40 26.99%  40.80% 29.53% 44.34% 41.37% 36.61%

40-60 48.95%  39.15% 26.90% 39.89% 39.87% 38.95%

60-80 55.62%
80-100  50.86%

4554% 32.21% 51.45%
49.16% 23.32% 58.03%

58.53% 48.67%
51.19% 46.51%

PIANFE ST /N B ) LODE AR AL AN I, 4y
511 °h—-101.36%o0 * 13.02%0F1-101.18%o0 *+ 12.71 %o. £
FHSPSSI LA 28 5 22 /B 4 SRR B, AL (p =
0.136)F1 IR A (p = 0.155) K /N4 A8 ) 2548
2 A B3 . Yang&s (2011) 76 N 5 1 A /it
B L RE AN FH K A Y58 PR S5 56 At UE ST /N I X )L
DM 2 AN K BEAk, F EEIANEE /N4
XS JLIIODAE, FHHI7K 5 ODME I TE K K2 57+ (F6).
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Fig. 6 Comparison of hydrogen stable isotope ratio (6D) in
Caragana microphylla between two sampling sites (mean *
SD).

242 HEYRAKKIESH

TE I B /NS ) L AN [R] R FE 1 587K oD AE
(K’ 7), H H IsoSource % Y5 Ji & #5& &Y (Phillips &
Gregg, 2003)it 5% J2 T AN 7N -4 X ) L R AR R

TURRZE(18).

JERY AL FE T /NS ) LoDAE 50-20 cmt3E )2
IK > (K DRI A B2 (1 7), Tk VR A 1S Y ) b
XV 2 K Ay ) B R Fe 0k B T 73.30% +
16.14% (/418).

HARIRAS 2 306 /N80 ) LR K () DTk 2
5N T4, 0-20. 20-60. 60-100 cm# 358 )52 4% K
Iy DT 7351 4 34.66% + 7.83%. 32.44% + 7.42%.
32.90% + 4.14%. XJ HARRESAN AR 1-4587K 736D
{5 /NS L 7K 53 oD it 47 Pearson A < 14 43 4T,
g LRI /INHER RS ) LK 43 oD S5 ¥R BE 510 cmAll
10-20 cm 3K 73 FEODIEAFAE B35 IEAHOR, AHOCR
#9397 4£0.830410.936 (p < 0.05). It4h £ H]0-20
em 382 (K K 3 5 /N RS L IR FH 7K R Y5 A7 76 T
HEERIRR.

T T AR A 28] 1) 3 TGS % - 38 S 1 Dk
L % IsoSource 2 i vE £ AR 28 75 21 11 44 - 338 260 /i
HXS LR KB DTk, ml LLSRAS B R /N2 ) L
(PITTRRAE o 5t B 2= KR A= [ 25 L [R5 1 F
SRRATT, ZINHEXS ) L) B4 W (1) 1 F %6 4 42.65%—
63.92%.

3 HFHigFiTie

31 EFRAIEFERRESTNIEEE)LAKKIR
1B

TERY AT AR T /N 43S LoD I 2R 2%
FEASI G, 4331 4—101.36%o0 + 13.02%0411-101.18%0 +
12.71%o. BRI RIZE T2 53 B 25 SR 2 B ISR R0 H ARk
AT, 0-20 em 32 K /3 B A 38 2 17K oy 5
/NP LR T K RS A B BB IR R o %46
15 Bazzaz (1996) 05U S —%, YT
(7R 2R % 5 0 A 3 P K S s e A T A PR K e
U, AN A 2503 H K S

ANTA) AR5 N ARA) FH /K R BT 2 M A P A
o BT H R AR R i DA B 3K i T 5k
FE (R 35 A A, 2010) 0 AN [ Fd ) (1) 7K 43 55
Frd 23 SRR 7K 23 A H] R s (Schwinning er al.,
2005). 7ERERILARE S, TR SEA R R A
IKHLH, FEAKED) o TR 28 R 2 B Tl 1) ) FH v J2
T ISy o AN AFE R AR T 22 E
7 2% T R T PRI PR SN [ 7K 53 25 A o JBE R AL R 1 )
2 Ko R BN AT AN, R
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Fig. 7 Comparisons of hydrogen stable isotope ratio (D) for plants and soil water at different depths in different months.

B TERA BN ANA TG DL T, /N ) LA 1358
KA TR F S AR T-0-20 em 388 20 KK 43 o H T
TR AN SR 1 R K 15 30 A B
2 145K (Cheng et al., 2006; #%7[, 2007). ifij i
WAL EE T 3R 2 K o B BE T by, TRy
BEAR, il B A M 76 A K v i S Bl S A BE, i/
408 ) LAE K o3 R AR e b 1 58 4t T, AR 2e R
WKy ARG, hT BRI T
K20 oKy HIGREm AN, T3k o O At
R, /NIRRT A 4 2 A AR A K
FER . EAT BERTANG 0 FARIRAS R, PR 7%
2 ORI AL 8. 45 H s/ NS L 25 R
SRR 7K 53 R FH AR LA R S804, ORAE T /NS LA
KB AR K5y, RIS L AK . BT S
AFED G R K 73 565+ KR, /NHHHRXG JLXT
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0-20 cm =35 /K 73 1 FH (R AR 30T LE 186 W Ak BE R 1)
HAA G, (AR AR B AR AE AR R0 B3
(RIAH DG o ASHIF T &5 3R B AN ] B S R S W] e
23RO/ ) LA AS R 1 2K A3 R, (RGN
ENUEE A R e — 09T
3.2 NIHERIS)LITBEK A B TE IR S 4

H IR K 5 X Z KA AR DA PO Rl 47
FUI, BWRRY, EFERKERE 5K
WS RAANEVER, T4 ZE KR 2 T IR K
JERIK I IR A (2 I, 2007). [HJI, AW
T /RAN [F) T R L (LB V5 ) R0 AN [R) S 5 1 - 38
JE R ERIUK Gy, AR T4 ZE RN T E 2= LK Oy
(1) 1 5 AN [F] (Burgess et al., 2000). 11 /KoD1H
MK k. MR K. T DA R S K
SR IR . XUZE(2011) RIBIFFT 2 B e g ot -+ 18
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Fig. 8 Contribution of soil water at different depths to plant water.
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K53 SDAE 5 /K IR oD A7 A1 i 35 IEAHOG, 1 5 1%
T SRAFE I A7 Ak 25 A O, RIS B B R 50 380K
5y oDME B AT W35 g, (HBEAE I 4ERS, BN X I
MR 2 BT g .

T 7R AR IR AR 9 A 32 R FH R 2 387K B
M1 N/K(Lin & Sternberg, 1994), i EAFI— Lok A
2 R LRI K IR TR A 7K 43 (Rose et al., 2003). 7£
2 2 KR A& =B S5 AL RS 1 H AR, b
X ) LX) 4 T TR R %6l 42.65%-63.92% . A1,
TEA B ZERRKAMS 1) HZOIRES R 1R/t Exg L, 3L
FHIK RS A 2R 155 R 2= P K e [) 21 il o

RERAARALRT HEAN LA R AR A — e R
(520 (Vitousek, 1994). [ T il & A1 255, HH COK &
3N, AAEB I 4 2R RS B KA R 23 &
H:—E A% (Griggs & Noguer, 2002). HAR AN AT,
(B ABE RSO B2 AR SR AR AR I A BT A ], AR KA A
GRS (1) PRI FRKE R ARG 2 O R 2
IR, P AR KA TT 10 SR R R R
ANE RN (2)FF K B I bR KA ] e 2
14 0k ¥ (Dettinger et al., 1998; Groisman et al.,
1999; Easterling et al., 2000). 4=ERAFAR {717 4 %

E27H8H July8
[m 7 5 14H July 14
B 8 HOH August 9

KA SR s, 52 2 B4 I TR 084 N 25 A5 /IS
JURI K 4 -3 25 s 0, SR 1 3AE T 51
X AR . R H B 2 A N el D R S
T8, /NHER S JLAT0-20 em 33 /K 20 A B I AR
sk, SRR KAy e I . — HAT PR
22 R P 10 7K 2 AN BTG A /NI B L E 3 A K
IKON T B, /NHERAS L AT g IR 46 A A8 IR,
PLRT K, HUREI, SRR T Ko e,
Yk BRI BB 2 R . R K 20 R F %
HIPEAR, 232 R A R K mi(Yang et
al., 2011).
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AARARA, L B RS SR I AR S R
DX TRV 5 M A8 A % LB J ) PR S ), O T
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