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Analysis of seed traits and selection of superior provenances of
Rhododendron delavayi from different provenances

Zhou Wei', Huai Fanyu", Yang Zhaojing'’, Xia Guowei", Huang Lingjun’, Peng Yang’, Huang Chengling'®

(1.a. School of Ecological and Environmental Engineering; b. School of Ethnic Medicine, Guizhou Minzu University, Guiyang 550025,
Guizhou, China; 2. Guizhou State-Owned Longli Forest Farm, Longli 551202, Guizhou, China)

Abstract: [Objective] To investigate the morphological characteristics and germination traits of Rhododendron delavayi seeds from six
provenances in Guizhou Province, analyze the variation and genetic characteristics of seeds from different provenances, and to provide
technical support for the breeding of superior varieties. [Method] The morphological traits (seed length, width, thickness, length-to-
width ratio, flattening rate, seed dimension index, and thousand-seed weight) and germination traits (radicle length, germination rate,
germination potential and germination index) of seeds from the six provenances were subjected to variability and heritability analysis,
correlation analysis, and cluster analysis. The seed quality from different provenances was comprehensively evaluated using principal
component analysis. [Result] The results showed that the morphological characteristics of R. delavayi seeds from different provenances
exhibited extremely significant differences (P << 0.01). The coefficient of variation for seed morphological traits exceeded 10.00%, with
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the smallest variation observed in thousand-seed weight. The coefficients of variation for seed dimension index, seed thickness, and
length-to-width ratio all exceeded 30.00%. The broad-sense heritability of morphological traits was greater than 0.87. The germination
traits of seeds from different provenances also showed significant differences (P << 0.05). Seeds from the Bailidujuan management area
exhibited the longest radicle length (5.17 mm), the highest germination rate (77.50%), and the greatest germination potential (20.00%).
Correlation analysis indicated that seed length and length-to-width ratio were significantly (P << 0.05) or extremely significantly
(P < 0.01) negatively correlated with germination rate, germination potential, and germination index. Seed width was significantly
(P < 0.05) or extremely significantly (P << 0.01) positively correlated with radicle length, germination rate, and germination index.
The six provenances could be classified into three major categories: the first category included Zhongshan District, Shuicheng
District, and Bailidujuan Management Area; the second category included Xixiu District and Hezhang County; and the third category
was Changshun County. The comprehensive evaluation of seed quality from different provenances ranked as follows: Zhongshan
District > Shuicheng District > Bailidujuan Management Area > Hezhang County > Changshun County > Xixiu District.
[ Conclusion] In conclusion, the morphological characteristics of R. delavayi seeds are primarily influenced by genetic factors but also
exhibit certain variations due to geographical and environmental factors across different provenances. Seeds from Zhongshan District
and Shuicheng District were relatively superior and can be further studied as material for breeding and propagation.
Keywords: Rhododendron delavayi; provenances; morphological characteristics; germination traits; selection of superior varieties
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Table 1 The natural conditions of the provenances

. B ZhIE I R EYROKE T H RN ToAE
A b . . K
Provenance Longitude Latitude Altitude /m Annual mean Annual Annual Frost-free
(E) N) temperature /°C  precipitation /mm  sunshine /h period /d
= ity et -
- Hiﬁ”% FEX 105°75' 27°13' 1 680 11.5 1 100 950 250
Bailidujuan management area

& B Hezhang County 104°56' 26°87' 1996 125 1025 1035 268
K3 [X Shuicheng District 104°28' 30038’ 1750 123 1350 1553 220
7§75 X Xixiu District 105°83' 25°09/ 1500 14.1 1000 1142 340
K:)ifi £ Changshun County 106°26’ 25°78' 1415 16.2 1250 1039 275
#1111 [X Zhongshan District 110°95’ 24°32' 2775 12.9 1158 1319 290

+ BRI T https:/worldclim.org/. The data originate from https://worldclim.org/.
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Fig.1 The morphological characteristics of Rhododendron delavayi seeds from different provenances
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X ARSI 84 R 5 ik E SRR, A 342, HEHG
fi, HRMA3IANFEME. PR KEFE HREWHX, 327, KX, B X LHR
BUN—M, FEDERCRE, RSP ARG B X R K 98 LA X BN, KT 3.00,
BN DABEE . GRE R R MIRTE AR AT AN, Bl X
Bl XCRp 5 P AL EOR R, N 0.67 mm, G BRI KRR TR, Ak m L 7 5 X P
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ANTE) () o0 A REAE, Bl XS B R A 4 A, K . o s o L e
L 0 5 1 0 A 3 0 L) [ T 22 AEMIFEDEMEST R RE LR
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UG SR DA€ NPT = B2 Y Qi L s S b B3 2 AT %0, R0 & 5K IR KX,
0.50 mm, HAHXfEH, HoMmESE. KSR 96.20 mg, H 2 KM E (9450 mg) , 2 M
ToEY, BRI X T RL 5 & 5 /ME 2 = T 90.00 mg, A% 22 435 N
7 )2 K /NRETE 6 NP A MBI 6.000 9.00 mg, 255 REEN, 40N 2.89%.
SATREAE, RICAM B FERINMEERA 2.19%. dh il X A7 TR & Ed, FHE R
Mo, 7508017 mm & 0.15 mm’, /345>  86.60 mg, 5 REN 232 %, WERA, UK
B AR MR KRR, 55005 0.09 mm 6.00 mg. P75 X FhF TR B &N, LA
J% 0.08 mm’, A, 73.50 mg, HZEN 12.00 mg, MAEFREmA, N
i PSS XM A ZE AL U T 80%, 4.81%.
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Table 2 The thousand-seed weight from provenances

Fhi ISON] R/ME ¥IfE Wz 5 R AL
Provenance Maximum /mg Minimum /mg Mean /mg R /mg CV /%

_ dlgui*fnffgilfm area 81.00 75.00 78.00 6.00 2.63
2 B Hezhang County 82.00 77.00 79.50 5.00 1.80
JKIE[X Shuicheng District 99.00 90.00 96.20 9.00 2.89
7§75 X Xixiu District 81.00 69.00 73.50 12.00 481
K & Changshun County 97.00 91.00 94.50 6.00 2.19
#i1l1[X Zhongshan District 90.00 84.00 86.60 6.00 2.32
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B, AN 33.33%. 32.77%; A% R REUEUNT X B0 AR K 8 3 B, 4281y 5.7 mm J
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Table 3 The analysis of seed morphological variation among provenances

. K N =] s 3 ) =1
K ok P s KO Kt THURE
Seed length / . Seed thickness /  Seed dimension N . Thousand seed
Item Seed width /mm . Flatness ratio /%  Aspect ratio .
mm mm index weight /mg
F35){H Mean 1.57 0.57 0.12 0.11 76.2 2.96 84.66
A5 5 il Range 1.20 ~ 2.10 0.30 ~ 1.00 0.06 ~ 0.23 0.02 ~ 0.27 29.73 ~ 92.05 1.20 ~ 6.33 69.00 ~ 99.00
B5RECV /% 15.29 24.56 33.33 36.36 15.28 32.77 10.32
F 1 F value 7.518%** 7.450%* 26.691%* 15.027** 18.144%** 10.272%%* 154.604**
1 ££ 77 Heritability 0.87 0.87 0.96 0.93 0.94 0.90 0.99
TR LoRIE P < 0.01 KF&EFE . ** indicate significant differences at the P << 0.01 levels.
F4 TEMEDEHESTHTIEL '
Table 4 The germination characteristics of different provenances of R. delavayi seeds
T JIAR R REFH R
Provenance Radicle length /mm Germination rate /%  Germination energy /%  Germination index
H E ALY # X Bailidujuan management area 5.17+0.37a 77.50%£1.71a 20.00+1.83 a 27.85+1.57 a
i £ Hezhang County 3.7940.19b 53.50+9.32b 11.50+1.71b 16.73+3.22b
JKIH[X Shuicheng District 3.05+0.29 be 64.50+1.50 ab 15.00+1.73 ab 3332£3.02a
Pi75 X Xixiu District 2.684+0.18 ¢ 58.50+£2.50 b 16.0041.83 ab 27.59+4.85 ab
K £ Changshun County 2.404+0.20 ¢ 30.00£9.42 ¢ 11.50£3.40 b 17.37£7.72b
#1li[X Zhongshan District 4.59+0.28 a 76.50+2.75a 13.50+1.26 b 37.49+323a

T FFIAFNG F R RTE LSD K P << 0.05 KV L2 F 53,

Different lowercase letters within a column indicate significant differences at P << 0.05 according to the LSD test.
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Table S The correlation analysis between phenotypic characteristics and germination characteristics of R. delavayi seeds

PRIRIERR AR REFH & RAFFREL
Characteristics index Radicle length Germination rate Germination energy Germination index
Rl TK: Seed length -0.079 -0.378* -0.410% -0.449%
P9 Seed width 0.363* 0.499%x* 0.193 0.471*
Fh-FJ& Seed thickness 0.018 -0.036 -0.294 -0.286
K/INEHL Seed dimension index 0.120 0.055 -0.290 -0.187
JAft 3 Flatness ratio 0.080 0.173 0.305 0.376*
K9 H Aspect ratio -0.258 ~0.480%* -0.381* —0.526%*
ki Jii & Thousand seed weight -0.316 -0.289 -0.245 0.076

TR R S RIFRORAE P < 0.05 F1P < 0.01 KTV EXEREE. n=24.
*and ** indicate significant differences at the P << 0.05 and P << 0.01 levels, respectively. n=24.
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Fig.2 The cluster analysis of R. delavayi seeds from
different provenances
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Table 6 The principal component analysis of R. delavayi
seeds from different provenances

ENEEN: Fdior- %l
Principal component loadings
i #5 Indicator A1 4y 2 WAy 3
Component Component Component
1 2 3

Fl-F1 Seed length 0.791 -0.299 0.193
Fi-F 9 Seed width -0.281 0.569 0.721
Fh-FJ& Seed thickness 0.935 -0.062 -0.132
K/MEZL Seed shape index 0.923 0.088 0.279
Jiitb % Flatness ratio -0.867 0.218 0.354
K- 5% L. Aspect ratio 0.719 -0.497 -0.390
TRLJFi & Thousand seed weight  —0.575 -0.298 0.619
JERRK: Radicle length 0.160 0.761 0.033
K ZEF Germination rate -0.034 0.948 -0.089
K %% Germination energy -0.337 0.584 -0.468
R EEFEEL Germination index  —0.303 0.738 0.047
Tk Contribution rate /% 46.08 24.62 11.41
FFIEAR Eigenvalue 5.530 2.955 1.369
FE Weight 0.742 0.212 0.046
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Table 7 The comprehensive evaluation of R. delavayi seeds from different provenances
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