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Diversity analysis of fruit traits related to yield in Macadamia germ-
plasms
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Abstract: [Objective]The objective of this study was to analyze the phenotypic diversity of the maca-
damia (Macadamia integrifolia) nuts in order to explore the genetic basis of main fruit traits of macada-
mia, and to provide reference for macadamia high-yield breeding. [Methods]Forty-five macadamia cul-
tivars around the world were selected and 20 mature fruits of each cultivar were collected for analysis.
The fruits of each cultivar were randomly selected from the periphery of the crown of a tree. Twelve
quantitative traits of fresh and air-dried nuts of the 45 macadamia germplasm were determined. Two
state standards of the quality grade of macadamia and germplasm resources description and data stan-
dards were referenced. Clustering analysis and correlation analysis were employed to analyze the pheno-
typic traits of the nuts of the macadamia germplasms. [Results1The results of variance analysis showed
that the coefficient of variation (CV) of the 12 traits related to yield changed from 5.61% to 17.83%,
among of which the maximum CV was 17.83% for fruit kernel, whereas the minimum CV was 5.61% for
kernel transverse diameter. Correlation analyses indicated that there were complex correlations among
the fruit traits, and the yield was affected by multiple traits. The fresh fruit weight was significantly and
positively correlated with the shell weight and the kernel weight. Principal component analysis showed
that the fruit related traits were summarized into three principal components and the cumulative contribu-

tion rate was 79.55%. The first principal factor was mainly related to the green weight and the shell
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weight; the second was mainly related to the kernel and the third was mainly related to the nuts. In addi-

tion, the 45 macadamia germplasms were divided into three groups based on the cluster analysis. The

group I was characterized by large and nearly spherical fruit. The group I was characterized by ovoid

fruit. The group III was characterized by small fruit with high seed yield. [Conclusion]There were clear-

ly significant differences among different macadamia germplasm. The green weight, the shell weight,

the seed percentage, the shell fruit, the nuts and the kernel could be used for evaluating macadamia nut

quality. The results of this study indicated that the fruit traits related to yield in macadamia germplasms

had rich diversity, which would lay a basis for genetic improvement and breeding of fruits in macadamia.
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Table 1 The origin of macadamia germplasm resources
e Rk b3 e R KR 5 Fh B3I/
No.  Germplasm Origin No. Germplasm  Origin No. Germplasm Origin
1 Al6 WRFIT Australia | 16 344 B 3 3 Hawaii 31 203 W F TV Australia
2 NGIS8 71 [ China 17 783 F [E China 32 246 2 8 K Hawaii
3 788 WM A Australia | 18 B3 11 [E China 33 294 5 # Hawaii
4 15 SA1 +[H China 19 B4 F [E China 34 900 WLV Australia
5 B2 SA2  H1[H China 20 Bl o1 [ China 35 A38 WK FII Australia
6 OV N F) L Australia || 21 D & China 36 741 B 3 Hawaii
7  B3/74 1 [H China 22 0.C R FI Australia | 37 15 GR1 H [ China
8 BS [ China 23 695 K FI W Australia | 38 FEHRFT Special [ China
9  F§IF 116 SA116 H1[H China 24 W R FIY Australia | 39 948 1 [F China
10 B7 [ China 25 EZRKRE HI E Vietnam 40 951 [ China
11 DAD 1 [H China 26 849 B Vietnam 41 906 [ China
12 Yonik F [ China 27 SEAR SH A1 [ China 42 nelmarkd i IE South Africa
13 842 it B Vietnam 28 A4 KRV Australia | 43 7515 GX1 1 [H China
14 814 [ China 29 660 [ China 44 508 1 [ China
15 H2 1 [H China 30 816 B Vietnam 45 800 1 [E China
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Table 2 Analysis of diversity for 12 numerical characters

PEAR Trait E{/Jj i :%'cj;@; W2z BME FRifE 2 A R AL
Minimum Maximum Range Mean SD CVI%
fif 5 Jifi 2 Fresh weight of single NIH/g 12.50 27.83 15.33 19.96 3.46 17.35
fief B H5 1% Transverse diameter of NIH/mm 24.56 35.76 11.20 31.26 2.46 7.88
fitf JL 4% Vertical diameter of NTH/mm 27.65 46.58 18.93 36.77 4.94 13.42
e 9L f & Fresh weight of single NIS/g 6.19 13.95 7.76 9.78 1.71 17.43
S 4% Transverse diameter of NIS/mm 21.76 31.14 9.38 25.55 2.00 7.82
e Y42 Vertical diameter of NIS/mm 21.09 32.15 11.06 25.62 2.34 9.12
HFP 2 Seed percentage/% 43.42 55.21 11.79 48.94 3.21 6.56
FEHRTJH 2 Weight of NIS(baked)/g 5.07 10.72 5.65 7.02 122 17.44
FA- i = Single kernel weight/g 1.81 3.70 1.89 2.42 0.43 17.83
HAZHE 1% Transverse diameter of kernel/mm 16.58 20.73 4.15 18.15 1.02 5.61
HAZ Y\ 1% Vertical diameter of kernel/mm 13.16 18.00 4.84 15.10 1.06 7.02
Hi4~Z Kernel yield/% 24.37 43.67 19.30 34.72 4.10 11.80
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Table 3 The correlation analysis among major agronomic traits in macadamia

SRR gemprre spmgue ROV mper mmae e AR

R R E S L

D GilN i 1% e 4

Fre.sh Transverse Vertical Fre'sh Transverse Vertical Seed +Joi = UTE Btz ”bul. *
weight . . weight . . . Single Transverse Vertical Ker-

: diameter  diameter : diameter diameter percent- Weight . .

of single of NIH of NIH of single of NIS of NIS ace of NIS kernel diameter diameter nel
NIH NIS g weight of kernel of kernel yield

i SR o 1

Fresh weight of

single NIH

i AT 0.740%* 1

Transverse diameter

of NITH

i KP4 0.507#% 0747+ 1

Vertical diameter of

NIH

TR 0.910%%  0.598**  0.304% 1

Fresh weight of single

NIS

Fo R MR 0.714%* 0.587**  0.137  0.792%* |

Transverse diameter

of NIS

TR 0.744%*  0.468%*  0.228  0.743%*  0.842%*% |

Vertical diameter of

NIS

e -0.334%  -0.305%  -0.410%* 0.047 0.055  -0.122 1

Seed percentage

Fe R T 0.856%*  0.578**  0.285 0.900%*  0.726%*  0.731** -0.039 1

Weight of NIS

Wi 0.643**  (0.380* 0.121 0.662%*  0.622**  0.637** -0.090 0.735%* 1

Single kernel weight

REER 0.564**  0.447*%  0.310*  0.575%** 0.346*  0.318* -0.071  0.582** 0.685** 1|

Transverse diameter

of kernel

B9z 0.618**  (0.378* 0.406** 0.623**  (0.318* 0.403**  -0.021 0.608** 0.631** 0.663** 1

Vertical diameter

of kernel

HAZER -0.271 -0.250 -0.189  -0.310* -0.147 -0.124 -0.085 —0.332*  0.385** 0.178  0.102 1

Kernel yield

T #RIRTE 0.05 KT CRUBD AR 25, #+3FORTE 0.01 /KT IR AR VER 35

Note:* and ** denote significant difference at 0.05 and 0.01 level (double tail) , respectively.
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Table 4 Principal component analysis of major agronomic

traits in macadamia

BFr1 Wr2 BT3

FEAR Trait Factor 1 Factor 2 Factor 3
e 2 Jifi 2 Fresh weight of single NTH 095 -0.18  0.00
fif 4% Transverse diameter of NIH 0.75 -0.46 0.15
i PP 4% Vertical diameter of NIH 049 -0.62 044
7¢I 7 & Fresh weight of single NIS 0.93 0.05 -0.27
L4 Transverse diameter of NIS 0.80 0.11  -0.38
TR Y E Vertical diameter of NIS 0.80  0.07 -0.26
HiFh % Seed percentage -0.17 046 -0.59
Fo YT Weight of NIS(baked) 092 005 -0.22
A7 )5 & Single kernel weight 078 052 021
FAZHKE1Z Transverse diameter of kernel 0.68 0.30 0.37
RAZYI 42 Vertical diameter of kernel 070 023 030
H{= % Kernel yield -0.16  0.66  0.63
HFE{E Characteristic value 6.28 1.71 1.55
DUk Contributions rate 5236 1425  12.94

Z4H BTk % Accumulative contributions rate 52.36  66.61  79.55
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Fig. 1 Cluster analysis in macadamia germplasm resources map

£S5 TREIZE 12 MERFESH

Table 5 The average of 12 character in different clusters

R g e p s A
SRR SRBEBRAL gy R - e
sje g S A TR I = R - ez
B3 Frs;sh Transverse Fresh weight TRIE . Seed Joi %4 i B Transverse =%
weight diameter of NIH/ of single Transverse diameter ercentace/ Weight of Single kernel Kernel
of single  vertical & of NIS/vertical p & &

weight/g diameter of yield/%
0, . 0
NIH/g diameter of NIH NIS/g diameter of NIS % NIS/g kernel/vertical

diameter of kernel

Group

I 27.83 0.76 12.65 0.95 45.45 9.89 241 1.09 24.37
I 22.38 0.81 10.66 0.99 47.61 7.54 2.62 1.19 34.81
il 17.98 0.89 9.06 1.00 49.99 6.54 2.29 1.21 35.06

VRIS 7 RECEB R T 10%, BB IR IR S &R E A EM B0 5 R0
FEAAFEMNERE. BEESEUSIERE 5N 20.39%. 24.06%. 18.67% 1 10.64%. 1 [l I
B R E RO EMR RS R RS0 FUE ORI, 8RR R R B K, 8 20.70%, R
15.8%-26.1%% 1 16.2%. 1% Jv i 020} 57 v 1) i CRERNZ T REON19.25%. MK EH, AHEFR
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