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Genetic variation and comprehensive evaluation of different provenances
of Dendrocalamus latiflorus at seedling stage

Hu Xiaoxue'”, Nong Junging', Huang Liuzhi’, Wei Yucheng®, Zhu Xiufen®, Zhong Heng’, Xu Zhenguo'

(1. a. Guangxi Laboratory of Forestry; b. Guangxi Key Laboratory of Superior Timber Trees Resource Cultivation, Guangxi Forestry
Research Institute, Nanning 530002, Guangxi, China; 2. a. College of Forestry; b. Key Laboratory of National Forestry and Grassland
Administration on Cultivation of Fast-Growing Timber in Central South China; ¢. Guangxi Colleges and Universities Key Laboratory
for Cultivation and Utilization of Subtropical Forest Plantation, Guangxi University, Nanning 530004, China; 3. Liuzhou Forestry
Technology Extension Station, Liuzhou 545001, Guangxi, China; 4. Longhanling Forestry Farm, Liunan District, Liuzhou, Liuzhou
545104, Guangxi, China; 5. Liucheng Forestry Technology Extension Station, Liucheng 545200, Guangxi, China)

Abstract: [Objective] To reveal the genetic basis of important economic traits in Dendrocalamus latiflorus, elucidate the patterns
of genetic variation, and to accelerate the process of genetic improvement and precision breeding. [ Method] Eight geographically
diverse D. latiflorus provenances were evaluated, with provenance codes LZ-1, LZ-2, LZ-3, LZ-4, BS, YD, JY, and FJ. Seedling stage
phenotypic variation was analyzed by assessing above- and below-ground morphological traits and biomass. Genetic parameters were
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estimated. Superior provenances were identified using membership function for comprehensive evaluation. [Result] 11 phenotypic traits
showed significant (P << 0.05) or extremely significant (P << 0.01) differences among different provenances of Ma bamboo (Dendrocalamus
latiflorus). Among them, provenance YD had the highest number of shoots (8.83); provenance LZ-4 had the highest values for leaf
expansion number, average root length, leaf area, ground diameter, and plant height (25.63, 9.76 cm, 9 566.77 mm?, 19.70 mm, 2.96 cm,
respectively); provenance LZ-3 had the highest number of roots, average root diameter, root biomass, and culm number (23.19, 1.22 mm,
1.20 g, 1.64, respectively); provenance FJ had the largest culm biomass (82.93+24.46 g). The genetic coefficient of variation for each trait
ranged from 0.34% to 36.92%, and heritability (H") exceeded 0.50 for all traits; heritability was extremely high for plant height (0.96), culm
number (0.95), leaf area (0.94), ground diameter (0.92), and number of shoots (0.89). Correlation analysis showed that the number of bud
emergence was significantly (P << 0.05) or extremely significantly (P << 0.01) positively correlated with leaf expansion number, mean root
length, mean root diameter, bud biomass, and leaf biomass. Leaf area was extremely significantly (P << 0.01) positively correlated with bud
biomass, leaf biomass, root biomass, total biomass, and culm number. Regarding phenotypic genetic gain for each trait, provenance LZ-4
was the most prominent, with positive genetic gains for multiple traits, including number of shoots (2.53%), leaf expansion number (7.03%),
average root length (1.84%), bud biomass (2.56%), leaf biomass (1.24%), and ground diameter (2.23%). Based on principal component
analysis, four principal components were extracted, with a cumulative contribution rate of 79.034%, covering key phenotypic characteristics
such as growth activity, root development, and biomass accumulation of Ma bamboo. The comprehensive evaluation results showed that
provenance LZ-4 had the highest comprehensive score (1.179). [ Conclusion] The eight provenances of Ma bamboo showed differences in
seedling traits, among which provenance LZ-4 performed best, followed by JY, BS and LZ-2.

Keywords: Dendrocalamus latiflorus; provenance; growth traits; genetic variation; comprehensive evaluation
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Table 1 Provenance information

P AR A T3t 4 Zg Pk
Provenance code Provenance Latitude (N) Longitude (E) Mean elevation /m
LZ-1 TG G DI T -1 24°28'33" 109°44'45" 276
LZ-2 TP G XM T -2 25°47'13" 109°3611" 540
LZ-3 JTVRAR B R XN T -3 24°19'42" 109°2526" 254
LZ-4 TP G DI T -4 24°39'10" 109°1425" 234
BS JUVEH R R X E T 24°17'10" 106°14'20" 688
YD JTARAE BT 24°12/28" 113°23'46" 64
Y JTARE AT 23°27'01" 116°33'01" 4
FJ AR N T 24°30'59" 117°38'33" 19
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Table 2 Comparison of various traits of D. latiflorus from eight provenances

R LAY

PR E AR

Provenance 2% AL . EHE%Z PRERK Mean root ﬁi%% M—i%%
code Bud emergence  Leaf expansion ~ Root initiation ~ Mean root length /cm diameter /mm Bud biomass /g Leaf biomass /g
LZ-1 3.81+2.38b 13.67+11.78 b 20.05+11.93 ab 6.831+4.28 be 091+0.35bc 12.50%£11.19ab  10.07t7.31a
LZ-2 5.00+3.65b 16.06+14.51b  10.24%9.17¢ 5.71£5.30 be 1.03+0.62ab 9.27+9.11bed  9.88%+8.14a
LZ-3 4.00+2.77b 1487+13.11b  23.19+14.99 a 8.651+5.29 ab 1.224+0.56a 12.071£11.66 abc  4.41+4.14c¢
LZ-4 840+6.51a  25.63*+1686a 1535+15.12bc 9.76 £6.99 a 1.00+0.61 bc  15.564+10.68a 11.03+10.09 a

BS 486+2.61b 20.39+18.61 ab 15.80412.92 be 7.26+4.95 abc 0.92+046bc 15.65+14.73a 10.10£9.77a
YD 8.83+8.36a 16.76-13.04b 15.52+13.86 be 6.78+5.99 be 0.82+0.44bc 15.63+12.52a 8.56%=7.90 ab
Y 3.89+2.44b 15.63+14.56b  13.5+11.81 be 5.82+5.80 be 0.67+043¢c  636+6.06cd 4.88+4.71bc
FJ 420+2.57b 13.73+11.22b  12.5+11.27¢ 5.59+523¢ 0.93+0.51bc  526+3.82d  7.17£5.51 abc

RS frme  mems paws T i wie i
code Culm biomass /g Root biomass /g Total biomass /g Leaf area /mm? Culm number diameter /mm Plant height /cm
LZ-1 50.39£9.75b  0.60+0.42bc  71.93+30.02b 8315.78+7017.87b 1.25£0.25d 18.04%£5.19bc  2.72+0.83 b
LZ-2 73.33+31.99a 047+044bc  89.91+43.68ab 5914.96+5186.35e 1.55+0.68ab 18.35+9.09b  2.60+1.14 be
LZ-3 81.18+33.15a 1.20£0.80a  96.30+£49.23ab 6206.33+£5861.89cd 1.64+0.65a 1692+12.59¢c 242+1.08d
LZ-4 64.601+28.41ab  0.65+0.51bc  93.06t41.18ab 9566.77+7056.80a 1.14+0.38d  19.70*+6.18 a 2.96+0.81a

BS 52.19£19.65b  0.18%£0.09 ¢ 73.56+34.73b  8739.06+5659.59b 1.53+0.67ab  15.01£6.56d 2.14+0.69 ¢
YD 75.03+20.70a  0.44+026bc  101.85+47.98a 6681.88+6663.03¢c 1.58+0.70a 18.491+9.05ab  2.35+0.82d
Y 76.92+3522a 0.81+0.73ab  89.73+38.62ab 6445.16£566426cd 1.45+0.61bc 17.82+830bc  2.48+2.01 cd
FJ 82.93t2446a 0.75+0.72ab  102.23+48.68a 6663.64E+5444.66¢c 136+0.63¢c  1535+6.89d 1.96+0.85 f

T FFIARNG ZERELEREE (P <005 .

Different lowercase letters in the same column indicate significant differences (P << 0.05).



46 3%

A2 S A s AN e O

229

Pt LZ3MAEDRERRK (120 , BEFST
BR JY. FJ 2 AN H Al Fh s H; IR A2 ) & K
(10223 g) , BFHET LZ-1 f1 BS Frifth, M
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AR BT 0.50, AR T EEAE SR P,
T2 G R R IR R A, IR R AR
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Table 3 Genetic parameter analysis of phenotypic trait variations in D. latiflorus from eight provenances

. L 2K w " ”i} . \/i) SA == = i -
Bud . L Mean root Mean root Bud Leaf
Parameter Leaf expansion Root initiation . . .
emergence length /em  diameter /mm  biomass /g biomass /g
£ G ¥J{H Mean 5.54 17.51 16.31 7.22 0.95 11.41 8.86
Phenotypic kR
statistics Standard deviation 4.99 15.02 13.41 5.65 0.52 11.05 7.88
F 7.86 3.07 3.28 2.60 3.77 1.60 1.35
Vg 0.89 0.75 0.77 0.72 0.79 0.62 0.57
Cs % 13.57 7.10 7.35 5.71 5.11 7.94 5.82
P <0.01 <0.01 <0.01 0.01 <0.01 0.15 0.24
¥ - =1 = B =4 - = &
B HEME A& U/} - Y iz NG
Parameter Culm Root Total Leaf area /mm’ Culm number Basal Plant
biomass /g biomass /g biomass /g diameter /mm  height /cm
FMG B Pt Mean 70.50 0.64 89.82 7514.84 1.42 17.29 2.43
Phenotypic bRz
statistics Standard deviation 28.06 0.58 42.43 6354.10 0.62 8.52 1.15
F 3.34 3.34 1.12 16.61 19.84 12.20 26.86
H 0.77 0.77 0.53 0.94 0.95 0.92 0.96
Co /% 6.86 13.91 1.50 6.39 36.92 0.34 4.37
P <0.01 <0.01 0.35 <0.01 <0.01 <0.01 <0.01
22 FMMEMIREVHER M SR 0.0 ; “FHRBEREMAEYE. FHAEYE. &4

MM ER (K4, HEB SR
FHRK. PR ER. FEYE. HEYEER
B (P <005 ifE®E (P<0.01) 1EMK;
B S PR K. SFHRES. AR ZFAE
Ve, HEYE. REYE. DEYE. HHE
B (P <005 ifE®E (P<0.01) 1EMK;
ARBEFHRK. FHRERE. REVERR
F (P <0.05) HilEE (P<0.01) EAMHE; F
PIRK S5 FRER. R, FEWE. 4
Vg, RAEYE. BAEYESEWNEEIEHX (P<

Vg RIEE EHE (P <001 ; F4YWESH
e BT EME (P<001) , HFESE
YR EREE EMEL (P <000 ; FFAEYE
HRAEYRZEEZEMKX (P<0.05 ; REDE
HaAYEREEREITEMX (P<0.05 ; &A=
5HHELEFELEME (P <005 ; HR5kEE
W IEAE (P <0.0D)

ZATHN R R PR IERE
ANTRIBRAT Fob 1 B 300 25 2R R IR B A gt A 3
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MUK S Frm. EHZFEH I, YD (2.92%) Al A F) (-2.92%) M| 2 m st i, £ PR

LZ-4 (2.53%) 3 H 5w 1 1F [m) 38 4% 1 26

LZ-1 (-1.53%) FIY (~1.47%) W% 3 6 ) i 4%
W, RIEES. ERMEIERY, LZ-4 8L
A (7.03%) , BSIKZ (3.07%) , FI (-1.95%)
AILZ-1 (-2.00%) B AARE T, LZ-3 (5.27%)
M LZ-1 (2.86%) XIAL R, 1M LZ-2 (-4.65%)

KPR EAA MR B, LZ-4 (1.84%; 0.04%)
A LZ-3 (1.03%;: 0.22%) ¥J3RA5 IF )i 44 18 25,
LZ-1. YD. JY F1EJ M50 f i s A 4 25 . 764
MEMRTTH, YD EFADE (2.60%) FlA
& (6.36%) FHEAIEWEEE, LZ-4 /54
Vs (2.56%) FAEYE (1.24%) FIRRILE

®4 BHEREERXME

Table 4 Correlations among traits

PRIR Trait X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13
X2 0.385%

X3 0.012 0204

X4 0.538**  0.860%* 0.410%*

X5 0.404%%  0.643%* 0517+ 0.766%*

X6 0.147  0.772%* -0.058 0.656**  0.271

X7 0.398*  0.802%*  0.023  0.711%* 0.422%* 0.870%*

X8 0.386*  0.821*%*  0.034  0.734** 0.430%* 0.898** 0.990%*

X9 -0.005  0.112  -0.052  0.030 -0.183 0.183 0248 0272

X10 0.172  0.498%* 0.379% 0.598%* 0.404** 0.456** 0.490%* 0.499%* (.354%

X11 -0.138  0.443* 0233  0.493**  0.098  0.477** 0.582%* 0.550%* 0244  0.434*

X12 -0.291  0.437* -0.078 0.363*  0.051 0.763** 0.660** 0.679** -0.07 0279  0.406*

X13 0.120 0411  0.131 0306 0291 0209 0251 0266 -024  0.091 -0238 -0252
X14 -0.006 0358 0343  0.506* 0332 0326 0351 0400 -0.132  0.091 -0.149 -0250 0.771%*

To* AR 0.05 Z CRURD AORPERZE: #+ 72 0.01 20 (XUZ) MRTERZE: X1 H2F8: X2 g X3, ERE: X4 FIREK: X5 PR ER:
X6. MHIIAR: X7, ZFARE: X8 WA XO. FFAR X0 MR AE R XL S AR X2, FREG X138, 4% X14. Bk
*. Correlation is significant at 0.05 level (two-tailed); **. Correlation is significant at 0.01 level (two-tailed); X1. Bud emergence; X2. Leaf expansion;
X3. Root initiation; X4. Mean root length; X5. Mean root diameter; X6. Leaf area; X7. Bud biomass; X8. Leaf biomass; X9. Culm biomass; X10. Root biomass;
X11. Total biomass; X12. Culm number; X13. Basal diameter; X14. Plant height.

&S SR RE MG RIS
Table 5 Genetic gain analysis of phenotypic traits in D. latiflorus from eight provenances %
> S G
Tt AR — - ” - T —
Provenance code AL [ AR TR K TR E MR EmE
Bud emergence Leaf expansion Root initiation Mean root length Mean root diameter ~ Bud biomass ~ Leaf biomass

LZ-1 -1.53 -2.00 2.86 -0.28 -0.02 0.67 0.69
LZ-2 -0.48 -0.19 -4.65 -1.09 0.06 -1.31 0.59
LZ-3 -0.36 -1.09 5.27 1.03 0.22 0.41 -2.56
LZ-4 2.53 7.03 -0.74 1.84 0.04 2.56 1.24
BS -0.60 3.07 -0.40 0.03 -0.02 2.61 0.71

YD 2.92 0.34 -0.61 -0.32 -0.10 2.60 -0.18

Y -1.47 -0.72 -2.15 -1.01 -0.22 -3.11 -2.29

FJ -1.19 -1.95 -2.92 -1.18 -0.01 -3.78 -0.97

S g G
R RO - — — " o e
Provenance code  FPEMIE  AEME  RAME A FFEC Huf pRG
Culm biomass ~ Root biomass  Total biomass Leaf area Culm number Basal diameter ~ Plant height

LZ-1 -15.48 -0.03 -9.46 755.47 -0.17 0.70 0.28
LZ-2 2.18 -0.13 0.05 -1509.05 0.12 0.99 0.16
LZ-3 8.21 0.43 3.43 -1234.22 0.20 -0.34 -0.01
LZ-4 -4.54 0.50 1.71 1935.43 -0.27 2.23 0.51
BS -14.09 -0.35 -8.60 1154.71 0.10 -2.11 -0.29
YD 3.48 -0.15 6.36 -785.67 0.08 0.65 -0.06

Y 4.94 0.13 -0.05 -1 008.95 0.03 0.49 0.04
FJ 9.56 0.08 6.56 -802.88 -0.06 -1.79 -0.46
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Uf, XS, LZ-1 MBS fEHL B2 AN A E
PR Bt as s o, R ZE. EHAEDE
7, FJ (9.56%) F1LZ-3 (8.21%) 25 % &,
i BS (~14.09%) F1LZ-1 (-15.48%) M A,
YRR L LZ-4 (0.50%) F11LZ-3 (0.43%) i%
eI s B m . ERIMEERIESR MR T, LZ-4 1
AR (1935.43%)  #i4% (2.23%) Ak S (0.51%)
77 T ¥ 3RAF 8 B B [l A5 3 2, 3 v T At R
P BS AEMTH AN (1 154.71%) b 9 38 B 4% 4,
I LZ-2. LZ-3. YD. JY. FJ7E % MR E st %
B350 oA, o LZ-2 (-1 509.05%) i LZ-3
(-1234.22%) FAERK. A, fERREMERT,
LZ-4 (0.51%) F1LZ-1 (0.28%) %, FI (-0.46%)
A BS (-0.29%) #k.

X 8 AFPYR 14 NRBIHARIEAT T F A 007
MRS RFAEAE KT 1 B, 97 Y 4 A 32 a7
LT FRIE D] T 79.034%, A5 T R Rb R B R
FARVEIR R ER (R 6) o 5 1 ERARHE
BN 5.358, 7 ZDTHRHE N 38.268%; FLH, FFA:
. B, CPHRK. HAEYE. FAEYE
PERAF o B, SO RRAT AR I AR K 1 SO &
FEFARRE ST B 2 ERUTRHIEAE N 2.620, i %
TR 18.716%; FHorp, #iff. PR, HZEFHL
IR EAS AR B, 3B RR T AR
RKE PR B PR AE . 28 3 3 BOAr R AIE
BN 1.971, J5Z0TEREN 14.080%; FHA, M4

Y. ERE. CFHRERS. FRES RS, K
WRR AT AR R 0 B S B R IR, B 4 R
B 1116, J7ZTTRE N 7.970%; Hr, HZF
BOFIAR ARV AT 70 B, RO 2 ) B R R 4y
YRR R

a4 FERSFTFRITTER S, AT S RT
PR R BRI LR A VRN, SRWE 7R, 8
ANFPE ) 25 A 150 N 0.470 ~ 1.179. A HE4
FH = B A R L 4 93 LZ-4. TY. BS. LZ-2.
LZ-3. FJ. LZ-1. YD. LZ-4 fisth & &15 50 5
RU\HAESREMER B AR R E, AR
e A% B PR 1

3 e

3 TAERTMEEHERNEEERRIES
&

AW FTEE R, AN R B R RR AT E I 14
MERTERAFAEZE R, RUHFEHRYZH
AN Fp IR e, 5 4% 4T Dendrocalamopsis
oldhami®™ . 5 71 Qingzhuea tumidinoda® UL ;. 1%
FRIBRAT B BT 22 RE VRN 45 SR A — 5. H,
LZ-4 fEfR . A, RME. MR ARARKE
SEfR bRy T B ARR IR, BAREA KR
fiE, FIEHEAFE R, LZ-3 £ K E
PR RIR H, RHEREVESSAEYE,

*o6 JBMRERDBHRBETTHE

Table 6 Principal component score coefficients and contribution rates of each trait

F 431943 Principal Component

Eﬁi FH 1 Fr 2 F I3 EN !
Principal component 1 Principal component 2 Principal component 3 Principal component 4
H ZE %1 Bud emergence 0.083 0.522 0.098 0.753
JE 4 Leaf expansion 0.904 -0.075 -0.087 0.094
LR Root initiation 0.516 0.444 0.573 0.045
“FH44R K Mean root length 0.875 0.241 0.297 -0.082
MR EL42 Mean root diameter 0.477 0.499 0.524 -0.250
ZEA 4 Bud biomass 0.781 -0.332 -0.344 -0.254
H-AE4) & Leaf biomass 0.879 -0.271 -0.301 0.120
FHEW R Culm biomass 0.907 -0.227 -0.256 0.099
HRAEA) & Root biomass 0.311 -0.648 -0.049 0.391
RAEY)E Total biomass 0.568 -0.097 0.574 0.031
M1 Leaf area 0.504 -0.515 0.325 -0.010
FF41 Culm number -0.186 -0.527 0.389 -0.369
1% Basal diameter 0.362 0.583 -0.472 -0.183
¥R Plant height 0.479 0.539 -0.422 -0.237
F5E{E Eigenvalue 5.358 2.620 1.971 1.116
75 Z 5THkZ Contribution rate /% 38.268 18.716 14.080 7.970
Z 41 5I#k = Cumulative contribution rate /% 38.268 56.984 71.064 79.034
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Table 7 Comprehensive scores and rank of phenotypic
traits in D. latiflorus from eight provenances

A HhRAY Provenance %5 4#34) Comprehensive score flE4% Rank

LZ-4 1.179 1
Y 0.874 2
BS 0.751 3

Lz-2 0.716 4

Lz-3 0.688 5
FJ 0.684 6

LZ-1 0.508 7
YD 0.470 8

Y HAR R IR e 5 B R BE I Bk, BIEIEDT
WEALFE P YD FE 2O AT B0 T 5 R
&, AR S9n, EAEARSRIRRPIR; FIATHE
UK, EHR R H RS, R REXT A B A E
VR, Tk VP H D] AR DG T

AR PR )RR R P I I 8 A% R A B,
WAL T UL S BT BN, PPAT B A ROCR B
I B KRR A% /N ET R BRI A 3 A A 4%
HIRLEE P AW 14 MR AL 13K T 0.50
CPEMEN 0.78) , RUTEHIMEIRZBEN R T,
et eI SRR, B RAF A A
HZFR PG IR RSN S 184 5,
AT PR RO PRI H AR, X S
XERRATE SR A B B TS IR Y . MR
&, AR PR SERRE MR, Bl EAE N
Fa s PEFE AR s T A S AR S5 IR BB A%
&k, (HAESR Mt & RE I AN BRI SR IO T B
HI)EE, NAEH IR P P

32 wHIMREREXESHELFER

AW TR A M 87 22 A B PR 18] 47
PRI 35 BRI 35 IR A DG OG &, DLW RAT v U 1R
Z A RBLH B R R B S . SRR 1] 1
i 5 A8 S AEAT 2R P R i S SRR T T
REfRE. ERK SRR R R 2%,
S G A B A SRR R B AR R 1 DR
BT

33 MRGRABSHIFSIREERMST

i A 1 2R T 45 R B OR, Lz-4 15 3R
(2.53%) B (7.03%) Zoep KR b
I 2 I SR B, SR LS H I AR AR
P YD EHFAEME (2.60%) AEAEYIE (6.36%)
EAA R, AR R REE T FI

A ERIEE (9.56%) , BEILHAE TR
MR AT S . M2 R, Lz-1 ALY 24
PEAR b IR A B AL 3G 2, 3 B I LR Y5 R AH
MR EAAE— @ RIRE . R BT g SRR,
4 NFE RS BIFTTRRIE 79.034%, HAE 1 ERk
Iy (J7ZETTHRTE 38.268%) LUEM- 3. A EHIR
MM AN ES, KT HRTEREKSEYE
MRRE TSI 52 Bl (U7 ZoTwkE 18.716%) &
BRI SRR KERI: 5 3. 4 FR5 N5
BIRIUR R S N KR ZEWINR
Wy, Lz-4 7E 2 A SEMR B S R L, wT DA
EALE TR TR, TY IRZ.

FRAT v AR KR I 2 Z MR IL R BE i, 2
. CFRK. FRESE LAY ERREK
HAEbR. ANFIFIER L Z RN E MR T F
B, FRAE LZ-4. JY. BS SRR, A&
(R AR R J1. ARSRIRAT & Fh SR i 3R £ v it
FE I3 AR, R 4 TR i i Bhik 5 5 1 48 8 Fh Al
g o mr, B R ThRe A, SR TR
THIAAEKIER S PG/, BmARRTT PR S A%
R, AR IR AR R AR, B RRAT AR S
AIRRSR RS . HhAh, B M EE IR EE 25 S B B
e pRAT A KRB G RIE . JFE i 45538
BeR 7, IRNTT R 3R 28 mT B8 e DR 3R A T 4% L
Hil 5B, CAEH R RRAT RS HE & Fh S P o B2 IR B 12
HEEE N e MBS AR S HR 8%
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