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Leaf-level phenotypic plasticity of Indigofera bungeana Walp.
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Abstract. We selected Indigofera bungeana Walp., the most widely distributed and
morphologically varied species of Indigofera in China, to conduct analysis of variance,
phenotypic plasticity analysis, and correlation analysis based on six leaf characters across 29
populations and 570 individuals using GIS technology. Results showed significant differences
in the leaf characters of I. bungeana among populations, with greater differences found among
populations than within populations. All studied /. bungeana leaf characters (i.e., leaf length,
petiole length, minimal number of leaflets, maximal number of leaflets, leaflet length, and
leaflet width) were plastic, with plasticity of leaf length and leaflet number found to be the
largest and smallest, respectively. Leaf number can be used as a valuable taxonomic
character. Average annual precipitation had the largest impact on leaf plasticity. In addition, all
characters were negatively correlated with altitude, but positively correlated with average
annual temperature. These results provide basic data for further studies on the taxonomy,

adaptive evolution, and resource utilization of /. bungeana.
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Table 1 Voucher information of Indigofera bungeana populations sampled in this study
LA BE R A H
' Longitude Altitude number
1 HS Huangshan, Anhui X. L. Zhao & C. Q. Peng 97 30°14'32"N, 118°14'23"E 467 20
2 HZ Huozhou, Shanxi X. L. Zhao & C. Q. Peng 191 36°36'14"N, 111°55'29"E 1715 20
3 JN Jinan, Shandong X. L. Zhao & C. Q. Peng 186 36°38'40"N, 117°3'44"E 173 34
4 JR Jurong, Jiangsu X. L. Zhao & C. Q. Peng 63 32°8'34"N, 119°5'15"E 96 17
5 JY Jiyuan, Henan X. L. Zhao & C. Q. Peng 196 35°11'24"N, 112°16'04"E 1012 20
6 KLQQ Kelagingi, Neimenggu X. L. Zhao & C. Q. Peng 173 41°55'17"N, 118°41'02"E 824 21
7 LC Liancheng, Fujian X. L. Zhao & C. Q. Peng 114 25°35'06"N, 116°42'45"E 516 11
8 LD1 Luding, Sichuan X. F. Gao & X. L. Zhao 15913 29°37'20"N, 102°10"12"E 1896 17
9 LD2 Luding, Sichuan X. F. Gao et al. 9360 29°51"13"N, 102°17'53"E 2729 21
10 LS Lushan, Jiangxi X. L. Zhao & C. Q. Peng 103 29°30'39"N, 116°1'04"E 327 18
11 LY Leye, Guangxi Z. M. Zhu & W. B. Ju 422 24°40'56"N, 106°25'24"E 1215 22
12 MEX Meixian, Shannxi X. L. Zhao & C. Q. Peng 207 34°5'15"N, 107°53'45"E 956 20
13 MX Maoxian, Sichuan X. F. Gao & X. L. Zhao 15868 31°42'02"N, 103°51'42"E 2131 20
14 MY Miyun, Beijing X. L. Zhao & C. Q. Peng 165 40°34'23"N, 116°47'11"E 403 22
15 NQ Neigiu, Hebei X. L. Zhao & C. Q. Peng 189 37°18'31"N, 114°16'32"E 295 22
16 SME Shimen, Hunan Z. M. Zhu & W. B. Ju 614 30°1'00"N, 110°40'39"E 879 14
17 SMI Shimian, Sichuan X. L. Zhao et al. 2014-142 29°15'19"N, 102°18'58"E 1460 21
18 SX Shexian, Hebei X. L. Zhao & C. Q. Peng 190 36°43'45"N, 113°30"14"E 804 22
19 T™S Tianmushan, Zhejiang X. L. Zhao & C. Q. Peng 94 30°20'16"N, 119°27'23"E 926 20
20 T Tiantai, Zhejiang X. L. Zhao & C. Q. Peng 84 29°14'28"N, 121°2'32"E 501 20
21 WM Wangmo, Guizhou Z. M. Zhu & W. B. Ju 400 25°16'40"N, 106°6'38"E 1111 20
22 WN Wuning, Jiangxi X. L. Zhao & C. Q. Peng 104 29°10'03"N, 115°0'26"E 115 10
23 WT Wutai, Shanxi X. L. Zhao & C. Q. Peng 135 38°43'10"N, 113°32"11"E 1278 20
24 WX Weixi, Yunnan X. L. Zhao et al. 2014 - 74 27°12'33"N, 99°15'59"E 2448 20
25 XIX Xixia, Henan X. L. Zhao & C. Q. Peng 202 33°18’43"N, 111°29'43"E 303 20
26 XX Xingxian, Shanxi X. L. Zhao & C. Q. Peng 130 38°13'09"N, 111°16'38"E 1597 20
27 YJ Yinjiang, Guizhou Z. M. Zhu & W. B. Ju 734 27°59'32"N, 108°34'05"E 949 20
28 ZD Zhidan, Shannxi X. L. Zhao & C. Q. Peng 126 36°33'18"N, 108°16'35"E 1575 16
29 ZL Zhuolu, Hebei X. L. Zhao & C. Q. Peng 161 39°53'45"N, 115°17'26"E 760 22
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Table 2 ANOVA of phenotypic characters of leaves of Indigofera bungeana
LA TiH A ¥75 F BEE
Phenotypic character Item a.f. Mean square Significance
ZH 18] 28 20.330 11.954
4 Leaf length P <0.01
HN 541 1.701 -
2H (8] 28 1.278 12.173
I Petiole length P < 0.01
HN 541 0.105 -
2 i) 28 11.351 6.390
/7% Minimal number of leaflets P < 0.01
N 541 1.776 -
§ ZH 18] 28 13.508 7.472
e Z/NEC Maximal number of leaflets P < 0.01
HN 540 1.808 -
2 ] 28 0.221 17.398
/Nt Leaflet length P <0.01
AN 541 0.013 -
2 18] 28 0.048 12.931
/N5 Leaflet width P < 0.01
AN 541 0.004 -
0.6 40%
o 2 b
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hd 30%| ° )
0.4} o |
° 25% o
& 03} ° 3 20%¢
°
15% |
0.2}
— T 10% — P
L ® PPI ® Cv
0.1 5ok
00 1 1 1 1 1 J O% L 1 1 1 1 ]
LL PL  MINL MANL LLL  LLW LL PL  MINL MANL LLL LLW
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LL. Leaf length; PL. Petiole length; MINL. Minimal number of leaflets; MANL: Maximal number of leaflets; LLL . Leaflet length; LLW.

Leaflet width.
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Fig. 1
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Phenotypic plasticity index (PPI) and coefficient of variation (CV) of leaf phenotypes of Indigofera bungeana
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Table 3 Principal component analysis of phenotypic
characters of leaves of Indigofera bungeana

WA TR FRS2

Item PCA pPC2
FHAE{A Eigenvalue 3.103 1.500
H4T# Percentage (%) 51.720 25.002
231 H /% Cumulative percentage(%)  51.720 76.722

K Leaf length 0.923 0.001

i Petiole length 0.661 -0.075
H//INH4 Minimal number of leaflets 0.363 0.820
i Z/NHE Maximal number of leaflets 0.547 0.719
/N Leaflet length 0.863 -0.349
/N5 Leaflet width 0.798 -0.428
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TTAL A 5 2 700 5 R DR (R A Sk o A 225 SR
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r=0.461, r=0.277, r = 0.163), FHXM: K/
WKy K > K > K > /NFSE > &2
AN, DN R AT B R (Bio5) 2
WEEIEAX, SEYEKE (Bio12) ZHMAHI; 1]
JEATE 6 AR AR 54K 34 2 I 3 sl 2
e, SR (Biot) 5 8 3 stk B2 IEA G,
TAN, B /AIN ORI 2 /N RO, AR R
KRG BRI 22 5410 22 U AH (Bio3) ¥ 2 M i &
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Table 4 Correlation analysis of environmental factors and phenotypic characters of leaves of Indigofera bungeana

ESILCIN HXZEB r  Correlation index r

Phenotypic character Alt Bio1 Bio3 Bio5 Bio6 Bio12
4 Leaf length -0.167 ** 0.174* -0.274" 0.152* 0.183 ™ 0.321™
4% Petiole length -0.136 " 0.217* -0.235" 0.137 0.241™ 0.347 ™
e /L/INHE Minimal number of leaflets -0.091" 0.117* 0.078 0.089* 0.062 -0.031
2 /N4 Maximal number of leaflets -0.083" 0.206 ** 0.032 0.091* 0.185** 0.163™
/N Leaflet length -0.186** 0.246 ™ -0.335"* 0.195* 0.273™ 0.461™
/INH-5i Leaflet width -0.168 ** 0.103* -0.289 ** 0.160 ** 0.102* 0.277™

T Alt, 4 Biol, 4FHUR; Bio3, BRI S4FIR 2 il ; Bios, e iR ; Bio6, it A i ; Bio12, kK,

#, P<001; %, P<0.05 T,

Notes: Alt, Elevation; Bio1, Average annual temperature; Bio3, Isothermality; Bio5, Max temperature of the warmest month; Bio6,
Min temperature of the coldest month; Bio12, Annual precipitation. #* , P < 0.01; =, P < 0.05. Same below.
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Fig. 2 Correlation analysis of leaf phenotypic characters and environmental factors
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