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Fruit Quality Diversity of Mango (Mangifera indica L.) Germplasm
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Abstract: Fruit quality diversity of forty accessions of mango germplasm, preserved in South
Subtropical Crops Research Institute, Chinese Academy of Tropical Agricultural Sciences, China, were
studied for three consecutive years. Variance, correlation and principal component analysis (PCA) were
used to evaluate experimental results. Fruit physical parameters including shape, vertical diameter and
cross section, weight, stone weight, pulp recovery, pulp fibrosis and fruit colour, chemical parameters
including total soluble solids content, titratable acidity, reducing sugar and vitamin C and sensory
parameters such as taste and aroma were investigated. A high variability was found among forty mango
varieties. The Shannon-Weinner index ranged from 0.94 to 1.60 indicated that striking differeces in the
studied qualities traits. Principal component analysis (PCA) showed multi-directional variation of mango
fruit quality traits. Less fluctuation of all fruit quality traits except for titratable acidity and reducing sugar
was observed among different production years. Significant correlations was found among some mango

quality attributes.
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Table 1 Origin and qualitative character of mango cultivar

ETRS YL feist B RITBR REHIO KL /R AR
No. Cultivar Origin Maturity date Fruit shape  Friut colour ~ Pulp fiber =~ Aroma  Taste
1 BYG 145 Yuexil J"7% Guangdong 6 J T4 Late June 1 4 1 1 2
2 527 - 6 Shisheng-6 |4 Guangdong 7 H N4 Late July 1 1 2 1 2
3 SE’E - 7 Shisheng-7 [ 7% Guangdong 7 J 4] Late July 1 1 2 1 2
4 B4 1% Tainong1 &S Taiwan 6 J T4 Late June 2 5 1 2 4
5 4:4& Jinhuang ¥ Taiwan 7 A4 Mid-July 3 5 1 1 4
6 A Guixiang I 75 Guangxi 7 J 4] Late July 1 1 1 1 3
7 81t Zihua J774 Guangxi 8 H If] Early August 4 1 2 2 2
8 FEH - 82 Guire-82 J"P§ Guangxi 7 A4 Mid-July 2 3 1 4 2
9 %" Haibao ## Hainan 7 A+hA) Mid-July 3 1 1 1 4
10 JeH Longjing 7 Hainan 7 JI 47 Mid-July 2 4 1 1 4
11 FUH- Rumang VY1 Sichuan 7 A4 Mid-July 1 1 1 1 3
12 /NIEMNT Xiaofeimang  FEESE Philippines 7 H 4] Mid-July 2 1 1 4 2
13 Irwin #5 % HLi4 Flordia 7 H I Early July 2 2 2 1 3
14 Keitt #% §LiX Flordia 8 H T H] Late August 1 5 2 3 2
15 Kent % Bk Flordia 7 A A] Mid-July 5 5 2 1 1
16 Zill #5 % HLiA Flordia 8 H -] Early August 1 2 1 1 2
17 Tommy Atkins #% §LiX Flordia 7 H ] Mid-July 5 2 3 3 1
18 Haden % Bk Flordia 7 A HA] Mid-July 5 2 2 2 2
19 Valencia Pride #5 % L34 Flordia 7 H T4 Late July 4 5 2 1 1
20 Van Dy Ke 3% BLiX Flordia 7 H N4 Late July 5 5 3 3 2
21 Glenn ¥ % §Lik Flordia 6 H T Late June 1 5 1 1 4
22 Zillate #5 % L34 Flordia 8 J _I4) Early August 1 5 2 3 2
23 Lippens #% §LiX Flordia 7 H 4] Early July 5 5 3 1 3
24 Edward B2 HLIA Flordia 7 H T4 Late July 1 5 1 4 4
25 Ono J % HLik Flordia 7 JIH 47 Mid-July 1 2 2 3 1
26 R2E2 RFIE Aus. 7 A LA Early July 5 5 2 1 1
27 KRS WK Aus. 7 J A1) Early July 5 1 2 1 3
28 B74 J 2 HLik Flordia 7 47 Mid-July 5 5 1 1 4
29 Neelum E[1J India 8 H ] Early August 6 1 1 2 2
30 Bambarroo ENJE India 7 A HA] Mid-July 6 5 2 3 1
31 Mallika E[1J% India 7 JI R4 Late July 1 4 1 4 3
32 Magovar E[J India 7 H N 4] Late July 5 1 1 1 3
33 Dashehari ENJ India 7 A HA] Mid-July 1 1 1 2 4
34 Nan Klang Wan Z&[H Thailand 7 47 Mid-July 3 5 1 1 4
35 Nan Dok Mai #% & Thailand 7 A4 Mid-July 1 1 1 1 4
36 Spooner ENJ India 7 HAHA] Mid-July 5 1 1 2 4
37 Banganpalli E[JE India 8 4] Early August 6 1 1 2 4
38 Strawberry #% HLiX Flordia 7 H ] Mid-July 6 5 2 3 2
39 Saigon RS Vietnam 7 F 4] Early July 1 5 2 1 2
40 9401 74 Guangxi 7 147 Mid-July 6 4 3 1 1
EZ iR 1.42 121 1.32 0.94 1.17 1.34

Diversity index
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Table 2 Quantitative character of mango fruits

4 No. FL/ FW/ FT/ FM/ SM/ TA/ Ve/ : §sg/ Ed/ RS/
cm cm cm g g % (mg-kg™) Brix % %
1 9.10 5.87 5.67 14437 26.5 0.26 535.0 15.57 67.43 7.85
2 10.34 7.24 7.11 260.74 28.5 0.34 193.1 15.27 68.33 3.44
3 927 7.63 7.33 267.51 273 0.32 256.5 16.20 7438 327
4 9.53 7.17 6.60 240.07 29.0 0.24 141.0 14.99 72.85 6.62
5 19.79 9.93 8.80 927.85 73.0 0.22 69.8 17.14 78.80 7.13
6 14.23 8.47 7.83 410.00 429 0.32 58.4 14.02 70.91 428
7 11.79 7.15 6.57 286.00 40.8 0.73 151.8 13.52 66.61 3.92
8 12.06 6.63 6.09 246.20 30.7 0.26 84.4 18.36 67.84 7.10
9 18.00 8.33 7.04 535.61 46.0 0.37 165.3 17.06 79.33 3.15
10 12.55 6.67 5.67 240.49 324 0.17 76.8 18.83 71.87 4.46
11 12.05 7.94 6.86 364.47 30.0 0.39 44.1 12.67 79.96 4.87
12 11.37 6.37 5.90 225.46 433 0.43 178.1 19.37 60.88 9.79
13 1121 8.31 7.69 355.96 32.8 0.33 195.1 13.87 81.30 6.52
14 13.83 11.04 9.92 778.07 70.0 0.61 125.1 14.55 70.31 6.87
15 10.97 9.93 9.30 501.43 40.1 0.51 95.9 16.07 81.97 7.08
16 9.27 8.23 7.63 294.00 43.8 0.14 247.6 14.30 74.60 7.28
17 11.35 9.42 9.27 516.05 46.0 0.34 109.9 14.21 74.95 3.55
18 9.87 9.14 8.49 407.17 35.0 0.36 97.4 16.40 70.56 3.92
19 16.14 9.34 8.02 643.70 50.0 0.74 227.3 14.97 76.48 6.30
20 9.81 8.48 7.89 370.89 40.0 0.42 120.8 17.94 75.63 721
21 10.43 9.01 7.89 368.45 36.0 0.19 107.9 12.44 75.07 6.81
22 13.06 9.23 8.90 577.14 59.3 0.34 56.4 16.00 68.06 6.04
23 11.08 9.33 8.69 393.82 45.0 0.23 90.7 15.46 76.61 6.04
24 10.75 9.08 8.72 507.27 325 0.45 397.8 16.10 81.89 5.29
25 9.95 6.71 6.44 232.76 23.0 0.49 104.0 17.53 72.09 6.85
26 11.83 11.36 10.55 794.12 62.6 0.30 92.1 15.63 83.62 5.98
27 10.75 9.55 9.33 517.00 543 0.52 139.2 13.68 72.76 439
28 10.84 9.85 9.47 503.04 36.5 0.36 107.4 15.17 73.89 4.65
29 11.69 8.14 7.52 388.89 40.5 0.45 96.7 17.10 73.62 5.81
30 10.84 9.65 9.43 538.16 51.9 0.35 150.3 15.82 76.66 5.91
31 13.80 9.35 8.61 583.05 47.8 0.25 215.0 17.39 80.62 6.15
32 9.09 10.05 9.62 492.96 41.0 0.69 126.3 14.27 77.14 4.99
33 8.31 5.87 5.58 160.23 29.2 0.13 103.4 18.01 66.74 10.42
34 15.93 6.70 6.10 344.67 444 021 745 17.60 75.40 5.00
35 11.63 6.81 6.02 24932 23.6 0.12 102.1 19.14 72.15 9.53
36 10.61 9.36 9.01 503.90 48.0 0.64 161.4 13.81 76.90 3.62
37 1121 10.31 8.48 525.32 372 0.39 64.6 16.30 73.23 6.63
38 8.68 7.94 6.96 273.51 27.8 0.44 19.8 18.37 68.32 3.54
39 9.49 7.42 6.75 236.92 46.7 0.35 234.1 15.50 67.83 4.79
40 9.11 7.52 6.78 250.92 324 0.78 265.1 17.59 68.87 4.12
EZeduxizr 94 1.51 1.40 1.57 1.60 1.46 1.20 1.33 1.24 1.45 1.24
Diversity index
bR A 22 e 93.66" 187.74™ 16623  181.05"  781.63" 945" 58.09" 18.06" 12.17" 13.30"
HIEF
Sig. difference
among cultivars
SR 2 S 0.333 0.043 0.035 0.195 1.141 8.507"  1.846 1.105 1.034 16.166"

#HhkF
Sig. difference
among years

T o RERADGHRERE (P < 0.01), 1 ~ 40 HHh AR5 03 1. FL: WSgfe; FW: HLSehifd: FT. LSeiife: FM: SR
SM: AR TA: WHER: Ve: 453K C; SSC: WVAMEREUEY: Ed: nl&r%; RS: )50

Note: ** correlation is significant at the 0.01 level, codes of the 40 cultivars are showed in Table 1. FL: Fruit length; FW: Fruit width; FT:
Fruit thickness; FM: Fruit mass; SM: Stone mass; TA: Titratable acidity; Vc: Vitamin C; SSC: Soluble solids content; Ed: Edible ratio;
RS: Reducing sugar.
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Table 3 Correlation analysis of fruit quality traits

PEIR

MD FS FC FP Ar Ta FL FwW FT M SM TA Ve SSC  Ed RS
Trait
MD 1.00

FS 004 100
FC -027 008 100

FP  -001 038" 024 100

Ar 028 -004 010 004 1.00

Ta ~-016 -023 -011 -065" -0.19 1.00

FL 018 -008 013 -022 -009 023  1.00

FW 020 045" 027 021 -002 -008 024 100

*

FT 0.17 044" 025 027 0.03 -0.15 012 096"  1.00

*

FM 023 028 030 0.06 003 0 0617 087" 0827  1.00

SM 020 024 035 020 -0.03 -0.13 056" 069" 066" 0847 1.00
TA 032" 045" -009 034 008 -040" -0.05 027 0.27 020 020 1.00
Ve -014 -028 006 -003 -00l -0I3 -023 -023 -016 -022 -017 0.1l 1.00

*

SSC 008 002  0.09 -0.07 035" 0 008 -042" -045" -024 -023 -024 -0.09 1.00
Ed -0.08 0.8 021 -002 -021 015 030 058" 0557 0567 028 -003 -003 -029 1.00

RS -0.11 -031 0.09 -0.26 0.20 007 -0.06 -022 -0.24 -0.11 -010 -035 0.05 034" -0.16 1.00

e MREMCEZE (P<0.05), *REMIMEFE (P<0.01). MD: RHM: FS: KSBIR: FC: BEHih: FP: RLHEF4E: Ar:
T Ta: MBK: FL: JRSEHAE; FW: RSB, FT: RSEOE: FM: SRR, SM: IR TA: nW§ERR: Ve: 4i4E3 C; SSC:
AVAEE R Ed: WIErEE; RS: 5.

Note: * correlation is significant at the 0.05 level, ** correlation is significant at the 0.01 level. MD: Maturity date; FS: Fruit shape; FC:
Fruit colour; FP: Fiber in pulp; Ar: Aroma; Ta: Taste; FL: Fruit length; FW: Fruit width; FT: Fruit thickness; FM: Fruit mass; SM:
Stone mass; TA: Titratable acidity; Vc: Vitamin C; SSC: Soluble solids content; Ed: Edible ratio; RS: Reducing sugar.

26 ERHOH
M 4 RRTCLAEH, 5T 8 NI R DIk R A IE R 87.57%, KIS MR ik R L, 2
TIERR K AN L, SR A S 22 . PCLy PC2 1 PC3 (R TTHR 43 514 29.53%. 15.08%F1
11.09%.
% 4 BMRIRSWHEDRRRRE

Table 4 Eigenvectors and percentages of accumulated contribution of principal components

TR 5 AEAEL TR/ % T HR%

PC Eigen value Contribution rate Cumulative percentage
PC1 4.72 29.53 29.53

PC2 2.41 15.08 44.61

PC3 1.78 11.09 55.70

PC4 1.53 9.59 65.29

PC5 1.19 7.41 72.71

PCo 0.97 6.09 78.80

PC7 0.76 4.78 83.57

PC8 0.64 4.00 87.57

M 5 HHAT LU R AR AT 3 A F o Z M A e . PCT AR R Seiide . SR SElA=.
PR TR R AL TR PC2 ERARARIRSE LT 4. MR AT € IR PC3 T BARR A NIV It [ P
W
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Table 5 Factor loadings for fruit character variables of mango fruits

[K-F§ 4 & Factor loadings

A5 Variable

PC1 PC2 PC3
W3k Harvest date 0.227 -0.166 0.455
JSZIBAR Fruit shape 0.503 -0.420 -0.023
H Y Bite Fruit colour 0.311 0.086 0.205
S22 4E Fiber in pulp 0318 -0.710 0.013
' Taste -0.058 -0.210 0.710
KWk Aroma -0.177 0.753 -0.206
R 4% Fruit length 0.396 0.576 0.291
H52RE4% Fruit width 0.941 0.066 -0.028
JSZ4% Fruit thickness 0.914 -0.028 -0.058
HLYLG R Fruit mass 0.909 0.299 0.191
RKZJFE Stone mass 0.806 0.165 0.231
Ay 2R Titratable acidity 0.388 -0.621 -0.026
#E/f 2% C Vitamin C -0.237 -0.172 -0.241
w k[ JEY) Soluble solids content -0.406 0.028 0.680
A[ & & Edible ratio 0.587 0.361 -0.293
& JBE Reducing sugar -0.340 0.295 0.438

FERFITE S 1950 WA 6. PC1 BRI IEE R I R R R s R iE . R
SEMAR AR EE R, R2E2. Keitt. Valencia Pride. Kent £l Bambarroo 45 4 & T-1b2S; PC1 AIBUE I 11
E 2 AT S S Bh LA v 190 mT s [ TR P RN = (138 J5UHE , Dasheharis -7 1 51 9401, Nan Dok Mai.
FE# - 82, IF. R 1 S8R E T IR S PC2 IEAE R IAAT RN I R S AR, SR
KA IF, 4J8 . #3YA Nan Klang Wan 55 i b8 T 1628 (K1 PC2 S{HR A KM TR W44t %,
A ERR SRR R, /DNEM. A6, Tommy Atkins. Van Dy Ke. Strawberry Fll Haden &5/ F & 11t
2 (B 1; PC3 i 1 IEAE R WA SR BT AT 7 R m K n S e & &, W Zillate; IS¢ PC3
FERIFC R A 2 C EEF 38 m, WA, Irwin F1 Glenn %5 i o

% 6 HRMRETHES

Table 6 Factor scores for 40 mango germplasm

F% Germplasm [X-f-%3{H Factor scores H% Germplasm [K-F 431 Factor scores
PCl PC2 PC3 PCl PC2 PC3

PG 145 Yuexi 1 -4.205 -0.310 - 1.653 Glenn -0.429 2.090 -2.149
52/ - 6 Shisheng-6 - 1.683 - 1.245 - 1.097 Zillate 1.633 0.016 2.409
5/ - 7 Shisheng-7 - 1.439 - 1.165 - 1.362 Lippens 1.302 -0.237 -0.831
A4 145 Tainong 1 -2.263 1.190 - 1.138 Edward 0.380 0.784 0.285
4:J& Jinhuang 3.529 4.198 1.571 Ono -2.39% -1.674 1.000
FEFF Guixiang 0.059 1.192 -0.676 R2E2 4.449 0.455 -0.279
81t Zihua -0.379 -2470 -0.256 KRS 1.978 -0.628 -1.782
= H - 82 Guire-82 -2.778 0.034 2.288 B74 1.392 0.886 - 1.049
#$%) Haibao 0.670 2.251 -0.550 Neelum 0.061 -0.642 0.950
JeIF Longjing -2.505 1.570 0.133 Bambarroo 2313 -1.123 0.886
LA Rumang -0.516 1.092 -2.030 Mallika 1.028 1.742 1.855
/NEAT Xiaofeimang -0.202 -3.939 -0.350 Magovar 1.909 -0.635 -1.452
Irwin -0.254 0.523 -2.008 Dashehari -4.560 1.166 0.970
Keitt 3.797 -0.048 2.214 Nan Klang Wan -0.970 2.304 0.347
Kent 2.224 -0.782 -0.178 Nan Dok Mai -3.585 2.064 0.645
Zill -0.941 0.506 -0.502 Spooner 1.731 -0.022 - 1.558
Tommy Atkins 2.170 -2.039 -0.152 Banganpalli 1.041 0.590 0.628
Haden 0.389 -1.391 -0.257 Strawberry -0.889 -2.199 0.979
Valencia Pride 2.629 -0.758 0.422 Saigon -1.358 -0.868 -0.941
Van Dy Ke 0.446 - 1.805 1.693 9401 -3.773 -0.672 2.974
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Fig. 1 Scatter plot of the first two principal component analysis of fruit quality character
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