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Geographic variations of hypocotyl and seedling growth traits for Kandelia obovata with
different provenances. YANG Sheng, LIU Xing, DENG Rui-juan, CHEN Qiu-xia“, WANG
Jin-wang, LU Xiang ( Zhejiang Institute of Subtropical Crops, Wenzhou 325005, Zhejiang,
China).

Abstract ; Hypocotyl is a unique propagator of viviparous mangrove species such as Kandelia obo-
vata. Understanding the geographical variations in the phenotypic traits of hypocotyls and seed-
lings of K. obovata with different provenances, as well as the differences in nutrition requirements
is critical for both conservation and genetic breeding of this valuable mangrove species. In this
study, we collected mature hypocotyls of K. obovata of 11 provenances from five provinces in Chi-
na. Based on their hypocotyl traits, we planted seedlings from 11 provenances at the Jingshan
experimental testing site in Zhejiang Province, and monitored their growth traits. Geographic vari-
ations of hypocotyls and seedlings were quantitatively analyzed through ANOVA, correlation ana-
lysis, and cluster analysis. We found that the phenotypic traits and nutrient contents of hypocotyls
among the provenances were significantly different. In addition to carbon content and basal diame-
ter, the coefficient of variations for various traits among the provenances was higher than those
within the provenances, with the repeatability of the trait being higher than 85%. Hypocotyl
length, height growth and biomass showed significant negative correlations with latitude and lon-
gitude, while they were positively correlated with mean annual temperature. Nitrogen and phos-
phorus contents showed opposite trends. There were positive correlations between ; top diameter of
hypocotyl and annual mean temperature, basal diameter of hypocotyl and annual mean tempera-
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ture, and hypocotyl length and mean annual rainfall. Hierarchical cluster analysis further revealed
that the 11 provenances could be classified into three groups: (1) HK and ZJ; (2) FD, YQ and
CN; (3) BH, FCG, SZ, YX, LH and QZ. Clearly, there were large variations in phenotypic

traits in K. obovata provenances, with each trait being subjected to strong genetic control. The 11

provenances of K. obovata were also clustered into three groups with distinct geographic features.

The hypocotyl size and seedling growth were negatively correlated with the nitrogen and phosphor-

us contents of hypocotyl.

Key words: Kandelia obovata ; hypocotyl; phenotypic trait; nutrient element; geographic varia-

tion.
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Table 1 Geography and climate conditions of 11 Kandelia obovata provenances

R R ZE AR LS| KA ] R4S

Provenance Latitude Longitude Annual average 4 T 2 Acquisition Abbreviations
(N) (E) temperature Mean annual time of provenances

() rainfall (mm)

B 1 Haikou, Hainan 19057 110°34’ 23.8 1676 2017-02-06 HK

J"ZR YT Zhanjiang, Guangdong 21°34' 109°45’ 23.0 1535 2017-03-30 7]

J"PEILY Beihai, Guangxi 21°34’ 109°40’ 22.9 1670 2017-04-04 BH

JU P s Fangchenggang, Guangxi 21°36’ 108°13’ 21.6 2466 2017-04-13 FCG

] AR Shenzhen, Guangdong 22°31' 114°00" 22.5 1926 2017-04-11 SZ

fRH# =T Yunxiao, Fujian 23°55' 117°24 21.2 1714 2017-04-18 YX

1L IEHE Longhai, Fujian 24°26' 117°54" 21.5 1563 2017-04-19 LH

FE SR M Quanzhou, Fujian 24°56' 118°41' 20.7 1607 2017-04-24 QZ

R AR 54 Fuding, Fujian 27°30" 120°32 18.5 1710 2017-04-29 FD

WiT &R Cangnan, Zhejiang 27°34’ 120°34’ 18.0 1670 2017-05-15 CN

WiTT IR Yueqing, Zhejiang 28°20’ 121°10’ 17.7 1532 2017-05-16 YQ
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Table 2 Morphological traits of hypocotyls from different provenances of Kandelia obovata

Fh g K G Hite Ttz
Provenance Length Weight Transverse diameter Top diameter
(em) (g) (mm) (mm)
HK 21.29+0.23 ef 8.20+0.20 e 9.18+0.11 f 5.05+0.08 e
Z) 20.57+0.34 { 9.56+0.38 d 10.05+0.19 e 5.41£0.10 d
BH 24.88+0.40 b 16.01£0.47 a 11.39£0.15 ¢ 6.27+£0.08 b
FCG 26.97+£0.37 a 15.02+0.50 abc 10.92+0.15 d 6.02+0.11 ¢
SZ 21.70+0.30 e 15.63+0.43 ab 12.62+0.16 a 6.64+0.09 a
YX 22.62+0.41 cd 14.17+£0.47 ¢ 11.87+0.19 b 5.80+0.09 ¢
LH 21.99+0.34 de 15.39+0.45 ab 12.42+0.13 a 6.29+0.08 b
QZ 22.95+0.33 ¢ 14.73+0.48 be 12.34+0.15 a 5.86+0.07 ¢
FD 18.54+£0.24 ¢ 8.86+0.25 de 10.51£0.12 d 5.06£0.06 e
CN 17.80+0.26 g 6.83+£0.22 9.07£0.12 4.50£0.07 f
YQ 15.31£0.22 h 5.76£0.18 f 9.22+0.14 4.70£0.05
F-#4{H Mean value 21.33 11.83 10.87 5.60
FrifE2E Standard deviation 3.96 4.81 1.73 0.92
FA{H F value 104.52* " 105.45" * 83.55" " 73.98" "
il A A2 S 2R 8.54~13.88 18.90~30.92 7.96~14.35 8.59~13.82
Variation coefficients within provenances (%)
il i) A2 S 2R 5K 18.58 40.69 15.90 16.40
Variation coefficients among provenances (% )
H & J1 Repeatability (%) 99.04 99.05 98.80 98.65

T [FSIAR/NG PR IR N 22 57 B35 (P<0.05) , * * ,P<0.01, FI[d,

Note: Different lowercase letters indicate significant differences between provenances ( P<0.05).
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85.12% , B N P I K & 1 76 Ff il (] (1) 22 SR
AT RLAE S Bk i IR il B AR S BF 5 00 3 R
(%£3),

2.3 R[EFPIERA Al AR e
H13e 1 R34 nTLUE Bl 46 B i3, Bk

Table 3 Nutrient element content of hypocotyls from different provenances of Kandelia obovata

Fh g C N P K
Provenance (%) (%) (g-kgh) (g-kg")
HK 45.04+0.26 bed 0.65+0.01 b 1.13+0.04 d 8.85+0.29 f
7] 46.20+0.19 a 0.64+0.01 be 1.16+0.00 cd 10.41+0.17 ab
BH 45.28+0.01 abed 0.45+0.00 f 0.96+0.01 e 9.09+0.03 ef
FCG 45.38+0.30 abed 0.53+0.00 e 0.96+0.01 e 9.13+0.26 ef
S7Z. 45.83+0.50 ab 0.62+0.02 cd 1.12+0.02 d 10.16+0.22 be
YX 43.04+0.04 e 0.53+0.01 e 1.20+0.00 ¢ 9.38+0.07 de
LH 44.72+0.23 cd 0.62+0.01 bed 0.95+£0.01 e 7.39+0.17 g
QZ 44.47+0.23 d 0.64+0.02 be 1.35+0.03 a 10.00+0.20 be
FD 45.51+0.08 abc 0.81+0.02 a 1.25+0.02 b 9.43+0.05 de
CN 45.70+0.04 abe 0.84+0.00 a 1.29+0.00 b 10.71+£0.01 a
YQ 45.79+0.01 ab 0.60+0.01 d 1.34+0.01 a 9.80+0.06 cd
FH{E Mean value 45.18 0.63 1.16 9.49
FrifE2 Standard deviation 0.97 0.11 0.15 0.91

FAH F value 6.72" " 105.10 " * 65.60 " * 29.28* "
Tl P 2 S R 0.05~3.33 0~5.21 0~6.78 0.14~5.68
Variation coefficients within provenances (%)

il ] 22 S 2R 2.15 17.93 12.60 9.62
Variation coefficients among provenances ( % )

H & 71 Repeatability (%) 85.12 99.05 98.48 96.58

. FFIRRNG PR FoR £ U A 25 5 8 3 (P<0.05) . * * ,P<0.01, T,

Note: Different lowercase letters indicate significant differences between provenances ( P<0.05).
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Table 4 Growing traits of seedlings from different provenances of Kandelia obovata

s KR HAr Ay AR
Provenance Growth height Basal diameter Biomass Height-diameter
(cem) (mm) (g) ratio
HK 32.12+0.89 d 5.02+0.15 ef 3.46+0.27 be 64.71+2.15 be
7) 35.26+0.80 be 5.31+0.18 de 4.26+0.25 a 68.15+3.05 b
BH 37.30+1.31 b 6.29+0.14 a 4.68+0.36 a 59.58+2.01 cd
FCG 40.02+1.23 a 5.33+0.15 de 4.15+0.35 ab 75.84+2.48 a
S7Z 33.47+1.00 cd 5.57+0.09 bed 4.10+0.13 ab 60.32+1.98 cd
YX 36.53+1.08 b 5.75+0.10 be 4.27+0.32 a 64.06+2.43 bed
LH 33.87+0.79 cd 5.84+0.13 b 4.37+0.19 a 58.33+1.49 d
QZ 31.60+0.98 d 5.42+0.12 cd 4.19+0.29 a 58.65+1.93 d
FD 23.55+0.74 e 4.86+0.15 f 3.35+0.12 ed 49.04+1.86 e
CN 23.55+0.55 e 4.69+0.14 2.62+0.07 e 51.22+£2.07 e
YQ 23.99+0.64 ¢ 4.67+0.11 2.68+0.16 de 51.83x1.84 ¢
SEH4{EH Mean value 31.93 5.34 3.82 60.16
FrifE2E Standard deviation 6.89 0.76 0.83 12.06
F A& F value 38.36" " 1417 7.86" " 1347
ol A 2 S AR K 10.15~15.71 7.28~15.39 5.80~19.03 11.39~20.05
Variation coefficients within provenances (%)
Tt I] A S R 4 21.58 14.31 21.73 20.05
Variation coefficients among provenances ( %)
H & 71 Repeatability (%) 97.39 92.94 87.28 92.58

T [FSIAR/NG PR A IR0 22 57 B35 (P<0.05) , * * ,P<0.01, FI[d,

Note: Different lowercase letters indicate significant differences between provenances ( P<0.05).
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Table 5 Correlation coefficients between different hypocotyl and seedling traits of Kandelia obovata

EZIN KE T Bt Ttz N P K N AR YR

Traits Length Weight Transverse Top Growth Basal Biomass
diameter diameter height diameter

K Length 1 0.839 " " 0.574 0.752* " -0.311 -0.641*  -0.779**  -0.430 0.900 * * 0.729 " 0.823" "

H A Weight 1 0.910* " 0.959" * -0.359 -0.578 -0.701 " -0.526 0.771 " * 0.880" * 0.882" "

F#4% Transverse diameter 1 0.898* * -0.368 -0.353 -0.440 -0.523 0.522 0.753**  0.763* *

Tiif% Top diameter 1 -0.221 -0.594 -0.722* -0.464 0.759 " * 0.861" " 0.874" "

C 1 0.359 0.124 0.442 -0.333 -0.407 -0.313

N 1 0.585 0362  -0.794** -0.699* -0.653"

P 1 0.526  -0.775** -0.729* -0.713*

K 1 -0.331 -0.489 -0.468

A: K 5 Growth height 1 0.774**  0.873" "

#£4% Basal diameter 1 0912**

AW Biomass 1

e o FURTE P=0.05 KFREMI; + »  FORTE P=0.01 /KF WEM,

Note: #* , Correlation is significant at the 0.05 level; * # | Correlation is significant at the 0.01 level.

&6 FAAMBEHAFN L E AR 5B SR E FHIEX R E

Table 6 Correlation coefficients between hypocotyl and seedling traits of Kandelia obovata and geographic factors

KN K R Bite itz C N P K R iz Y

Traits Length Weight  Transverse Top Growth Basal Biomass

diameter  diameter height diameter
¥ Latitude -0.726*  -0.475 -0.206 -0.533 0.094  0.641* 0.671"  0.148 -0.830** -0.546 -0.671"

2% Longitude

-0.782* -0.416 -0.218 -0.282
ARSI Annual average temperature  0.677 * 0.533 0.332 0.613*
AP IREFN B Mean annual rainfall 0.608 * 0.383 0.161 0.344

0.456  0.139 0.542 0.519 -0.924* "~ 0.441 0.626
-0.129  -0.626" -0.660" -0.231 0.807 " * 0.639"  0.744™ "
0.012 -0.237 -0.444 0.024 0.463 0.063 0.189

e o# ZFRRTE P=0.05 K READG; + + . FRRTE P=0.01 KT EAHC,

Note: #* , Correlation is significant at the 0.05 level; * # | Correlation is significant at the 0.01 level.
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Fig.1 Dendrogram of eleven provenances of Kandelia obov-
ata based on phenotypic traits of hypocotyls and seedlings
and nutrient element content of hypocotyls
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