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Table 1 Comparison of mean temperature and extreme cold temperature in January

AR/ C 1 J1 H ¥ mAkif/C 1 AR iR/ C 1 AR <<0 “CHpgint A /d
Al Year Mean monthly temperature The lowest daily Extreme cold Days of low temperature
1 H Jan. 2 A Feb. 12 A Dec. temperature in Jan. temperature in Jan. in Jan.<<0 C

2008 1.5 5.1 7.8 —0.4 —4.6 21

2009 4.8 8.7 6.5 1.6 —2.6 6

2010 5.5 6.7 8.7 3.0 —1.6 3

2011 1.5 7.5 6.1 —1.0 —4.0 22

2012 4.1 4.9 5.2 2.2 —1.8 7

2013 5.3 6.8 7.3 1.0 —3.0 2
F) Mean 3.9 6.6 6.4 0.9 - -

22 X2 BEFEAAESHSERRRKBBCBRFER &, 050555 50.0 %0 1 38.8 %, H RSO A9 2 K,
LHKIER SR K R B T, SR SRS KRR BE I (& 1), i
Ry it — L B IE A AR 5 M AR R SR SR KOG — 25 3 AR G BT R SR T R SE A K B T A2 A ZR IR A
F,2013 A ZEM 2014 FFHFF ARG REER BHREWI, 5YFHEFHR LT M AE KX
Pel A RN A B A R A A IR 1, BRI SIRG K & A SRR KRR R AR 6 3 R E R A K
2 I AR (R 2) . Geit o & B0 . BE V4R w5 B A 1 038 0 e e N A6 X 2 A B R AR SR S 5 Y AR TR
i, A ¥R T R AR R R 520 m &b SRR 2 H A Y B O RS AEAE K A TS SR
BACE 3.8 C./ANFIRAMEG O IF MBS MtE 23 CBRFEAREESERARRKHPRL kS
(—4.1°0C) REE A RLHEERE, DI RER T
B LR E BTG .2 A T A B R . A3 E 3 AR R (520,380,220 m) AN
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OB SR SE A K A R A W R OC (B DD AR R — S N SR S kR AR A S ok
RS2 (3 A N AD FF IR M B4 K (3.3%) . 46 S A8 b an e — 3 (| 2).,
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Table 2 Contrast of measurement of winter and spring field average temperature and January

extreme low temperature at different altitudes

N - iijﬁf:ﬁéft IEE RS S 2 HBRAGE/C LA 2 A BORIGER
Altitude The lowest daily The lowest daily Extreme cold temperature
12 A Dec. 14 Jan. 2 A Feb. temperature in Jan. temperature in Feb, in Jan. and Feb.
220 7.8 7.0 5.5 3.6 2.9 —2.0
380 6.9 5.9 4.5 2.5 1.8 —2.8

520 5.8 5.1 3.8 2.0 1.0 —4.1
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Table 3 Investigation and comparison of fruit granulation of lane late navel orange at different altitudes and different harvest periods
520 m 220~380 m
A H 3 - —— : : — :
Investigation Phenological HOKSEC  WERE O MKE/% HOKEE MERE WA/
date( Y-M-D) phase Granulation Research Granulation Granulation Research Granulation
fruit numbers  fruit numbers rate fruit numbers  fruit numbers rate
2013-12-19  Hj A Pregermination 0 30 0.0e 0 30 0.0
2014-01-04 i 2£ B Pregermination 0 30 0.0e 0 30 0.0
2014-01-21 H5 2£Hij Pregermination 0 30 0.0e 0 30 0.0
2014-02-21 4 2F Hj Pregermination 0 30 0.0e 0 30 0.0
2014-03-28 2] Sprouting period 1 30 3.3d 0 30 0.0
2014-04-09 W Flower bud period 6 40 15.0c 0 30 0.0
2014-04-24  FF4EW] Flowering period 19 38 50.0a 0 30 0.0
B A
2014-05-14 ?ﬁﬂﬁik g 33 85 38.8b 0 30 0.0
Spring shoot growth stage
A A
2014-06-11 BRI 10 20 50.0a 1 30 3.3

Spring shoot growth stage

2 R B R [RGB 18] 3 SR O 28 43 B p XB 4 BB B 22 38 7E 0.05 K225 B3, T [Al. Note: Different lowercase letters in

the same column indicate that the Duncan’s new complex range test in the analysis of variance is significantly different at the level of

0.05,the same as below.

w1 7K # Granulation rate
—=— /K82 Granulation index
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Fig.1 Changes of granulation rate and degree

of lane late navel orange at different
phenological stages at an altitude of 520 m
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—— R E E/KE Total water content of pulp
—— R 5K E Total water content of peel
—— R P B HI/K 58 Free water content of pulp
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Fig.2 Changes of the water content of fruit pulp and peel in lane late navel orange
at an altitude of 520,380,220 m in different harvest periods
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Fig.3 Changes of fruit juice rate and edible rate

in lane late navel orange at altitudes of 520 m

and 220 m in different harvest periods
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Fig.4 Changes of fruit soluble solid content (SSC)
in lane late navel orange at different altitudes

in different harvest periods
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Fig.5 Changes of fruit titratable acid
content (TA) in lane late navel orange at

different altitudes in different harvest periods
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Fig.6 Changes of fruit vitamin C (VC)
in lane late navel orange at different

altitudes in different harvest periods
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Table 4 The occurrence rate of fruit granulation in different crown parts of lane late navel orange trees at an altitude of 520 m
KR LR 1E R A Al 7K A K2/ % Ml 7K 48 £
. " Numbers of fruits Normal fruit Granulation Granulation Granulation
Crown parts i . . .
investigated numbers fruit numbers rate index
¥ Upper part 66 33 33 50.0a 1.00a
F13 Middle part 66 42 24 36.4b 0.36b
T#B8 Lower part 63 42 21 33.3b 0.38b
x5 BEL20mACEFERNEARBLREEMREILE
Table 5 Comparison of fruit quality in different parts of lane late navel orange trees at an altitude of 520 m
M AE
HoR Rt/ % BEEY RER/% L. & /12
o o BEEG REEG TE%E/ % o T TRy
14§ 3 8 o7 i/ g Th | The oul Edibl Fruit & /%  Titrable (mg/ He1H A0S
e pee e pu ible m
Crown parts Single fruit P puip juice  Soluble solids  acid & SSC/ Flavour
. color color rate 100 g)
weight rate content content Vitamin C TA
itamin C
(S8C)  (TA) amm
o FITR A fb i
Hi 7k o R B Sweet-sour,
. . 212.8 Yellow- . 66.50 40.40 11.5 0.46 30.00 25.00 K K
Granulation Yellowish inferior
green .
mastication
B
Upper i s 8 AR , fb it
part EH - Sweet-sour,
206.7 Orange-yellow Orange- 72.65 45.47 12.0 0.59 32.35 20.34 .
Normal . superior
with green  yellow .
mastication
w , A ki
ik g T Sweet-sour »
228.2 68.29 41.21 10.7 0.49 31.18 21.84
Granulation Yellow-green Yellow inferior
o mastication
A
Middle T - AR . fe it
part 1w Sweet-sour,
213.9 Orange-yellow Orange- 72.43 45.22 12.1 0.62 32.35 19.52 .
Normal . superior
with green yellow o
mastication
o s 3 BIR A fb i
Hi7k o o Sweet-sour,
. . 172.1 Yellow- Orange- 69.14 41.24 11.5 0.52 30.00 22.12 K Rk
Granulation inferior
green yellow ticatt
mastication
T8
Lower ) e b AR L fe
part 1% Sweet-sour»
183.2 Orange-yellow Orange- 71.32 45,10 12.4 0.67 32.94 18.51 .
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Table 6 Comparison of quality of lane late navel orange fruits after bagging at an altitude of 520 m
1k AR/ % /% CIREaY 3 A /R HeER C/ MWiKE/ % AUk
) Edible Juice Y &E/% BREE/% HeAE (mg/100 g) Granulation
Treatment L . e . o Flavour
rate rate SSC TA SSC/TA Vitamin C rate
AR L FE R AL
A% 68.6+ 47.32+ 12.75+ 0.75+ 17.04+ 38.93+ 6.001 Rich, sweet-sour
Bagging 2.73a 2.49a 0.21a 0.07a 1.24b 0.50a A and superior
mastication
AR AL i
popiic] 63.85+ 42.32+ 12.00+ 0.50+ 24.0+ 35.86+ 26.70 Sweet-sour
CK 1.01b 2.20b 0.14b 0.03b 1.53a 0.61a e and inferior
mastication
R7T AEABRBERIELLBERRIARILR
Table 7 Comparison of fruit quality after bagging at different altitudes
. IR v . . . R LAH R EFERE R o fH
i 4 B mmiE g el fokgsy oL T o
o Ab BR [& JE 4 P e . . L value Ca/b) a value of
% /m Treat R Y% iz &4/ % SSC/ (mg/100 g) Granulation (th Ski | L value o d
Altitude reatment w A . 0 TA TA Vitamin C rate © ¢ : '1n coor of the juice Jutce re
SSC peel index degree
A%
EZ‘Z 12.4a 0.65a 19.08a 34.91a 6.00 55.5a 0.51 35.32a 0.10a
Bagging
S0
CK 11.7b 0.55b 21.27a 30.28a 26.70 54.2a 0.47 32.69b 0.05a
<A
QZ\Z 12.4b 0.58a 21.38b 32.34a 0.00 54.2a 0.58 35.47a 1.77a
Bagging
380w
CK 13.0a 0.49b 26.53a 31.11a 0.00 52.0b 0.52 29.95b 1.54b
A%
?z\z 11.6b 0.57a 20.35b 37.65a 0.00 54.9a 0.51 32.23a 1.69a
Bagging
220 i e
CK 12.3a 0.42b 29.29a 36.12a 0.00 50.9b 0.44 32.91a 1.15b
a0 DR VA M IX 32 F R R B8 45 10 0 = AU 25 1 52 W 45
o ARSI R E R . LRI B
S 30k
S:r% T AR B R R SR K By, A &2 H 1
o & 20f . 0 N — N
23 TR AF AR T 10 °C (1% i [A] < 2 5 2R 52 o Jo 2% VDA G
s 5 N . . 5 N \
s 1o VR A5 252 o i) At JoT B 25, I UL A 252 I ] 8
o ﬁg;g - i FTBR S 2% 2 AR S AR ek A 5 W) SR 2R S B 1 32
Bagging CK [EWR ARG T —-Bdn., EEEER

AbPH Treatment

B8 EHLEERES20m
SMERBRF BRI MAKEERNZIG
Fig.8 Effects of bagging treatment on fruit granuation

incidence of lane late navel orange at 520 m altitude
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Effects of low temperature in winter and altitude on fruit

granulation and quality of late navel orange during maturing period

WU Liming"? JIANG Yingchun' HE Ligang' WANG Zhijing' LIU Jihong®
WANG Ce* PENG Shu’ang” WU Shuyong® LIAO Shengcai®

1.Institute of Fruit and Tea s Hubei Academy of Agricultural Science/Fruit and Tea Branch .
Hubei Innovation Center of Agricultural Science and Technologys ,Wuhan 430064, China ;
2.College of Horticulture and Forestry Sciences s Huazhong Agricultural University ,
Wuhan 430070,China ;
3.Zigui Specialty Technology Extension and Service Center , Hubei Province ,Zigui 443600,China

Abstract The relationships between fruit granulation and low temperature in winter of different
years in Zigui County of Three Gorges Reservoir Area were studied. The changes of fruit quality and
fruit granulation in the late maturing navel orange fruit ripening period (from December to June) at dif-
ferent altitudes (520 m,380 m,220 m) in Zigui County of the Three Gorges Reservoir were investigated.
The effect of the navel orange fruits bagging in the winter to prevent fruit granulation was studied. Re-
sults showed that fruit granulation of the late maturing navel orange in the Rservoir Area was mainly
caused by the low temperature in winter. Fruit quality of high altitude (520 m) was significantly lower
than that of middle and low elevations (380 m,220 m). At high altitude (520 m) ,the soluble solids con-
tent and solid acid ratio, water content,juice rate were low,and the fruit color was poor. Fruit water con-
tent and fruit granulation decreased with the harvest stage. The ratio of fruit granulation was high at the
stage of flowering (late April) and shoot growth (early May) ,reaching 50.0% and 38.8% ,respectively.
The index of fruit granulation increased. The degree of fruit granulation aggravated gradually. A few
fruit slightly granulated in middle June at low elevations. Fruit granulation didn’t occur in other time at
low elevations.Fruits bagging helps reduce or prevent fruit granulation. The rate of fruit granulation de-
creased to 6.0% ,while the content of fruit edible rate,fruit juice rate and soluble solids increased signifi-
cantly,and fruit coloring and internal quality was improved significantly as well.

Keywords late maturing navel orange; fruit granulation; fruit quality; low temperature; altitude
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