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Effects of different altitudes on leaf photosynthetic characteristics and
fruit quality in Myahintha mango
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Abstract: [Objective] The effects of altitude on phenological periods, leaf photosynthetic characteris-
tics, fruit appearance and internal quality with Myahintha mango was studied to provide the basis for
choosing the most suitable cultivation altitude range and guiding practical production of Myahintha man-
go. [Methods] In the study, four altitudes (685 m, 850 m, 1034 m, 1194 m) in Lujiang town were select-
ed to measure the phenological periods, leaf photosynthetic parameters, and external and internal fruit
quality. 12 photosynthetic parameters, 10 fruit appearance traits and 7 internal quality traits were ana-
lyzed by difference, correlation, gradual regression and path analysis. [Results] 1. The altitude had an ef-
fect on the flowering and fruit harvest periods of Myahintha mango. With the increase of altitude, the ini-
tial flowering period, full flowering period, final flowering period and fruit harvest period of each alti-
tude section were delayed 10 days. 2. The altitude was negatively correlated with water content, CO. con-
centration, atmospheric temperature, leaf surface temperature, stomatal conductance, water use efficien-
cy, stomatal limitation value and mesophyll instantaneous carboxylation rate. There was no significant

correlation between altitude and atmospheric radiation intensity, intercellular CO, concentration and
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transpiration. Net photosynthetic rate was positively correlated with CO, concentration, air temperature,
leaf surface temperature and stomatal conductance, but negatively correlated with transpiration rate. Net
photosynthetic rate and instantaneous carboxylation rate in mesophyll decreased with the increase of al-
titude. Net photosynthetic rate and instantaneous carboxylation rate in mesophyll at 685 m and 850 m
were significantly higher than those at other altitudes (p << 0.05). The concentration of intercellular CO,
increased first and then decreased with altitude. The concentration of intercellular CO, at altitude of
1194 m was significantly higher than that of other altitudes. The transpiration rate increased first and
then decreased with the increase of altitude. The stomatal conductance at 850 m was significantly high-
er than that at other altitudes. The variation of atmospheric temperature and leaf surface temperature
was consistent, and the atmospheric temperature at 850 m was significantly higher than that at other alti-
tudes. Photosynthetically active radiation (PAR) increased first and then decreased with altitude. The
PAR at 850 m and 1034 m was significantly higher than that at 685 m and 1194 m. Path analysis further
showed that the change of altitude affected atmospheric temperature, water use efficiency, CO, concen-
tration and transpiration rate, and the water use efficiency and air temperature showed negative effects
on CO; concentration and air temperature and 82.2% of these four photosynthetic factors were affected
by altitude change. 3. There was a significant positive correlation between altitude and single fruit
weight, pericarp weight, longitudinal and transverse diameters in fruit, fruit thickness, seed weight, seed
length and width, but had no effect on seed thickness and edible rate. With the increase of altitude, the
single fruit weight increased gradually, and the average fruit weight at high altitude was significantly
higher than that at other altitudes. The changes of peel weight, longitudinal and transverse diameters in
fruit, fruit thickness, seed weight, seed length and width as well as single fruit weight increased with the
elevation. The seed thickness at 850 m and 1034 m was significantly higher than that at 685 m and 1034 m,
and the edible rate was not significantly different among various altitudes. The results of path analysis
showed that the single fruit weight and fruit longitudinal diameter were affected by the change of alti-
tude, and 79.9% of these two variables were affected by the change of altitude. 4. Altitude was negative-
ly correlated with soluble solids, total sugar, vitamin C and total acid contents. With the increase of alti-
tude, the total sugar and vitamin C contents decreased. The total sugar and vitamin C contents at 685 m
were significantly higher than those at other altitudes. The total acid and soluble solid contents increased
first and then decreased with the increase of altitude. The protein content increased first and then de-
creased with the increase of altitude, and reached the highest at 1034 m. The crude fiber content at 850 m
was significantly higher than that at 1034 m and 685 m. The crude fat content decreased first and then in-
creased with the increase of altitude, and reached the highest at 1194 m. Path analysis also further
showed that the change of altitude mainly affected two characteristics like fruit vitamin C and total sug-
ar contents, and 97.4% of two variables were affected by the change of altitude. [Conclusion] The
changes of altitude had a comprehensive effect on the phenological periods, photosynthetic characteris-
tics, and external and internal fruit quality. The net photosynthetic rate was the lowest at 1194 m, the
fruit ripening stage was the latest, and the average fruit weight was the highest; the total acid and solu-
ble solids contents at 850 m altitude were higher than those at other altitudes; the total sugar and vita-
min C contents at 685 m were higher than those at other altitudes, the fruit quality at 685 m and 850 m
in Lujiang town was better than that at other altitudes, but the ripening period of fruits at 1194 m was
the latest. Therefore, suitable planting areas should depend upon the needs of environment and market.
Key words: Myahintha mango; Altitude; Phenological period; Photosynthetic characteristics; Fruit
quality



%5

TRERAD L 55 AN RO WAL SEIE AT RO 55 1 B RS i i R 5 751

M PLGEIA A R AT SR R Az —, Rk
TEARACAEE S , RS ARG 7= 1 s < i i i, PRS2 ) K2R
BTN B H %, BAITE = fE A BB 1.67
Jihm’s ZEAE M AURER SR, AR L.
SRS IR TR RS B SRR i, X AR N
76~1600 m, FH 4k 300~1600 m 34 AT A, 2
A EAE ML RAT R X . JEER, BT A E I
PR R AR m A TG, =M A R AR RAY
DX I FEAT 51 P, A = PR DX 30 T R IR X
] R AR X R o (RS R AR A R S AT SR SR s AR
KRG B AR W] A B X2 75 35 3 B PR
M7 DA AT S, IR A ) AN 2 . BRI, ST 2 SR
ZRA SRR B A R LA KR EH
Je R B IR 7, 22 A I R FE AR AT SR S R, &
PRAT Je TPl 45 8 2 2 B AT R M 2 TR AR e ) 1

VR HRORT SR (1 A A g e T B G R L AR K
SEASHETFRERT . BEE R E AR, R
J5E T P R R R S 2 AN R AR B 1A Ak, AT 5
B S SE — R A BRI R AL
5 B SR i R R I Y AR AT
BN HER MR 2 —, BEE 30 2tk JE
FRIZ W LN JE ST T S I AN [ AR A X 4R
AR B R OTF R T — e/ 5, 78 HoAh AT SR
AR T SR A AR R R A2, UV-B
AN AN FR SR R R S BT O AR S R
SIS, 1 AR A RO AT S A 1 AN B S R R
T 7C B AE A E D L BB 2 iE. VR
AL o AN TR Y A D 40 R R S R T R B
b6 VR ) T v, SRS ) B R R N KN 8 B R
BT BT RS R A AR N
A S SR R B 2R AR I DRI RO 7, B TR
HEE SRR R 2R 1 8k, AN TR S 58 5 SR e
AR T AR R A T AN [FIRR FE A8 4k, (R R AR AR AL
A TEAR — 8, T T 70 R B v 4 X A i 5
(¥ A R i TR O X, (H A KR & IR
FARIEHR X, -0 5 & A& N X e i R
B TR . PN S T R R AR L i
SO T 7 MR IR0R 2 A W IR AN R 4y, B
SR 5 ARt 1) o o AN K, L k) ol v
JREAM AR AR AR R B RR. A
S URIE SRR B RO T RRFF AL I o O 5 ) Sk 3 s XS
RR A AORERLUE R AR W B R IR B R

M, TR AR 73 5 K AN 2

B T WL SR AN TR0 J5E [ A 7 S R AT SR )
(BSR4 I E e A AR B AR AR SR SR SR
X G A B AR SR S8 SRR S A AT A
KoM AE S [BIA M7, 3L 2 Je A5 R, SR T IX
BB 5 bR BE SRR 5 (AR A AL, S0 AT eS0T i i 2
IBACRAK SR E R RS R, A R
P X BT SEEAT R A 7 4 S R 8 AN SC B A »
— D BRI AT SRR Rl ISROR P DR AR W K 2% 5 T
e E H IS AT R .

1 MR

1.1 RXIG He e

TRIRTE 2= B 48 DR L T B B X VLR IR 4 A
AN TR HRBE FE (6858501034 1194 m) [ A1 5 [ F
17 o WG Hh BT A BV F # B X, E R
21.3 °C, fA ABR13.9 C, A iR 26.4 °C, 1
Uity £ KU 0.2 °C, M iy B i i 40.3 °C =10 °C FLR
7800 °C ; H W& I %7 2 329.7 h, 4 % 48 4 138 449
cal-a'-cm?; S BN &= 755.3 mmo R 56 1 i
pa) AR
1.2 iR

REG PR IR FE 3K 685.850.1034.1194 m
HENEE T SHME R SERAT SR, R T IR 4.0 mx5.0 m,
510 ¥k «hm”, B % 10 a, fili Ay A Hb 5 Ft = 4F A0, A
PRAC A — 3, R P
1.3 REHE

Wi AL %% < £ [F] — Mg 4R B ALIZE HL 5 pRAC 5 4
] FO AT A, Z B NYT 1808—2009 A1 5 Al 5 % 5
TR TG 5 BRI 2 A 3 ) O AT A6 30 2 R A8 1)
AR SR CRSEEE 1 R e 1 UCRYO 1
[H]

HAEAE R bR E - T 2018 4F 10 H , 1 H
LCpro-SD {F 4% x0% &g A (S ED , A7 &1 H
W5 , 2L 5E 3 do W E B A4 4 10:00—11:30,
B I BEATLIN SE 5 R AT SRR, 30k B 5t b 35S 1)
BHTHT 4 4F il 42 1, W0 5 I BRI 5 5 4G f s
A SR 3O, B IE . e S A
HEER P AALGE (G R IE R (T) B[]
CO, WRFZE(CHFE.

SRS B E < SR SR TR] 230 9 6 H 30 H
(685 m) .7 F 10 H (44 850 m) 7 H 20 H G



752 3 i)

S 4

55384

#1034 m) .7 H 30 H (4K 1194 m) . B IR
T BEALIE 2 S ARA A, E R AR 7 Ak 4
A5 1A BEHLRAE 12 A Jl 2 R s gk 47 5 S Joi il
o PR R R PP A BT P E s R
SEHAE R R SRR R R R
b 58 5 P A U b R RO 5 5 S 2R
FCVE I HL2F 4 KRR T R S mT VA M [E T
&z B DR LT T E R B LR A A
S, W E )& 8 R GB /T 12143—2008 J5ik%
T 5E , SR K GB/T 12456—2008 J7 1%l 5E
& B R GB 5009.5—2016 J5 73 58 , sk
& B GB 5009.5—2016 J7 L & , M4 4 & &
K H GB 5009.10—2003 J7 720 52 , KA Wi & &%
GB 5009.6—2016 J7 =M 7E
1.4 HEaeig

- Fr oK 53 B 2R (WUE)= P, | T, (64 ik
RIZEBEHE R, SALIRHIME (Ls)=1-C /C.(CO K/
KA COREE) , M I R LBER (MCE)= P,/ C,
(A /M 1A) = A R B D o 36 2 >R A
Excel f1 SPSS 19.0 FAF 4T AbEHE

2 AR5

2.1 EHRTIREIRY R

R PR WSRO R L S TE AT AL S R S
SRR IS AT S e 4O e 0 7 2E 1 WY AR SE SR AR
I B AR vy N BRI IAE ) T R
FEJIIEIR 10~15 do BN BUR SR 30~
40 d, SRS 46 R WSO 18] 0 5z 5 R AL [] 5 7 4K
TR A JE EIR 10 d /24, 4R 1194 m SR SR

R 1 BRNIR SR SRR EI A R
Table 1 Effect of altitude on phenophase of
Myahintha mango
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Table 4 The path analysis between altitude and photosynthetic parameter of Myahintha mango

et fati I A% B RHEA AR 14218 1% 5 4 Indirect path coefficient

Photosynthetic index Correlation coefficient ~ Direct path coefficient X X, X, 41} Total
X -0.617 -0.539 0.151 -0.034 -0.194 -0.077
X -0.457 -0.663 0.122 -0.158 0.242 0.206

X -0.621 -0.252 -0.073 -0.416 0.121 -0.368

X -0.086 -0.34 -0.308 0.472 0.090 0.254

VE X KA X KD FIHBER(WUE) ; Xo. COKE 5 X0, 6 IBHE R,

Note: X,. Atmospheric temperature;; X;,. Water use efficiency (WUE) ; X.. CO, concentration; X, Transpiration rate.
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J¥ T e Sy () 2 A S 06 R SRR L COL MR B Dy ] 4%
FAER . EEZE L BRI E TR, K2
JCAH R R EN R=0.906, 2182 REUN R=0.822, F
B IX 4 AN A5 B 11 82.2% 2 MR AR AL I S
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Table 5 The fruit external characteristics of Myahintha mango at different altitudes

e b P4 R R _ R LS A% | ) [ B % o -

Wik P LR R R Hi;f: Mz Eﬂpﬂ’ﬁﬁh EE#E&E S FPKEE R AR Az
. Average Fruit Fruit Fruit Seed Seed Seed .
Altitude/ . Peel . . . Seed . . Edible
fruit mass/ longitudinal ~ diameter/ thickness/ length/ width/ thickness/

m mass/g . mass/g rate/%

g diameter/mm mm mm mm mm mm

685 254.23+ 30.63+ 115.07+ 64.07+ 61.28+ 30.04+ 89.36+ 27.69+ 15.66+ 76.07+
28.42d 5.90d 3.65¢ 3.18¢ 2.76 ¢ 1.23d 325¢ 0.69 ¢ 240b 1.63a

850 282.72+ 35.16+ 115.13+ 65.7+ 62.4+ 33.87 93.97+ 30.63+ 18.33+ 75.6+
12.13 ¢ 3.54¢ 537¢ 2.89¢ 191bc +2.04 ¢ 3.58¢ 0.88 b 1.87 a 0.76 a

1034 335.49+ 42+ 133.52+ 70.46+ 64.14+ 36.92+ 108.9+ 32.79+ 18.24+ 76.5+
23.57b 391b 10.60 b 3.46b 3.53b 443 b 10.63 b 2.75a 2.12a 1.08 a
1194 390.07+ 47.79+ 143.28+ 74.1+ 67.28+ 4331+ 119.89+ 33.88+ 16.63+ 76.62+
32.86a 6.27a 740 a 3.68a 2.54a 3.79a 9.68 a 1.71a 2.44 ab 0.95a

1034 m ¥ BAh 1 R .35 = T 685 m iR B, ]
BRESNFIKBZ AERREE.,

232 FRHK 5 E A R R F I RAR K
WA KR S AR TR AT SR R S AR AT
RS, R 6 T AR ik S A & R
BB RS R SR AE RS R T
Pl BE P70 R R IR OGBS IR T
PR R R R R R TR BN, R E .

R RLEESEHK. BREMTFEE. TR
TG 35 A DR S Ul B R G o JE R RN AT B R TG
AR

233 BR3P IEEAE AT R R R IR RS v 6 7
Y @asAr LR (D AR &, R szih i
YRR B AR B (XD , R FHIE D 5] N-GIBRiEEATZ
Z IGENEH . FEZEAKPE<0.058, EHHZ
HFREKPE =001 0, B E AR, ZEREE
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Table 6 Correlation analysis of fruit external characteristics of Myahintha mango at different altitudes
Y X X, X X; X; X; X X; X, X
Y 1
X 0.878** 1
X 0.795%* 0.926%* 1
X; 0.834%* 0.851%* 0.755%* 1
X, 0.755%* 0.867** 0.847** 0.674** 1
X 0.621%* 0.732%* 0.648** 0.439%* 0.804** 1
Xs 0.806** 0.876** 0.760** 0.789** 0.664** 0.507** 1
X; 0.833%%* 0.909%* 0.786** 0.886%** 0.706** 0.547%*%  0.926** 1
X 0.779%* 0.832%* 0.789%** 0.690** 0.679%* 0.522%* 0.828%** 0.826%* 1
X 0.067 0.022 0.010 0.071 -0.018 0.023 0.234 0.168 0.231 1
X 0.231 0.285%* 0.013 0.251 0.294* 0.469**  0.033 0.197 0.055 -0.266 1

R REH R (P <0.05). RAMBFEHR (P <0.0D. YR X, PR ETE X LT E X RIPE X R R
SR X, BT R X R X BT SR X B TR X, TR
Note: * indicates significant correlation (p << 0.05), ** indicates very significant correlation (p << 0.01). Y. Altitude; X;. Average fruit mass; X-.

Peel mass; X;. Fruit longitudinal diameter; X,. Fruit diameter; X;. Fruit thickness; X;. Seed mass; X-. Seed length; X;. Seed width; X;. Seed thickness;

X,. Edible rate.

FERE, B D5l N R R4z, 15 EI LR R
Jife:

Y=-268.939+2.079X,+4.353X, (X,. “F- 13 B 5L Jii
B X RSEIR) , F=89.269,p = 0.000 < 0.01,F
Py SR & SRS [E] U AR R B RN T
0.01, 3535 BIM B 2E/KF , R IEIR B LR A5 T
FRE VR YE .
234 BT I A AR R F I KR o8 6958
BT Rk RALFSHT AR (YD X 4 98k
AR S AR IR (XD 1 L B2 A P AR 38 5 At R 7

(X)) ) T A FH AR 7 B S W3R A AR B AR o
REIER ERAE R T IR . hont R
Ji B R SEME IS O B IEAF AT 0 BUR BT ) B
PERIR T R iz, @t iE e R EC I,
R AT R B R SEE N TR IR A X 2R
SEPAR TR AR IR T 3R B .l iR [l 7
Hr G 2 (sl 305 R, H 2 Ju ik R B R=0.894, & 1R 5E
FRHR=0.799, KWL 2 AN RIS AR L2 EATH
AL RSS2 AR, BIX 2 AN AR B 1 79.9% %2 21 i
RAAHI

F 7 MRASGACRRIEINER 5GRBED T

Table 7 The path analysis between altitude and fruit external characteristics of Myahintha mango

AR FE bR I A H BB R 1) H2 38 4% R 4K Indirect path coefficient

Morphological index Correlation coefficient Direct path coefficient X, X, 411 Total
X 0.878 0.612 0.266 0.266

X; 0.834 0.313 0.521 0.521

VX PR PR X, SRR

Note: X;. Average fruit mass; X. Fruit longitudinal diameter.

24 BRTUMBR RZIICRRELIAERRBE
i

241 FRBHEMEBEREREIARRENES LK
FHER 8 W] A1, S V4 R C & B R T i PR
K, 685 milgik BLE i JEAE R CHEYWEE S TH
IR B . SR AT [ T & AR A — B
Y16 5 g AR T v e N 5 B S 7E 850 m g 4R B i

5 1194 m Ab SR ] ¥ 1 T T R AR T
MR B . B B & B A R e T R S B
fi%, 75 1034 m gk B i . 850 m M 47 4 5 & 3%
=T 1034 m f1 685 milE ik B . FHIENT & B b &
PRTFH i S PR 5 B0, 7F 1194 m iR BBt i o

242 TRIHHKMIZFAEACRRFE A LS R AR
KA BRI S MR kAT R S 7 T
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Table 8 The internal quality of Myahintha mango at different altitudes
. wCrVETEEEYD  wCEa s wEEZR O w(EE FH 5D wCHEF4E) wCHLE ) wCR TR
fﬁljijfu de/m Soluble solids Total sugar content/ Vitamin C content/  Protein content/  Crude fiber Crude fat Total acid
content/% (g-100 g") (mg-100 g") (g-100 g" content/% content/% content/%
685 19.53£0.12 b 18.08+0.39 a 65.32+3.67 a 0.70+£0.03 b 0.36+0.09 ¢ 1.80+0.14 ab 1.06+0.10 ab
850 20.27<1.24 a 17.70+0.45 ab 54.44+4.45b 0.74+0.06 ab 0.65+0.07 a 1.35£0.13 ¢ 1.15£0.09 a
1034 18.84+0.49 be 16.98+0.45 b 38.40+2.21 ¢ 0.83+£0.08 a 0.42+0.07 be 1.5940.10 be 0.93+0.08 b
1194 17.44+0.44 ¢ 15.82+0.49 ¢ 37.65+0.83 ¢ 0.46+0.06 ¢ 0.52+0.09 ab 2.140.25a 0.76+0.05 ¢

AT HRIE T, S5 R hR 9 AT LAE iR 5 7]
S RREFIZ7/NISY N e N ONSY iy R iV
K BB WSRO AT VR SR 4R R C
SRR WO B A T 4R LR
P A

243 HEHEMNMEFEI IR RFENES ALK @
gy @asd DLUERMZEN D IR E, R
SEPNAE S B PEIR N F AR (XD , SR IZE D 5N -2
EHATE L Z n B A . F iR E K FE< 0.05
B, AR R FIREZEKTPE=0.01 8, 5k EZ

R BREBRRACRRIAERRERMES R
Table 9 Correlation analysis of internal quality of Myahintha mango at different altitudes
Y X X; X; X, Xs Xs X
Y 1
X —-0.726%* 1
X> -0.896%* 0.709%* 1
X —0.939%* 0.679* 0.735%* 1
X, -0.467 0.696 0.594%* 0.260 1
X; 0.205 0.178 -0.173 -0.102 -0.126 1
X 0.413 -0.634* -0.529 -0.229 -0.688* -0.221 1
X- -0.776** 0.749%* 0.828%** 0.622* 0.561 0.135 —0.744%* 1

VYOG X. PR S R SRS R X AR C SR X AREE X A R SR BIREE.

Note: Y. Altitude; X;. Soluble solids contents; X>. Total sugar contents; X;. Vitamin C contents; X, Protein contents; X;. Crude fiber contents;

X;. Crude fat contents; X>. Total acid contents.

o IR ERE, B I NJEE R CL R, 152
PR EE 5 F2 -

Y=12992.618-9.853X,-91.54X, (X, i 'E R C &
X BB R, F=170.847,p=0.000 < 0.01,

YELEFR CLRBE S B W (0] U R B B3 PR/
F0.01, 35 B2 2K RIIER B LR G
244 HRIFMZFZAEALRRFENERTERE R
8B RRRARE A WP D XIS
TR R R Sz A TR R (XD PR B B P AT e At
IRl (XD 1 e B2 4 F n 3R 10 FiT s , ¥ 3 28 4 x4
ERC.EWESEHNOER, Kb 4ERCH
B EBAE R K, 6 RS S (R R oK
XPUEA R C & B BEARE R T AR, XA

R 10 MRRFAICRRIAERRSEROBESN
Table 10 The path analysis between altitude and internal
quality of Myahintha mango

N TE iR . e [EIEESHEEES A
UM MRRM HEBRAN : .
Fekr Indirect path coefficient
Correlation  Direct path
Internal . . &t
. coefficient  coefficient X X;

quality Total
X -0.896 -0.447 -0.449 -0.449
X; -0.939 -0.611 -0.329 -0.329

YOG X SRS E X BEAER C B R

Note: Y. Altitude; X.. Total sugar contents; X;. Vitamin C contents.

W& B EEAE AN T HEZER . @it E
A3 A3 20 [ )3 75 F8 , H 2 70 % R4 R=0.987 , &
P R A R=0.974, F WIIX 2 A~ FE 5 4 7E i 5K
(11 97.4% 52 I AL [ RE M
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— , T HRORHIRLEE () e B K, B G VR 1 T e AR
YIRGE R T T B, OB IR AR KRR BE AR K B
YRR A S AN [ AR P T T )
SRR, AR EK T HEE A KA A
A o FRER SN AN R A X R R i AR
SRR BB A R W R T R K TR
FWAET . SEEK AL R XA R
P BIMRR S0 AR AL B AR KRR AE O TS R I, 5
PRSI A AR K BRI B I R . BT
AHIE T AT 4 SR B AR SR AT IR 1 B 5%
BRI Bl R A T v AR AR B R A
AL S A AR, R iR 1194 m SR SESGR I
L4k 685 m MR 30 do BEAN, BR TR, AN Ak B
(17K 53 SR R, DA R SRl (135 1 b T 26 45 5 20
Bi K7 0HEY A K B, A SR H RR
XA TR BOG R 2SR S 38 B A R
IR R AT I I, TR BRI i B, VA TR 2 IR A
ANV AT SRAE KR B OB s I R 7, PR, R —
K I IR A RO S SR B R =
SR 2R RN, 388 R T R R AR AL S A 1
I 5 43 AT, 338 T B A [ 0o AT SR A Rt ol
EALTPS SN

BT AE YT A AE R R R 4 AR
S SHEOCR GRE R KSR & CO o R
(AR Ak, AT 52 M R 40 1) A 25 R AE B AE™, ey
B F A2 AR AR R B8 = AR W 170 B LA, [
2 2 IR BT A AR A e i 2 AR B R 2, R
W Fe 45 R, O 6B 0RO
FrE KA COLMRE ML IA] COL Mk 5 S5 A5 [H 13
AR E R A T i BRI R AL R B
HEHR T v T R, B R R RRAR
D] s 7 ZE BT B, BIR ) 1 Az ke as AT SR 1
AR 1K 5076 B SRR AP e SN ]
VRV T 2 I 1 0 v o o RO IR L 45 SR A
&), X A B S /E Y2 180 ) 2 S ek SR [l S 2% R A 2B
BIHRER K, BB EE B UMES KR ER
1 —2, TR IR 850 m &b 5 &, AL T TR gk
850 m Abf iy . FEHEIR 685 m & 850 m 4k, LG E
3 = B I) COL R B (1 sk M ZE B R B, Stk

Al R R RCR St ek R B K. <
FLS P2 X A 0 1 B2 KR S COL IR < /K 73 55
ZRNIIE R T SR A R, X B SR AE KA
Bk L AR VI RIK™, AR p i — 3R 9]
VR 72 A 5 ) KSR 7K 43 ) FH 80 L COL IR
R T IX 4B ARIR ) 82.2% 2 AR LI 5
Mo SGE A R NI B i A B RS, B2 ARk
AN TR -1 B XU R, HLOK S 56: 52 41 5 5200 1
WEREZ, TR EA RO S Rsh&
ARG ZE ST 5 3 AT S MAAT R AR A A it 5 £ D' JEART
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AR AR AL 51 RS R A AN BURHE D A KR
B DI REA RS JT A R, B VR I BV IR A
BN o AHT FUR A RL SERAT R RS AMILEAR 7
B it a R, BEE R T, RSL R R IE
WG R 5 BT R TR R SR RS
BiAE R R 7R A K AT R R R
5 IEAHOR B M7 JE R AT B TR . B AR AT
25 RN R WA AR A S RUE B S AT SR ) B A i
FORSEE o FRMARSE IR FEAN [RIRF SO 5t 8%
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ML B ek e H 2 BRI T S 280
. BKEECRA R BOKE 2 53107
KB, R KT R AT RS R A
T U S R 2 ST R U a3, RS
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PERE ) 7 AL SR & S, S ATEE R &
D i TR X S ASHIE TR WSRO
R B TR AT R RS BB VR R CL R AT
[E T 2 2 S, 6 B P R A 4 R O
TR, S YRR C & B AT R
BEAIC, 685 miGH AL SBE A ERCERBEZ R TH
fbiEIR B o

4 % w

AR OB SEIXAT IR SR R
KR E it SR AR KR, B R A T v 4
JaE AN [, WM IAE IR , 7 X B SR BT T, i



758 3 i)

4

i #38%

PR 850 m Ab LLER AT VA M [ S T HAth iR
B, 4K 685 m&u#ﬁ\é’ﬁﬁ%cAE‘* HoAh R

B, Uk B iz DA AT SRAE T8 685 m. 850 m ifF A
B R S A A b AR N L8 /H 1034 my 1194 m it
R B B Sz U SR I HE 685 m. 850 m g ik B, A 7 b
AR A 858 K T 37 1) 5 B, 3 R0 L W) A s ek AT
TP X 3, DLHSRAS Ak

S22k References:

(1]

(2]

(3]

[4]

(3]

(6]

AN SUR - AN RSP
ﬁ%iﬁ%iﬁi SRREELD. AR
722-730.

PAN Hongli, LI Maihe, CAI Xiaohu, WU lJie, DU Zhong, LIU

XN R R
BB, 2009, 18(2) :

Xingliang. Plant growth, physiological and ecological character-
istics on altitudinal gradient[J]. Ecology and Environmental Sci-
ences, 2009, 18 (2): 722-730.

LW, A%, T2, WLz R i deas” fR
JrE TR FE[]. P E R T A, 2016,45(1) £ 66-69.
KANG Zhuanmiao, BAI Tingyu, WANG Yirong, LIN Dian.
Study on the leaf nutrition of mango ‘palayingda’ in Baoshan,
Yunnan[J]. South China Fruits, 2016, 45 (1): 66-69.

FREH, W, A5 X, Ak, T2, Ul R . iRh e
B PR R IRy AR SR RS T[], T T A 24
2017,48(4):686-691.

KANG Zhuanmiao, YAO Zhi, BAI Tingyu, JIAO Miao, WANG
Yirong, QIU Haiwei, LIN Dian. Nutrient changes and nutrient
diagnosis of Palayingda mango leaves[J]. Journal of Southern
Agriculture, 2017, 48 (4): 686-691.

EXAF ST, T, BREE, R T4, aTHE A AR B
SRR JEA T R AT PR O & B R[] TP AOl 2
#,2010,22(10) :40-41.

WANG Meicun, NI Zhangguang, LONG Yaqin, CHEN Huarui,
CHEN Yufu, YU Yanchun, JIE Dehong. Effect of bagging on
soluble solids content of Palayingda mango[J]. Acta Agricul-
turae Jiangxi, 2010, 22 (10): 40-41.

TRAF BB, AT R T4, R, it R AR ER
R L 205 B SR e Y R[], s ol B2, 2010, 30
(7):14-16.

WANG Meicun, NI Zhangguang, LONG Yaqin, CHEN Yufu,
CHEN Huarui, YU Yanchun. Effects of different bagging materi-
als on single fruit weight of Palayingda[J]. Chinese Journal of
Tropical Agriculture, 2010, 30 (7): 14-16.

R TR, BRERA, R T4, B 0 MR B I e
%’ *EEZ@KMIZ%Q’J@?QT&%%%M[J]. o R 7 R
2019,48(6):77-80.

XIE Dehong, ZHANG Yongchao, ZHANG Cuixian, CHEN Yu-
fu, NI Zhangguang, BAI Tiangi. Comprehensive performance

of Palayingda mango in different regions of Yunnan[J]. South

(7

(8]

91

[10]

[11]

[12]

[13]

[14]

[15]

China Fruits, 2019, 48 (6): 77-80.

LI, S, B VB, XU TR L 8 AR &

1 EEERREFE[]. T AR A2, 2003 (2) £ 13-16.

CAI Chuxiong, DENG Xiong, CAO Honglin, LIU Shiping, YE

Wanhui. Comparative study on photosynthesis of eight mango

varieties[J]. Guangdong Agricultural Sciences, 2003 (2): 13-16.

ﬂ%/\ SR R FS MR UV-B 4 S X 1 bk e A LS
B ROGE AR R[] At () 7741 2018,39(6) : 1102-

1107.

ZHOU Kaibing, LI Shijun, YUAN Mengling. Effects of en-

hanced UV-B radiation on plant yield, fruit quality and photo-

synthesis of mango[J]. Chinese Journal of Tropical Crops, 2018,

39 (6): 1102-1107.

SR A, EAL, FRER R, T I . i

JRAE I A1 B HL ™ 5 i

#%,2018,49(5):930-937.

YUAN Mengling, YUE Kun, WANG Hong, GUO Yulan, ZHOU

UV-B fR 40752 53
RIS ], B T AR

Kaibing. Effects of enhanced UV-B radiation on photosynthesis
and yield and conventional quality of mango grown trees[J].
Journal of Southern Agriculture, 2018, 49 (5): 930-937.
?/\Y%%yﬁﬁl%? S XUDeA, HR R AR, B NSO 4L
RS RO g . LTI 2, 2013(6) 1 12-15.
SUN Wentai, YIN Xiaoning, LIU Xinglu, DONG Tie, NIU Jun-
qiang, MA Ming. Effects of different altitudes on fruit quality of
‘Red Fuji” Apple[J]. Northern Horticulture, 2013 (6): 12-15.
ﬂJrfJZ: IBAT AL VAR, SR, XA, IR AR A
IR MEPROBR EEXT T B O A R AN SO R R K S (0], AR
#7£,2017(5):93-99.
YE Hongda, Dabu - Xilatu, SHA Bencai, WANG Wenxiang, LIU
Jia, YE Yiran, HAI Meirong. Effects of altitude gradient on pho-
tosynthetic and fluorescence characteristics of potato[J]. Crops,
2017 (5): 93-99.
IR AR SCR AT TR 3R SO A A BRI i A R[]
TLARAOLARLS,2017,45(1):92-94,
XU Liang. Response of photosynthetic physiology and oil pro-
duction of spring rape at different altitudes[J]. Jiangsu Agricul-
tural Sciences, 2017, 45 (1): 92-94.
VI, B, AR, B AT, EE K AR
AR T NILEAR 228 57 5 R (). SR 2241, 2019, 36
(4):476-485.
SUN Xiaohong, ZHOU Jin, HU Chunxia, LU Hongfei, CHU
Kaijiang, WANG Guofu. Effects of different altitudes on seed
appearance and nutritional quality of Torreya grandis[J]. Journal
of Fruit Science, 2019, 36 (4): 476-485.
Fis, e, AR W ER , TR . AR % X T R BT ) ) B
FE[I]. H B H 24, 2019, 34(2) : 34-39.
BAI Ting, JIN Yulong, ZHU Mingxia, WANG Bo. Effect of alti-
tude difference on quality of highland barley[J]. Journal of the
Chinese Cereals and Oils Association, 2019, 34 (2): 34-39.
CRIDDLE R S, HOPKIN M S, MCARTHUR E D, HANSEN



%5

TRERAD L 55 AN RO WAL SEIE AT RO 55 1 B RS i i R 5

759

[16]

[17]

[18]

[19]

[20]

[21]

[22]

L D. Plant distribution and the temperature coefficient of metab-
olism[J]. Plant, Cell andEnvironment, 1994, 17(3): 233-243.
LOEHLE C. Height growth rate tradeoffs determine northern
and southern range limits for trees[J]. Journal of Biogeography,
1998, 25(4): 735-742.

WRNEDS T M IR SC, A2, B A0, FHal B, s )
AR T 13 AR KA R S R, =
FE AR 2R (AR FH), 2020,35(1) 1 102-107.

XU Shengtao, HE Xiang, YANG Peiwen, BAI Tingting, FAN
Huacai, YIN Kesuo, YANG Baoming, ZHENG Sijun. Effects of
climate factors at different altitudes on banana growth and fruit
quality[J]. Journal of Yunnan Agricultural University (Natural
Science), 2020, 35 (1): 102-107.

BB, EIMR, SRR, O, AR AR RO DO R AR
ZHERANR T IENA)]. KA 5B HRF,2017,34(6):22-29.
GUO Ming, YAN Dong, MA Zengke, MENG Yaxiong, WANG
Huajun. Effects of different altitudes on agronomic traits and
quality of barley[J]. Barley and Cereal Sciences, 2017, 34 (6):
22-29.

BEEE TR E VBT KA L E AR R X SR BRI AL AR
AR i I RGBT AR AR 0] A UMLK 2 2 )5 2019, 41
(11):1-10.

FAN Ying, QIAO Xuetao, ZHAO Xiuhai. Changes of physiolog-
ical growth characteristics of Quercus mongolica saplings with
altitude gradient in Changbai Mountain Nature Reserve[J]. Jour-
nal of Beijing Forestry University, 2019, 41 (11): 1-10.

WG T W T R RV RN LA I e 7 T
FEADGEREE RIS, #7744, 2019, 50(3) : 546-553.
YANG Zhichang, SHEN Tao, HU Yugian, SONG Haixing. Ef-
fects of low nitrogen and dense planting on yield formation and
photosynthetic characteristics of machine transplanted late rice
[J]. Journal of Southern Agriculture, 2019, 50 (3): 546-553.
PVEE R, IR, 2RV R, RS, R, A WS RS
W A R RO B SRR Dl 1 D B R S o ) 52 0 0. 980 7
FAVFL,2019(1) :48-51.

SUN Guochao, CAO Shuyan, LI Qingnan, LIAO Ling, XIONG
Bo, GU Xianjie, ZENG Haiqiong, WANG Zhihui. Effects of dif-
ferent altitudes on photosynthesis and fruit quality of huangguo-
gan[J]. Hunan Agricultural Sciences, 2019(1): 48-51.

FFBLBL, TRFEFE, TR T 5, A 0HE L AR RN R X 30 ) SRR
Jo R I LT AL (D). = R AR R A Al CH AR )
2018,33(6):1016-1023.

JING Ruirui, ZHANG Saisai, ZHANG Zihao, LI Wenxiang.
Comparative study on photosynthetic characteristics of Eureka

lemon in different altitude regions[J]. Journal of Yunnan Agricul-

[23]

[24]

[25]

[26]

[27]

[28]

tural University (Natural Science), 2018, 33 (6): 1016-1023.
TEAHE, SR, LUK VLB R A 388, K8 53, ka1l
R ISR 2 Ot 20 B 22 SR S L]. 26 RHE,2019,39(4)
447-454.

CHENG Dongmei, ZHANG Li, WEI Hongfei, JIANG Xinfeng,
ZHOU Saixia, ZHANG Zhiyong, PENG Yansong. Differences
in photosynthetic response of tea plants at different altitudes in
Lushan Mountain[J]. Journal of Tea Science, 2019, 39 (4): 447-
454.

NI BT SC, SRAE . A PRI R FE AR AL B 5T
JEFR[T]. HbEE Rl 3E i, 2011,30(11): 1431-1439.

SONG Lulu, FAN Jiangwen, WU Shaohong. Research progress
of plant leaf traits along altitude gradient[J]. Progress in Geogra-
phy, 2011, 30 (11): 1431-1439.

HMGIRR , KA, AR AR, B, 23008, EWeS , #RNI &, 524k
AN SO 5 R R BT RS R
[J]. PaRg AL 274, 2013,26(4) : 1420-1423.

ZHENG Shunlin, ZHANG Yi, LI Shilin, LI Delin, LT Wen-
guang, WANG Xiaoqin, GUO Gangjin, YUAN lJichao. Effects
of different altitudes on yield, quality and anthocyanin content
of purple potato[J]. Southwest China Journal of Agricultural Sci-
ences, 2013, 26 (4): 1420-1423.

HKAE, G U, AR HE AR, B AR R
bR A B S BRI ST, PR AR AR AE A, 2016,
25(12):1821-1828.

CAO Yonghua, JIN Gaoming, LIU Xinglu, DONG Tie, NIU Jun-
qiang, MA Ming. Study on leaf physiology and fruit quality of
Red Fuji apple at different altitudes[J]. Acta Agriculturaec Borea-
li-occidentalis Sinica, 2016, 25 (12): 1821-1828.

FE JE T, 3 6L B 4 AN AR R RS YR BE FE).
WA AR, 2018,47(4) :333-338.

WANG Di, ZHOU Ying, NIE Fei. Study on altitude adaptability
of four blueberry varieties in Guizhou[J]. Subtropical Plant Sci-
ence, 2018, 47 (4): 333-338.

BUE, T E B, AL XGRS, BB, R R
B TER AL AR iR 7= XS R R T3 SR AR A &)
A T AL B ()], b B AR SRR 2016,24(4)
506-516.

MAO Ruzhi, ZHANG Guotao, SHAO Jianhui, DU Fei, DENG
Weiping, ZHAO Xinjie, ZHU Shusheng, ZHU Youyong, HE Xia-
hong. Effects of meteorological factors on berry quality and
metabonomics of ‘Meile” grape in low and high altitude produc-
tion areas[J]. Chinese Journal of Eco-Agriculture, 2016, 24 (4):
506-516.



