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FEE AR (Malus toringoides ) J&=43 A AEF B DU 148 HFOM b B IV e L b DX B A6 A 0 el Aot w1 2%, Sl —Fh 4l E 1
FIRGAES T, EMR R KR PUadh P, e v 0 5 1L 52 DGR Ak b A SR R AR iz P SR [ 3R B
A BT T AR M SE R A AR YRR /NBE ( Berberis aemulans ) 257K 5 FETE K IR (7K R SE/KRIRIK ) 1) 8D (B, 25 SR KW .
IR T S 5 U JE /N BE R ) 7K 2R U TR K TR 2 3K, A RAE AT 78 i S O F AN R IR K . 7ET 2% 7K 10—20 mm
J& , B K W R R 2R R 33.50% —70. 06% , i JE /NEE Ry 26. 17% —45. 17% ; FEFNZE, FE/K 10—25 mm J&, A8 I F%F
Rk AR 9 40. 64% —69. 01% , Tk JE /NSE N 28, 449% —71. 41% ; TCIE T Z0 T2, IR AE Y 76 1 5 % B K ) 4% J=)
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Water use strategies of Malus toringoides and its accompanying plant species

Berberis aemulans
XU Qing, WANG Haiying, LLIU Shirong*

Institute of Forest Ecology Environment and Protection , Chinese Academy of Forestry , Beijing 100091 , China

Abstract: Water is often the main limiting factor for plant growth in arid and semi-arid areas. Plants of different life-forms
have different water use patterns and strategies, which reflect the balance and interrelationships between species
characteristics and water distribution. These water use patterns and strategies may be subject to great variability in response
to climate change. Malus toringoides is a native tree species of the sub-alpine arid areas in Luhuo County of Ganzi Region in
Sichuan Provence. It is often used for ornamental horticulture because of its beautiful tree form, and for vegetation
restoration along dry river valleys and south-facing hillsides in degraded ecosystem because of its well-developed root system
and its drought tolerance to water-stressed conditions. M. ioringoides also has other commercial values; its young new
leaves can be processed to make tea with natural and green nutrients that can be used as health supplement. Berberis
aemulans is a shallow root species and lives often in close association with M. toringoides as an accompanying species. The
growth and reproduction of M. toringoides are increasingly affected by severe shortage of water in the arid area due to
changing climate. Therefore, it is of importance to examine water use patterns of M. toringoides and Berberis aemulans. In
this study, we used hydrogen stable isotope composition (6D) to examine water utilization pattern of M. toringoides and B.
aemulans. Stable isotope techniques is considered as an effective tools to help understanding relationships between plants
and their environment conditions and provides quantitative information about water use strategies and efficiencies of plants.

By comparing 8D value of water in xylem of M. toringoides and B. aemulans with potential water sources ( rainfall, soil
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water, and river water) , the results showed that the water utilization source for M. toringoides and B. aemulans was mainly
from rain water and soil water from deep layers of the soil profile. M. toringoides did not take up river water even though it
grew on river banks. After a rain event of 10—20 mm in the dry season, M. toringoides had a precipitation utilization rate
of 33.50% —70.06% , while B. aemulans was 26.17% —45.17% . After a rain event of 10—25 mm in the wet season,
M. toringoides and B. aemulans had rain utilization rates of 40. 64% —69.01% and 28.44% —71.41% , respectively.
The results showed that the utilization rates of precipitation were not significantly different ( P>0.05) between the two
seasons for either of the two plant species. After rain events, the water use patterns of M. toringoides and B. aemulans were
similar regardless of the dry or wet season, and the utilization rate of precipitation of M. ertoringoides was significantly
higher than that of B. aemulans (P<0.01). The water use patterns of M. toringoides and B. aemulans were consistent with
the distribution patterns of their root systems: well-developed for M. ioringoides and shallow for B. aemulans.
Consequently, the two species can co-exist in the same vegetation communities. The results can contribute to in-depth
understanding of growth, breeding and improvement, propagation of M. toringoides. In addition, we recommend that M.
toringoides and B. aemulans be used together for ecological vegetation restoration by taking advantage of their co-beneficial

water use strategies with different water sources.

Key Words: Malus toringoides; Berberis aemulans; hydrogen stable isotope; water utilization strategies; precipitation
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ST BHIE 2 PR3 R IR LA o A SR R AP & H AR B B S T E R AE S M, SR,
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(Berberis aemulans) 2 (ARBTHES) 7K 6D 5 HABTEKIE (KK 130K 1K) 6D {ELAY A5 70 i R0 A U
I S5 ) 7K SRR, R e ) B2 i 34 B A A g J /) BRE A 57 2 AR 22 AR 7K 0 0 AR SR RS g, o 3
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FEDC 9 M B 5 AE A Sl /TR AR 5 0 5, 2 08 A 5 A7 L/ S  Brbris
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BF ANOVA 75 225047

X IR KRR A, B, C =AMFEJ7 2HER 42K (0—20 em,20—40 c¢m ,40—60 cm,60—80 cm )
T3k 8D #E1T ANOVA J7 22000, 45 REW .3 MET7 IRl — Bk 13K 6D 2/ AR E (P>0.05) . Kk, 7E
TR A, B, C =AM R—JZ R 3K 8D BT LER 3 NEEMMH

[FRE, 435000 2 IREEKFAE A, B, C =AEEDr th Y (25) 7K 8D #4T ANOVA J7 22508, 25 R W .
A, B, C =M REFFEYIK 8D 2R AR E (P>0.05), FIK, A, B, C =)y RI—FrEYI7K 8D 1] LIE
R3AEEMA,
2 BER55H
2.1 RAEWIR LA KA

FETZE RN 25 —ARAEH , Bk Y R ANRRAK G 9d PR M SRR TE R b a5 )2 385725 5 /K 1 A8k dan &
1, T TELZEMZE, KRG 2—3d 52 T 50T 5K B AR K BT A A [RIRE B2 R 38 . B RAE R B
BN, BEAK G 4—9d 38 2 55 7K B BRI, 230 R AT I KO 7 T 2R, 8T 38 E oK I AR ARV LY
9.53% —14.15% (K 1) ; 7EF 2, TIPS Km0 B LIEF Y 16.85% —23% (K1 1) . 2R R4
KERESTTEAELD,

26 - 26
24 24 -
22 - 22 L

—&— 0—20cm

20 L —O— 20—40cm 20 L

—¥— 40—60cm
sl —A— 60—80cm 8L % %
16 16
1l 14|

Soil moisture/%

(]
= m
10~§ 10
8 1 1 1 1 1 1 1 1 1 1 1 1 8 1 1 1 1 1 1 1 1 1 1 1 1
-2-1 01 2 3 45 6 7 8 9 -2-1 01 2 3 45 6 7 89
Day after precipitation/d

1 REEHE T &k SR REFR AL

Fig.1 Changes in soil moisture at different depths over the sample period

2.2 MEHESIRE/NEER R 0T

AT 55 5 Uk /NSER AR 2R A e O T AR AN 2, 7E BT T R, AR A SRR AR AR ) e T
JE/NEE AR A SR R AE YA 20—60em )2 EARA YR 64.20% |, AR AE P AE 20—60em +J2 5
SR AE 1Y 66. 13% . RJE/INEERE MIAR 2 A ) 4 AE - 385 T 0 o0 A 1 G0 LT 5 A8 g AR I, SR R AR
Yt fE 0—40em + )2 b7 BRI 73.55% , AR ALY S AE 0—40em 2 5 B AR A Y 1 70.21%
2.3 +HKksD A

WFFEREHLAS 2R 3K 8D Bt SREERHE A9 an & 3, 76 T2, MK )G 9d N, Bl -3 R FE il 386, £ 3%
7K 8D MR TG BBl —124. 709%0—-112.009%0 (El 3) 7EF 2, KK )G 9d N, BEE +HEEREE 34 N, 358K
8D HYZZALIER Ny 123,12 5%0c—-97.378%0 (1¥13) ) (TEMZFRAEW,8 A 4 HAT 3.4 mm B/l TC, A6
A ZHEATT) . 0—60 em 37K 6D A TFE/K 8D 5 60—80 em )2 487K D =[], R4 SPSS, X T-ZHl
MZEME A, B, C =MFEJ7 H3E5 42K (0—20 ¢m,20—40 ¢m ,40—60 cm,60—80 cm ) +3E/K 8D 4T
ANOVA J7 2245307, Z5 LW A FRoK F A 4 A RTRZ IR 14580k 6D 22 57 5 3% (P<0.01) , X 5K F &
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FIA R JZ IR 3K o Bt B A G
M. toringoides B.aemulans
0—20 a 0—20 YE!
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g 20—40 o 20—40 ¥
3 e =
3
40—60 — 40—60 f
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60—80 H 60—80 m a< 2mm
I
0 5 10 15 20 25 30 35 40 45 50 0O 5 10 15 20 25 30 35 40 45 50
Root biomass/(g/m?)
B2 TMHERSHEENEREENMEEEST
Fig. 2 The vertical distributions of root biomass of M. toringoides and B. aemulans along the soil profile
-80 - -80
T% LiES
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£ 0l “100 -
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g 110 - 110 PN
~ 120 § 120 |-
S [}
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B 130 | 130
H o)
-140 | -140 | 1)
-150 L L | | | 1 1 1 1 -150 1 1 1 Q 1 L 1
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SFREREL Day after precipitation/d

3 TRRELEKSD 5imk 6D BaRER E AL

Fig. 3 Changes in the soil water 6D at different depths and river water 6D over the sample period

2.3 MK 8D A1k

AR IR S AT JE /NBER 1K 8D Bl SRAE I A] A A8 AL N 8] 4, 75125 | [ 7K 10—20 mm Ji7 9d 7S I3 S
YK 8D WS AL FE F R — 121, 841%c—~— 118. 896%o, Wk JE /)N BEAL 1 /K 8D A B VE Bl A - 117. 329%0—
-119.163%0 (&l 4), FEMZE,FEK 10—25 mm J5 9 KNI FEE YK 8D 2L E R -130. 599%—
~119. 831%o, I JE/NEEFE M /K 8D HYZEALTE N —128. 556%0——113.923%0 (K1 4) . Tt Tk ZEHZE, 22t
TFHAYIK 8D /TR 7K 8D 5 60—80 em IRJZ 13K 8D Z (1], & WIAH 2L 7K F2 B IR T-i% b [X KA K RN
60—80 om 2 HHUKIGIRA . i1 TIZHLIX 9 T /K BBEAR TR (29 Sm LU ) ABIFSEHERR R K VR S 4 7k
H AR
2.4 HEYIRIBEAK AR H %

MK 5a FTLAE Y, T 207K 10—20 mm J5 9d P, 728 I 3 55 0% JE /DN BE X 32 10 o 7K (%) 7R FH 38 iR ASE R 2K
BRI HE ISR T RRAR , AR IR S5 1 KRR BRI N 70. 06% 56 9 KFFARE 33. 5% ;I JH /INSESR 1 K AFREK
PIRIHRN 45.17% 55 9 REFIRH 26. 17% , A5 HEGTRE KR H et o Tk JE /NEE . 72T 200K 5 |, ik
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Fig. 4 Changes in the stem water 6D of M. foringoides and B. aemulans over the sample period
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water utilization rates of M. toringoides and B. aemulans after precipitation events in the dry season and the
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em) 13K 6D FAIIK 8D #4T One way ANOVA J5 225341, A5 SR B . AR M SEAR /K ST K Y 8D 25 Jeil i
#(P=0.000) ,55 20—40 cm,40—60 cm RE LHIKA 6D £ F AR E (P=0.523 Fl P=0.055) ; k)5 /NgEAE
Yk 5 KE 6D Z 5 B3 (P=0.000) ,5 40—60 cm ¥E +3E/K 6D 2R AR E(P=0.99), Al 7
T2 AR AR SE KA 2 B ST A 722 - S R /NS T AN WRSCR PRI 7K, 78 b 3 32 2 OR H 20—60 em T8
b 3K 8D ik JiE /NEE 2RISR 40—60 em TRALHHEIK 8D, 35 PR 4 () B4 S AR A 0 i 43 A RN 2 AR
AW,

F1 BEYUNFREKOFARHFTESTER

Table 1 Effects of soil layers (Depth) and days after rain (Day) on the soil water 6D in different rain events

IR 223KV Source SSE A EE df F P
[ 7K ZE 1} Rainevent 278. 692 1 2.822 0.097
IRl Species 4513.346 1 45.702 0.000
KA Day 11380. 965 8 14.405 0.000
[ 7K ZE {1 x4l RaineventxSpecies 170. 580 1 1.727 0.193
F& K xR EL RaineventxDay 2143.953 8 2.714 0.011
Y1 x KEL SpeciesxDay 493.247 8 0.624 0.755
R K ZE x4l x KB RaineventxSpeciesxDay 1165.924 8 1.476 0.181
12 Error 7110. 423 72

S Total 221869. 155 108

EKTF P<0.05

iz JH SPSS R Z= AR M HAE /K 6D 5 4 DAIRITREE LK 8D FA/K 8D #£4T One way ANOVA J5
20T AR R AR AR K ST K E) 6D 22 FAk i3 (P=0.000) ,5 0—20 cm,20—40 cm RAL 14
7K 8D ZHFARE(P=0.078 Fl P=0.051) ;ikJE/NEEMIYI/K HIRZK AT 8D 22 54 ik 2% (P=0.000) , 5 0—20
em AL 3K 8D ZRABE(P=0.999 ), 5 20—40 em A HHEK 8D R B3 (P=0.049) . A,
FEMIZE Az R A B KT o R 30 10 720 P S R SR /N B AN ISR AT 7K, 728 i 2 S 2SR 0—40 em
t- 45K 8D ; gk JE /NEE E ZWKORI T 0—20 em TRAL H3EK 8D, X PR AN [ 5 7K 43 FH 3R s 5 LA 0 1)
RS HABEVNILR,
3 HZigt5itie

PEwT AT, 3 2 M5t A 25 (RS ) K 5 45 R e /K IR 8D, ol LA 22 M4 (K 43Sk g o
ARHIGE XS DU A8 H PO 2 B AR i 1A 3 S LA AR A 0% /N BEAR )25 (R B ) 7K 592 H X 8K AT KRR
¥R (0—20 cm, 20—40 cm, 40—60 cm, 60—80 cm) +3E/K ) 6D #EAT HLHL , K BAS - SEAE ) K 6D (A
TREIK N 60—80 em VR)Z T HEIK Y 6D (1] (& 3 ) | FRWIAR M3 3 R HAR A= Pl 5 /N BEAE ) 7K 43 £ 2R IR
TFREKF 60—80 cm )2 13K

o T Zeib W 2%, A8 I SRAR K 43 R FH 32 A 118 8 o T 0k 8 /N BE | 3k 5 708 I ¥ 3 R TR AR 3R DA &
SR R AR B A G, Mg SR R AE Y ﬂ@zfﬂ/l\ BE R PR RA Y EAE 20—60em 25
MM RAYRAY 64.20% , <2 mm AHRAYHRTE 20—60cm 12 5 B AR A YR 66.13% . FrLL, 7ET- 54
DX A3 Bt K IS, TRARAR 728 I35 35 1] 2 e 1) ] 20—60em T2 1 B 7K 5 — FREE rh R i il /K 5, DA T B 4 i A=
K, ARk FE /N E S B R 2 396K, A R T PR AR TR — B T AR, Xu S5O P RME T

LI T MR LA DL SR 7K 53 1 FH SR s A0F 2 o A5 Hh AL R 65 28, TR AR R MR T4 AZ X B /K B AR i 55 /N, =

BRI 40—80 cm )2 KX —FUE MK IR, M RARA P18 #iAT FE2EFIFH 0—40em FJZHHK X PAE
WA TR 9 7K 431 FH o s %Eéﬂﬂﬁ%éﬂﬁ*ﬁ B0 7R g LU SR AR AS [ A 3 AU K o0 1 SR A [R] | 4
TS ST MBS R EE O A B AR ZET K R R R 0 A AR 2 R ) T
FBEE ARG S SSEAER ™ ETREW)E, KSR P HB AW AR R )2, 65 XA B #b
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KRR Sd P X EeAE 4 2R IR K2, Farrington' ™ B 58 1 MR S0 PG 35 AN ] 4= 58 S BURK 467 B BE
ZIMIRERY ( Eucalypius marginata) FEANFZETTIK 0 FIFIAIR, K LA 2= MR FAm ) T2 B A7 A 18 3R
JEIA TR 1E R PINCEIRIZ I BORTE 2, 2RSS HTTEA5 1, P SUS AN A7 5K L A 21 1P 3887 b
FETE T 2T 3 5 F B AR Ak AR RSO 2 3K KT 7K, RIS PR b B A 25 R S AR T e A
KSR BER 1T REATE T SR X 5 11 Bl R kAR R WP 5 P R I 7K TR LI AP A A 38 7 B 8
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