FYE P I2AAR 2023, 24 (6):1615-1625
Journal of Plant Genetic Resources DOI: 10.13430/j.cnki.jpgr.20230427001

TN SRR FOR L e PR P 525 VFGY

A FERENS R EH,EES F M, FEE R, Xk
(P WG A RLAIT SR, T M 532400)

FEE : 0 1004 i) & RAY R A B AT B AR K 54T R E ST E RS AT F F BT 12 AR FHE R RIAT LR
SN, HREA AR BEREF AHAT 9.66%~23.62%, ER FEf R~ FH T FAZERKR, MEESI R LR
FTHERL-FERREF IR, ARTRRAOETRAL ., REMW O A2 KRE TEREIINB AR EZ R B F G B =54
S, BT B G R TRER NEREEIMBRABIF  RR B RS R-R28 G FETHRAFTEL, TrooHiel2
AR ERZHWRS AN RS, BT TREHN 79.902%., 85 | FAALR K, A 4280, TR FE & &, 4 35.667%, £&5 R
FIMALMEIR K DA K 2R 269 Tk E 4 20.177%, 2 F R e T RAZMIK; 2R3 69Tk F 4 13.026%, £ F R e T HAP &,
ERANTERE A 11.032%, EZR M T B2 F, REMKRLZEESFNIFH H-2.333~0.983, 5 it th 42 & PEIK AT 10 69 455 FP
JRAE SSI4 R 15 68475 AR 15 AEL2%5 A4 B2 R 15 530 Mkt R FZROFS3 BRI-m TR
15 BRAERSHER ST B -F RS A4, B X PR IBE A TF R AR, A A A RE BT RAE

SCEEA] ML R AR RO R RSB K AR

Analysis and Comprehensive Evaluation of the Fruit
Quantitative Traits for Macadamia Germplasms

TAN Qiujin, WEI Yuanrong, PAN Zhenzhen, HUAN Xiuju, PAN Haonan, XU Peng, WEI Zhejun,
ZHENG Shufang, WANG Wenlin
(Guangxi South Subtropical Agricultural Science Research Institute, Longzhou 532400)

Abstract: The macadamia nut fruits have rich diversity on their single fruit weight, seed yield, and kernel
yield. In order to indentify the Macadamia germplasms with the best performance applicable for breeding
programs, 100 macadamia germplasms were investigated in this study, and a comprehensive evaluation analysis
was conducted on 12 fruit quantitative traits through statistics methods such as correlation, cluster analysis, and
principal component analysis, etc. The results showed that the coefficient of variation of the 12 quantitative traits
ranged from 9.66% to 23.62%, with a significant degree of variation on the traits of single fruit weight (23.62% )
and kernel weight (21.20%) , respectively. There was a highly significant positive correlation between single
fruit weight and kernel weight, which is the important reference for selecting large fruits. Cluster analysis
separated the 100 germplasms into two groups, with group I having poor appearance of the fruits quality, such as
small fruit size, relatively low seed rate and kernel yield rate; while group 11 have good appearance of the fruits
quality, such as large fruit size, high seed rate and kernel yield rate, which meets the market demands. Principal

component analysis divided the 12 quantitative traits into 4 principal components, with a cumulative contribution
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rate of 79.902%. The initial eigenvalues and the cumulative contribution of the first principal component were
4.280 and 35.667%, respectively, and the components were mainly associated with the size of the fruit traits;
the cumulative contribution of the second principal component was 20.177% and they were mainly associated
with the kernel traits; the cumulative contribution of the third and the fourth principal component was 13.026%
11.032%, respectively, and they were mainly associated with the seed and kernel yield of the fruit, respectively.
The comprehensive evaluation score of the fruit traits ranged from -2.333 to 0.983, and the top 10 excellent
germplasms were identified as the following sequence, Pattern, SS14, Zhuangyuan 1, Lincang 47, Guire No. 1,
Nanya 2, A4, B2, Lincang 1, and Gui 3. Notably, the FS3 was identified with the largest single fruit weight,
the Guire No. 1 was identified with the heaviest kernel, the Breeding 8 was identified with the highest seed
yield, and the A4 was identified with the highest kernel yield, respectively. These comprehensive evaluation data
and identified exellent germplasms provide important references for future conventional or hybrid breeding in
Macadamia.
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Table 1 Basic situation of tested macadamia germplasm resources

S AfgS RIE S |IFS AfgS ORI |IFS ARG K|S AWERS p 3
No.  Name/Code  Origin |No.  Name/Code  Origin |No.  Name/Code  Origin |No.  Name/Code  Origin
MO0l HEA1S  HRIESTEY | MO026 800 %HE | Mo51 Al6 WRF. | MO76 951 g
MO002 P2 PESTE |M027 mWELS HETTAR | M0S2 344 % M077 906 K
MO003 B2 PESVE | M028 D KA | M053 P6 HETTE | MOT78 R 2B (2
MO004 B7 EITA | M029 Bl hEITA | Mos4 P7 EVE OIM079 TS FE)T
MO005 B4 FEA | M030 B2 HEAR | MO05S A4 AT | MO8O 508 eS|
M006 P15 FETTE | MO31 B6 HEITA | M056 C3 BEA MO8 RIS EZAN
M007 P9 TETE | M032 BS HHETAR [M057  EE 6 EITIE |M082  mE116S  HETAR
MO008 B3 FPIETTZR | M033 B8 PEAR MOS8 EFSS HETEE | M083 8265 AR
MO009 P12-2 FRETTE | M034 842 %E |M0s9  #EF45  hEITTE | Mos4 Frl E =M
MO10  ME2%5  PEJTA | MO03S A38 WRFTE |Mo60  EF 1S PEJTFE | M08s 8 SHEPN
MOIl R3S HEJTAR | MO036 849 %E |Mo6l  #FHSE  REITEE | MO86 A203 TR
MO12 413 rPEJTTE | M037 788 EE  IM062  #HE2S T | M087 780 eS|
MOI3  HR1%S  HRETT | M038 900 *E M063  EHE7S  PEJTEE M08 2 TEZ R
Mo14 Jw TR | MO39 ov WRFLE |Moe4  EF3S  HE)TVE | M089 854 [
MO15 791 EE | M040 660 R | MO065 Yoink HPETA | M090 T4 P
MO16 FSO FHEVE | M4l 246 M | Mo66 P2-1 HEIE | M091 71357 HE =M
MO017 FS1 PP | M042 814 £E | M067 B3 TrE B | M092 F 12 AR
MO18 FS4 FPETPE | M043 294 £E | M068 Bl RETON |M093  Jeils RE
MO19 FSs FPETTTE | M044 203 EE | M069 SS14 BHETE M094  RnfEEL ETE
M020 FS6 PP | MO04s 783 £[E | M070 TELL FETTE | M09S TG1 I
Mo021 FS3 TETTE | M046 NG18 MESAR IMO7L G475 hEZE | M096 1AL THEZ R
M022 FS7 TR | M047 DAD hEAR IMO72 RS EIZE | M097 A2 i =M
M023 695 EH | Mo48 B3/74 HRIETTA | MO073 I#B TEZE |M098  Nelmak2 [:E[
M024 741 B MO049 ocC WAF | M074 special FEA | M099 FP) s
MO025 H2 WICHE. | M050 816 X | MO75 948 | M100 EAWZN FpE )Y
1.2 R FE ABIFTE Vel A i SR SR A5 R I A SRS
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350 d A b, A4 K B 1304.1 mm, 5P 7E 6-9 H
By AR 2 SR 81% ~ 87%, PHdb i, g
I, DAWS T RE T 4 11158 32, AR 20 57 1 /0N 1 0 i
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X100 £73 8 1 SRS 12 AN F PR R AR
SN, B R E 2 iR . AR RECH 9.66%~
23.62%, A AR S F 5w o UR E AR B RAUR K,
H 23.62% , H R E SRR RE RO SR
SCIRFE AR S R EAY ) 21.20% . 17.80% . 17.72%
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R SRS RS AR S R T, A
FlFiEBE R F AT, R ER RN, N
9.66% , HUE i Fh 3, A8 57 R ECH 9.70% , TE R 5Z 12
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H AR AR R IR E , R T T8/ My e
LSS S S TPy o 2 e Sy 2 S G S = SN
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Table2 Analysis on variation degree of fruit quantitative traits of macadamia germplasms

MR Traits IR/ ME R AE W2 ¥fH PrifE2E 5 Z R %)
Minimum Maximum Range Mean SD crv
WY 4E (mm)FLD 26.64 55.02 37.11 28.38 5.50 14.81
HSHE % (mm)FTD 24.00 38.52 30.97 14.52 2.99 9.66
SEARAFE (mm)SLD 13.82 32.92 24.80 19.10 3.20 12.92
e % (mm) STD 14.64 39.11 24.67 24.47 3.31 13.40
R JE S (mm)PT 224 5.10 3.52 2.86 0.63 17.80
H7e )R (mm) ST 1.95 4.91 2.74 2.96 0.46 16.65
HY % (mm)KLD 5.91 28.68 15.37 22.77 2.72 17.72
4% (mm)KTD 6.91 29.05 18.82 22.14 2.61 13.87
HILE (g)SFW 10.22 33.12 19.52 22.90 4.61 23.62
R (g)SKW 1.23 3.76 2.46 2.53 0.52 21.20
(%) SP 28.48 59.66 48.65 31.18 472 9.70
HA 2R (%)KP 18.14 43.67 31.68 25.53 4.51 1425

FLD: Fruit longitudinal diamete; FTD: Fruit transverse diamete; SLD: Seed longitudinal diamete; STD: Seed transverse diameter; PT: Pericarp
thickness; ST: Seed thickness; KLD: Kernel longitudinal diameter; KTD: Kernel transverse diameter; SEW : Single fruit weight; SKW: Single kernel

weight; SP: Seed percentage ; KP: Kernel percentage; The same as below
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Table3 Correlation analysis of fruit quantitative traits in macadamia germplasms

PRk WEgie Rckife SoRE o SRR RSTERE R(OCHR RO pURE RYCE mAE i
Traits FLD FTD SLD STD PD ST KLD KTD SFW SKW SP  KKP
LY MEFLD 1

RAMARFTD  0.798%* 1

SERYIRSLD  0.647F%  0.772%* 1

FERBEAESTD  0.395%*  0.640%*  0.750%* 1

WZJEEPD  0.584%+  0.533%%  0.267**  0.131 1

RICJEREEST  0.382%%  0.368%*  0.278**  (.185 0.243% 1

RAYRKLD  0.080 0152 0.103 0.107 0.022  -0.115 1

FHAZKTD  0.051 0.150 0.068 0.082  -0.074  -0.189  0.869%* 1

FIRTESFW  0.574%%  0.704%%  0.660%*  0.453%%  0.421%%  0.205%F 0.390%*  (.345%* 1

JFAHSKW 0153 0.339%%  0332%%  0365%% -0.070  -0.006  0.410%%  0.431%%  0.446%* 1

% SP -0.066  0.031 0.197*  0.323%*  —-0.443*% —0.051 0.049 0.173 -0.078 0.221% 1

K KP -0.039  0.050 0.040 0.106 0.010  —0.528%* 0.064 0.073 0.030 0.389%* 0095 1

* 3 BIEIR P < 0.05.P < 0.01 Iy 3 24 R IRl

* * * represent significance differences at P < 0.05,P < 0.01 level, respectively ; the same as below
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X1:FLD; X2:FTD;X3:SLD; X4:STD; X5:PT;X6:ST;X7:KLD;X8:KTD;X9:SFW;X10:SKW; X11:SP;X12:KP;-1, -2 are two

measurements in 2021 ; -3 ,-4 are two measurements in 2022 ; The four values are treated as one; The same as below

BE1 100 48 2 R GRS 1T E

Fig. 1 Cluster analysis of 100 macadamia germplasms

R4 BESTHRALE 2MERBTEHE

Table 4 The average of 12 traits of two species groups in cluster analysis

St RUR RO TORIGR TN REJEE RICEE BRI RO

RARH R HE AR R

Gro (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (g) (g) (%) (%)
u

P FLD FTD SLD STD PT ST KLD KTD SFW SKW SP KP

1 32.77 27.97 21.26 21.40 3.32 2.63 15.68 19.17 15.20 2.27 46.82 30.40
I 38.64 32.02 26.04 25.82 3.59 2.78 15.28 18.70 21.04 2.52 49.28 32.13

TE E R 3 BT B HEA |, 255 2% T30 4L
AR R B, e RS LR 5150 S LRI
fro 100 MR, U B IR B R £R G TR . R
6 AT, £E 100 {3 Fl 5, £45 45 20 HE2 i 10 A7

1E 0.586~0.983, Fj I (K Ik S AE 40 . SS14 CHEIR 15 |

v 47 5 B S B2 5 A4 B2 g 15 5
3 BT REPMEIERE, K5 2
5 AGIE T SR R AR = ) 3R
o ZEA 10 HEA fE 10035 Fl#E-1.101~-0.639, Ff
JE 435k 854 P2 R 741 FS6.791 4% 1.P2-1 .
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B Fh T M 45 4> & - FS3 (2.388) >B1 (1.892) >B2

W25 (1.311), S 13X 5 N0 5 Al SR R sty
JEHRFREEIN T S5 TG AR ER ;3 E
B HEA S (RP T K AR5y 15 T 8 5 (2.501) >l
475 (2.002)>F5 .25 (1.774)>F5 .35 (1.734)

(1.867)>1£20(1.761)>SS14(1.605) , JZ I T 3% 54>
FTT A SR S R, e R B R E S 5 2
F R HEA T S AP BT S Ao AR 15 (4.094)>
TG1(4.092)>KMHHE1(3.714)>1E % 1 5 (2.419)>1F

x5 RMNERFRFEREKOERS S

T S AT TR R

Table 5 Principal component analysis of major agronomic traits in macadamia

>780(1.662) , KL 13X 5/ 5 it H Fh R4 5 5 55 4
T HEZ TS ORI AR 40 A4(2.723)>788
(2.245)>816(1.968)>B6(1.721)>0V (1.512) , JZ )i}

843 Principal component

PEAR Traits
PC1 PC2 PC3 PC4

RAYE FLD 0.792 -0.328 -0.085 0.090
ALK FTD 0.920 -0.166 0.047 0.085
FERYME SLD 0.851 -0.078 0.323 0.001
FERMARSTD 0.711 0.070 0.487 -0.018
R JEREPT 0.499 -0.465 -0.453 0.365
JRSEIERE ST 0.378 -0.549 -0.005 -0.545
R YMEKLD 0.348 0.679 -0.509 -0.246
R KTD 0.309 0.750 -0.424 -0.269
R SFW 0.844 0.059 -0.212 -0.013
JfH SKW 0.497 0.584 0.105 0.086
A% SP(%) 0.077 0.415 0.690 -0.325
13 KP(%) 0.061 0.465 0.187 0.794
FFIE{H Eigenvalues 4.280 2421 1.563 1.324
Biik% (%) Contributions rate 35.667 20.177 13.026 11.032
Z1 5k (% ) Accumulative contributions rate 35.667 55.844 68.871 79.902

Fksr2 (20.177% ) PC2 (20.177% )

AR
Samples
@ 1
@ 1

FHisr1 (35.667% ) PCI (35.667% )
SRR E R TR

Contribution rate of main components in parentheses
B2 R IR 100 4R R RIR R SR Z 4 F AR

Fig.2 Principal corrdinate two-dimensional plot of 100 macadamia
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F6 100ENBERMRARLGEES
Table 6 Fruit comprehensive scores of 100 macadamia germplasms

G O s ks w00 us B

Code B Ranking Principal component score Code By Ranking Principal component score

Score PC1 PC2 PC3 PC4 Score PC1 PC2 PC3 PC4

MO070 0.983 1 1.761 1.117 1.093  -0.124 | M050 -0.011 51 -0.504 -0.516 0.429 1.968
MO069 0.947 2 1.605 1.229 1.074  -0.120 | M036 -0.016 52 -0.139  -0.652 0.004 1.489
MO81 0.923 3 1.220 1.044 1.420 0.834 | MO058 -0.021 53 0.027 -0.182 -0.476 0.617
MO71 0.817 4 1.494 0.762 2.002 -1.183 | M028 -0.032 54 -0.218 -0.080 -0.561 1.221
MO001 0.731 5 -0.217 4.094 0.155 -0.343 | M082 -0.035 55 -0.145 0.030 -0.699 0.922
MO10 0.609 6 1.556 -0.827 1.774  -0.096 | M005 -0.039 56 -0.628 0.083 1.626  -0.393
MO55 0.605 7 1.026 0.406 -1.097 2.723 | MO052 -0.039 57 -0.003  -0.704 0.863 -0.074
MO030 0.601 8 1.867 0.758 -0.781 -1.050 |MO074 -0.048 58 -0.605 0.326 0.707 0.088
MO072 0.592 9 0.630 0.305 1.233 1.317 | M098 -0.079 59 -1.060 0.741 0.898 0.290
MO067 0.586 10 1.452  -0.102 -0.299 1.157 | M042 -0.083 60 -0.461 -0.616 0.633 1.116
MO021 0.549 11 2.388 0415 -1.888 -1.272 | MO19 -0.090 61 -0.180  -0.037 0.402 -0.641
MO073 0.543 12 1.495 0413 -0.328 -0.275 | M043 -0.091 62 0.061 -0.234 -1.076 0.673
MO068 0.537 13 1.347 0.192  -0.345 0.567 | M090 -0.136 63 -0.646  -0.058 0.830 -0.014
MO029 0.500 14 1.892 0.349 -1.074 -0.954 | MO053 -0.136 64 0.061 -0.377 0.333  -1.132
MoO61 0.496 15 0.830 -0.896 2.501 0.502 | M033 -0.145 65 0.095 0.000 -1.922 0.653
MO080 0.483 16 1.206 -0.295 1.029  -0.200 | MO041 -0.149 66 -0.145 -0.543 -0.252 0.406
MO032 0.465 17 0.862 0.422 -0.046 0.706 | MO075 -0.155 67 -0.781 0.140 0.707 0.032
MO079 0.457 18 0.975 -0.710 1.397 0.638 [ MO14 -0.176 68 0.271 -0.309 -0.564 -1.241
M09%4 0.446 19 -0.710 3.714 0.173  -0.658 | M064 -0.182 69 -0.652 -0.162 -0.040 0.801
MO003 0.385 20 0.996 0.487 -0.394 -0.158 | MO065 -0.186 70 -0.747 -0.459 0.905 0.500
MO026 0.373 21 1.193  -0.397 -0.281 0.578 | MO086 -0.204 71 -0.054 0.309 -1.866 -0.035
M044 0.337 22 0.882 0.258 -0.729 0.595 | M095 -0.208 72 -2.416 4.092 -0.589 -0.865
M100 0.317 23 1.007 0.012 -0.175 -0.199 | MO087 -0.247 73 -1.376 0.060 1.662 0.139
M096 0.300 24 -0.549 2.419 0.121  -0.071 | MO083 -0.254 74 -1.171 0.423 0.628  -0.035
MO077 0.288 25 0.716  -0.603 1.140 0.050 | M054 -0.268 75 0.097 -0.732 0.618 -2.137
M049 0.284 26 0.609 0.305 -0.279 0.378 | MOS8 -0.289 76 -0.472 -0.249 -0.517 -0.028
M09 0.273 27 0.396  -0.060 0.976 0.150 | M025 -0.314 77 -0.572  -0.851 -0.313 0.928
MO51 0.259 28 0.472 0.262 -0.810 1.297 | M023 -0.338 78 -0.548 -0.643 -0.251 0.178
MO035 0.254 29 1.340 -0.347 -1.853 0.796 | M063 -0.343 79 -0.812  -0.740 0.155 0.684
MO038 0.241 30 1.150 -0.183 -0.210 -0.948 |MO16 -0.345 80 -0.229  -1.006 0.295 -0.896
MO059 0.223 31 0.142 0.349 1.075  -0.342 | M093 -0.368 81 -0.947 0.048 -0.012 -0.350
M097 0.203 32 -0.614 1.311 1.321  -0.136 | M004 -0.388 82 -0.224  -0.593 -0.359 -1.284
MO027 0.200 33 0.756 0.267 -1.374 0.502 | M022 -0.417 83 -0.438 -0.851 0.404 -1.286
M092 0.186 34 0.360 0.290 -0.115 0.124 | MO11 -0.454 84 -0.951 -0.678 1.734  -1.853
MO060 0.171 35 0.152 0.242 0.697 -0.211 |MO18 -0.465 85 0.233  -0.587 -2.435 -1.014
M062 0.167 36 0.120 0.158 0.238 0.552 | M048 -0.481 86 -1.512  -0.412 0.168 1.083
MO017 0.165 37 1.088 0.645 -1.436 -1.507 | MO056 -0.505 87 -0.061 -0.832 -0.332 -2.471
MO039 0.161 38 0.181 0.165 -0.797 1.512 | MO12 -0.522 88 -0.891 -0.467 -0.255 -0.695
MO31 0.151 39 0.417 -0.076 -1.322 1.721 | M040 -0.595 89 -0.921 -1.400 -0.801 1.097
MO57 0.134 40 0.014 -0.214 1.095 0.269 | MO034 -0.637 90 -1.208 -0.891 -0.727 0.621
M047 0.133 41 -0.122  -0.460 1.247 0.970 | MO089 -0.639 91 -2.042 -0.381 1.224 0.065
MO006 0.107 42 0.267 -0.131 0.680 -0.457 | M002 -0.674 92 -1.131  -0.501 -0.904 -0.470
MO78 0.094 43 -0.155 -0.146 0.640 0.870 | M099 -0.695 93 -1.867 1.098 -1.682 -0.287
MO091 0.072 44 0.137 0.049 0.693 -0.701 | M024 -0.739 94 0.711  -3.837 0.019 -2.007
MO046 0.069 45 -0.038 -0.168 0.313 0.684 | M020 -0.800 95 -0.873 -0.841 -1.469 -1.156
MO037 0.063 46 0.278 -0.377 -1.595 2.245 | MO15 -0.815 96 -1.316 -0.791 -0.504 -1.095
MO007 0.047 47 0.383 -0.166 -0.297 -0.161 | M08&4 -0.833 97 -2.165 0.398 -0.785 -0.355
MO076 0.041 48 -0.174  -0.201 1.035 0.077 | M066 -0.869 98 -1.639 -0.494 -0.558 -1.019
MO045 0.015 49 -0.456 0.267 0.415 0.628 [ MO13 -0.926 99 -1.255 -1.637 -0.790 -0.409
MO008 0.005 50 1.152 0.548 -1.120 -3.363 | MO085 -1.101 100 -2.333  -0.297 -1.395 -0.243
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