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Abstract: Taking the fruits of Hass avocado in 9 different cultivation areas in Yunnan as test materials, we
observed the main internal and external quality of avocado fruits after ripening under the same conditions,
in order to analyze the main quality differences of avocado fruits in different cultivation areas in Yunnan
and explore the suitable ecological region for avocado cultivation in Yunnan. The results showed that: (1)
in terms of appearance indexes, the coefficient of variation of avocado single fruit weight, seed weight and
edible rate in different production areas was large, which were 31.31%, 38.09% and 8.08% , respective-
ly. The single fruit weight and edible rate of avocado in L] production area were the largest. The coeffi-
cient of variation of fat, soluble protein and Vc contents in the internal quality of pulp was large, which
were 37.57%, 22.42% and 17. 89%, respectively. The production area with the highest fat content was
BS, and the production area with the highest soluble protein and Vc contents was BN. (2) Correlation
analysis showed that Vc, total flavonoids, fat contents, pulp weight per fruit and fruit longitudinal stem
quality of avocado fruit were significantly affected by tree age and climate factors. Among them, tree age
was positively correlated with fat, soluble solids, V¢ and total flavonoids, and significantly negatively cor-
related with pulp weight per fruit. Longitude was positively correlated with fat, soluble solids, dry matter
and soluble protein. Latitude was positively correlated with soluble solids, pulp density and seed length,
and significantly negatively correlated with V¢ and total flavonoids. Altitude was positively correlated with
fat, soluble solids, Vc and total flavonoids. The annual average temperature was positively correlated with
pulp density, single fruit weight, single {ruit pulp weight and fruit longitudinal stem. The annual average
rainfall was positively correlated with fat and soluble solids. The annual average sunshine hours were posi-
tively correlated with fat, Vc and total flavonoids. (3) Principal component analysis showed that the quali-
ty index was an important factor to evaluate the fruit quality of avocado in Yunnan, and the cumulative va-
riance contribution rate of the four principal components was 68. 955%. The result of factor analysis
showed that the top three places of origin were L], LLL and BS, which were 0. 833, 0.611 and 0. 551, re-
spectively. (4) Cluster analysis showed that avocado from nine producing areas in Yunnan could be divided
into three categories. The first category was GM, YD, YM and ZF. This kind of avocado fruit had the
characteristics of medium fruit size, small seeds, high edible rate, high dry matter, Vc and soluble protein
contents. The second category was BN and XG. This kind of avocado fruit were the points of small fruit,
small seed, high edible rate, relatively high contents of Vc, soluble protein and total flavonoids, and rela-
tively low content of dry matter fat. The third category was L], LL and BS, which were characterized by
large fruit, many pulp, thick meat, large seeds and high contents of fat, dry matter, Vc, soluble protein
and total flavonoids. It could be seen that tree age and ecological factors had a significant impact on avoca-
do fruit quality. There were significant differences in avocado fruit quality from different places in Yun-
nan. LJ, LL, BS producing areas were the best ecological areas for avocado fruit comprehensive quality in
Yunnan.

Key words: avocado; f{ruit quality; principal component analysis; cluster analysis
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Table 1 Information of different avocado production areas in Yunnan Province
A
e e i~ AR T?ﬁ g%é Tfﬂﬁ
o il G ’ . . bl e < T e AR i Al " H I 4
. . § 2353 53 b N ® Avera
Number T AL 5L H i hik i e J‘,& Q; JE (&Vi The high Very low Annual Average Annual
Tree-age Longitude Latitude Altitude annual
of Avocado base address iy o o , temperature temperature average . average
/AF (E)/ (N)/ /m o o rainfall :
samples /C temperature Lo sunshine
e precipitation 1y o
! /mm ’
Ik ¥ 717 10k T L of s 4
GM Mengding Town . Gengma County. 2 99.4162 23.5999 1147.00 35.5 —2.0 21.7 1600. 0 2450.0

Lincang City

LTl R BH X 1 5 S
BS Mangkuan Township, Longyang 2 98.5236  25.3211 950. 00 32.4 —3.8 15.5 966.5 2417.9
District, Baoshan City

R UL T B BT X3 304

L] Lujiangba Town. Longyang Dis- 2 99.1766  25.1168 745.00 32.4 —3.8 15.5 966.5 2417.9
trict, Bao-shan City
U PATE F 7

LL Bizhai Township , Longling County, 2 99.0850  24.1805 1300. 00 22.9 3.8 14.9 800.0 2071.0

Bao-shan City

L2 M 2 T 28 i
ZF Zhafang Town . Mangshi. Dehong 6 98. 1469 24.2248 807.00 36.2 —0.6 19.8 1650.0 2452.0
Prefecture

PSR 40 ] S5 38k T 8 i
BN Menglong Town, Jinghong City, 3 100. 6267 21.6597 1200. 00 40.3 7.9 21.4 1400.0 2300.0
Xishuangbanna Prefecture

8.7 M 2 i
XG Xuangang Town, Mangshi City, 6 98. 4457 24,4249 867.00 36.2 —0.6 19.8 1650.0 2452.0
Dehong Prefecture

FEMEM T BT 2

YM Jiangbian Town , Yuanmou County. 1.3 102.0626 25.9692 1131. 34 42.0 —0.1 21.9 613.8 2670.4
Chuxiong Prefecture
I 76 T 7 B 7R L

YD Yongkang Town, Yongde County. 4 99.3855  24.1103 1180. 70 32.1 2.1 17.4 1283.0 2196. 1
Lincang City

T 3R P B AR i A AR B BORT A 7R S fR S BRI A X B GPS 7 i R 5 Bk 4
Note: The data in this table are arranged on the planting county government network to publicize climate information and GPS positioning meteorological data in

the planting area
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Table 4 Partial correlation coefficient of tree age and climate factors on avocado quality in different planting areas

A ST 45
R W 5 I e A i At h A
Fruit quality Tree-age I‘OYE%;I)Ude La(l]l\lll;de Altitude average /}vera’gle Annual )ﬁ%%ﬁ(
B temperature annua average !
rainfall
F# B Dry matters 0.413 0.569 0.276 0.304 —0.428 0. 464 0.274 0. 390
A8 Wi Fats 0. 897 0.956 —0.802 0. 945 —0.972 0.902 0.942 0.917
A M BB H Soluble solids 0.981 0.968 0.995 0. 975 —0. 494 0. 955 —0. 800 0. 881
41k % C Vitamin C 0.995 —0.890 —0.998" 0.975 —0.972 —0.985 0.991 0.972
] % 8 A Soluble protein 0. 347 0. 381 —0.353 0.187 —0.265 0.142 0.239 0.273
M ¥ B Total flavonoid content 0. 967 —0. 842 —0.998" 0.938 —0.975 —0.875 0.992 0. 941
HiE Fruit weight —0.982 —0.975 0.293 —0.980 0. 950 —0.974 —0. 966 0. 874
BN H Pulp weight —0.997"  —0.995 —0.521 —0.997 0.988 —0.995 —0.992 0.926
Al &R Edible rate —0.199 —0.071 —0.323 —0.024 —0.131 —0.027 0.214 0.141
R IYAZ Fruit length —0.970 —0.975 0.512 —0.967 0.958 —0.976 —0.967 0. 904
HSLHEAZ Fruit diameter —0.828 —0.773 —0.225 —0.734 0.421 —0.730 —0. 495 0. 601
HIEFE L Fruit shape index —0.307 —0.556 0. 254 —0.483 0.613 —0.638 —0. 644 0. 499
SN JEJE Pulp thickness —0.476 —0.239 0. 368 —0. 264 0. 184 —0.046 —0.295 0. 267
B F K & Seced length —0.921 —0.762 0.798 —0.875 0.719 —0.786 —0.872 0.819
B F H A Seed diameter —0.853 —0.276 0.615 —0.574 0.134 0.206 —0.495 0. 450
FIE R L Seed shape index 0.817 —0.056 —0.676 0.143 0.135 —0.697 0.158 0.383
F 7 i Seed weight —0.668 —0.520 0.328 —0.481 0.293 —0.332 —0.422 0.435
Heox Fom P<<0.05CHEM O
Note: * indicates P<C0. 05 (significant correlation)
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Table 5 Results of principal component analysis

of avocado fruit factors in different regions

= R 7 2 T ik 2R
EBRS  EE Variance oo ETIRE
Principal . L Cumulative variance
Eigenvalue contribution o 0
component ) contribution rate/ %
rate/ %
PC1 6.710 37.278 37.278
PC2 2.591 14. 397 51.675
PC3 1. 807 10. 042 61.717
PC4 1.303 7.239 68. 955
PC5 1.078 5.990 74.945

)3 PC2 J7 £ BTk ER 14, 397 % , H FSCRIEHE %0 .
SS(RIEFEH0 JFD. Fat (5 I & &) B R FE 8K, 4
AR S B K 78 PC3 B TRCCRVE R & ) |
ERCAJ )Ml Ve FE C & ) FRAF 1 B E 5K,
JELIE PC3 2SS FEF K [, 51 PCL 28 51
FENFZ DM & &), PTCR AR Al
ER EH W PC5 A F R FHHE,

2.3.2 RIMREFREENEFHETERE K
e % i 0 PR AT 0 (R T, R FE A PCL
~5 OB TER M 18 ATl AL N Ah L AR AR AT 4
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DM. Dry matters content; Fats. Fats content; TSS. Soluble
solids content; Ve. Vitamin C content; WSP. Water soluble
protein content; TFC. Total flavonoid content; FD. Fruit density;
FW. Fruit weight; PW. Pulp weight; ER. Edible rate;

FL. Fruit length; FD. Fruit diameter; FS. Fruit shape
index; PT. Pulp thickness; SL. Seed length; SD. Seed
diameter; SS. Seed shape index; SW. Seed weight;

Dim1 stand for PCl; Dim2 stand for PC2

Fig.1 Radiation diagram of principal components of

avocado fruit factors in different planting regions

6 AEAREHEMREFEEIRESTRHESR
Table 6 Comprehensive analysis score and ranking of avocado quality factors in different regions
Plﬁiigg:ias F LE Fy F, Fs Syrfﬁqig?zgofe F Rfﬁﬁng
GM —0.222 —0. 165 0.016 —0.011 0.026 —0.355 7
BS 0.499 —0.060 0.055 0.043 0.014 0.551 3
LJ 0. 685 0.006 0. 084 0.018 0.041 0. 833 1
LL 0.572 0.208 —0.129 —0.059 0.019 0.611 2
ZF 0.012 —0.099 0.076 0. 046 —0.097 —0.063 4
BN —0.394 0.062 0. 155 —0.104 —0.043 —0.324 6
XG —0.592 0.030 —0.024 —0.052 0.065 —0.573 9
YM —0. 447 0.033 —0.096 0. 057 0. 007 —0. 445 8
YD —0.114 —0.015 —0.137 0. 061 —0.032 —0.236 5
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Table 7 Factor load matrix after rotation
B Quali HF 1 HF 2 AT 3 HF 4 -+ 5
it Quality Factor 1(F ) Factor 2(F,) Factor 3(F ;) Factor 4(F ) Factor 5(F ;)
KR HE Fruit weight 0. 959 0.132 0.069 0. 004 0.148
FSHE4E Fruit diameter 0. 944 —0. 060 0.104 0.051 0.149
¥ i Seed weight 0.943 —0.153 —0.129 0.084 —0.116
7K & Seed length 0.912 0.066 —0.163 0.023 0.022
WAE Pulp weight 0. 904 0. 186 0.173 —0.002 0.273
FhF H 12 Seed diameter 0.876 —0. 364 —0.116 0.097 0.107
RS9\ 4% Fuit length 0.790 0.485 —0.066 —0.094 0.216
g Wi & & Fat content 0.38 0.368 —0.212 0.179 0.247
FIEAEE Fruit shape index 0.165 0.796 —0.167 —0.185 0.172
T 45 8 Seed shape index —0. 384 0.659 0.055 —0.127 —0.285
SN % Fruit density 0.022 0. 506 0.123 0.179 0.035
BV & B Total flavonoid content —0.207 0.019 0.776 0.127 0.091
] %5 1 [ JE ¥ 2 & Soluble solids content —0.218 0.092 —0.751 0.301 0.023
T#) & & Dry matters content —0.047 0.181 0.090 0.787 —0.071
Y& C & H Vitamin C content —0.022 0.219 0. 395 —0.608 —0.312
N & i Water soluble protein —0.377 0.175 0.162 —0.587 0.259
HJEE Pulp thickness 0.373 —0.051 —0.051 —0.065 0.732
& % Edible rate —0.009 0.342 0.495 —0.067 0.659
K15 X .26 B Euclidean distance By aE W K26 B Euclidean distance
Rigiom 0 2 3 10 1 2 > Fruit quality 0 5 0 15 20 25
oM ! TSS 3p
FD TH
YD 9 TFC 6H
PT 14
YM 8 Fat 2H
DM 1H
MSZF 5 — vC 4H
SL 15H {
BN 6 SD 16 H |
J SW 181 |
MSXG 7 ER 10 |
TD 12H I
LD 11 |
LB 3J ssT 17H |
PW 9 |
LL 4 FSI 13H |
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Fig. 2 Cluster diagram of avocado fruit quality cases

in different regions
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Fig. 3 Cluster diagram of avocado fruit quality variables

in different regions
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Fig.4 Ecological environment region suitable

for avocado growth in Yunnan

DX B ity o 308 2o oA R R SR S R A T A AR 2R
I 7 2 B IS I A A K AR A IR B X (
4) PR T BH DX VLA R S 9E £ (BSLULDD DL &
Jebg B3R 9E £ (LD il AL f il B AR K ZE S IR 5
DX 35 (3 bR i) o 28 e e BT £ (YMD , f%2
P T FF B (XGO FGEE TR CZF) I 78 T Bk 5 B
i 8 B (GMD K 48 B K FEER (YD), 78 SRR 40 JH 5t
LT B R B (BND Al AR S XK (AT FRID) .

S 2K

(1] WA, shmfdr, Wdss, S, WMAIT LY 0 AL 8 B R AE
WZELT]. PEBEEITRR, 2020, 49(1): 28-31.
LUO L N, HAN S Q, FAN J X, et al. Observation on flow-
ering phenology and floral organ characteristics of avocado[ J].
South China Fruits, 2020, 49(1). 28-31.

[2] #&&@. 4 W, %, % 90 HESRN BB IR AFLP it f%
R FEAR . 2020, 35(1): 13-19.
DONG M C, YANG F, LIJ X, et al. AFLP molecular mark-
ers-based genetic diversity analysis on 90 avocado germplasms
[J]. Fujian Jowrnal of Agricultural Sciences, 2020, 35(1)
13-19.

[3] Zrik, w4, TS, % B9 B 2 540 5 597
WL E R T4, 2021, 23(3) ¢ 105-113.
LUO L N, HAN S Q. WANG D G, et al. Analysis and eval-
uation of the differences in fruit quality of avocadol[J]. Jour-
nal of Agricultural Science and Technology, 2021, 23(3):
105-113.

[4] BmsAh, Sagat, AWEoR. % w4 P RB SN R SR Y
ARSI ], AR, 2021, 37(22): 49-56.

4 & e

SGIEUD At R R W R Te 2 LR ORI S I
SR TT VLR A S 8 A AR R A A A= 7 X1 T
BURSCHATEZR B OS2 2 Ve M A i L AN T
Foft e DX 38 i B A it BRI P A i B 2 8] 2 77 A — E
(22 5, I HLAEAS ) e DX SR 30 HE A [ R 1 2
FUrph 1 E I A S AR B R 2 ) 3K 38,0906
37.57 %0 FRUCUL B, il BL B9 i BT B 75 A [R] A9 35 45
A A AE— E (4 Al B84 L AT LIS BRI T AT 28 L 4R
AT SE 5 B N T K R R A A

RS U ARG DR 1 52 T 3 9 AR S A B 45 4 AR
32 L35 A TR B B 52 W0 R/ Ve ™ BB Bl >
R E >R >R e > AR Y > AR
= DR R > T K > R SR AR > RE 4R B
B R ey L B I T ey B 7/ DD UiP % = S Gl R i 4
H>RNRE >R R,

LR BT A TR R A S A R B R
L T SRR A SR 52 o e I, LR e B EL L R 1
WS R & bl B R 22 — 48 3l i 3R 2R A Ay
Hr e B SE 18 A dh JBUAE B4 5 b on] DGR 22 HH H
ARV 4 DL R, W& 8. '
ARCHURE R R 1 O I AL BT AL
AR . ASWEFEEE R AT i AL R SR B e 2 %

DUAN P W, MA X J, SHI H Q. et al. Correlation analysis
of fruit quality of ‘Fuji’ apple and altitude[J]. Chinese Agri-
cultural Science Bulletin, 2021, 37(22): 49-56.

(5] BRWELL. 3th B0 & R A0 X 31k 2 80 SR 35 H R W92 (D). w8
T )P RE, 2006.

(6] e AR e i Al 5. vl AR L Al A7l B off - NY/
T-1689-2009 #i | M LA AT B¢ P54 R ML LST. L5t
o AR 9 1 A L 2009,

(7] FR=, TlW. X8, 5. SO IR D7 9D 3 505 IE 1
A HT[T]. ah Bk, 2012, 33(12): 259-263.
YU C Y, WANG S B, LIU J B, et al. Fast extraction of fat
and fatty acid analysis of hot pepper seeds[J]. Food Science
2012, 33(12): 259-263.

[8] BKHE, E—uK, & I, . 12451 AL & R A & T
LT, HER T ERR, 2017, 46(5); 31-34.
WEI'Y Z, WANG Y C, SHU B, e al. Evaluation of pulp
quality of 12 introduced avocado varieties[ J]. South China
Fruits, 2017, 46(5); 31-34,

(9] MAL. WAL I LLEHFSE I 1-MCP F0A e 38 X ifh B 7 fif
HOR MWD, W R R, 2017.



666 Wodt oMoy o iR 13 %
[10] # #., ¥ |, ZFxiE. EE L axe 5803k S 111.
W& AT L)]. AT RS IT % . 2013, 34(17): 86-88. LID Y, ZHANG S F, FENG C Y, et al. Effect of bagging
WENG X, XIN G, LI Y X. Study on determination condi- on growth and dynamic change in quality of avocado fruits
tions of total sugar from potato starch by anthrone colorime- [J]. Acta Botanica Boreali-Occidentalia Sinica, 2018, 38
try[J]. Food Research and Development » 2013, 34(17) ; 86- (1: 102-111.
88. [18] GEY, SIX Y, CAOJ Q, et al. Morphological characteris-
[11] WER, WA, EHE, 55 M % 505 500 w4 6 48 tics » nutritional quality, and bioactive constituents in fruits of
WA S B TR RAT S LT ], RN K AE R (A AR two avocado (Persea americana) varieties from Hainan Prov-
BL2ERRD . 2006, 22(2); 82-85. ince, China[J]. Journal of Agricultural Science, 2017, 9
QU C X, SHEN S D, WANG X F, et al. Method research (2): 8.
of measuring soluble protein contents of plant rough extrac- [197 HHAFE, 2= i, B, A R om0 %508 A
tion using Coomassie Brilliant Blue[ J]. Journal of Suzhou b ME s ] EaEE, 2019, 40(3) . 30-35.
Uniwversity (Natural Science Edition), 2006, 22(2) . 82-85. TIAN D D, LT1Y, MEI X H. Identification, antioxidant and
[12] A&, MR, B 9l & Aok e S m 4 i &= antibacterial activity of phytosterols in avocado[ J]. Food
LB ] MBS IF 4. 2021, 42(21) ¢ 69-73. Science s 2019, 40(3); 30-35.
ZHOU M J, HE X Z, CHEN K, et al. Investigation on ex- [20] SHARMA A. MAHAJAN H, DWIVEDI J P, et al. Opti-
traction and enrichment of flavonoids from Zanthoxylum ar- mization of nutritionally enriched mango bar using response
matum DC[J]. Food Research and Development , 2021, 42 surface methodology[J]. Journal of Food Measurement and
(21): 69-73. Characterization s 2015, 9(2): 152-159.
[13] Z=254r, skiedst, b &, . BRH T X 408 - 3R R [21] EX¥. REFMBRFHREOHEHRTL] AR,
PRI, dEdriE 2, 2021,(19): 29-36. 2017, 11(33); 5-6.
LI F H, ZHANG X Y, FENG R, et al. Quality evaluation YU X B. Measures to improve the quality of avocado seed-
of red fuji apples in Shaanxi-Gansu-Ningxia area[ ] ]. North- lings[J]. South China Agriculture, 2017, 11(33); 5-6.
ern Horticulture , 2021,(19) ; 29-36. [22]  TEACUE. SR LE ST IR o v 1 i s il BT ]t i ok
[14] B WM. 5k ¥, Rz, S5 ] PUHON R SR R 52 4 5 B A5 B 2019, (12) ; 29-30.
SN BB, 2021, 42(24) . 242-251. WANG H Y. Colombia began to export Haas avocado to Chi-
HE P. ZHANG T, SONG H Y, et al. Quality analysis and nal J]. World Tropical Agriculture Information, 2019,
comprehensive evaluation of the {ruit of Macadamia integri- (12): 29-30.
folia grown in Guangxi Province[ J]. Food Science, 2021, 42 [23] WANG ]S, WANG A B, ZANG X P, et al. Physicochemi-
(24) . 242-251. cal, functional and emulsion properties of edible protein from
[15] RER, BB, FREMN., 5. o/ TRWAXRH 7R avocado (Persea americana Mill. ) oil processing by-products
IR A RSB TR (], TR b AR, 2021, 33 [J]. Food Chemistry, 2019, 288 146-153.
(10): 29-37. [24] RIBKER, ESCbh, FREAE, S5 WO IR A BTR 927 5 AH 56
YUAN ] M, YANG X Q, XU Z P, et al. Amino acid com- PRI 2 e BT LT]. R 2. 2019, 36(12): 1 630-
position and nutritional value evaluation of Phyllanthus em- 1 637.
blica fruit in Yunnan dry-hot valley[J]. Acta Agriculturae TAN QJ, WANG W L, WEI Y R, et al. Diversity analysis
Jiangzis 2021, 33(10): 29-37. of fruit traits related to yield in Macadamia germplasms[]J].
[16] #ETMg, &FME, T 52, %, AR MER 3 SRS ETE Journal of Fruit Science s 2019, 36(12): 1 630-1 637.
SRR FORE SR BT L], M AR R AR . 2015, 36 [25] A=, PRVUAESRE T 5 R G BAH X FELD]. By
(3): 59-64. B . PHALR MBI A, 2006,
HUANG X M, HUANG L J, WANG Y, et al. A compara- [26] TR, ABFELHE T X 3R B0 CO, Ui F £ P B BF 5T
tive study of postharvest physiology and nutrient components [D]. Bevitghs . vdbAe Bl 3 K2g, 2021,
between Guiken 3 and Hass avocado fruits[ J]. Journal of [27] Sedmbg. IS K EHBR A S3EF 5 A& Z P58 D].
South China Agricultural University . 2015, 36(3): 59-64. BEVE# Bz . VE AL AR AMEHE K2, 2009.
[17] ZEflk, kD, W&, 5 BRIMABRLLARKREET R

SR Eh AL )], PEb Y24, 2018, 38(1) . 102-

(3 LI



