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Abstract: A huge area of rubber ( Hevea brasiliensis) monoculture in Xishuangbanna Southwest of China have caused

many ecological and environmental problems now. In order to coordinate these problems and local economic

1 20141223 1 2015-02-10
: (31570622 41271051 31170447) ; (2013FA022 2014HB042) ; XTBG-T03
Supported by the National Natural Science Foundation of China ( 31570622 41271051 31170447) ; Yunan Key Program of Application Foundamental Re—
search ( 2013FA022 2014HB042) ; XTBG-T03 Project o
(19909 ( E-mail) wujunen@ xthg.  Symbol@ @ ac.cn.
( E-mail) lwj@ xtbg.org.cn.



860 36

development agroforestry ecosystem as ecologists’ common advise has been considered the best way to solve above prob—
lems. However little information about rubber’s water use efficiency is known in different agroforestry ecosysterns. For
this reason we measured soil water content the shoot predawn and middy water potential and the leaf 8" C of Hevea
brasiliensis as well as its interplant in four rubber-based agroforestry ecosystems ( Hevea brasiliensis—Theobroma cacao
agroforestry ecosystem Hevea brasiliensis—Camellia sinensis agroforestry ecosystem Hevea brasiliensis—Coffea arabica
agroforestry ecosystem Hevea brasiliensis—Flemingia macrophylla agroforestry ecosystem) and one rubber monoculture
which was locatd at Xishuangbanna Tropical Botanical Garden in Southwest Yunnan Province China in August 2013
( rainy season) November ( conversion of the rainy and dry seasons) 2013 January 2014 ( foggy season) and March
2014 ( pronounced dry season) . We aimed to apply stable carbon isotopes techniques in the study of the water use effi—
ciency of Hevea brasiliensis in those rubber-based agroforestry ecosystems and thus to select optimal agroforestry ecosys—
tems which can use water reasonably and effectively. Depending on the multivariate statistical analysis the results were
as follows: (1) The average leaf 8" C of Hevea brasiliensis in those agroforestry ecosystems ( except for Hevea brasilien—
sis—Coffea arabica agroforestry ecosystem ) were higher than that in rubber monoculture; (2) The soil water content in
Hevea brasiliensis—Flemingia macrophylla agroforestry ecosystem was always higher than others during the research peri—
od ( P<0.01) ; (3) Despite the soil water content of Hevea brasiliensis—Camellia sinensis agroforestry ecosystem was the
second highest but it was the most stable one which change small with season; (4) The water use efficiency of Hevea
brasiliensis—Coffea arabica agroforestry ecosystem was the most stable and it was the highest one in despite of the chill-
ing injury at the end of 2014; (5) As well as the rubber monoculture Hevea brasiliensis—Theobroma cacao agroforestry
ecosystem did not play a significant role during the whole period and it expressed many characteristics like the rubber
monoculture. All above results indicated that the agroforestry ecosystem ( except Hevea brasiliensis—Coffea arabica agro—
forestry ecosystem) could alleviate the water stress suffered by Hevea brastliensis in the pronounced dry season. Not only
could they keep higher growth and yield than rubber monoculture but they also could make sure that the Hevea brasilien—
sis can resist the burst weather disaster at the same time. The results provides the relative theory and reference to support
and guide the construction of environmentally-{riendly rubber plantation.

Key words: agroforestry ecosystem 8°C  Hevea brasiliensis ~soil water content water potential water use efficiency

o Li et al( 2007) 1950 () o
1976 249
km” 2003 2 256 km’ 30 N
1.1% 11.3% N
1976 70% 2003 50% N ( 2009) .
( Dea et al 2001; Rodrigo
( 2009) . . et al 2004; Schroth et al 2004) .
. (Liu et al 2013) .
N N ( Pinto et al 2005) . ( Rodrigo et al
o (11 4 1997) . ( Snoeck et al 2013) . (
) 2007) .

. ( 2010)



2.5 m 0.5 m X Imo

7 ) 861
() 85° ~94° 29° ~ 31°
? () <0.3 hm’ < 1 km
? 1
() ( 45mx7m)
?
o 1.2
2013 8 ( )11 (
() ) 2014 1 ( )3 )
s"C N Pump-Up
() ( Pump-Up PMS Instrument Company USA)
( WUE) (%)
v, v, (v..) (¥,.) 4:00 ~ 6:00
. () (¥,,) 12: 00 ~ 14: 00.
1
2
1.3 s°C
1 (¥.0)
1.1 105 °C 1h 80 °C 24 h
80
21°09° ~ o
22°337 N.99°58" ~ 101°50” E, ( IsoPrime100 UK)  PDB( Pee Dee Bel-
3 : (11 emnite) 8"C
2 ) (3~4 ) (5~10 ). (Fry 2006) :8"C(%0) = (Rmpie/Reanituna ™
1 400~1 500 mm 1) x 1000
80% : 21.4 °C s"cC R
85% , 173.7 d R,
o ( "c/”c).
14
— ( Theobroma cacao) . —
( Camellia sinensis) — ( Coffea arabica) .
— ( Flemingia macrophylla) 0 ~ 110 em(
() ( - - )
— . — — ) 3
1990 ( ) =( - )/ X
( Hevea brasiliensis) o 100% -
(3554WD1 Spectrum Technologies Inc. USA)
2mXx45mXx 14 m (4.5 m) (14 o
m) o ( ) 1.5
1 SPSS . s°C
m 0.6mx1.5m W, Y
ImXxX2m 25 m X ( ) ( )



862

36

( Duncan’ s new multiple range test) o

SigmaPlot 12.0 o

2

2.1
1 2013 4 2014
3 o
12 0
2013 12 13
100 mm 2)
12 19 5.9
C 80 4
3 1982 12 28 (5.6 C)
1993 12 28 (4.4 C) 1999 12 27
(2C) . 5
( 2007) .
1
Fig. 1 Monthly precipitation in the study area
2.2
( 3o -
> - > - >

2
Fig. 2 Monthly mean air temperature of the average year

and inquiry period in the study area

Cs. — () . Fm. —

( P<0.05) -

Fig. 3 Seasonal variation of soil water contents in different
rubber plantations  Te. Hevea brasiliensis-Theobroma cacao agroforestry
ecosystem. Ca. Hevea brasiliensis—Coffea arabica agroforestry ecosystem.
Cs. Hevea brasiliensis-Camellia sinensis agroforestry ecosystem. Fm. Hevea
brasiliensis—lemingia macrophylla agroforestry ecosystem. Different small
letters indicate significant differences ( P<0.05) among different

seasons of each rubber plantation. The same below.

( P<0.01) .
4 5
2013 8 2014 3
2013 11 2014 1

0.556 P = 0.659); —



863

(F=3.075 P=0.091); —
(F =
23.951 P<0.01) .
2.3 8"C
5 8"C
4 613C
95% -31.226 ~ —30.524%o0
-32.036 ~ - 31. 354%0 - 31. 661 ~
-30.679%o0 -33.944 ~ —=32.551%0
-32.603 ~ —31.142%o. Pate( 1999)
c3 s"C —20~ —34%o
5 c3 .
4 5 s"°C 1. :
2 0 3. 4. o 5.

Fig. 4 Leaf 8°C of these five studied plant species 1. Hevea
brasiliensis; 2. Camellia sinensis; 3. Coffea arabica;,

4. Flemingia macrophylla; 5. Theobroma cacao.

8" C
s"C
(F =8202 P<0.01)
s"C ( 9 —
8" C
. 613(:
(F =17.002 P <0.01)
2014 3 s"C
3 s"C

(F =0.844 P = 0.065) .
( 6 ()

5 s'c
Fig. 5 Leaf §°C seasonal variation of all plants

in different rubber plantations

8°C (6D (F = 1.416 P =
0.251) () s°C
8"C
( 6:B) s"cC
( 95 ()
8" cC .
(7 8"

(F = 30.469 P <0.01)

> - > - >
8" ¢ (F =
29.68 P < 0.01) 2014 3
s§"C
(F =2.019 P<0.05).
s"C 2013 8 11
2014 1 :
2014 3 8" C
"¢
(P <0.01) .
s"C 2014 1
P 8" C
s"C |
2.4

Ve Y ( 84



864 36
6 4 () §"C A ()
B. — () ; C. ) » D = ()
Fig. 6 Leaf §°C of rubber tree and its interplant in each rubber plantation in four agroforestry ecosystems A. Hevea
brasiliensis-Camellia sinensis agroforestry ecosystem; B. Hevea brasiliensis-Coffea arabica agroforestry ecosystem; C. Hevea
brasiliensis—lemingia macrophylla agroforestry ecosystem; D. Hevea brasiliensis—Theobroma cacao agroforestry ecosystem.
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