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W ERNH ARG AR E TR AR, A TR RS ARG A RERSEATLAAA, K
JAHETR W x5, B WL B A LR AL S 48 45 KA 8 (Impatiens oxyanthera ) 3 4T ¥ W 4k 22, A8 2F R 3R A (26.242 =
1.029) % , A4 R IBAE A 3T R ETALG 4 AN R G ISR Bfe AR B4R, SFit b B A s, SREAW &
AR LA RALFE A K, T g B3R (M3 AR S HB BB Lt @R ot kAt )M 28, 54
KBS T AR R AR AR R (T) A RILFE(C) B TH, M F808 Lok (P BES
A&, A2 5t feLIA) CO, R (C,) R 5F) R (WUE) Fe L IUIRHIME (L) o R B B aF, 38 15 4k 4o 4 RAL 76 09 &
MFFRE(AQY) B ER K 69.841% , TRAHS ST ARES BHEESFN RN, ZHH R LS THMEA
0.407, £r#ERALFEE T3 ot @A, A IRANE B 7] AL 09 % b 63 R AR, 38 KA UL & F 2R, 32 3 % 35 5% 69 A
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RG] LA RS s i M s T AR AR R4 A s T R AT B B K

B4 %S :0945.79;5681. 1 CHERFRIRAD : A EHHE 1003 - 5508 (2019)01 - 0005 - 10

Responses of the Morphological and Photosynthetic Characteristics
of Impatiens oxyanthera to Light Intensity and
Evaluation of its Shade-tolerance

YANG You-gin'? LI Deng-fei'?  WANG Li* WANG Qiong'**

(1 Southwest Key Laboratory of Wildlife Conservation Ministry of Education,China West Normal
University , Nanchong 637000, Sichuan , China;
2 College of Life Science,China West Normal University, Nanchong 637000, Sichuan, China)

Abstract ; Evaluating shade-tolerance of wild flower plants contributed to effective introduction and culti-
vation as well as reasonable utilization of plant resources. In this study,the wild ornamental plant ( Impati-
ens oxyanthera) was grown in two different light environments (unshading and shading at (26.242 +
1.029) % with black shading net ) in E’mei Mountain for about 4 months. The morphological ,and gase-
ous exchange characteristics were measured and photosynthetic-light curve parameters were calculated.
The results showed that shading significantly promoted the growth of I. oxyanthera ,which increased plant

height ,base diameter ,branch number, crown width ,single leaf area,leaf length and width. Shading signifi-
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cantly reduced net photosynthetic rate due to the decrease of the transpiration rates and stomatal conduct-

ance, but had no obvious effect on the other gas exchange traits,such as intercellular CO, concentration,

water use efficiency and stomatal limit. In addition , shading significantly increased apparent quantum yield

by 69. 841% . The comprehensive evaluation of shade-tolerance of I. oxyanthera showed that average com-

prehensive evaluation value was 0. 407 by principal component analysis and subordinate function method.

This suggested that I. oxyanthera had a good resistance to shade,and could adapt to low light environment

through improving single leaf area to make up for the reduction of net photosynthetic rate per unit area and

increasing apparent quantum yield. Higher shade-tolerance would have an important application value for

garden-plant scenery and greening at the shading areas of buildings.

Key words : Impatiens oxyanthera , Shade-tolerance , Morphological characteristics, Photosynthetic charac-

teristics , Principal component analysis, Subordinate function
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6400 fE#EX G4 M E 1Y ( LI-COR, Lincoln, Nebras-
ka,USA) , fEREAS /N X e £ —F A KOO0 R 4F I 4L
HERNLAE , e b AR A A e 18 — iy kA7
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1.4 HiESH
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2.1 SESRITIERT SR B0

BERFIEHE T 2L RALFE R AR K, 2B S48 R 1Y
RARFELACCHE 1) o Bk i 2 0 1
24.826% (P < 0.01), K:f8 i E K] 22.492% (P
< 0.01), HERFHEHE T MEAE I, il — o B KO
My 13.944% (P < 0.01), 5 i@ o W 25 1
27.305% (P < 0.01), [a] W4 gF 1 A 90 i 7 i A=
&, BT AR I e R A T Ak B
FORKE AL R X 3 AR BRI H IR A B
1 38.881% ,20.807% #117.331% (P < 0.01),
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Fig. 1  Effects of shading on the morphology of I. oxyanthera
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Fig.2 Effects of shading on gas exchange characteristics of I. oxyanthera

TP, AOCEHEE T 28R 6 LT G IR CO, WRIE s WUE KRR s Ls, TALBRHI L

2.2.2 Remp A

R T 21 HE R A 7 S i 24k, 6
FLEURIDGAMEE S 53 0 B B 28. 115% F1 11, 523% , i
P o8 36 D) 82 125 29. 653 % , {H 5 %t R A L, 22 5%
WIANRE . PR, 20 KAWL I fe R e Gl
FWERART 21.331% (P < 0.01) , TRV F4L
RGP 69.841% (P < 0.05) (LFE 1),
2.3 TBAMEEMG
2.3.1 @M &RHeHH

HRAE 20 (1) T35 21 A XUALAE ) it BH 28 550 (AL
F2) T REORKT 1 RV R HA R E,
B O] SEE X 21 RUAIAE 1 7 AT S48 4 BB

I EAER(WUE (R, (L, AQY R RL P, ) 47 {2
HEAE

F 1 LLHERLTE AL IR 2B A0 3 BR 48 Y S Pl B il 28 S 800
Tab. 1 Photosynthetic-light curve parameters of I . oxyan-

thera in treatment and control groups
k2% JbFREH X BB
LSP/ [ pmol/(m® 856.474 +64.755 a 1191.450 £175.242 a
LCP/ [ pmol/ (m’ 20.508 +1.858 a 23.179 +3.018 a
P../[pmol/(m® - s)] 4.813+£0.257 b 6.118 £0.272 a
R,/ pmol/(m® + 5) ] 1.679 £0.206 a 1.295+0.291 a
AQY/(mmol CO,/mol photos) 0. 107 £0.013 a 0.063 +0.009 b
TE: AT R P 8RR FBE2E R B #E (P < 0.05) o LSP, B Flk;
LCP SAMEL 3 P, RO HAS; R, IEIPIE R AQY R T
(&

©s) ]
“s)]
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T2 AHERWFERSNNEE EIBIFER T R EL 2.3.2 &R ARSI
Tab.2 Shade-tolerance coefficient of growth and photosyn- BEAFE by XA B 114 T R 1 4% 1 VE A TR), B
thetic characteristics of I . oxyanthera b T PRI B VT A R T e
- KN X )
s b s Pl 19 MERRINI B REGHAT R T (K 3) 45
WAdshi  Ph 1.446 1.337 1.174 1.043 1.277 1.216 1.249 FEPRZ [AIAEAE— € O AH ISP, A 1A 5 0k 2 0 i %
Bd 1.221 1.333 1.18 1.137 1.226 1.219 1.219 - A T T L
Bn 1.169 1.092 1.146 1.092 1.131 1.185 1.136 K, PRER 19 bR EA T2UHE KUl A B P )
Cw 1.364 1.233 1.301 1.128 1.304 1.318 1.275 ZAETEN .
S 1.285 1.566 1.457 1.269 1.285 1.442 1.384 233 EASHH
Ll 1.152 1.265 1.272 1.110 1.170 1.268 1.206 , ‘
Lw 1.141 1.244 1.219 1.153 1.107 1.162 1.171 XN E B9 19 A8 Fr BT B R BT s
Seadski P, 0.976 0.905 0.989 0.923 1.011 0.625 0.905 y B v I
T, 1.087 1.075 0.865 0.812 0.717 0.612 0.861 GIT ARSI SR AR PR AR R RIRFAL [ Bt ) R SR 3¢
G, 0.835 1.137 0.901 0.669 0.603 0.359 0.751 (WF4) 754 MEEERCLEH TR0k 19 Tifs
C. 0.990 1.012 0.994 0.979 0.972 0.973 0.987
; 94. 310% e, H Bk 2 4 B 37, 325% |
WUE 0.863 0.815 1.098 1.128 1.42 0.984 1.051 b o 11 K DS LR X ?
L, 1.131 0.816 1.037 1.287 1.432 1.508 1.202 24.886% ,16. 890% F11 15.209% , X ik, 7] & FH H 4
LS,P 0.663 0.676 0.881 0.516 0.847 0.731 0.719 /Tl:t;f ﬁ‘ﬁ’/ﬁmlﬁ‘@ﬁ*ﬁo gﬁggg%*&ﬁ?ﬂp’i
LCP 1.200 0.739 0.725 0.916 0.714 1.014 0.885 - i . N
P,.. 0.854 0.736 0.882 0.837 0.81 0.602 0.787 %ﬁwﬁﬁ%ﬁ&%ﬁﬁfﬁ%%ﬁ( T,.G,.C .L)%5
R, 1.558 1.397 0.717 1.442 0.931 1.733 1.296 I N A e T e v
AQY 1.493 2.258 0.999 1.786 1.396 2.317 1.708 s
SxP, 1.492 1.615 1.585 1.196 1.237 1.032 1.360 PRI 58 T ZE AR BB P, P, WUE AQY 4§

H:Ph, PR Bd, 36425 B, 208040 Cw, skl S, BRI E AR s LI, i ;M,%:,,T bR BT M AR AR AN LSP A=
‘l;/(; LW,E‘I“?—E; 5 X Pnniu‘f‘[ﬂjf}l X P"o i — . w s
) B IUZE SR bR RS, R, RO

*x3 =Rl ES Sk EPS
Tab. 3 The correlation of shade-tolerance coefficient of each single index
fahr Ph Bd Bn Cw S Ll Lw P, T, G,
Ph 1.000
Bd 0.673 1.000
Bn 0.343 -0.141 1.000
Cw 0.718 0.241 0.838 " 1.000
S 0.119 0.663 -0.091 0.038 1.000
L1 0.127 0.502 0.271 0.342 0.904 * 1.000
Lw -0.023 0.448 -0.306 -0.192 0.887 " 0.696 1.000
P, 0.159 -0.085 -0.428 -0.053 -0.339 -0.422 -0.074 1.000
T, 0.581 0.446 -0.301 0.043 0.191 -0.074 0.439 0.514 1.000
G, 0.347 0.502 -0.528 -0.126 0.453 0.177 0.69 0.58 0.879 " 1.000
C; 0.373 0.638 -0.409 -0.083 0.682 0.404 0.845" 0.267 0.829 " 0.939 # =*
WUE —-0.425 -0.462 -0.09%4 -0.099 -0.524 -0.331 —-0.605 0.319 -0.636 -0.457
L, -0.314 -0.51 0.458 0.122 -0.57 -0.297 -0.802 -0.425 -0.862" —0.980 % =
LSP 0.194 0.138 0.407 0.632 0.257 0.563 0.049 0.171 -0.256 -0.022
LCP 0.335 -0.209 0.555 0.319 -0.406 -0.358 -0.37 -0.319 0.161 -0.309
P -0.029 -0.39%4 -0.297 -0.093 -0.437 -0.479 -0.072 0.921** 0.458 0.472
R, 0.182 0. 161 0.202 -0.058 -0.023 -0.143 -0.114 -0.678 0.039 -0.297
AQY 0.042 0.486 -0.106 -0.258 0.402 0.216 0.197 -0.754 -0.091 -0.161
S x P 0.438 0.426 -0.276 0.134 0.426 0.265 0. 646 0.613 0.850 " 0.950 " *
c, WUE L LSP cp P, R, AQY S x P,
c 1.000
WUE -0.681 1.000
L, -0.981 % x 0.593 1.000
LSP —-0.068 0.404 0.057 1.000
LCP -0.22 -0.472 0.248 —-0.488 1.000
P 0.173 0.252 -0.359 0.066 -0.127 1.000
R, -0.074 -0.592 0.198 -0.709 0.741 -0.619 1.000
AQY 0.11 -0.483 0.061 -0.511 0.197 -0.848" 0.799 1.000
S x P, 0.879 " —-0.425 -0.934" " 0.200 —-0.248 0. 546 -0.415 -0.363 1.000

FE: w7 FRBFEMFE(P < 0.05),“ = = "FRMBEMEP < 0.01),
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Tab.4  Coefficients of comprehensive indices and propor- (WLFEs5),
tion 2.3.4 #J @%ﬁﬁ&*lﬁﬂ'%‘
7 ittt SRBUARAR AR (3) 1 (4) 5 ¢ I oA K AR
1 2 3 4
PN YN, JAg=
o 015 0103 0109 045 H(EKS) 4 NERETRIRALE 5371 39. 577% |
Bd 0.239 0.219 0.104 0.034 26.387% .17.909% #F11 16. 127 % |
Bn ~0.147 0.151 0.305 0.343 2.3.5 =A4EH
Cw -0.003 0.069 0.381 0.421 MR (5) HHELE: A4y D U, e B
s 0.249 0.238 0.203  -0.230 AR AT, )
U oIS 02 0387 0062 i BREER, gk AT SR R B A
Lw 0.306 0.121 0.046  -0.227
FEIE A 0. 407,
P, 0. 140 ~0.406 ~0.053 0.118
T, 0.308 ~0.043 ~0.202 0.256 2.4 ETAXT L HE R T2 R 22 im ALl
g 8 z% ‘2(1)(5’; ‘ggz ggf R AT T, LLHE KU AE 25 18 3 R A< LT
L, -0.369 0.032 0.082 0.001 TR N, PR AN T B B LA R TR L,
LSP 0.027 ~0.116 0.538 0.009 ; == ar 2
e Wi TR S B A ES1, L
op o1t o 17 oo 0. 430 \Eﬁ%‘%?bi%)&i P X5 R I RE ), LA
Py 0.096 ~0.414 ~0.100 0.138 HHAK(WLE3) .
R, -0.083 0.363 ~0.289 0.145
AQY -0.008 0.403 -0.173  -0.148 LA e JdA
S, P, 0.350 ~0.130 0.036 0.116 3 ihe NS4
AR 7.092 4.728 3.209 2.890
TR (%) 37.325 24.886 16.890 15.209 %ﬂﬁgi&F%%ﬁ"@*E%iﬁji? . ﬂjﬁ,ﬂ\:ﬁﬁ,{?%
x5 SEENE RERBEMNESITESE
Tab. 5 The value of comprehensive indices , subordinate function value and comprehensive evaluation value
. LA EME sk R BUE 2 APEAMI
N (1) Y(2) Y(3) Y4 w(Du(2) a3 w(4) D
1 0.507 ~0.043 ~0.855 3.345 0. 464 0.359 0.427 1.000 0.516
2 4.267 1.614 -0.538  —0.965 1.000 0.661 0.492 0. 084 0.672
3 1.642 ~1.906 1.909  -0.609 0.626 0.020 1.000 0. 160 0.458
4 ~1.748 -1.127 -2.914  —1.361 0.143 0.161 0.000 0.000 0.099
5 ~1.915 -2.013 1.303  -0.082 0.119 0.000 0.874 0.272 0.248
6 -2.753 3.476 1.095  -0.328 0. 000 1.000 0.831 0.219 0.448

ek |—>| S(+38.881%) |—>| SX Py(+35.955%) |—>

-------- >| G(-22.016%) T,(-22.016%) |—> G Kb
L (+24.826%)

______ > P,(+15.590%) > S
+27.305%
- A0Y(+69.841%) | ( :

3 HERA AT ZLAE RUALAE B4 52 M L A
Fig.3 Effects of shading on growth of I . oxyanthera
T« SRR AR M TR REAR Y IR, LRk Fn iR FE AR I L. ¢+ FRonfie st © -7 FoR i, ik
FIAY R 200 27 28 1 2 O R

et tabs

R AESE 27 AT IR RN SER SR, 3 8N X g fE XU AR
SEohn, R R AR, ISESRXEREMIW ROBSEES IR B 1S R LB R N 2 X I T Y
PO AR AT MR LT R AR PR L RN BT Rl S LD UL B B A 25
SR, 0N 2 E iR AR R A R MR R A —E MRS IR ACR ke T A
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M5 T Y B A B AR o & Wi 74
S, T U JE 11 AR 78 3, TR PsF N K, b SERL I K
gy UL S 25 53 R B R TR RG R,
R E S HoR A Re 1 B UM G . ABFse,
AEFRLH P O ZUHE RALAE P, (P, 35 8 21T 0 R
RO (B, E R A 1 B AT . B SR A A v T
RANAER) P, P, A%, {H AL H kg 4 2 i Bk,
H P, S50l e R 3 & X R4 (P < 0.
05) , BT ARG FON b W3, ok ¢h 1 Ab B 2
PP, TR, BOEY KA, R, H s
ARG B, 6, 2B T
SRR, 30 EL A R I A AR AL sk <AL
BEL I BTG, ACFL AR B DA 2, DA T i e A A2 1) o
R RBFTE R, A B 20 RAE G,
i 22.016% , i %F HE 5 40 FH 20 vh €, 1S INF W% 3ok >R
R, Z5AEE  H GG WA P, B TR, UL
LT HE RAIIAEAL AL ) P, Bk sz <AL IR . itk
Hb A FRA 2T HE R AE /) P, /N X B4 (AL ]
2a) 100 L, WA (UL 2f) o iiE B T A7 78 <AL

il o AL EEH T ARG A A 3G, A T, 19
BERA R TR s 5 LA S oK & W35 1z
B, H 55 06 R A R T R, E A O P, AR
B ARG R A S R T UL AR 2 R R
T, B, X2 P, TR X — 5 [, R
HYCEAER PG RE R LRI — D A5 b, &
W TR (AQY) S M TE 5506 56 T 6 & e
01, AR, Ml S ORI O R ERE S
PRTTRERLZ , X 559 6 RO R BE Jy B, e B %1k
e 2 L ARHIFgT AR b B H £ KU
TE AQY B0 BRZH 2542 5 69. 841% , LA XS 5o
Wk 558y , Ud I ZLAE R AE T i B AR A, Xt HAE AR
PR AR AR 18 55 — A S, 2 i A ) K 5
PRI T 4R, X 5 S B AR S AT P 5E )
G, [N 55 Bl A v 2z R A TR 9 AR 4 45 3k ( Hy-
drangea macrophylla ) A AL, 4 i B AL el

55 HAth JRUALAE S A P B AR 00 AR A G
Ry I R AH B, A BRZH B 21 HE R AE S oAt AR ) 7R P
ARFETT R AL, B SR AR . DR
PEJTTH , oA H A 5 RULE — 2, B RAR, i 9]
B 5[] o e 0 0 Je2 JRVALLL AR Tk B A 0 45 3kl b A
1oL, IR G AN SR AMEE A, B R R UL
TR, R LHERALAE BA T IR 6) o

xo6 213 R 72 55 fth A 4 0o 308 T i iz Y L 2%
Tab. 6 Comparison of shade responses of I . oxyanthera with other plants
i AHAIE R WD EET amba gl
1. oxyanthera 1. balsamin 1. omeiana H. macrophylla Lilium pumilum Lilium. cernuum
JEA$E R Ph + 24.826% +34.163% +51.476% +47.715%
Bd + 22.492% +8.235% -10.033%
Bn + 13.944%
S + 38.881% +52.804% +59.414%
i1 Pn -15.590% -21.995% +23.701% +5.488%
Tr -12.555% +37.710% -6.522%
Gs -22.016% -10.526% -50.000%
Ci +15.893% -9.971%
LSp - 28.115% -56.667% -8.409%
LCP -11.523% -76.471% -49.206%
AQY +69.841% +19.355% ik
FPRIE USRI 3,

L B 52 22 Mo DR 28 3 ) 52 0 A s o, S Al
Pyt —Fh A s A R, DR o AL it B 1k A7 2
ik, B PR AR bR A TR A AT L A S
AR RO B ARER , R0 R o B SR s R Bk %
WL P £ RUAL A 1R T IS, A (168 T B 28 1
il E, Bk TG S SR PO R A T
FIAN & 1, [ AR R (T B 2R 500 HEA it B

PEor AT, T BR 1A R] A 1R 22 57, SR A 114
Tt B o A SCHEAT S AT BT I AR A A
BRIt AR SRR AR AR S — LR S fa R, HiARK
ZRE THMEEEIER, T, .G, C, FIHT AR P,
J& TR — LR G H8hR, KA G R 2 A T4 = 5
=LA RN UL R B TR A TR R O S
AR (R SRR YA s AR R ) AR S (A3 L i e
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AL A R GF T B, HLER G PP 45 2R -5 i
T £ HERULAB T B ) 2518 — 3

L E PR AR SCIR B 26. 242% ) FI R 508 B
LIHERINAE R AR o ZDHERUILAEA TF AR R T B ik
28 N U= IS BTR VR DN T AN = O U on
B EHHAED R E SR A RUIN 5565 HAA 4
SRR R o 7 T T R R AL rr, AR HOR b T8
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