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Abstract; Taking ripe fruits of sixty-three individuals of Rhus chinensis Mill. from five provenances of
Culai Mountain of Tai’an, Mount Tai of Tai’an, Mengshan Mountain of Linyi, Aishan Mountain of
Yantai, and Kunyu Mountain of Yantai in Shandong Province as research objects, horizontal , vertical and
side diameters of fruit and seed, 100-grain fresh and dry masses and moisture content of peel and seed
from different provenances were compared; on the basis, variation, Pearson correlation, and principal
component analyses on fruit phenotypic traits were performed, cluster analysis on five test provenances
were conducted based on Euclidean distance, and Pearson correlation of fruit phenotypic traits with some
geographical-climatic factors were analyzed. The results show that there are significant ( P < 0.05)
differences in above twelve fruit phenotypic traits of R. chinensis among provenances; fruit horizontal

Wi HER: 2019-03-12

EE£WMA: IWARAR RF TS H (2016LZGC014) ; IIARAFRHE A1 H (LYCX01-2018-03) ; 4T 2017 4E4R) R Fh TR0 H
EEBNT: £ 58(1996—) , 5 IWARAEIH , B - 0F50 A=, 3228 S el R A 0 U5 55 A 0 B R B PR

OSE(5EH E-mail : wangyl219@ 126.com



55 139 x

58, 4 WARB AFEFIRERRACR SR RMER Z A

19

diameter (4.69 mm) , fruit vertical diameter (4.53 mm), seed horizontal diameter (3.61 mm) , seed
vertical diameter (2.93 mm) , peel 100-grain fresh mass (0.88 g) , seed 100-grain fresh mass (1.26 g) ,
peel 100-grain dry mass (0.81 g), and seed 100-grain dry mass (1.18 g) of Kunyu Mountain of Yantai
provenance are the largest, and its fruit side diameter (2.35 mm) and peel moisture content (8.94% )
are relatively large. The average of coefficient of variation of these twelve phenotypic traits of R. chinensis
among provenances is 24.35% , while that within provenance is 12.99%. The Pearson correlation analysis
result shows that the correlations among most fruit phenotypic traits are significant or extremely significant
(P<0.01), and their correlations with longitude,, mean altitude, and frostless period are significant. The
principal component analysis result shows that the cumulative contribution rate of the first four principal
components is 82.62%, and the first and the second principal components are quality traits and
morphological traits of fruit and seed, respectively. The cluster analysis result shows that at Euclidean
distance of 6.0, the five test provenances are clustered into two groups, one group only contains Culai
Mountain of Tai’an provenance, while the other group contains the rest four provenances. In conclusion,
the diversity of fruit phenotypic traits of R. chinensis in Shandong Province is relatively abundant, and the
variations of fruit phenotypic traits are mainly among provenances and are evidently affected by
geographical locations; mass traits and morphological traits of fruit and seed can be used as important
indexes for selecting good provenance of R. chinensis; Kunyu Mountain of Yantai provenance is the best
provenance of test R. chinensis.

Key words: Rhus chinensis Mill.; fruit phenotypic traits; phenotypic diversity; Pearson correlation
analysis; principal component analysis; cluster analysis
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Table 1 Natural status of five provenance locations of Rhus chinensis Mill. in Shandong Province

J e EER/C AEEREK R/ mm -

b YA [ I pr S AT =
Fii J‘.B: ,%f; :ijﬁﬁi/m Annual mean Annual mean jE*HEH/d.
Provenance Longitude Latitude Mean altitude temperature precipitation Frostless period
ZZ4AHEE L Culai Mountain of Tai’an E117°20' N36°03’ 1027 13.9 885.0 215
Z%4-Z% 111 Mount Tai of Tai’an E117°06’ N36°16' 1532 6.0 1031.3 195
I Fr 5% 1L Mengshan Mountain of Linyi E117°58' N35°33’ 1156 13.1 823.8 191
M 1l Aishan Mountain of Yantai £120°35’ N37°25' 814 11.3 753.8 207
& B &7 1l Kunyu Mountain of Yantai E121°46’ N37°15' 922 11.9 984.0 200
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WIERERREEZE 50 m DL b (3R R ARAERE AT RAE, 28 i) /A RLEFf i ) x100%
ARSI FE LRI GRS L HELAE G R 1.3 #HIESKIT RO
LA IR FERR SIS 1R 13 13 .21 .8 i 8 Bk, 7EAERE FIF EXCEL 2010 #5452 56 K ds i 47 58 A F
PRI b E AL R B KR E RAFHRIT, FEPH XA R R S S0 e B MR AT AR 5 4 R
PREDIER 10 LR, AR 2 /R 4R 60 Kipls  SPSS 22.0 Gt 43 B SR X AH DB 64T 5 25 4317
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Table 2 Comparison and variation analysis on fruit phenotypic traits of Rhus chinensis Mill. from different provenances in
Shandong Province!!
=2) R R RS U e
i 2 Fruit horizontal diameter Fruit vertical diameter Fruit side diameter Seed horizontal diameter
Provenance X=SE/mm CV/% X+SE/mm CV/% X+SE/mm CV/% X+SE/mm CV/%
Pl 3.49+0.40c 11.46 3.18+0.19¢ 5.97 1.95+0.33¢ 16.92 3.07+£0.29¢ 9.45
P2 4.43+0.30a 6.77 3.71+0.50b 13.48 2.04+0.34c 16.67 3.12+0.14bc 4.49
P3 4.50+0.41a 9.11 4.32+0.47a 10.88 2.30+0.23b 10.00 3.29+0.30b 9.12
P4 4.04+0.09b 2.23 3.77+0.09b 2.39 3.67+0.23a 6.27 2.62+0.09d 3.44
P5 4.69+0.06a 1.28 4.53+£0.07a 1.55 2.35+0.04b 1.70 3.61+0.09a 2.49
{H Average 4.24+0.53 6.17 3.91+0.60 6.85 2.35+0.59 10.31 3.16+0.35 5.80
CV,/ % 12.50 15.35 25.11 11.08
o=2) R N FpF Mt B A kL T T R T
R 2 Seed vertical diameter Seed side diameter Peel 100-grain fresh mass Seed 100-grain fresh mass
Provenance X<SE/mm CV/% X+SE/mm cV/% X+SE/g CV/ % X+SE/g CV/ %
P1 2.82+0.29a 10.28 1.76£0.16ab 9.09 0.46+0.10c 21.74 0.84+0.19¢ 22.62
P2 2.82+0.24a 8.51 1.79£0.10ab 5.59 0.54+0.08¢ 14.81 0.80£0.12¢ 15.00
P3 2.86+0.24a 8.39 1.73+0.09ab 5.20 0.64+0.15b 23.44 1.03+0.14b 13.59
P4 2.16+0.15b 6.94 1.82+0.07a 3.85 0.68+0.09b 13.24 0.88+0.05¢ 5.68
P5 2.93£0.05a 1.71 1.71£0.04b 2.34 0.88+0.03a 3.41 1.26+0.05a 3.97
{8 Average 2.76+0.32 7.17 1.76£0.11 5.21 0.62+0.17 15.33 0.95+0.20 12.17
CV,/ % 11.59 6.25 27.42 21.05
e BRI CUUSRIEE VA R ibiiv REE K gk
: i 2 Peel 100-grain dry mass Seed 100-grain dry mass Peel moisture content Seed moisture content CV,/%
Provenance X+SE/g CcV/% X+SE/g CV/% X+SE/% CV/% X+SE/% CV/%
Pl 0.42+0.09d 21.43 0.73+0.17¢ 23.29 10.71+4.32a 40.34 13.26+4.08a 30.77 18.61
P2 0.50+0.08cd 16.00 0.78+0.12¢ 15.38 6.16+1.11b 18.02 2.20+0.40¢ 18.18 12.74
P3 0.59£0.15bc 25.43 0.96+0.13b 13.54 7.83+4.76ab 60.79 6.38+3.02b 47.34 19.74
P4 0.62+0.09b 14.52 0.84+0.04c 4.76 8.16+2.75ab 33.70 5.08+1.75b 34.45 10.96
P5 0.81+0.03a 3.70 1.18+0.05a 3.91 8.94+0.47ab 5.26 6.26+0.22b 3.51 2.90
Y{H Average  0.57+0.16 16.22 0.89+0.19 12.18 8.26+3.79 31.62 6.76+4.50 26.85
CV,/ % 28.07 21.35 45.88 66.57

DX. Y8 Average; SE: #5ifEi% Standard error; CV: 75 Z % Coefficient of variation; CVy . Fhi N7 7 R B Coefficient of variation within
provenance; CV, . Ff 5[] 45 53 Z2 1 Coefficient of variation among provenances. [F] 51 ¥ A [6] () /NG Fbf R 22 57 . 3 (P<0.05) Different
lowercases in the same column indicate the significant ( P<0.05) difference.

2 P1. Z2924H4k11) Culai Mountain of Tai’an; P2 Z8%:Z%1l] Mount Tai of Tai’an; P3: IGUT5E10L Mengshan Mountain of Linyi; P4. 484 311 Aishan
Mountain of Yantai; P5: #{¢ E #1ll Kunyu Mountain of Yantai.
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Table 3 Analysis on Pearson correlations among fruit phenotypic traits of Rhus chinensis Mill. in Shandong Province!!

PEIR AR RIHR [F] A 2288 Correlation coefficient among fruit phenotypic traits

Trait FHD FVD FSD SHD SVD SSD PFM SFM PDM SDM PMC SMC
FHD 1.000

FVD 0.815:: 1.000

FSD 0.167 0.268 1.000

SHD 0.497%%  0.514%% -0.305* 1.000

SVD 0.330%%  0.351#x —0.501%%  0.566%:x 1.000

SSD -0.026 -0.017 0.279%  -0.115 0.086 1.000

PFM 0.543%%  0.710%%  0.365%%  0.410%x  0.196 0.041 1.000

SFM 0.492%x  0.675%x  0.166 0.482#x  0.378%%  0.133 0.763=x  1.000

PDM 0.580%%  0.730%x  0.363%%  0.391%x  0.194 0.041 0.987 % 0.737 s 1.000

SDM 0.590%  0.731%%  0.213 0.498#x  0.364%%  0.148 0.808#x  0.980%%  0.787:xx 1.000

PMC -0.387#% -0.259%  -0.045 0.035 -0.028 0.013 -0.065 0.048 -0.218 -0.010 1.000

SMC -0.558+%% —0.353%% —0.265% —0.090 0.035 -0.208 -0.315%  -0.079 -0.342%%  —-0.271% 0.305% 1.000

DFHD . $52 442 Fruit horizontal diameter; FVD: H 52402 Fruit vertical diameter; FSD: S 5Z{|4% Fruit side diameter; SHD: il 4% 1% Seed
horizontal diameter; SVD: 74 1% Seed vertical diameter; SSD: FfF-fil]#% Seed side diameter; PFM: 5 Hz 1 ki fitf Jfi i Peel 100-grain fresh mass;
SFM; Fh1 @ ki fif ffi i Seed 100-grain fresh mass; PDM: 5 Rz [ ki T fi & Peel 100-grain dry mass; SDM . Ffi 1 5 ki T fi i Seed 100-grain dry
mass; PMC: %57 7Kk Peel moisture content; SMC; #1177k Seed moisture content. # ; P<0.05; #* ; P<0.01.
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Table 4 Analysis on Pearson correlations of fruit phenotypic traits of Rhus chinensis Mill. in Shandong Province with some geographical-

climatic factors!

& M-S AN TAIAZE R L Correlation coefficient with each geographical-climatic factor

RLHRPEAR

AEE AERRE K

Fruit phenotypic trait Loi};irt%de Liﬁtl%e Mj}iigjifﬁie Annual mean Annu'al' mean Frostjl[:jf“%zrind
temperature precipitation

FHD 0.226 -0.058 0.244 -0.277* 0.189 —=0.714 %
FVD 0.353 %3 -0.038 -0.064 0.074 -0.081 —0.624 53
FSD 0.565 %3 0.498 = =0.522 %% 0.057 —0.548 0.075
SHD 0.070 -0.206 0.119 0.105 0.331 % —0.341 %
SVD -0.274 —0.397 % 0.323 %% 0.044 0.393 33 -0.238
SSD -0.034 0.122 0.046 -0.171 -0.024 0.101
PFM 0.654 53 0.332#x =0.331#x* 0.089 -0.037 -0.269
SFM 0.489 0.082 =0.332%:x 0.313* -0.061 -0.263
PDM 0.631 % 0.318= -0.290 0.048 -0.023 -0.300
SDM 0.503 53 0.104 -0.243 0.182 -0.011 —=0.373 %
pPMC 0.055 0.047 -0.279 0.314 -0.124 0.317*
SMC -0.120 -0.115 —0.424 5 0.639 5 -0.256 0.595 %=

DFHD. HA52H4% Fruit horizontal diameter; FVD: B 522042 Fruit vertical diameter; FSD: HSZ{Ij4% Fruit side diameter; SHD: FlF##4% Seed
horizontal diameter; SVD: Fi-FZ\1% Seed vertical diameter; SSD: FfF-filj#% Seed side diameter; PFM . 5z 71 fief i &t Peel 100-grain fresh mass;
SFM ; Fh 1 ki Jfi £ Seed 100-grain fresh mass; PDM; 3z [ ki T i f& Peel 100-grain dry mass; SDM. Ffi 5 5 ki T Jfi & Seed 100-grain dry
mass; PMC; %57 % 7K &5 Peel moisture content; SMC; 5% 7K & Seed moisture content. * ; P<0.05; #* ; P<0.01.
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Table 5 Principal component analysis on fruit phenotypic traits of Rhus chinensis Mill. in Shandong Province
FERSr FfEm " Eigenvector!
Principal component FHD FVD FSD SHD SVD SSD PFM SFM
1 0.34 0.38 0.11 0.26 0.18 0.04 0.38 0.37
2 -0.02 -0.01 -0.59 0.42 0.51 -0.22 -0.11 0.09
3 -0.38 -0.13 0.21 -0.07 -0.10 0.18 0.19 0.32
4 -0.01 -0.09 -0.06 0.01 0.36 0.86 -0.16 0.02
F R " Eigenvector' FRHEA Tk % %Et?’fﬂﬁf;g%
N ) - e / o /
Principal component PDM SDM PMC SMC Eigenvalue Contribution rate contribution rate
1 0.39 0.39 -0.09 -0.18 5.38 44.86 44.86
2 -0.13 0.04 0.17 0.31 2.01 16.77 61.63
3 0.09 0.22 0.62 0.41 1.45 12.04 73.67
4 -0.16 0.05 0.02 -0.25 1.07 3.95 82.62

DFHD. $52#54%2 Fruit horizontal diameter; FVD: 524042 Fruit vertical diameter; FSD: 52|42 Fruit side diameter; SHD: Fl F 4% Seed
horizontal diameter; SVD . Fi7Z %2 Seed vertical diameter; SSD; Ffi i1 Seed side diameter; PFM . 55z 7 ki fif Jii & Peel 100-grain fresh mass;
SFM; Fh¥F it i Seed 100-grain fresh mass; PDM; 5 fz [ ki T Jfi £ Peel 100-grain dry mass; SDM . F ¥ 5 ki T Jfi & Seed 100-grain dry
mass; PMC: 5575 7K & Peel moisture content; SMC: 1% 7K & Seed moisture content.

P3

P5

P4

P2

E P1

L 1 1 1 J
25.0 201.0 15.0 10.0 5.0 0.0
RRECHEEE  Euclidean distance
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Tai’an; P3; Ilfi U1 5% Il Mengshan Mountain of Linyi; P4, M & 3£ 1L
Aishan Mountain of Yantai; P5: & E#i1ll Kunyu Mountain of Yantai.
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Fig. 1 Cluster analysis result of Rhus chinensis Mill. from different
provenances in Shandong Province based on Euclidean distance
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