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Variation in Phenotypic Characteristics and Difference in Phenological Phases of
Different Wild Populations of Lycoris radiata

YANG Zhiling"*, YANG Xu!, TAN Zifeng', YU Huahui', SHU Xiao"2, LIU Ruonan' & WANG Jie!
(‘Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Fuyang 311400, Zhejiang, China)

(*Yunnan Agricultural University, Kunming 650201,China)

Abstract Lycoris radiata, a wild plant, is, an important medicinal and ornamental plant in China. By annual observation,
vegetative propagation and routine survey, the wild population and germplasm characters of L. radiata were studied, and the
results indicated that the leaf blades of a bulb were mostly six, leaf length varied from 18.36 to 21.56 cm, leaf width from 0.50
to 0.70 cm, leaf area from 9.22 to 12.95 cm?, and chlorophyll content from 7.68 to 64.73 SPAD. The analysis of the relationship
between environment climate factors and phenotypic characteristics showed that the leaf width, leaf area and leaf number were
controlled by heat quantity and rainfall, and chlorophyll content had small relation with sunshine hours. Through the variance
analysis the leaf numbers were found significantly difference at level P<0.05, and the leaf length, leaf width, leaf area and
chlorophyll content at level P<0.01. The phenological phases of the wild populations from the south part of subtropical zone
were earlier than those from the north and central parts. The vegetative propagation coefficient and young bulb mass of the
populations from the south subtropical zone were better than those from the north and central parts. The average vegetative
propagation coefficient of the populations was 5.08 and the young bulb mass 1.64 g. The comparison of the five biological
characters of the young bulbs from different wild populations revealed that the root number varied from 3.42 to 7.98, bulb
height from 1.27 to 2.01 c¢m, bulb mass from 1.33 to 1.94 g, and bulb diameter from 1.03 to 1.23 cm. Tab 6, Ref 29
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Table 1 Geographic and climatic factors of 22 wild populations of L. radiata

LvE Cav=N
Néﬁ% & )ﬁ. jtﬁ’. ;'F\ﬁ Aﬁii{%%an Flﬂﬁ_ﬁ%( Annuefél'E rE;:{aJ;%ainfull
umber Population North latitude East longitude . Sunshine (h)
temperature (‘C) (mm)
1 WL % Lin'an, Zhejiang (ZJLA) 29°56'~30°23' 118°51'~119°0 2’ 15.80~17.10 1847.30~1939.00 1400.00~1500.00
2 W TIKJG Qinyuan, Zhejiang (ZJQY) 27°25'-27°51 118°50'~119°30’ 17.00~18.00 1774.00~1988.00 1571.00~1760.00
3 WIVIEE Suichang, Zhejiang (ZJSC) 28°13'~28°49' 118°41'~119°30" 16.20~17.60 1325.00~2130.00 1039.00~2158.00
4 YL F5 50 Nanjing, Jiangsu (JSNT) 31°14'~32°37’ 118°22'~119°14’ 16.70~20.40 1900.00~2430.00 1000.00~1158.00
5 WA Quzhou, Zhejiang (ZJQZ) 28 15'~28°53' 118°48'22'~118 20.20~24.00 1900.00~2226.00 1600.00~1716.40
6 W4 Jinhua, Zhejiang (ZJTH) 28°32'~29°41" 119°14'~12046' 17.30~18.20 1528.80~1808.90 1109.00~1305.20
7 ‘AR A Dongzhi, Anhui (AHDZ) 29°34'~30°30" 116°39'~117°18' 11.90~16.10 2009.80~2055.10 1644.60~1763.50
8 #E T Jianning, Fujian (FJIN) 26°32'~27°06' 116°30'~117°03' 11.00~17.00 1913.50~2161.50 1700.00~2000.00
9 YLPE%H Fengyi, Jiangxi JXFY) 27°33'~28°08' 114°29'~114°51" 16.80~17.40 1291.20~1655.40 1594.80~1643.60
10 YLVYZE4R Anfu, Jiangxi (JXAF) 27°4'~27°36' 114°01'~114°47" 17.40~17.70 1649.00~1700.00 1553.00~1640.50
11 WIFESAH Qiyang, Hunan (HNQY) 26°02'~26°51" 110°35'~112°14' 17.80~18.40 1613.10~1623.00 1150.00~1350.00
12 WIF7ET Hongjiang, Hunan(HNHJ) 26°59'~27°29' 109°32'~110°31" 17.00~17.60 962.00~1452.00 1160.00~1450.00
13 STINHFATT Rongjiang, Guizhou (GZRJ) 25°36'~26°27' 108°04'~108°44’ 15.20~21.20 1312. 00~1429.70 1200.00~1251.00
14 PUJII#ERH Deyang, Sichuan (SCDY) 30°31'~31°42’ 103°45'~105°15" 15.00~17.00 1000.00~1300.00 1000.00~1721.00
15 WL2275 Anji, Zhejiang (ZJAT) 30°23'~30°53' 119°14'~119°53' 15.60~16.60 1849.00~2009.00  1344.10~1400.00
16 WHT. % BH Fuyang, Zhejiang (ZIFY) 29°44'~30°12' 119°25'~120°09’ 16.50~17.80 1642.10~1821.80 1271.70~1490.00
17 1R T Changning, Hunan (HNCN) 26°07'~26°36 112°07'~112°41" 16.00~18.00 1358.00~1717.00 617.30~1436.00
18 ] V6753 Lipu, Guangxi (GXLP) 24°18'~24°46' 110°06'~110°41" 19.60~19.90 1472.40~1670.00 1047.50~1936.30
19 #aat it 1l Wuyishan, Fujian (FTWYS) 27°27'~28°04' 117°37'~118°19’ 12.00~18.00 964.00~1473.3.00 1486.00~2158.00
20 A6 Wuhan, Hubei (HBWH) 29°58'~31°22’ 113°41'~115°05" 15.30~16.40 1944.30~2025.00 1200.00~1800.00
21 SiMIE X Zunyi, Guizhou (GZZY) 27°08'~29°13' 105°36'~108°13" 12.60~13.10 1000.00~1300.00 1000.00~1300.00
22 St/ 5t Guiyang, Guizhou (GZGY) 26°11'~27°22' 106°07'~107°07" 13.90~15.30 1124.50~1285.50 1200.00~1424.50
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Table 2 Variation in leaf characteristics of different wild populations of L. radiata
e I Y i A , I A LS 5,

Population I_eaf length (I/cm) Ijeaf width (b/cm) L_eaf area (4/cm?) Leaif number (N, blade) Chlqrophyll (SPAD)
x+ts CV x+ts CV X+s CV xts CV xts CV

FIIN 20.03+3.37 0.17 0.57+0.07 0.12 11.41+2.79 0.2443 6.60+3.03 0.46 64.29+4.52 0.07
ZJLA 20.22+4.04 0.20 0.62+0.03 0.05 12.50+2.67 0.2139 7.00+1.89 0.27 68.76+2.74 0.04
HNHJ 24.21+6.14 0.25 0.50+0.05 0.09 11.98+2.86 0.2389 5.50+0.71 0.13 61.51+3.91 0.06
GZGY 15.87+2.60 0.16 0.48+0.068 0.13 7.66+2.06 0.2689 7.00+3.59 0.51 63.46+1.28 0.02
JXAF 19.12+2.24 0.12 0.52+0.04 0.07 9.63+1.67 0.1726 5.40+1.51 0.28 62.12+0.42 0.01
AHDZ 21.08+3.32 0.18 0.51+0.02 0.04 10.77+2.02 0.1872 6.30+2.11 0.34 58.23+4.23  0.07
ZJJH 21.46+1.43 0.07 0.60+0.12 0.12 12.95+2.81 0.2167 6.10+1.37 0.22 72.67£2.08 0.03
ZJQY 17.74+£2.73 0.15 0.54+0.08 0.16 9.52+2.05 0.2154 6.30+1.06 0.17 63.01£2.56 0.04
ZJA] 17.87+£1.94 0.11 0.51+0.06 0.12 9.22+1.51 0.1643 5.30+1.77 0.33 64.73+£3.68 0.06
7JQZ 22.46+1.52 0.07 0.71+0.12 0.17 15.97+3.46 0.2170 5.40+0.97 0.18 56.90+2.66 0.05
JXFY 17.45+3.31 0.19 0.50+0.07 0.15 8.83+2.79 0.3162 6.20+1.03 0.17 56.68+4.45 0.08
HNCN 23.42+4.87 0.21 0.54+0.05 0.10 12.84+3.58 0.2785 5.90+1.10 0.19 63.89+3.07 0.05
HNQY 18.49+1.72 0.09 0.51+£0.04 0.08 9.44+1.21 0.1278 5.90+0.74 0.13 57.68+4.73 0.08
GZZY 18.36+3.93 0.21 0.53+0.06 0.11 9.85+2.77 0.2814 5.50+1.43 0.27 63.36+4.31 0.07
GXLP 19.73+4.83 0.24 0.54+0.05 0.10 10.51£2.18 0.2073 4.90+0.88 0.18 65.79+1.66  0.03
GZR] 20.14+2.88 0.14 0.62+0.08 0.13 12.44+2.50 0.2010 5.20+1.03 0.20 57.22+2.38 0.04
ZIFY 17.04+1.54 0.09 0.51£0.02 0.05 8.64+0.90 0.1043 5.50+1.18 0.21 56.41+£0.43 0.01
ZJSC 22.96+3.80 0.17 0.64+0.07 0.12 14.81+3.79 0.2564 5.80+1.48 0.25 67.68+2.73  0.04
HBWH 23.28+1.86 0.08 0.65+0.05 0.08 15.02+1.48 0.0988 5.10+1.29 0.25 63.20+3.40 0.05
HIWYS 18.394+3.93 0.21 0.53+0.09 0.17 9.94+3.66 0.3678 5.80+0.92 0.16 59.70+5.61 0.09
SQDY 21.08+4.77 0.23 0.50+0.04 0.08 10.62+2.82 0.2653 5.90+1.10 0.19 61.00£1.40  0.02

SERFUE SR EE/E0.13 (HNQY) ~0.46 (FIIN) 2 Ju). M % &
TES5.4~5.9 1 R B BENI S0 47.62%, 1E5.9~7.00 1 1 JE B3 %k
33.33%, " TEREARE T T80%. AL, A R ik A B A
XHRaGE, 2RI A

222 MEKEZESR  ANHEEFABFN A MR KEE15.87
(GZGY) ~23.427 cm (HNCN) Z [l 484k, 48 5 2 501£0.06
(ZJJH) ~0.25 (HNHJ) Z [8], 15Kt Rte @t B i
1.48%. i 4 B 45 Hh 7E 18.37~21.46 cmfi J& BE U %41 52.38%,
b K 3 AR LV A 1 S B O 54N, 45 R 23.81%.
ALUEH, AR R AR R R B AR

223 MAREEESR  ANFE B JE R A 5 R 58 5 1
0.48 (GZGY) (~0.71 ¢cm (ZIQZ) z [k, 45 F 2 %4 0.05
(ZILA) ~0.20 (ZJJH) , f 56 M o2 i 28 i 19 1.4845%.
o AR AE0.50~0.57 e W JE BN N 57.14%, 55 F0.60 cm.,
X T°0.71 cm BYJERES R K 28.57%, — H M B MEGE T

85.71%. LA L UiBA, a3l 5 B 2 80 #E 7£.0.50~0.71 cmZ [A].
224 MAERER  KFEEAE A4 550 1m AU7E
15.97(ZIQZ) ~7.66 cm? (GZGY ) Z A28 4k, 28 F ZH1E0.10
(HBWH) ~0.37 (HIWYS) Z [B148 4k, f5 Rt R 1 AR R d5e /s
A ARG 2.0945%. MR TR FAE HHFE9.22~12.95 cm? () J& FE i
T T143%, T TR EL T 0 1% 3 3 04 34, 45 Hi
BUATR A4 R14.29%. W] LI, AS [R5 A J 3 o 1 R AR S
R, KT RES I AR SRR G

225 MEEEREER AFBEERBEA MR R
MEETE56.41 (ZIFY) ~72.67 SPAD (ZJJH) Z [d], 78 5 2503l
FEI7E0.01~0.092 [H], f e M4 3R Gt 5 me IR =2 (Al AH 25 1.29
fi5, Horh, 22 i AT £ 57.68~64.73 (SPAD) JEBES %k
61.90%, M43 28 f i 78 9 00 %) 3 A S B4 A, 45 s Bt
R 1 °419.05%.
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Table 3 Variance analysis of the growth characteristics of different wild populations of L. radiata

62N A S H R B1J5 F P
Characteristics Variance 5 Mean square Significance
. J IR Between populations 20 54.92 4.68 0.0001
Lit)jlil;{th JE#EAN In population 189 11.75
JARSE: Total variance 209
T Ji el Between populations 20 0.04 8.50 0.0001
Leaf width JE#EAN In population 189 0.004
AR5 Total variance 209
o T JEHIE] Between populations 20 50.68 7.6 0.0001
Leaf area JE#EAN In population 189 6.67
AR5 Total variance 209
I JE R Between populations 20 3.38 1.32 0.17
Leaf number JEHEEN In population 189 2.57
AR5 Total variance 209
WA R gﬁl;g ?etweerll pppulations 42‘(2) 51332 5.23 0.0001
- n population .
Chlorophyll content WA Total variance 0
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S DA H R B A AR OGP, T BT A i b 3
Jook.
23 AEEEMIERER

gt U E A 55 (L. chinensis) N WMEEXT 4, LWF5T
RENI T L DA B B B e I JRAE T st 1 | i D
AR PR R A R R B LA R I8 ) T B s 201, fH A
A I P R A o P O 0 A DL . e A R LR Y R
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Table 4 Significance level comparison of leaf characteristics of different wild populations of L. radiata

MH K% Leaf length i 5EJ% Leaf width It 1f Y Leaf area 3 Leaf number 4¢3 53 Chlorophyll content
Popnion BEIEAT REAT WEHAT REMEAT WEHEAT
Significance level Significance level Significance level Significance level Significance level
5% 1% 5% 1% 5% 1% 5% 1% 5% 1%
FIIN bedefg ABCDEF cde BCDE cdef CDE ab A bede BCDE
ZILA bedefg ABCDEF be BC bed BCD a A ab AB
HNHJ a A ef E cde BCDE ab A cdefghij BCDE
GZGY h F f E h F a A bedefg BCDE
JXAF defgh BCDEF ef DE efgh CDEF ab A cdefghij BCDE
AHDZ abedef ABCDE ef E cdefg CDEF ab A efghij DE
ZJJH abcde ABCDE bed BCD be ABC ab A a A
ZJQY fgh EF def CDE efgh CDEF ab A bedefghi BCDE
ZIAT efgh DEF ef DE fgh DEF ab A bed BCDE
ZJQZ abed ABCD a A a A ab A hij HIJ
IXFY defgh EF ef E fgh EF ab A ij 0
HNCN ab AB def CDE be ABC ab A bedef BCDE
HNQY efgh CDEF ef E efgh CDEF ab A fghij DE
GZZY efgh CDEF ef CDE defgh CDEF ab A bedefg BCDE
GXLP cdefg ABCDEF def CDE cdefg CDEF b A bed ABCD
GZRJ bedefg ABCDEF be BC bed BCD b A ghij E
ZIFY gh EF ef E gh EF ab A ] E
ZJSC abc ABC b AB ab AB ab A abc ABC
HBWH abc AB b AB ab AB b A bedefgh BCDE
HIWYS afgh CDEF ef DE defgh CDEF ab A defghij CDE
SQDY abcdef ABCDE ef E cdefg CDEF ab A defghij BCDE

NEFRERTRIE BN %I R E KT NG PR IRIAE %I B & KT

Capital letters indicate the significant difference at level 0.01, and small letters indicate the significant difference at level 0.05

227 ARKEREHEBSERFHEXE  oaERPRY
Mo PR T R AT A SR b AR (3R5) W RUE it
AR ES G AR H IR EOEADSS, TS 28 52| PR
TG, ELA B oR B B K R 58 SR . H R
IR FEFT IR ARG, P S AR R JORH S 1 ik 3
BFEAKCE, UEHTBTERT | AR ER TR H IR B0 | R
W2, WA AR, B3N X T8 A S PR —
B, T USRI i AR A ] 2 2 I AR Al i
FRRS I 2R bR GG, S54RI . H IR 8 %
P AR PR IEAR G, (HI KI5 3 KT, UEWTBTE R | 4R 40
This . HR BOsi i FEmT B 22, R T AR R B I

XSG R SR AR S AL, X A
JES I T AU A AR G Y AR B iy B R

Wee T A2 B R AH G, (LR 3 B I K5 R B ik 5 2
BE . S AR AR R AR UM SG, Hrp S AR i 8 B K
ARG, BUBRTE R AR BB, R R D, AR R
S HIREBE PR EAC, M2 8 A1 | PR RS
b PR R 2 R G, (HRL B 2o 3k 2 8 2K, Bt

K& H BB S 915 W B A A 2 25 5

LB, AR R F R, &Y% T o i L
TILAB B 3AW (MAERK A —4A a1 () —6A
) (IRIRI ) —8H (FFAE) —9H i (RIntii]) —127 (&
M) L 255 RIS, AR B R BT T IR R
RKIEE, (EAE S5 M A= A AR SR O B 2 DR ) A W 2 e
X R AR R L A ST SR R i S Rl A
WA SR E B 25 R

AN TR R B AT 3R T 03 — A AE 9 14~20H 22 8], SR H I
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Table 5 Correlation between growth characteristics of L. radiata and geographic & climatic factors
MBS T A B S P AR Iy LEE SNy
Geographic & climatic factor Leaf length Leaf width Leaf area Leaf number Chlorophyll content
2% Latitude 0.02 -0.17 -0.06 -0.37 -0.29
£ J¥Longitude -0.01 -0.17 -0.09 -0.43* -0.31
4E¥% Annual mean temperature 0.25 0.43* 0.38 -0.42 -0.16
FIHEI %L Sunshine hours 0.19 0.47%* 0.38 0.05 0.15
F#RTE: Annual mean rainfull -0.12 0.21 0.07 0.11 -0.14
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Ja, MR R AR & 88, Al UEATE MR ). R TR B
1399 B4 H BRI e 1 -5 ) I AR S, ok S BAGHS T 3  J RE
I S 4K B LA, S A R I AR 241wk, WEE R A
JEREIE IR A4 1720~25 d. MR, AR ARIRY, %
TR AR IR ) 7E 123~128 d Z [1], 3k [ RE 7 R #E S 2k A AL %
JEFEHZZ291 wk.
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* indicates correlation coefficient at significant level
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JETERY T 8225 AR A L, AR R BRI 2 R ROR,

e KAH (GXLP, 7.9841 ) # Hif5e/IME (JSNJ, 3.4241 ) 68.23%;

HR RS, S K{E (GXLP, HNCN, 2.01 cm) # 5
/ME((AHDZ, 1.27 cm) 58.27%; IR i 2 5, I KE
(GXLP, 1.94 cm) # Hid%/ME (HBWH, 1.33 cm) 31.44%; HE

TE R W HAR 22 5, I RMH (GZRJ, 1.23 cm) 8 H 5 /ME
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Y23 2 7F 57.68~64.73 SPAD. A[F B A J5 4 18] 4 55 22 8

*6 FRFAEHARLEEEEFHENEDFER

Table 6 Biological characteristics of Young bulbs of different wild populations of L. radiata by vegetative propagation

S— T - FETTES T

Bt PR Youn {%;‘i}\;/)zft (mle) Yourz %ifg%l;eter Youn Eu %i‘j}% (lcm) Youi;fulgéoiigliber

Population ~ Youngoulb : g e _ (dlem) ¢ e " (branch)

number AT AR EATE AT EAT AR ST A

Mean Range Mean Range Mean Range Mean Range
FIIN 6.30 1.47 1.01~2.21 1.08 0.90~1.42 1.45 1.22~1.69 5.78 4.03~8.71
ZILA 5.10 1.56 0.98~1.98 1.15 1.06~1.26 1.58 1.38~2.01 6.12 1.78~9.01
HNHJ 4.80 1.54 0.96~2.04 1.15 1.11~1.32 1.51 1.42~2.11 5.46 4.12~9.02
GZGY 6.10 1.86 1.05~3.04 1.13 1.09~1.26 1.93 1.87~2.11 7.86 3.45~14.6
JXAF 5.10 1.45 1.01~2.59 1.03 1.01~1.21 1.47 1.21~1.73 4.55 4.12~7.66
AHDZ 5.30 1.36 0.89~2.01 1.09 0.98~1.03 1.27 0.98~1.76 4.24 3.11~5.76
ZJJH 6.10 1.52 0.78~2.56 1.16 1.01~1.12 1.56 1.31~1.89 4.15 2.43~6.32
ZJQY 6.10 1.68 0.88~2.48 1.12 1.01~1.28 1.62 1.48~1.92 4.65 2.46~8.36
ZIAJ 5.30 1.35 0.78~2.02 1.09 1.03~1.36 1.46 1.28~1.98 4.34 3.01~6.76
7JQz 4.90 1.55 0.86~2.04 1.18 1.03~1.25 1.56 1.41~1.78 4.01 2.78~8.67
IXFY 5.10 1.56 0.90~2.38 1.18 1.05~1.20 1.56 1.37~1.82 3.88 1.88~9.05
HNCN 7.40 1.82 1.32~2.34 1.22 1.13~1.45 2.01 1.86~2.11 795 2.10~16.5
HNQY 8.60 1.89 1.47~2.09 1.18 1.02~1.56 1.97 1.76~2.18 6.68 3.10~8.93
GZZY 5.10 1.91 1.35~2.23 1.16 1.08~1.66 1.98 1.81~2.12 7.64 1.20~10.8
GXLP 9.20 1.94 1.41~3.39 1.20 1.11~1.34 2.01 1.86~2.18 798 2.34~9.88
GZRJ 8.50 1.92 1.45~3.24 1.23 1.06~1.38 1.97 1.76~2.17 6.74 2.15~13.6
ZJFY 5.90 1.76 1.55~2.67 1.11 1.12~1.27 1.62 1.38~1.95 5.72 3.12~7.81
ZJSC 5.10 1.78 1.62~3.01 1.14 1.15~1.28 1.65 1.48~1.79 5.75 3.78~9.24
HBWH 4.80 1.33 0.97~2.38 1.07 0.99~1.15 1.31 1.12~.148 3.78 2.16~5.98
HIWYS 4.70 1.7 0.85~2.46 1.09 1.08~1.12 1.44 1.52~1.68 5.46 3.42~8.98
SQDY 4.10 1.39 0.87~2.87 1.03 0.88~1.32 1.32 1.04~1.78 3.65 3.01~4.88
JSNIJ 4.20 1.42 0.93~2.36 1.04 0.86~1.27 1.35 1.04~1.65 3.42 3.01~4.74
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