YRS 2015, 33(2): 165~175
Plant Science Journal

DOI:10. 11913/PSJ. 2095-0837. 2015. 20165

ERMRIFEERSERZWEF2H
NiEh, BEE, WAL, BEE, HEB

( B RE, TP B¢ 334001)

# E. FRW(Emmenopterys henryi) A3 E | QR FEY), TSGR BIRCIN | 1 BETF &) DL R Fp
HARTRTRE 1 2255 5, B A AT T & RR AR R o=, 8 25000, ZEILK . RG0S
Jride, Xt A SRIREE T A S A AR AR B v A RO B R B R AT T RS, R I. HRARAR B
Bt B 1 R BTN D, e AR ISE TR e s e FEAR B 1 5 3G R R AR B K AR AR
W ETARERM AR T 120° ~150° (LIIEAC I h O AT £ Jy mjiefs , ) E , BEERMH+F 2 m DN K E
2 com, KB 30 cm MERIR Iy AREE MW S 2 B O A RN, ZERIR AR . BRARA R LK S R ] BE R Y
FMMFER; BERIEE (168, 75°) AR I A 542 0 R T B 5 m AR B B 2848 SAvmPREg miAH LG, B4 7R ) F
PO AR T A SR AR ARETI SRS RIE N SR A HR R B 2 5 B AR T I S A B i kAL, (FLBE
IR EARRI NS TE SRR 2T S R (R AR 6.5 cm BT R FIER A BIRKE), MEER
KRB TE SHbr B SEREMUS FH & e s SRGERMRBT A LG, R BRI /MR B B e T R
TR HTEE R, FEMRPOCIRA RS | B LI S R RN BR A 3 SR 0BG N DL B
T IAF T HRBAARBE A, B, D/NMOEAS A BE . 35 I0 T8 565 0T 4l 15 7 SR Bl & |
TP A AR B A EEAE

KRB AR AR K ARERN

FESES. Q945.51; Q948.12 XHERFRIRE . A X E4HS: 2095-0837(2015)02-0165-11

Growth Characteristics and Influencing Factors of
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Abstract. Emmenopterys henryi Oliv., belonging to the genus Emmenopterys in the family
Rubiaceae, is a rare and endangered second class state-protected plant in China. The
population size of wild E. henryi has declined rapidly due to habitat destruction, overex-
ploitation, and poor natural regeneration. Using variance analysis, multiple comparisons and
principal component analysis, the growth characteristics and main influencing factors of E.
henryi root sprouts were investigated and analyzed. The results showed that the number of E.
henryi root sprouts decreased with increasing age, and one-year-old root sprouts showed the
highest mortality. Height and stem base diameter both showed exponential equations with
monthly increases in the age of root sprouts. Most root sprouts generated southeast of (120°-
150°) and within 2 m of their mother tree, and growth occurred mainly from exposed roots with
a diameter of 2 cm and a length of 30 cm. The height of the root sprouts was influenced less
by orientation around the mother tree, but more by the diameter and length of the exposed
roots from where the sprouts generated. Compared with other sides, root sprouts growing
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south of the mother tree showed significantly larger stem base diameters and reached a
maximum at 168.75°. The crown breadths of the root sprouts from the east and west were
larger than those from the north and south. Morphological indices, including height, stem base
diameter, and crown breadth of the root sprouts, declined with increasing distance from the
trunk of the mother trees. The morphological indices firstly increased and then decreased with
increasing diameters of the exposed roots, with the height and stem base diameter of the root
sprouts reaching a maximum when the diameter of the exposed roots was 6. 5 cm. The indices
showed a reverse trend with increasing length of the exposed roots. The mortality of the root
sprouts beyond the crown of the mother tree was larger than that under the crown. Principal
component analysis indicated that light conditions, soil organic matter content,
coverage, and moderate artificial interferences were the main factors promoting E. henryi root
sprout growth. To maintain development and realize natural regeneration of the E. henryi
population, the canopy density of E. henryi should be reduced and artificial cultivations increased.
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Table 1 General situation of Emmenopterys henryi populations in different habitats
FRE ARRYIX b PN WX RFINEZRH ARG X
B ¥ . . oo . : :
) Baotianman Dabie Mountains in Sangingshan Wuyishan National
Environmental factors . :
Nature Reserve Luotian County scenic area Nature Reserve
R Altitude (m) 714 820 930 1283
FRPISERE Light intensity (Ix) 1013 985 1175 1220
KR Mean air temperature (°C) 16.3 14.5 13.5 13.8
KAIRSE Annual mean humidity (%) 58 66 63 75
+ 45 7k i Soil water content (%) 35 61 68 65
+ A HUFE Soil organic matter (%) 1.4 2.1 1.8 2.3
+ 3 pH {4 Soil pH value 6.8 6.8 6.5 6.6
+ 3R Soil thickness (cm) 10 25 23 28
+ R % Gravel coverage (%) 77 76 85 72
N JFIE Artificial interference 0.2 0.1 0.2 0.3

TE: ARPDGHR  IRIREE S IE T 2010 42 4 A 1-3 Hi#4T, T4 H 10:00, 13:00, 15:00 M #EA7IE ,
Note. Light intensity under the canopy, temperature and humidity were determined on April 1-3 2010, at 10: 00, 13:00 and 15: 00

each day.
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A. Age structure; B: Height; C. Stem base diameter of root sprouts. a, b, ¢, and d represent significant difference at the 0. 05 level.
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Fig. 1
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Growth characteristics of root sprouts of E. henryi

Table 2 One-way ANOVA of the surviving root sprouts of E. henryi

5 5 AR -7 H ¥Jr FA8 P F il S
Sources of variation Sum of squares daf Mean square F value P value F crit
4 [d] Between years 25811.36 3 8603.79 186.10 3.65x107% 3.96
A4 Within year 5362.967 116 46.23
SRS Total 2814.917 119
AR v S fe b, P A 0.6 Bk BEE(ZE Lognomal MiiZkié#; REMEEMR B4R 2 om, K
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Table 3 ANOVA of E. henryi root sprouts at different positions from the mother tree and different exposed roots

BHHEE 21 [ e B N A B
sk Indi FIH P1E FIf 5l Total degrees Degrees of Degrees of
Fig Indices F value P value F crit of freedom  freedom between freedom within
(dfr) group (df,) group (df,)
B J7 fi Mother tree direction (°) 12.65 1.25x107°  1.74 159 15 144
B EER R B Distance from mother tree (cm) 67.98 2.01x10™%° 1.80 139 13 126
M E 4% Diameter of exposed root (cm) 60.18 1.98x107% 1.74 159 15 144
AR E Length of exposed root (cm) 26.70 1.35x107™% 195 219 21 198
A = 116 + 2,56 exp (- 122308 U8 =033+ —0___
y="1 . eXp( 7890.19 y=0. 1+1O(0012x—534)
6r 12+
g, gl
c 5r = 10
35 F =} k
c c
T 4r < 8
=) p=}
S
5 3 I 3 6
£ | £ |
= 2F = 4
7‘@\ o
s 2
0 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " J 0
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KRR R I J547 Orientation from mother tree (°) BIRERT BB Distance from mother tree trunk (cm)
200 C 133.46exp(flni) 20r D 3200.23exp(-In X )
1.94 929.64
y=087+ y=0.68+
X/ 2PI X/ 2PI
815 5
€ €
=} =}
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© ©
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= =
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Fig. 2 Changing numbers of E. henryi root sprouts affected by locations and characteristics of exposed roots
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Table 4 One-way ANOVA of different morpholog|ca| indices of E. henryi root sprouts
. it Height A% Stem base diameter JEIE Crown breadth
(ER7N
Indices F{E P{E Fllﬁﬁﬁ F{E P{E F"E%ﬁ F{E P{E Fllﬁﬁ'{ﬁ
Fvalue P value Fcrit  Fvalue Pvalue Fcrit  Fvalue Pvalue F crit
T 7 Orientation from mother tree (°)  46.52 1.62x10™% 2.17  50.43 1.38x107™° 2.17 55.66 5.94x107%° 2.18
BRI RS Distance from mother tree (cm) 11.37 8.15x107™"®  2.34  44.05 1.11x10% 234 120.93 5.73x107% 234
## M E 1% Diameter of exposed root (cm) 4435 1.77x107™® 222 2262 869x10™° 222 2212 241x10%® 222
IR K Length of exposed root (cm) 10.07 1.01x107"° 2.01 18.66 4.89x107% 2.01 2574 1.85x10™*" 2.01

T RP&RER HmERE 3,

Note: Degrees of freedom of different indices in the Table are the same as in Table 3.

—m— 1fi % Sprout height (m)
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Fig. 3 Morphological indices of E. henryi root sprouts affected by locations and characteristics of exposed roots
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(104 ¥k), A0 5ARB BB 28. 33% (K 4) .
F5 AIAHL, HEAHRE IR, AT SRR
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Ratio of distance of root sprouts from the mother tree to crown wave of the mother tree

180°
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4.1 BREFEHERMHEEAR

FIARIREE T A S M SO R B, R
— M 2-4 AETFAE 1 Wk, JTAE B R E45 SRR,
TRAEAEZ R B P AT S 20 R AR
W S22 BN A T 1 AR R A 2 B
AN, DR AR S AR A B A
Mo BPAMEA R, FRMRZ AR TERERL, &
JRAPAAAE R B AT, SR R ICIEFLA L I A 52
TR, KO BB AR AR AR
AR ] S B AR SRR I SR AT AR, B
WRETE A SRR A TS | RPUZ#EE, b
A28 R RS R T OB SR s, L)
MRS RE TR AR E AN T A 5

180°

A. 1-year-old root sprouts; B 2-year-old root sprouts; C: 3-year-old root sprouts; D 4-year-old root sprouts.

B4 BHHETARMCEMRABEFEEHENZIT

Fig. 4 Effects of different locations under the mother tree crown on the survival of root sprouts
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x5 BRKNENIERMRFEETIHENER
Table 5 Differences in survival numbers of root sprouts
outside and inside the mother tree crown

o) vl

A B ] Inside mother tree crown Outside mother tree crown

Time FERE Ve FETZH PR Ve JET-H
(year) Survival Mortality Survival Mortality
number (%) number (%)
2010 263 - 104 -
2011 133 49.43 35 66.35
2012 100 24.81 19 45.71
2013 83 17.00 13 31.58

®6 HWERWMRHHEEKNREERFHERS DN
Table 6 Principal component analysis of the
environmental factors influencing the characteristics
of the E. henryi root sprouts

WERE T Principal component

Environmental factors

1 2 3

FRPERR Light intensity (1x) 097 -0.17 -0.18
+HEJR R Soil thickness (cm) -0.96 —0.27

+ 5K HLT & Soil organic matter
content (%)

+3Ei5 4 % Gravel coverage (%) 0.88 0.46

090 035 -0.26

+ 184k & Soil water content (%) -0.85 0.52
KL Mean air temperature (°C) 0.73 -0.69
N MTHE Artificial interference 095 -0.32
R Altitude (m) -0.48 0.88
KA Annual mean humidity (%) 0.99

+ 3% pH {4 Soil pH value -0.63 -0.41 0.66
ZFBTHR Cumulative contribution rate( %) 53.59 80.89 100.00

BRI ARSE R, R FH AR AR D R SR A — o
e, AIHEAN TELl AR AR, — PR TR
SR A R U R i QO S A T
b, VYK 5 58 3 A 10 4 F M RE |
REARTE R ZREPE I KU 200, (R R S K
WU A, P 2 S BUS M Z LR B —,
FERREREARTE T R, TR ARUE PERRAIR, AT izt
MRER T, PRI, IS X i A 58 7 SRR 52 A i
B R LRl T A D R BB ST, R A R
MORER AR TR, AERp Hog 1% 2Rk LA R B i O
PRI )3 N RE S BAT R
4.2 ERMREENERRYERHE

BE W A3, A R AR A W AR T RS R

W, ta RBTEPET- Fhe s, 15 30.30%, 4a M
HIFET- R AR, K 5.56% (& 1), MW B
SR B R AR BN, [ AR
iR A SN SRR AR, R LR T R
JE AR B PE R AR 56T T AR (857 B AS (R S H A
PRI FUK A BT 22 5, Fedes 42 g
R, KHEREE R E A KN
BASA RN 1 em A 47, MTEARSEIE oA R AR
B A KT 2 om, digel i, S5z
AR, AR R R A SE g T

AL R 5P C YR ( Prunus divari-
cata Ehrhart) """ i T BT BB AR AL, (HARBEZE O AR
B R BE BRI T 0. 2~1. 6 m AbfETR . ASC
T SR AR B 1 foeze ] A K AR BE R 12,5 m
b, ABRER AR B A o A TEE R R T <4 m
YEREIN; FERM AR T, HE <4em, K
J& <60 cm MEEHR_F = A AR B A A AT R 2
Fr BB 1 2 TR AR bR S K S AR A= K i
PEA K, BRI AR R R, BRI
HR A T A fe A 5 B BB AR A B 2 0 3 i
WSS R TRESE, ERERR
6.5 cm i, H br=A: AR B S B SR AR iR,
71.67 %A AR AR B 1 R R R N A EE AR A, ]
HRDER S AR T 7= TN R AR, Rl A
IBEIN, MRBTEPET- R WIREAL, FImsMR 5t
TR E R TN, X 0T R i T HE A SR
HEARF T HE Y AR EI E, [k,

SMEDEIR SR R AT RE 2R M A I
AHITFE AR 7R g T AR B RO, AT RE
S TR AR E D E IR PR, BRIz S

YRR, AR TR R AT
o BRSSP 5T T LI A ( Broussonetia pa-
pyrifera (L.) Vent.) IRAYEFHEAR | AR B HAZ
PR AR B B A 2, A T 25 S 304 e R
[, BUEARA 2 om By #8 AR ™ A 10 AR W v 2500 i
%, HAR/NTERT 2 cm BIEEAR LR 7= 4 i i
A TR O D AT B B T A AR A A
2 om B FLEE AR T b 77 LR R AR 25 A, AR K
J&, SEONE ZFFILTEIE SR ARMEIE B, M
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P JE PR LA AR T 6l 35 BEAKT 5 LAl
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PG SRR
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