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Abstract: [Objective] China has energetically developed late-ripening citrus over the last decade. Late-
ripening citrus also has a great impact on the market. Orah mandarin (Citrus reticulata Blanco) is a late-
ripening citrus variety which has been widely planted in China in recent years, and it is extensively cul-
tivated in Yunnan province, China. The climate of Yunnan province is characterized by longer day-
length, high diurnal temperature variation, drought spring and rainy summer, under which Orah manda-
rin is more easily to bloom and bear fruits in the Summer . Fruits derived from the spring blooms
(spring fruits) usually mature in January to March of the following year, and fruits derived from the
summer blooms (summer fruits) usually mature in June to July of the following year. In China, June to
July is the off-season for fresh citrus in fruit market. Therefore, utilization of Orah mandarin summer
fruits could not only reduce labor cost for removing summer flowers but also increase fruit incomes and
benefit fruit market. [Methods]In this study, 5-7 years old Orah mandarin trees grafted on Ziyang sour
orange [Citrus junos (Sieb.) Tanaka] rootstocks in Faping orchard of Jinghong city (FP), Wangsi or-
chard of Menghai county (WS), Chuancheng orchard of Xinping county (CC) and Lizhi orchard of Xin-
ping county (LZ) in Yunnan province were used as materials, and their summer fruits and spring fruits

were investigated and measured in 2019—2021. Twelve external quality indicators, seven conventional
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internal quality indicators and sugar as well as acid metabolites indicators were used to assess the fruit
quality of the fruits. Single fruit weight, edible rate and juice rate were determined. Fruit shape index
and peel thickness were measured by a vernier caliper. Peel firmness was measured by GY-4 fruit firm-
ness meter. Peel smoothness and oil gland were evaluated according to NY/T 2435—2013 (China na-
tional industry standard). The soluble solids (TSS) content was measured by the ATAGO PAL-1 digital
sugar meter. Vitamine C (Vc) content was measured according to GB 5009.86—2016 (China national
standard). Titratable acidity was (TA) measured according to GB/T 12293—1990 (China national stan-
dard). The fruit color was measured by Konica Minolta CR-400, and the C, 4, L, a” and b" were calculat-
ed. Sugar metabolites were determined and analyzed by GC-MS. Microsoft Office Excel 2016 was used
to organize and draw the data; SPSS IBM SPSS Statistics 23.0 was used for variance analysis and multi-
ple comparisons, and the LSD was analyzed by univariate ANOVA to compare the significance level of
the differences. [Results] Compared with the spring fruits, the summer fruits of Orah mandarin were
more oblate, the single fruit weight was heavier, the peel was harder and thicker, and the peel surface
was more coarse. The seed number, juice rate, edible rate, Vc content and solids acid ratio of the sum-
mer fruits had no regular change, but the edible rate was over 62% and the juice rate was over 46%. The
summer fruits also had significant lower &" value and higher 4 value; The summer fruits had higher TSS
and TA than those of the spring fruits. The analysis of sugar metabolites showed that the soluble sugars
in Orah mandarin fruits mainly included sucrose, glucose and fructose, of which the sucrose were the
highest. All kinds of sugars in the summer fruits from WS and most kinds of sugar in the summer fruits
from FP were significantly higher than those of the spring fruits in 2019—2020. All kinds of sugars in
the summer fruits from LZ were higher than those of the spring fruits, while there was no significant dif-
ference in 2019—2020. All kinds of sugars in the summer fruits from CC did not significantly regularly
changed in 2019—2020. The sucrose content in the summer fruits from all tested orchards was higher
than that of the spring fruits in 2020—2021, and most of them had significantly difference. Except for
WS, the contents of glucose, fructose and galactose in the summer fruits from other orchards were high-
er than those of the spring fruits in 2020—2021. The citric acid and malic acid were the two most impor-
tant acids, which accounted for more than 80% of the total acids in the summer fruits and the spring
fruits. The content of citric acid in the summer fruits from all tested orchards was higher than those of
the spring fruits in 2020—2021. The contents of oxalic acid, quinic acid and aminobutyric acid in the
summer fruits from all tested orchards were not significantly different but most of them were signifi-
cantly higher than those of the spring fruits in 2020—2021. The content of proline in the summer fruits
was higher than that of the spring fruits and the content of other substances had no significant and regu-
lar change. More than 78.6% of the consumers expressed good taste for the spring and the summer
fruits, and there was no peculiar smell in the summer fruits after 30 days storage at room temperature.
[Conclusion]The summer fruits had lower external quality. The contents of TSS, TA and most of sugar
and acid components of the summer fruits were higher than those of the spring fruits. The summer fruits
had good taste and would be valuable for research and utilization.
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Table 1 Comparison of external quality of Orah manderin fruits bore from summer and spring blooms

KHERE  PARE

R

R B AEE R JETE DG

i e il N Y4
iﬁe 5 iﬁmﬁﬁi Sample Single fruit Fruit shape Peel firmness/  Peel thickness/ Peel gf@ EI;E
P orchard weight/g index N mm smoothness g
2019—2020 HAEH LZ 157.79+1.79 ¢ 0.77£0.01d  13.69%0.04¢  4.22+0.08 ¢ %5 Medium  H8H Coarser
Fruits bore from 130.734226d  0.79+0.01 cd  11.36£0.02d  4.5740.05bc %% Medium  #¢H Coarser
summer blooms R
WS 203.43+331a  0.78+0.00d  16.51+0.02b  5.97+0.01 a P45 Medium %4 Coarser
FP 207.86+4.72 a 0.7740.01d  18.35£0.06a  4.60+0.14bc  #if& Rough #H Coarser
FAER LZ 170.0043.43 bc  0.82+0.01 ab  7.41+0.41 f  4.3440.12bc G Smooth  #4H Finer
Fruits ‘;‘l’re from o 181.23+548b  0.82+0.00ab  7.83£0.14f  4.74x0.10b &} Smooth  %i4H Finer
spring blooms 3 ~ .
WS 139.50+0.89 d 0.80+0.00 be 9.32+£0.49 ¢ 3.15+0.06 ¢ 6 Smooth  #¢4H Finer
FP 134.34+430d  0.83+0.0la 1046027 de  3.74+0.23d Y6 Smooth %4 Finer
2020—2021 HAEHE LZ 241.11£3.31 a 0.82+0.01 abc  16.06+0.36d  4.28+0.07 ¢ J6HE Smooth UK Coarser
Fruits bore from 184.52+2.48d  0.79+0.01 ¢ 18.25+0.32b  5.01+0.11ab 1% Medium 4 Coarser
summer blooms p » 4
WS 199.10+4.15bed  0.75£0.00d  20.81+0.56a  5.32+0.18 a 155 Medium  H%F Medium
FP 245.70+4.86a  0.7440.00d  17.53£0.33bc  4.7040.07bc 1% Medium "% Medium
FACR LZ 209.60+6.38 b 0.79+0.00 bc  13.52+0.57¢  3.76+0.08 d JeHE Smooth %4 Finer
Fruits ':;re from ¢ 158.34+1.78¢  0.81£0.00 abc  12.80£0.05¢  2.42+0.07 f Jti Smooth %4l Finer
spring blooms . X
wS 188.90+7.09cd  0.83+0.01a  16.68+0.54cd  2.99+0.16 ¢ J6¥ Smooth 4 Finer
FP 202.57+2.36 bc  0.83+0.02ab  15.40+0.02d  3.20£0.29 ¢ i Smooth  H14F Medium

W LZ. BP & CC. ¥rPAek: WS, ihifg £ I FP. Stk . RIS G ARG FREROR ZE R B3 (p < 0.05). T IF,
Note: LZ. Lizhi orchard of Xinping county; CC. Chuancheng orchard of Xinping county; WS. Wangsi orchard of Menghai county; FP. Faping or-

chard of Jinghong city, Yunnan province. Different lowercase letters in the same column indicated significant differences (p < 0.05). The same below.
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Table 2 Peel color comparison of Orah manderin fruits bore from summer and spring blooms
R s FRE R 72 H Color difference value
Year Fruit type Sample orchard a b C H
2019—2020 HIeH LZ 74.31+0.60 b 6.90£020e  69.71£0.77cd  70.21£0.79 cd  84.51+0.16 b
Fruits bore from cC 69.96+0.14 ¢ 2874178 f  64.07£032¢  64.07£0.32¢ 89.76+0.06 a
summer blooms
WS 7452+0.53b  14.51£0.57 ¢ 73.65+0.29ab  75.09+0.21ab  78.85+0.46 cd
FP 69.99+0.46 ¢ 10.73£127d  66.50+1.10d  67.47+1.21d  80.98+1.06 ¢
FILR LZ 70.74+0.77¢  27.09+1.26a  68.82+0.81 cd  74.09+0.34ab  68.46+1.13 ¢
Fruits bore from ccC 71.61£0.77¢  2420£0.86b  68.89+1.14cd  73.18+0.84abc  70.52+0.91 ¢
spring blooms
wSs 77.49+024a  16.07+0.48 c  74.56+024a  76.32+032a  77.82+0.32d
FP 7472£1.04b  16.96£034c  70.99+2.01 bc  73.04+1.96bc  76.53+0.41d
2020—2021 HAeH LZ 81.17£0.23 a 7.444024d  76.56+0.44a  77.06£0.54a  84.05+0.91c
Fruits bore from ccC 79.50£0.33 b 522+0.12¢  75.42+0.40a  75.61£0.42ab  86.34+0.33 b
summer blooms
WS 78.97+0.20 b 1.71£0.06 f  72.68£0.65bc  72.75£0.69d  89.07+0.26 a
FP 75.61£0.26 d  15.41£0.58 ¢ 72.87+047b  74.55+0.56bc  78.06+0.40 d
FAEHR LZ 73.51£0.07f  27.28+028a  68.74+036d  74.01+044cd  68.34+0.12 f
Fruits bore from ccC 7452+022¢  2621%041a  71.16£046¢c  75.87+0.18ab  69.76+0.66 f
spring blooms
WS 76.79+033 ¢ 20.12+0.63b  73.11£0.56b  75.9940.42ab  74.54+0.54 ¢
FP 76394022 bd  19.39+021b  73.58+0.15b  76.17+0.18a  75.20+0.10 ¢
#z3I KAHERRSEERARLEE
Table 3 Comparison of internal quality of Orah manderin fruits bore from summer and spring blooms
wCAT itk WD p(HEEFRO
R RLeie PR T e it CIREg EpiZ7D) e Vitamin C [ i L
Year  Fruit type Sample  Seed number Juice rate/%  Edible rate/% Soluble solid o content/ Solid acid ratio
acidity/% N
content/% (mg-100 mL™")
2019— HAEHR LZ 20.7240.56 ab 55.62+0.70a 72.46+0.41a 13.77£0.07b 0.61£0.00 bc 18.05+0.26 bc 22.70+0.13 b
2020 Fruits bore from 26.67+0.58a  52.01£0.15bc 69.41£0.53 ab 13.47+035bc 0.79+0.03a  20.96:0.12a  16.98+0.30 de
summer blooms
WS 25.67+3.39a 49.45+037 cd 66.22+024b 15.87+0.18a 0.75+0.03a  20.39+1.03a  21.16+0.49 bc
FP 14.60£3.06b  46.70+1.35d 68.76+1.49b 15374043 a 0.5320.01 cd 12.8240.98d  29.08+0.92 a
Eevi S LZ 21.00+1.16 ab 52.91+0.75 ab 69.42+0.54 ab 13.10+0.06 bc 0.45+0.01d  20.05+0.49 ab 29.25+0.38 a
Fruits k;‘;re from o 20.69+1.77 ab 50.01£0.97¢  68.5140.95b 12.56+0.39 cd 0.34+£0.03¢ 17.75:0.81 ¢  29.05+0.84 a
Sprin: ooms
pring WS 17.00£3.71 b 55.14+0.32a 69.19+0.36ab 11.90+044d 0.64+0.03b  20.35+0.27a  18.81+1.73 cd
FP 17.68+0.41b  51.67+0.96 bc 66.60+1.93b 11.97+0.25d 0.80+0.04a  21.50+044a 15.01£0.61 ¢
2020— HAvR LZ 9.71£0.15f  59.24+0.54a 71.05£0.82b 13.93x0.3b  0.38+0.01 bc 15.82+0.34c  36.53£0.47 b
2021 Fruits bore from 14.834029d  51.73+1.84 bcd67.55029d  15.1740.15a  0.79+40.10a  23.23+1.54a  19.88+2.39 ef
summer blooms
WS 16.6740.48 ¢ 51.9040.58 bed 62.81£0.43 ¢  12.83+0.27¢c  0.82+0.06a 24.41+0.89a  15.78+0.96 f
FP 18.13£0.22b  54.19+1.98 abc 69.02+0.19 cd  14.47+0.09 ab 0.49+0.02b  18.69+0.29b  29.91+1.64 cd
HER LZ 14.1740.10d  46.4242.79d  70.44£0.28 be 12.10£0.15¢ 0.27£0.01 ¢  16.02£0.39¢  45.30+2.01 a
Fruits t}’)‘l’re from ¢ 11.94+0.65¢ 49.152220 cd 73.92+0.56a 14.20£0.15b 0.42£0.01 bc  11.06£0.62d  33.96+0.48 bc
spring blooms
ws 28.1140.20a  60.35+1.85a 74.91+0.84a 12.50+0.21¢ 0.50+0.03b  17.55+0.68 bc 25.20+1.48 de
FP 12.00£0.58 ¢ 55.96+2.18 ab 70.41+£0.26 bc 12.93+043 ¢  0.46+0.06b  16.78+0.34 bc 28.53+2.58 cd
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Table 4 Comparison of soluble sugar components of Orah manderin fruits bore from summer and spring blooms
(mg mL")
EE JuskAl KR FEWE % ES Lk L S8
Year Fruit type Sampling orchard Sucrose Glucose Fructose Galactose Inositol The total sugar
2019— HAEHR LZ 52.83+2.87a  23.76+1.90 cde 24.66+2.02ab 3.68+0.22ab 1.63+0.12ab 106.34+5.28 ab
2020 Fruits bore from 464542522 2526+1.19bed 21724247 abe 4.24+029a  1.84+0.18a  99.02+4.68 abe
summer blooms
wSs 54.90+£1.79a  28.19+1.22abc  23.91+2.96ab 3.69+0.14ab 1.55+0.26ab 112.11£5.72a
FP 49.90+3.86a  31.58+1.74a  26.54+1.73a  3.70£0.02ab 1.54x0.10ab 114.05+7.40a
B LZ 51.6742.76a  28.58+1.30ab  232942.26ab 3.20£021b  1.45+0.17b 108.19+5.32 ab
Fruits bore from 46.2044.97a 2251034 def 19.19+0.14bc  3.90£0.08a  1.30£0.09 ab  93.10+4.66 bc
spring blooms
WS 47.9240.87a  18.91=1.11f 15.60£1.02¢c  3.05£0.11b  0.93£0.08c  86.41+2.32¢
FP 5020£4.06a  19.24+120ef  15.88+122¢c  4.24+030a  1.50£0.09b  91.07+2.43 be
2020— HALR LZ 49.08£0.76 bc  24.31+1.18 abc  31.97+1.54 abc 5.10£0.23 ab 1.63+0.12ab 112.09+3.32 ab
2021 Fruits bore from 53.40+045abc 25.95+0.71a  32.53+0.80ab 5.55:0.06a  1.84+0.18a 119.2741.90a
summer blooms
WS 5436+1.34ab  18.44+1.36de  23.13+1.65¢f 3.97+0.18 cde 1.55+0.26 ab 101.44+3.11 be
FP 57.48£0.97a  25.00+1.00ab  34.13x1.42a  5.31+027ab 1.54+0.10ab 123.46+3.73 a
EIS LZ 37.59£1.47d  17.40+1.20 e 22.56+2.16 f  3.88+0.43d  1.48+0.27ab 82.91+3.83d
Fruits ’I’D‘ire fom ¢ 48.90+3.72bc  21.90+1.48 bed 28.03+1.42bed 4.83+0.31abc 1.96+0.17a  105.62+6.96 be
spring blooms
wSs 46.13+4.71 ¢ 2092140 cde 27.24+1.87 cde 4.512029 bed 1.80£0.09a  100.59+1.28 be
FP 49.68+0.55 abc  18.02£0.66 de  22.68+0.84 f  3.80+0.14d  1.16£0.04b  95.35+1.14 cde

VF:n=3. F[A. Note: n=3

. The same below.

x5 AMEERMBERNBNEBEAS SR
Table 5 Comparison of organic acid components of Orah manderin fruits bore from summer and spring blooms
(mg-mL")
EEE s PREZ G Frg R SRR HR BIET R TR (oS8
Year Fruit type Sampling orchard Critic acid Malic acid Oxalic acid Aminobutyric acid Quininic acid  The total acid
2019— EHAER LZ 3.68+0.72 bc 1.524+0.09 bc  0.35+0.04 bc  0.24+0.01 ¢ 0.06+0.01 bc  5.84+0.62 ¢
2020 Fruits bore from ¢ 5200262 1.53£0.17be 037£0.01ab  0.23£0.00 c 0.07£0.01 be  7.38£0.20
summer blooms
WS 4.73+£0.51 ab 1.83+0.13b  0.15+0.05d 0.34+0.03 b 0.07£0.01 bc  7.12+0.50 ab
FP 3.58+0.33 be 1.00+£0.10d  0.24+0.05cd 0.46+0.03 a 0.09+0.01 bc  5.36+0.22 cd
HILR LZ 2.67+0.31cd  1.34+0.07cd 0.25+0.02cd  0.09+0.01 de 0.15+0.02 a 4.49+0.21 d
Fruits bore from ¢ 1.85£0.26d  1.05£0.05d  0.19£0.02d  0.08+0.01 de 0.04+0.00c  3.20:0.25¢
spring blooms
WS 2434024 cd 290+0.08a 0.46+0.02 a 0.13+0.01d 0.06£0.02 bc  5.98+0.32 be
FP 4.29+0.24ab  2.98+0.18 a  0.40+0.00 ab 0.05+0.01 ¢ 0.09+0.01 b 7.81+0.17 a
2020— EHAER LZ 1.30+0.25 be 2.09+0.04a  0.30+0.02 b 0.12+0.01 ¢ 0.11£0.00 bc ~ 3.93+0.19 ¢
2021 Fruits bore from ¢ 54940.15a  1.10£0.13b  036£0.01ab  0.20+0.02 ab 026£0.05a  7.40£0.08a
sum mer blooms
WS 6.16+0.84 a 1.44+0.03b  0.43+£0.01 ab 0.14+0.01 ¢ 0.16+0.03 b 8.32+0.82 a
FP 2.16+0.08 b 2.29+0.03a  0.37+0.03 ab  0.22+0.01 a 0.08+0.01 ¢ 5.12+0.04 b
EIES LZ 0.85+0.09 ¢ 1.43+£0.08 b 0.30+0.04 ab  0.13+£0.02 ¢ 0.08+0.01 bc  2.79+0.18 d
Fruits bore from 1.48+0.07bc  2.05£0.18a  0.31x0.04 ab  0.16+0.03 bc 0.10£0.00 bc ~ 4.10+0.19 be
spring blooms
WS 1.97+0.23 bc ~ 2.18+0.21a  0.43+0.10ab  0.15+0.01 be 0.10+0.02bc  4.83+0.11 be
FP 1.2740.02bc  2.13+0.04a  0.47+0.01 a 0.17+0.02 abc 0.10£0.01 bc ~ 4.13+0.08 be

Al 5 R K 66.39%~70.39% 1 3.07%~8.60% , 14 751
TAHRACT ; ol AL K B A0 S 1 3 SRR AN R
BT HEAR, TR PR T HELR 44 R IE
R 5 BRI LB T HA R BT RN
T B RSB . 2020—2021 4F 4 DR E

FERIITERR S B R TRAER, 5 28R 33.17%~
74.14% , 3¢ SR A 5 R 0 W S v (R AR A L 5 L AE
RETRMERE T RN S ESTFLRMELZERA
WEBEEE . 2N EREREERERY], ZHEAER
MEETREREEERTHEHER R ZHLE
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233 REAARLGEHRAY  SHRH R
T2 3 e A e T o Yol 5 R TR = 4 R e o i8R 470
SE » RILIX 4 PP o 1) B AR ARA , 0 S o 4 P g
SR BAE0.27~1.97 mg-mL" 2 [A] ; A HiX 4 Fhk
Iy 8 0.47~1.97 mg-mL ", & T HEIE R 0.27~1.01
mg-mL"'. SR L, FEREWHER S 25 TH
[, B i R AR R R R S E s TR =8, 5
BT, ZHZ E R = BRI =B &
REETEAR FEEEERERTHELR AR
FEH R R 2 B T UG B R (A R . S AT Bk 2
BRI B Rt B S XU S R
234 R ogAskferiEd B RMRE G,
IR, T E &, DU S O BRI R (PR ak
RO 5 EE 78.9% , A AR — M) 7 bE 21.1%. T
BT, BRSSPk ik, 3~
4 d Bik, 2 /N FE 16 S0 SR SRR L BIA I R4 J 2
9 4.4%~8.9% , 5 )9 KWLz g H BIHLR 5 53
R AR B e, o RSP R D . BAERAE=E
WA T H 10 B, /b B JESE HBA B IR , R

3o i

HHA B AE 28 A 52 A DR AR AL I 25 6 5 1,
DR T AT 30 % DR 3R AR TR 0 R R T2, SR AL
F BRI R 5 2 R0 XM 48 25
I AERKAARIRIPI T i AR T TTAE 4 R s i it
DX PR AR A ik Z AR, TR 15 e 4 AL 1 22
R, BRI WM. T 55 S
oA B2 R BOAR 4, B AR SR IR S5 R
IREETH i V& RN CM S5 A2 BEAE 28 70 A ¥ P U
RN = B R b H At DR B A 5 T
16, TEE L HBK BRI ZE RIES U
R IR PR B AT A T 97 0 B R A AL R K T
IR L RBUD ME NGB ER TN,
WIS R, AT R R, 2019—
2020 FFEX AR L MR R B ST R B, ZAE

SP B R 7 AT b 7 R 28.2 kg A K R
12.5 kg £ K H e 24.7 kg &P R 13.4 kg

MAR AR K SR 388 TE R 351 17~20 C VR
AZETARNT T R/ R R f s AR R i s R
FEE JUPKEL B2 K5 PURE R VR ™ MRS 0 AL RN 2
TE R TR TR » B SR 20 A 7 Z4 R0 A= K S i Bk
BRI, L ra AT A1 R 5 55 T AT B B (1033 M
MBS S R O IR B i B A B TR
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AT O B2 R 3R R AN AR 38 B B v AN T 4 5 )
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HRHE 3 8, 2021-09-15 S5tk 2 P IR AH el 382 B 78 3
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RN IR AR , HALHA R AT

ARG RE , = FE R B AL R 2 Ak
SRR, RO& SRR Bt 5 5 FORE A b,
SERER S A TR AR TC 3 22 5, TSS SRR L T
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ai D RE R 23, B B T ot B A R . (H
AR AR 7= b3t 3k K FH R B B AL i B AR R
BTV, A L EARYE BARIG HLEAT R, 0 SRR AE
RILBD BB Z , /] DR EE B LSS R, 4E R
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