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Abstract: Environment and species composition affect crops yield of agroforestry system. The aim of the present study
was to investigate the influence of different cultivation systems on morphological traits and biomass of the traditional me-
dicinal plant Gentiana rigescens, and to provide a theoretical basis for management of multiple cropping of medicinal
plants. All the samples were collected from six cultivation systems, G. rigescens —Camellia sinensis var. sinensis (young
tea trees), Gentiana rigescens — Camellia sinensis var. sinensis (ten years old tea trees), Gentiana rigescens —
Chaenomeles sinensis » Gentiana rigescens — Alnus nepalensis, Gentiana rigescens — Eucalyptus robusta systems and

monoculture (Gentiana rigescens grown on the slope of the valley). Stem height, stem diameter, leaf length, root diam-
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eter and biomass etc. were measured and recorded at the individual level. The statistically significant differences of the
traits of G. rigescens collected from six cultivation systems were analyzed by one-way ANOVA and student-newman-
keuls test. Correlation analysis and multiple linear stepwise regression analysis were used to study relationships between
morphological traits and biomass. The results showed that the stem height were the highest in monoculture and G. ri-
gescens —Camellia sinensis var. sinensis (young tea trees) systems. (37.3248.36) cm and (37.314-9.62) cm, respec-
tively. The lowest stem height was (19.08412.40) cm which was found in Gentiana rigescens — Eucalyptus robusta sys-
tem. The stem diameter ranged from (0.363=0.13) cm in monoculture to (0.23%+0.04) cm in Gentiana rigescens — FEuca-
Lyptus robusta system. The highest values of root length were found in the samples intercropped with young tea trees and
ten years old tea trees, respectively, whereas the lowest value was found in the samples intercropped with Alnus ne-
palensis. There was no significant difference of root diameter values among six cultivation systems (P<Z0.05). However,
the highest biomass was found in monoculture system while the lowest in Gentiana rigescens — Eucalyptus robusta sys-
tem. Correlation analysis displayed that stem height, stem diameter and fibrous root number had very significant positive
correlations with the biomass, respectively (R=0.514, P<{0.01; R=0.510, P<{0.01; R=0.339, P<C0.01). But root
length/stem length had very significant negative correlation with biomass (R =-0.295, P <{0.01). Multiple linear
stepwise regression analysis showed that different morphological traits had different contribution for biomass accumula-
tion. Stem high, stem diameter, fibrous root number and root diameter were key traits for the accumulation of biomass
under six cultivation systems. Monoculture system could improve better light condition for the growth and biomass accu-
mulation of Gentiana rigescens than other cultivation systems. However, plant intercropped with Eucalyptus robusta had
the lowest values of biomass and stem height. It may be affected by biotic and abiotic stresses. Monoculture, Gentiana
rigescens —Camellia sinensis var. sinensis and Gentiana rigescens — Chaenomeles sinensis systems were the high yield
cultivation systems for Gentiana rigescens. All the results of the study provided useful information for species mix in
agroforestry system and development of cultivation techniques.
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CFREMESE,2013) . AEIARIRRGE  ARF AR OB
MBS KRN F) B2 STREM A K KT
B (3 &% 55,2013 #B %, 2013 ; Charbonnier
et al.»2013) . DALY RIFE L . 42 w5 R LR AL 7 )
SRR G R AL (BEFSE,2009) . HET, P2
AR £ TP E MO & A B 7R
i R A RO S A A T T (R IR AR, 20065 4
BIE L2011 AVEAE, 2012 IR, 2013) . AN
() B B A /N AR B R 2 AR ) 00 25 A A= W o 1) 7%
BT 5 & A7 4 8 CE gk K 4, 2003) . ARk I 55
(2012) XF A= K F F R (Quercus fabri) FAR(Cupre-
ssus funebris) K2 AR (Cunninghamia lanceolata ) 55
PR BB R B FETE(Epimedium pubescens ) IR .
25 B SRR AL 22 1o & B IO SE , K IR B
TR FEA R ARALAE W) 3206 IR PRS2, O IR 58 B2
B A B A T AR ) AR ) i S R B L AR
TR, BRI S (2005) XA 6] 5 B 26740 T
HE (Glycyrrhiza uralensis) & F14: ¥ & 48 b F

I B (Gentiana rigescens) 3% E ¥ JHBL
GEORIT AP 25 AR . A R 2 25 T 1 (LK 24
MZE 51 4x,2010; Wang et al.,2012), A JH W JH
REZAEAEBAEEY, EEIAAT = 5% & IR
1 100~3 000 m Y S 3, #E D\ Je bk T (fif 22 4 55,
1988) |1 X B AR BRI AY PR AP R B E R IE C N
Wi B M) E 2R IR Gk & 55, 2012) . H e JH
HE A2 5T 32 2 B A R R (B E S5, 2012) . %
PR R A 558 0 U e H b A 27 B3 1Y 52 R A BIE O
UL VEEE 2011 o H X IR 25 e AE R0 A= 90 6 1) 52 1) ¥
AR UUHTE . A B 5T 8 B v 6 bk 25 52 & R B A
3 IRFEA [A) Ak 24 5 5 3R B A =X T e Ik v L 22
FHL IR A8 PR 0 A8 AL FAR AR A i i 25 . DA
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Table 1 Habitat conditions of cultivated Gentiana rigescens in different cultivation systems

o i h . o S R o g i 98 5 B = iy
P o o WADEREE A& LR
Cultivation mode Altitude Location Relative light Dcnslty Thickness of

(m) - intensity (%) (BE/m*) soil humus (em)

LR MR AR AR T 2 066 it = B 455 & 70.31 34 1.17
G. rigescens —young tea trees Lincang, Yunxian, Chafang
TSR R AR T 2 066 g =R S 71.27 33 1.11
G. rigescens —ten years old tea trees Lincang, Yunxian, Dazhai
EISE S EE | 2 060 itz B0 % 73.53 30 1.23
G. rigescens —Chaenomeles sinensis Lincang. Yunxian, Chafang
JETURFEAJE MR A IV 2016 e sER%ES 58.91 34 1.12
G. rigescens — Alnus nepalensis Lincang, Yunxian, Dazhai
U AT (Y 2014 e = B % 30.12 30 1.07
G. rigescens — Eucalyptus robusta Lincang. Yunxian, Chafang
Fe ks 1950 M6 ¥z B 5 At SR A R PR IR & 100.00 35 0.91

Grownon the slope of the valley

Lincang, Yunxian, Xingfu

WK, F 2012 4F 11 ALGRWONIE TR . K
DX 7 BAAHE R 26 1 M 7 AU L AR S R R 912.6
mm, XA 20.1 °C L 4F H BRES 42 222 h, H
o33 51,000, L HER RN o 414, £ 4% pH {H
5.5, 1250 DA JH Ak 2 B 50 R JIE S5 48 i, (R
RN SRR R B - b R LR A 48 3 T R AL hee
tp://number.cnki.net/cyfd/index.aspx) .,

T8 BCUE A AH 3 B SRR 1 6 UL e IR R 5
L CIOIBREMW (Camellia sinensis var. sinensis)
e R 2R R = 24/ T 1.0 ms CIDD H4E R
R JE B AR, 28 BBk S N T 1.5 ms (I KRR
(Chaenomeles sinensis) ¥ Jg A1 , AR JKER &5 34 /)
F 2.0 m; (V) BIAIRIE AR (Alnus nepalensis) . H
[V B S ¥ KT 3.0 m; (V) K H (Eucalyptus
robusta) JARTAIAE Bk i Y9 KT 3.0 ms (VD) FE Bk
FL O AB R RIEARSHEAR, C(IHOEV) NG E
AR, VD I e I PR R, g ok 5 A
XEE 3N 2mX2 m WFEDr, B—H DT WBEEL %
10 BRVE o IH 10 S5 A P M R B D R B A8 OR R
30 #k . AERRIERLT R A A AR IR 1,
1.2 HEIR B9 B S S

i E PR Bk B (Steam height, SH) | 25 H
(Stem diameter,SD) '} K (Leaf length, LL) .M i
(Leaf width, LW) . I} 7% #8 #{ (Leaf shape index,
LS) HERFF 5 (Flower number,FN),

R PR AR K (Root length, RL) (AR ¥l (Root
diameter,RD) . #8258 F, (Root length/Steam length,
RL/SL) Z0#R # (Fibrous root number, FRN), 5
K BEA PR A BRI & ORS B2 0,01 em) , 5
AT QB PR b R RO & CRS B 0.01 em) . 4
R I 200 % 80 C AR R AR ML T R fH &, AR &

CKiBE R 0.01 @it sk a,
1.3 it 54

B[ 2 5 2253 BT (One-way ANOVA) FIZ & [t
# (Student-Newman-Keuls test) 43 1 A [6] 3% 15
R IBAE ) PR 22 7 M. Pearson #H G 43
#r (Pearson correlation analysis) #l1 22 JG& 25 0] 5 43
#r (Multiple linear stepwise regression) fiff 5% A~ [6) £
B YR S R E XK, 28
Bl SPSS 18.0 # A ATIEH .

2 HERH4M

2.1 FHEEANELZEZEZ HESHNEIE

ENGE$3 Swi- AR R /N NS e =5
MEZHE LR 2, BB IRE & A T FE 5
JOEL ) A 0 S Rk 5 R SR AR e, 43 R (37,32 &
8.36) em F1(37.3149.62) em. K M-#i Jg i [a] £ #5
T HRAR, 9 (19.08412.40) cm, 5 R P Tl sk 35 A5
X TFEFEEP<<0.05) ., KM EEAE T, ¥
o HHZE AR T e R R (P <<0.05) , Sie
AR RO S e R 2R B E (P
<<0.05) . T 48 BUAE A ) Ak By 4 X ) 25 9t A8 B 3
(P=0.05), ¥ KM RDE it . Sie 8 s v R d5c
H(2.8540.77) cm, KA g B[R] AR it 4 F it wE 3
B (4.9541.23) em FI(1.2240.36) cm,
MR K, 5 45 R R 2 S 3 (P <<0.05)
2.2 FHEEAEZERBESHIME

R M bR A 5 AR B A5 X 2 ) ) AR A R BN T
AT EE J LR 3, e IR AR R0 AE L R R AR R
K 0 R (18.4247.23) cm M(17.7147.34) em,
HHE#HEHAEREE (P<0.05) ., BIAKEKR
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Table 2 Effects of cultivation modes on traits of Gentiana rigescens stems and leaves (mean= SD)

L1 25 A 18] 4 AR AR ) £ ENNIEE(S JEIRAE A )4 U ALIE( T Wk B
LGN G. rigescens — G. rigescens —ten G. rigescens — G. rigescens — G. rigescens— Grown on the slope
Trait young tea trees  years old tea trees Chaenomeles sinensis Alnus nepalensis FEucalyptus robusta of the valley
1 Il N V VI
¥ SH (em) 30.02411.85ab 37.32+8.36a 33.96+13.17ab 24.80£9.79bc 19.08+12.40c¢ 37.3149.62a
ZEM SD (em) 0.31£0.07ab 0.2840.09bc 0.2440.06¢ 0.2440.05bc 0.2340.04c 0.36+0.13a
& LL (em) 3.7341.33bc 3.9040.91b 3.3240.90bc 3.6341.01bc 4.95+1.23a 2.8540.77¢
5 LW (cm) 0.83+0.28¢c 0.89+0.23c 0.78+0.17c 0.88+0.21c 1.2240.36b 0.86+0.27c
IR E LS 4.6241.58¢ 4.5841.25¢ 4.4441.47¢ 4.1540.95¢ 4.2941.33c 3.54+1.21c

B NG R R 2 5 8 (P<0.05). TR,

Note: Different lower case in same row mean significant differences (P<20.05). The same below.

&3 IR & BB AR AR MK B9 7 0

Table 3 Effects of cultivation mode on root traits of Gentiana rigescens (mean=SD)

AR 2 ) R
G. rigescens —
ten years old

4 2 WA
G. rigescens —
young tea trees

AR Trait

IR
G. rigescens —
Chaenomeles sinensis

JETH R R AR ] K ] 1 Tie e Ak B
G. rigescens — G. rigescens— Grown on the slope

Alnus nepalensis Eucalyptus robusta  of the valley

tea lE[rees i Y Vi
MR RL (em) 18.42+7.23b 17.7147.34b 14.194+3.64cb 15.74£4.97ch 12.18£2.83¢c 15.59+4.84cb
BARE FRN (em) 13.76£5.77b 14.10£13.75b 10.4745.14bc 7.32+2.23ac 13.03+4.89b 12.91+8.03b
AL RD (em) 0.134.030¢ 0.1440.03¢ 0.1440.03¢ 0.1340.03¢ 0.1340.04¢ 0.3140.67¢
M2 RL/SL 0.76+0.56¢ 0.5240.32¢ 0.4540.13¢ 1.22£0.74b 0.6140.39¢ 0.5140.48¢
PR 2 A AR B A R A A 50. 00- .
(P<0.05) , HEHLLE BT A7 AR FR A AR v 32 5 45 XY . 45.00
S R/ A BRI N R RUfE 22 5 N B (P > g 40007
0.05). VRIS KA BRE MR ERERT g o] b
BB (P <0.05). - 25.001
2.3 HBFRA X E LB EYE R0 e Tg gg be be b
INERPE IRV 22 SN CE T A SN ’_I_‘ :
% (P<20.05) . Fig 3k % M 1M 4 bk 2 0 i vy B 500 m ’—}|
H(14.52413.37) g, HAEZ B 55 0 I il 7R A ) i T T T . v v

H Ry (6.9444.24) g, K Iy I8 ] 45 A A 2R ) i
AR (217£1.42) g. W i KB/ 5 e dk
] > A AR TEL R RR R) A > S 25 R IR L JETA
IR R B T LA A = R I g T8 IE ) £
24 EEBEKEYVESH E HTHEROBXE

WA S PE 20 BT 45 5 (3 4) AT LA Y, 1 A JIE A
MR B AR 5 AR ZE R DA G . Bk
MU ZIAR B 5 4 bk 2R ) B 5 0 B 35 1 IE AH 56 (R
=0.514,P<C0.01;R=0.510,P<C0.01;R =0.339,P
<0.01), MR 5 4tk B ik 2% W35 fuRE ¢
(R=-0.295,P<C0.01),

K HERE O 540 R (YY) T 2T E 4
6] U540 M7 L 45 SR B (36 5) L 4l il S W 5 0 e i T £

1 R B AR 2O e I AR ) 6 (93 I (means == SD)
ALV S RS (] — PEARAS ) A AR A ) 22 57 .35 (P<<0.05)
Fig. 1 Effects of cultivation modes on biomass of Gentiana

rigescens  Values are means®SD (n=30). Different
lowercase letters represent significant differences

among different cultivation modes (P<C0.05).

BT L B e K 2T AR B [ 52 o s ok A i
AR AR T e ) A 7 A S bk 20
AR BRCRIAR R 2 52 i Y i JIE 2 ) o AR 3R Y 32 MR
JETHZRFEAR TN A B9 g I, A= Wyt 7 b T 5252 25
REL R ARREL F) 52 00 5 A AR PR, T80 f IFL AR 0 B A2 AR 2K
I R A ) A9 5 e 3R 5 T IR b PR PR
A3 P DR 2R R A A ) i R ALK
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Table 4 Pearson correlation analysis between root. stem. leaf and biomass of Gentiana rigescens
PR Trait ffﬁfff%‘ ;«*ﬂ IR L ﬂ’rﬂ%{ﬁiﬁz SN w%‘tt HOH 2@*&%&
SH SD LL LW LS RL RL/SH RD FRN
M SD 0.449 x * 1
K LL -0.381 % -0.259 * * 1
58 LW -0.178 * -0.097 0.478 * *
HIEFEH LS -0.220 x % -0,187 » 0.563 %% -0.390 x 1
K RL 0.153 0.082 0.032 0.017 0.063 1
MWZE I RL/SH -0.747 x % -0.254 %% 0.426 % % 0.201 * % 0.243 %% 0.247 %% 1
AL RD 0.008 0.041 -0.184 * -0.12 -0.104 0.03 -0.019 1
WARE FRN 0.248 x * 0.223 % * -0.134 -0.127 -0.054 -0.005 -0.191 * 0.168 1
EYr i Biomass 0.514 # % 0.510 * x 0.230 -0.076 -0.174 0.032 -0.295 % % 0.076 0.339 * %

W o BB EAME(P<<0.05), * * JH I EH X (P<0.01),

Note: * Shows significant correlation (P<20.05), * * Shows extremely significant correlation (P<20.01).

x5 REHMHERSEKEVENSTES EIASHT
Table 5

stem, leaf and biomass of Gentiana rigescens

Multiple linear stepwise regression of root,

NG ) R
A Etﬁv}zjijfmultiple r
Cultivation mode . .
linear regression

iR MAE 1
G. rigescens —young tea trees
FAEZERIAE 1

G. rigescens —ten years

Y=0.055X,+5.078X, 0.806
+0.079X, —1.458
Y=0.189X,+0.132X, 0.852
+62.609X,—11.065

old tea trees
AR EAE T

G. rigescens —Chaenomeles

Y=0.062X,+0.309X, 0.885
+30.637X,—6.01

sinensis
JEARFEAR M IV
G. rigescens — Alnus
nepalensis

K RAE V Y=0.063X, +11.073X,  0.883
G. rigescens — Eucalyptus +0.317 X5 +0.145X, —

robusta 4.319

TR VT Y=1.224X,+0.463X, 0.783
Grown on the slope —38.209

of the valley

Y=0.126X,+0.205X, 0.768
—2.693

T X bR, X, 2L X R X BURE X HRHG XG ALY AR
Note: X, was stem height, X, was stem diameter, X, was leafl length, X,

was root number, X; was root length, X; was root diameter, Y is biomass.

3 Ww5H4Eiw

N TiR) A 435 5 O VLl HE T S R AR R S ] . A
FE WA B 5 AR AE R L Ak i A 25 e (P <<
0.05) s 75 K I 44 [ M 5L X R S5 AR (P <<0.05) . #e M)
AR T e B R R R R ) S T e AR R A
H(P<<0.05)., Frf fl kB R (b JE 48 80k
3.54~4.62) , Z AR RE W /N . HRAK 5Z 3R B AR X
S I 2 (P <<0.05) . A T AR I AE R AR 3R 550
AR T AR BRR R K., BINREAKRT,E
Je AR 25 AR A g b AR T e R B (P <
0.05)  FHE AR X AR LR W 8/ (P >>0.05) , Fe 3

Rl AR AR L R A OB R I e
(Epimedium koreanum ) J& 5P AE 7] 43 0 =25 . ¥
PR R AR R R R 20 A v LA BOR A KA R
MR JE B — 28 s SRR B L 28 A IR 4E Ak A
R R R R AR RS 28 R NRREAR T £
AR IR P R A T 00 W2 2 ) S 5 =2

25 AR A 28 A B WA 0 AR A PR B Y
I HE R 52 i B BR 55 (Commelina communis) | 450>
T
(Gynostemma pentaphyllum ). 2 F¢ ¥ (Datura
stramoniwm ) 5E PR G I TR ER S I AR IR
) 32 R R RO R R AT G i 5 R T AR
A HE I B e (e 2 B 45, 2000 5 B RUE 45, 20095 B
SLEZAFL2012) 0 ZEAR AR (2013) Xt oA T of AR
AR B (Quercus) FELYI 5T K BLEEAE B Ry £
PR JE 22 FRa Py e i ARG 0, A T s 220k AR
o SRR NIRE (2012) XF ARk bk i F0bR T = Fib A= 55
&LV L ZE (Epimedium koreanum ) 38 FRIEWE 5%
TR R R LA A2 06 IR W, Bl 1R B U5
IR NI PSR e L NI R DO I
JE AR AN 30.12 % . FOAK TR g I AR MOIR 5 S B
B CREG G BB BE 100 26) &) % 2% W) 1] 4/ CREE XSO
MRS 70,31 20) S8 20 Lb , I K BE 0 58 8 W 3
Han , AT B & X ARCT 5506 BROAR AR B e N, E R AE
(2013) WF 5T = ik B it 7 4 I 10 ok e 3 1 O B
pNUN SRS TN E =R Y S B N
PIM ZEM A K . Zhang et al.(2012) HLER A B b
B AR TS Wy b it 7K 32 49 X6 T e 1B R 1 1 k1 5
i) 245 SR 2 B T AT AR ORI e 7K i 0 X 5 o JEL g JIE A
T R A A P R 3. 5 R A 1A Y

( Chlorophytum comosum ). & B W
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TEL o JIEL A R AV AR S 400 e, R RS 3k, T R 5 A
Py la) B9 A AR T A O

AR FEAL A R E R AR R SRR
TN R AR AR A W TR A AR (P <
0.05) 5 B A A B, 48 0 A) 1 A =0 B e HE A= W)
B G AT i o NI A SR NS W9 i A 27/ 6 1 4 (1 7 =N
AR IR MR 5 4 Y B W E EAHC
(P<20.05), 4 [ 73 #7 K 7s A ] B AT
2 P AR X 4k A W 1) AR 2R DT R R AN [ ok v A
IMEAE BT A M B b B 5 P R IR R G R B
%5, 4B K 8 (Parthenium hysterophorus) TE & B
Hiy R S5 A BT AR W AR A ST B AR A )
TR R O AE O, ARG IEOR L W A ) 3 4 i
B R A S AR o R/ G R B A 2010) . T €8 T
JB (Eragrostis spectabili ), # H % (Mikania mi-
crantha) SE R KE P A= 1K 32 6 B R 52 ) B 3, 59
JCREME T AE RGNS AE R R D OLIREAT
WS | REA A ) AT RGGH R A2 AR A R B R )
PR, 20105 Z8 47T 87 46, 2013) . H A K T3
SRR W Aob S 5P PR B b B 2SR AR W) R AR B
PR — RGN AR A, 3R X R E PR A 3 I

25 g M v e DX e RH b 24 52 5 RS i S T e
NE B BT 2 A T, R MR AR K 3 E R 45— R IR,
AN ST B K 45 FE L IA] HE AR (1 950 ~2 066 m) ., 4 3
A HLRE BE (0.91 ~ 1.23 em) S Ak 5% % B 45 4% 30
(30~35 BR/m®) JHIG B SRAF 22 Bk, S A 4%
PE T A A AU e IE (R JE A5 L 2012) K LE L BREZ A AR TR
AR AR A G B AR A AR AR AR R B
T AR PR AR W 1 4 T AR R R 5 O BRSSO B Y
Fi AR B A5 2 e A7 ) 1 U e B A= ) A B R A
AR g IE AT B 52 A= 9 45 FE A W 3 1 B [ 5 )
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