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Causes analysis of the fruit size variation of ‘Bingtang’ sweet orange(Citrus
sinensis (L.) Osbeck) between Hongjiang and Huaning area

YIN Tao %, LONG Lichang®, SHI Yunting®, TAN Zhenhua®, ZHOU Weijun?, LI Dazhi*?, LU Xiaopeng™?"

(1.College of Horticulture, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.Changsha Subcenter,
National Citrus Improvement Center, Changsha, Hunan 410128, China; 3.Bureau of Agriculture and Rural Affairs,
Hongjiang, Hunan 418100, China; 4.Citrus Research Institute of Yuxi City, Yunnan Province, Huaning, Yunnan 652801,
China; 5.Bureau of Agriculture and Rural Affairs, Yizhang County, Hunan 424200, China)

Abstract: Basing on fruit size difference of ‘Bingtang’ sweet orange(Citrus sinensis (L.) Osbeck) planting in Hongjiang
City, Hunan Province and Huaning County, Yunnan Province, the extrinsic qualities and regional climate were
comparatively analyzed. The results showed that the fresh fruit mass was 147.56 to 159.80 g/fruit in Huaning, which
was significantly bigger than that of 106.68 to 109.41 g/fruit in Hongjiang. Along with the bigger fresh fruit mass, fruit
diameter of Huaning was significantly larger. Further analysis revealed that amounts of both fruit segments and juice
sacs in one segment exhibited no significant difference between the two areas. However, the single juice sac volume of
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Huaning ‘Bingtang’ sweet orange was 22.07 mm?, significantly bigger than 16.62 mm®of Hongjiang ‘Bingtang’ sweet
orange. Comparison of environmental conditions showed that there was no significant difference in the annually

average temperature and annually accumulated temperature between the two areas. The annual rainfall in Huaihua area

reached 1450.3 mm, with heavy rainfall from April to middle July when was at the end stage of fruit cell division and

the early stage of fruit enlargement. That resulted in a water use efficiency of approximate 1.23 kg/m?®. Yuxi area had an

annual rainfall of 1032.1 mm and greater rainfall from July to September when the fruit was at enlargement stage with a
water use efficiency of approximately 3.78 kg/(667 m?)-mm. Additionally, the overall phenological period was about a
month earlier in Huaning than that in Hongjiang, and the fruit developing period was also about a month longer than

that of Hongjiang. In conclusion, three reasons, the stabler annual temperature, the longer shoot and fruit development

periods and the increased juice sacs size with adequate water supply at enlargement stage were closely related to the

bigger fruit size of ‘Bingtang’ sweet orange in Huaning area.

Keywords: ‘Bingtang’ sweet orange(Citrus sinensis (L.) Osbeck); fruit diameter; fruit enlargement; single fruit weight;

phenological phase
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Fig.1 The appearance of ‘Bingtang’ sweet orange fruits from Hongjiang City and Huaning County
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Table1 Fruitsize and color of ‘Bingtang’ sweet orange fruits from Hongjiang City and Huaning County

i LR ST /g REfE/mm HYAE/mm

T LT T ey T T
2020 106.68+20.51  (159.80+27.58)" 59.82+4.08 (67.21+4.30)" 55.14+4.25 (67.84+4.68)"
2021 109.41+19.44  (147.56+33.90)" 60.43+3.98 (66.70+6.28)" 55.37+4.10 (64.57£7.60)"
s ol i i

T T T T T T
2020 71.47+2.43 (75.04%4.51)" (17.5645.31)" 9.75+8.40 (64.47+2.61)" 45.38+3.08
2021 69.31+10.04 71.47+2.05 (21.29+4.25)" 14.75+5.38 69.82+10.11 (75.61+2.57)"

R [ — R A Al — A 03 [ TR Y 22 5778 BE T4 B L(P<0.05) . L7 R IDGEESERE s a* I WA, TE NS b BN 6,

FAE M.

22 iHRaBE RS LET IKER— R REFER R
HIRNE
ORIV 540 77 7 X OB R S I RSO e 9 7
N, KB 2 A IX OB AR (40 9~12 )
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TRBY 16.62 mm®, A& MR P-4 BT AR

N 22.07 mm®, 53R T T ORI I (18] 2-A FiZ
2), FRUETT VKBRS [R]— 45 R B B /R,
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Fig.2 Comparisons in segments and juice sacs of ‘Bingtang’ sweet orange fruits from Hongjiang City and Huaning County, and

comparisons for different size fruits from one shoot of Hongjiang ‘Bingtang’ sweet orange
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Table 2 The number of segment, juice sac and individual juice sac volume for Hongjiang and Huaning ‘Bingtang’ sweet orange fruits

FEX FEREUN 112 #HARYem® 2 gy RS AR mm®
T 11.0£0.63 2.750.7 224.00+8.46 16.62+0.74
ey 10.6+0.49 (5.94+1.36)" 240.67+40.54 (22.07+1.13)"

R SRR 22 A B4 R L (P<0.05).

2.3 FEFEEKFRETUNETIKIEERXREK
oAl
K3 AILIEH, MMEAERRIR N 5887.4 C, &
%} 5946.6 C, MMEAERURMINT RIEN . Mkt
X A e 6 A LA E 9 A i), izid
1 SRS o BRI RIS SR R (IR AT 3=

AR 12 A LAIEIRAE 2 Hbf), iZmHEIR S
BRI, EEMIX 5 A FAIE 9 A A UREL
5, I SRS A 2O ARSI A5 11 A
NHEUAE 2 H ARG, I R R
WIRIAS 25 10 rP A=A 4 A TN R R AR
w5 TME,5 A BRI 1 ] h R MU & T R

*3 R aEREAERNER B SIEMEFIRE

Table 3 The mean temperature and accumulated temperature in different period between Huaihua area of Hunan Province and Yuxi

area of Yunnan Province [©
- H PR A BUR

1E(2015—2020 4F) £ 1% (2015—2019 4) P1k(2015—2020 4F) T 1%(2015—2019 4F)
ExiR 17.8 16.9 5886.0 5946.6
01-01 % 02-20 6.8 104 109.1 390.4
02-21 % 03-20 11.1 15.0 220.2 424.8
03-21 % 04-30 17.0 17.7 689.9 727.6
05-01 % 06-10 22.7 214 930.3 882.1
06-11 % 07-20 26.7 21.8 1071.7 868.8
07-21 % 09-20 27.2 20.6 1685.1 1278.1
09-21 % 11-20 17.8 16.7 1063.3 1015.9
11-21 % 12-31 8.1 11.0 116.5 358.8

AR 2 AR H S, AR IR R
AT, TR AR BB LRI IG, AR
AT AR

M 4 FE 3T LIE H, MR IR A
Rk R A A B 22 5. RBIEFE KR
N, BAEST AT S) s IMEBK EEAE P ER 2,
SRIER . MMEr= X AEREK & 1450.3 mm 247, Hr
11 &R 3 ARkaiD, 4—7 A aikEKaE
K, BEK IR R AR RS R S8 B AL T 40 M 53 24
KRR KA, FIEPZXAEMK 1032.1 mm
ki, BMEPEIX 02 28.8%, Hirp 12 A EIRAE 2
ABEKEED, 3 AR, 7—9 H KRR,
R AR I B B OB SR S R B AL TR R

x4 R AMZERER=XTRER K E
Table 4 The rainfall precipitation in different developing
period between Huaihua area of Hunan Province

and Yuxi area of Yunnan Province

[ 7K & /mm
gl INA EEREA
(2015—2020 4F) (2015—2017 4F)
SAE 1450.3 1032.1
01-01 = 02-20 112.1 55.5
02-21 % 03-20 100.0 6.3
03-21 = 04-30 184.9 76.4
05-01 & 06-10 285.8 80.4
06-11 % 07-20 328.1 240.4
07-21 % 09-20 195.4 353.2
09-21 & 11-20 175.9 172.5
11-21 % 12-31 68.3 474
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Fig.3 Distribution of annual rainfall between Huaihua area of Hunan Province and Yuxi area of Yunnan Province in recent years
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Table 5 The phenological stages of ‘Bingtang’ sweet orange in Huaihua area of Hunan Province and Yuxi area of Yunnan Province

X AR 2 3 e A PR R

SRR B KM

e LHPREIHLA LAY FaE3IATE 3ARMES AT 5 HIEAEI0H A 10 A R 1R AL, 1 11 AL, $f

T 3 A bAE4 Ah) 4 ALRZE4 HE

5 ArpE)ZE 7 Apa) 5 A FAIE 10 A FA) 10 A FEIE 11 Apa)

11 A FAE 12 A )

M 6 ATLIEH, ST vk K o3 A FHRICE
T X . m R T UKRERE o 2604.8
kg/(667 m?), LT A(1192.8 Kg/(667 m?))E5. LIAE

WK e, e T X UKBERE K o R FHAICR
J 3.78 kg/((667 m?)-mm), & TIHIEGULILAY 1.23
kg/((667 m%)-mm).
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* 6 HRAIIMTEETIKERNK S FIRNE
Table 6 The water use efficiency of ‘Bingtang’ sweet orange in
Huaihua area of Hunan Province and Yuxi area of

Yunnan Province

Y

IKAS R

kg- (667 m*)™) mm kg-(667 m?)™*-mm™)
T 1192.8 1450.3 1.23
ey 2604.8 1032.1 378
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