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Effects of altitudes on the growth performance and fruit quality of Re-

nong No. 1 mango
JIANG Yan, NI Zhangguang, ZHANG Cuixian, ZHANG Yong, XIE Dehong, CHEN Yufu, YI Huai-

feng, WANG Tieyun, BAI Tiangi, YANG Linyuan, ZHAO Aiqiu, LIU Yangwu, WANG Meicun’
(Tropical and Subtropical Cash Crops Research Institute, Yunnan Academy of Agricultural Sciences (YAAS), Baoshan 678000, Yunnan,
China)

Abstract: [Objective] To explore the effects of altitude on the growth and fruit quality of Renong No.
1 mango, in order to provide a reference for determining the most suitable cultivation altitude range and
supporting its production. [Methods] The 33 indicators for growth characteristics and fruit quality were
determined and analyzed at 4 different altitudes in Huaping, Yunnan. [Results] (1) With the increase in
altitude, there was no significant change in the flower bud differentiation period, initial flowering peri-
od, and annual shoot number in Renong No. 1 mango. However, the full flowering period and final
flowering period were delayed by approximately 10 days at altitudes H3 and H4. For every 200-meter
increase in altitude, the fruit maturity period was correspondingly delayed by 5-10 days. (2) Altitude
showed a significant positive correlation with the trunk circumference, north-south crown width, leaf
width, and petiole thickness. Leaf length and petiole length were the highest at altitude H3 (1 503.54)
and showed a significant difference compared with altitude H1 (1 148.00). (3) None of the 11 fruit ap-
pearance indicators, including single fruit weight, fruit longitudinal diameter, transverse diameter, and

peel color, showed a significant correlation with altitude. (4) Among the 9 fruit quality indicators, 6 had
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a significant or extremely significant correlation with altitude. Peel thickness was significantly positive-
ly correlated with altitude; total acid and crude fiber were extremely significantly positively correlated
with altitude; soluble solids, total sugar, and crude fat were extremely significantly negatively correlat-
ed with altitude; and flesh recovery, ascorbic acid, and protein had no significant correlation with alti-
tude. There was no significant difference in peel thickness or edible rate of Renong No. 1 mango among
different altitudes. The crude fiber content was the highest at 1700 m, showing a significant difference
from other altitudes, and increased with the rise of altitude. Soluble solids and crude fat decreased with
increasing altitude. The contents of ascorbic acid, total acid, total sugar, and protein first increased and
then decreased with increasing altitude. (5) Principal component analysis (PCA) was conducted on 10
indicators that were significantly correlated with altitude (trunk circumference, north- south crown
width, leaf width, petiole thickness, peel thickness, soluble solids, total acid, total sugar, crude fiber, and
crude fat). The results showed that the cumulative variance contribution rate of the first 4 principal com-
ponents reached 88.216% . Based on the principal component scores, assignment and comprehensive
evaluation were performed on the performance of growth and fruit quality of Renong No. 1 mango at 4
altitudes. The results indicated that Renong No. 1 mango grown at 1100 m had the best comprehensive
performance. [Conclusion] Changes in altitude comprehensively affect the plant growth and fruit quali-
ty of Renong No. 1 mango. In general, altitude has a relatively small impact on fruit morphology but a

greater impact on internal quality. Renong No. 1 mango grown at an altitude of 1100 m shows the best
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comprehensive performance.
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Table 1 The main environmental factors at different sampling points in Huaping

P zr G YRR o F 0T 4 b e
Number  Altitude/m  Longitude Latitude Average annual temperature/°C ~ Annual sunshine duration/h  Average annual rainfall/mm
H1 1 148.00 101.416 7 26.535 8 19.8 2509.1 908
H2 1380.12 101.252 8 26.622 0 19.1 2509.8 921
H3 1503.54 101.2195 26.5273 18.3 25114 1003
H4 1704.00 101.206 1 26.531 1 17.6 2508.3 889
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Table 2 Phenological period of Renong No.1 mango at different altitudes in Huaping

) e 28 7S YL HEAEH RAEH RS SRR AL
v Flower bud Early flowering Full flowering Late flowering Fruit ripening Number of

Number . . . .
differentiation period stage stage stage period annual shoots

H1 1] EA 3HEA 3ATH 4 A THTH 3
Early-Jan. Early-Mar. Late-Mar. Mid-Apr. Late-Jul.

H2 1] EA 3HEA 3ATH 4 A 8 H A 3
Early-Jan. Early-Mar. Late-Mar. Mid-Apr. Early-Aug.

H3 1] EA 3HEA 47 bA 473 8 A 3
Early-Jan. Early-Mar. Early-Apr. Late-Apr. Mid- Aug.

H4 1] EA 3HEA 47 bEA 47T 8 AT 3
Early-Jan. Early-Mar. Early-Apr. Late-Apr. Mid-late-Aug.
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Table 3 The plant growth characteristics of Renong No. 1 mango at different altitudes
TR I%E%?E T ARG [RZEl#rn *E#%%HZ REILIRIS S —_i*éﬁ%ﬂﬁ*ﬂfﬁ
Number Trunk height/ Dry week/ East-wes‘t North-sopth Length of mtemf)(.ies of DlameFe-r of one-year-
cm cm crown width/cm crown width/cm  one-year-old fruiting shoots/cm old fruiting shoots/cm
H1 69.5£9.7 b 35.3£3.3b 226.7+£32.0 a 200.6+£30.8 b 31.7484 a 0.8+0.2 a
H2 84.6+3.5a 47.043.5a 228.6+21.0 a 224.1+£28.5 ab 32.2+10.1a 0.9+0.2 a
H3 68.1+£6.7 b 455+12.8 a 236.0+39.7 a 232.6+50.8 ab 29.5£7.0a 0.9+0.1 a
H4 75.0+12.8 b 47.8+13.0a 236.5+40.0 a 246.4+48.9 a 253+8.8 a 1.0+0.1 a
Kbegs KRR R R PR AR AR BRI R
Number Leaf length/cm Leaf width/cm  Leaf thickness/mm Leaf shape index Petiole length/cm Petiole thickness/cm ~ Single leaf mass/g
H1 18.6+2.0 b 5.0£0.5b 0.34+0.04 a 37402 a 3.0+0.1b 0.33£0.03 b 2.7£0.6 a
H2 18.9+1.3b 5.3+0.5 ab 0.35+0.04 a 3.6+0.2 ab 3.6+0.8 a 0.36+0.06 b 3.0£0.6 a
H3 21.0£1.9a 5.6£0.5 a 0.35+£0.03 a 3.7+0.2 a 4.0+0.6 a 0.37+0.04 b 3.5+0.6 a
H4 19.6+1.4 ab 5.740.4 a 0.41£0.06 a 3.4+0.3 b 3.0£0.5b 0.41+0.04 a 3.5+0.7 a

VE RS/ NG PR R 22 573 B35 (P<0.05). A,

Note: Different small letters in the same column indicate significant difference (P<<0.05). The same below.
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Table 4 Correlation analysis between altitude and plant growth characteristics of Renong No. 1 mango

Jaki FHR R sk FHR R sk TR R
. Correlation . Correlation . Correlation

Indicator . Indicator . Indicator .

coefficient coefficient coefficient
F=F % B Trunk height -0.153 AR g R 0314 HHARHELE Petiole thickness  0.466*
Diameter of one-year-old fruiting shoots

FJ& Dry week 0.468* K % Leaf length 0.293 7 I Leaf thickness  0.423

ZR VU7 I East-west crown width ~ —0.159 I 9 % Leaf width 0.451%* FATH i i Single leaf mass  0.436

M AL7E % North-south crown width  0.498* HHJEHE 4L Leaf shape index -0.178

ARG R TR R -0.179 %K & Petiole length 0.153

Length of internodes of one-year-

old fruiting shoots

VE*FR B EMIRP<0.05). FH.

Note: * indicates significant correlation (P<<0.05). The same below.
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Table 5 The fruit appearance quality of Renong No. 1 mango at different altitudes
ST L =) Jus. s pas 2 /b 2 Vs EE%)»E‘ % R H
RS AR RIHE BRI R RIME HREGR
Number Single fruit mass/g Fruit length/cm Fruit width/cm Fruit shape index Fruit thickness/cm P
at green mature stage
H1 383.3+80.7 a 9.9+0.8 a 8.4+0.6 a 1.17£0.05 a 8.0£0.5 a 100.3+6.3 a
H2 362.0+68.2 a 8.840.6 b 8.4+0.4 a 1.05+0.07 b 8.0+0.4 a 100.7+8.3 a
H3 362.4+67.4 a 9.6+0.9 a 8.4+0.5a 1.13£0.05 a 8.1+0.6 a 104.0+5.0 a
H4 413.4+65.0 a 9.840.9 a 8.840.5 a 1.1240.07 a 8.1+0.5 a 1032433 a
g TR G FRRREGOBE ARG R FTHRREIOGE ARG B
RAFA G value of peel col B value of peel col R value of peel col G value of peel col B value of peel col
Number value of peel color value of peel color value of peel color value of peel color value of peel color
at green mature stage at green mature stage at fully ripe stage at fully ripe stage at fully ripe stage
H1 96.2+12.3 a 45.0+7.5a 156.0£8.2 a 117.2+10.1 a 29.5+3.6 a
H2 91.0+10.6 a 492453 a 159.0+7.4 a 120.8+12.8 a 41.8£7.0 a
H3 94.7+12.8 a 472440 a 157.8+10.2 a 115.5¢19.7 a 34.8+16.1a
H4 94.7£5.8 a 51.743.2 a 159.0+6.4 a 1057153 a 32.0£52a
*6 BHRESARR 1 SRIIMLERIEREX D
Table 6 Correlation analysis between altitude and fruit appearance quality of Renong No. 1 mango
thh FRAH g FRAH | g S
Indicator Correlation Indicator Correlation Indicator Correlation
coefficient coefficient coefficient
R 0.132 R 0.087 SERAR B0 RAH 0.127
Single fruit mass Fruit thickness R value of peel color at fully ripe stage
sz 0.032 TR B0 RAE 0.254 SRR B G -0.288
Fruit length R value of peel color at green mature stage G value of peel color at fully ripe stage
R 0.215 FHRAR B GE -0.029 SERRR BB B AH 0.087
Fruit width G value of peel color at green mature stage B value of peel color at fully ripe stage
AR -0.162 AR LGB E 0.397
Fruit shape index B value of peel color at green mature stage
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Table 7 The internal quality of Renong No. 1 mango at different altitudes

5y W% w1 wEER O wlRAR) wCR ) wCEARD  wCHERD  wCHER4D

PR R Skin tii(imess / Edibilit [ T4 Vitamin C Total acid  Total sugar  Protein Crude fat Crude fiber
Number mm rate/% y Soluble solids  content/ content/ content/ content/ content/ content/

’ content/% (mg-100g") (g 100g" (g-100g") (g-100g") (g-100g") (g-100g"H

H1 1.3+0.2 a 832444 a 17.4+12a 4.6£0.2d 0.11£0.0d 14.3+0.12b  0.48+0.01 ¢ 0.34+0.02a 0.52+0.01 b

H2 1.3+0.2 a 83.5443a 153£1.0b 14.2+0.4 b 0.35+0.01 ¢ 15.3+0.18a 0.48+0.01 ¢ 0.31£0.00b 0.52+0.01 b

H3 1.4+0.1 a 84.2+53a 14.5£09b 16.8+0.3 a 0.67+0.01a 13.8+0.21¢ 0.61+0.00a 0.27+0.01 ¢  0.52+0.01 b

H4 1.5+0.2 a 81.0£7.3a 10.6+0.4 c 10.7+0.1 ¢ 0.55+0.01b 11.3+0.12d 0.53+0.02b 0.25+0.01 ¢ 0.60+0.00 a
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Table 8 Correlation analysis between altitude and internal quality of Renong No. 1 mango

Jaki AHR R HL sk IR R Jok AR R

. Correlation . Correlation . Correlation
Indicator . Indicator . Indicator .

coefficient coefficient coefficient

57 JE B Skin thickness 0.340% 4 & C & & Vitamin C content  0.538 i1 7% & Protein content 0.485
] £ % Edibility rate -0.124 SR & & Total acid content 0.846%** FH g7 £ & Crude fat content ~0.920%%*
AL T ~0.908** JUBE & Total sugar content -0.759%* i ko sy 0.760%*
Soluble solids content Crude fiber content

VE RN R E A I (P<0.0D),

Note: ** indicates extremely significant correlation (P<<0.01).
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Table 9 Principal component analysis

fabr FRSF RS2 ERA3 ERGN4
Indicator PCl1 PC2 PC3 PC4
AL A -0.912 0209  -0.089 0.229
Soluble solids content

BR&E 0.744 0.112  -0.512  -0.025
Total acid content

SV -0.859 0424  -0.171 0.130
Total sugar content

HHAR I -0.883 0.012 0.418 0.051
Crude fat content

AT Y4 0.837 -0.222 0294  -0.158

Crude fiber content
L1 JE ¥ Skin thickness 0.694 -0218 -0.258 0.485

T J& Dry week 0.190 0.673  -0.555 0.002
AL R 0.456 0.619 0.335  -0.340
North-south spancm

I 9 BE Leaf width 0.379 0.189 0.340 0.799
AL Petiole thickness  0.608 0.556  0.458 0.051
FF{IE{H Eigenvalue 4.844 1.515 1.373 1.090

1Bk Contribution rate/% 48.439  15.147  13.733  10.898

E iy e 48439  63.586 77318 88216
Accumulated
contribution rate/%

o N T IHBRAN R AL RECE A SR, o 5 R S
E AR 10 TR b (9 7 46 S AT P AL AR B (R
100, # i 4 D F R A, BL AN EREHRARUE R
(9 10 TUAE RAF SRR, ASR &I AN Rl R R
FTERMERI 4 DTRG0 H R ACRIE AW R -

F1=-0.912X1 + 0.744X2-0.859X3- 0.883.X4 +
0.837.X5 + 0.694X6 +0.19X7 + 0.456.X8 + 0.379X9 +
0.608X10;

F2=0.209X1 + 0.112X2 + 0.424X3 + 0.012X4-
0.222X5-0.218X6 + 0.673X7 + 0.619X8 + 0.189X9 +
0.556X10;

F3=-0.089X1-0.512X2-0.171X3 + 0.418X4 +



1206 3 L)

S 4

43 %

F10 TRMRIERRIGBIROIRELTEREE

Table 10 Standardized dimensionless data of the original data of different traits indicators

8] u;‘z,éz v 4 =2 E.\ A=A l,é‘» n/%\a ) s A B g 24\5 ’rj‘»”E . i )
gy CIRE IJT‘A/JEE Loy SR MRS R M S = wLERE T R AL I P +$ﬁ*ﬂ/§

Soluble solids Total acid ~ Total sugar Crude fat  Crude fiber L North-south . Petiole
Number Skin thick  Dry week Leaf width .

content content content content content spancm thickness
H1 0.269 47 0.328 99 0.351 91 0.259 97 0.527 16 0.781 21 0.000 00 0.725 40 0.833 33 0.111 11
H2 0.51579 0.468 05 0.477 87 0.399 35 0.524 69 0.569 30 0.421 05 0.942 79 0.555 56 0.148 15
H3 0.483 16 0.518 34 0.619 15 0.462 84 0.600 00 0.482 25 0.982 46 0.606 41 0.250 00 0.111 11
H4 0.531 58 0.600 00 0.663 83 0.698 04 0.716 05 0.079 04 0.771 93 0.032 04 0.111 11 1.000 00

0.294X5- 0.258X6- 0.555X7 + 0.335X8 + 0.34X9 +
0.458X10;

F4=0.229X1- 0.025X2 + 0.13X3 + 0.051.X4-
0.158X5 + 0.485X6 + 0.002.X7- 0.34X8 + 0.799.X9 +
0.051X10.

KA, FI~F4 53 HIARER B 1~4 T 457 5 X1~X10
53 N G AR AL AR B 1) F bR (XL s ] 1 [ T 4
B2 RERE R, X3 NS E XA DS R,
XS5 A4S 5, X6 B, X7 T/, X8: B e

W, X9: PP 55 B, X10: AR D« X (A3 0 H H
AHRLFFAEAR (1) 7 22 o7 R 28 I R AR AT B0, 3R1G A
R TR 15T RS EM 88 F(F=F1 X
0.484 39+F2 X 0.151 47+F3 X 0.137 33+F4 X 0.108
98), AL ZRE VPN R 1 ST RAEARIEIR T IR
o AR ST 23 BT B PEA S0, RN OCIE BE B K
CRER R, R H GG R . Wk 11 pr
TN R 15 P IRAEA [FR I R ZE & VR HE 4
AN H1>H2>H3>H4.

F 11 AREFEHRAR 1 STEREEITMN

Table 11 Comprehensive evaluation of Renong No. 1 mango of different varieties

=) R A3 $E 45 Main component index e He4
Number Altitude/m Fl Jov) 3 F4 Rank
H1 1 148.00 1.164 7 0.626 5 0.386 7 0.8330 0.803 0 1

H2 1380.12 0.759 5 1.181 4 0.1459 0.5139 0.622 9 2

H3 1503.54 0.466 8 1.334 4 -0.3750 0.342 1 0.4140 3

H4 1704.00 0.240 6 1.408 3 0.092 0 0.284 3 0.373 5 4
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HEIRAE 9 me R A B B A B ]
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VRN AR R S I AE B R S, Bk
RO AN 5o PR EECIE T AN [F) g HRont
K0 B8 S 7 I SO e PR L SRR B B
R T E, R OSSR EHE S EAWIIN, 1mm
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HF 70485 3 B, WO #fe 15 75 1 LS A T
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