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Abstract: [Objectives] Orah is the most popular citrus variety in Guangxi in recent years because of its
beautiful appearance, juicy fruit, crisp taste, early fruiting, high yield, endurable storage and long har-
vest period. This paper aimed to study the growth dynamics of Guangxi Orah fruit transverse diameter
and its mathematical modeling, so as to provide a scientific basis for improving its quality and yield.
[Methods]) After Orah fruit set, the data of fruit transverse diameters of Orah from 15 orchards in south-
ern, central and northern Guangxi were measured and recorded until the harvest period by using the
method of "fixed an orchard, fixed a point, fixed a fruit and fixed a period" on the Ist and 15th day of
each month for two consecutive years, in order to study the variation of transverse diameter growth of
Orah, and investigate the correlation between the year-end transverse diameter and each growth stage,
monthly transverse diameter growth and main meteorological information for mathematical modeling.
[Results] The final transverse diameters in different orchards were very different, reaching a very sig-
nificant level, and the transverse diameters in many orchards needed to be improved. In the data of
225 transverse diameters (d) of Orah in 15 orchards during 2021—2022, on January 15, Orah fruit size
(d =80 mm) accounted for 4.44%; Fruit size (75 mm < d<<80 mm) accounted for 14.22%; Fruit size
(70 mm <d<<75 mm) accounted for 32.44%; Fruit size (65 mm < d<<70 mm) accounted for 24.00%;
Fruit size (60 mm < d<<65 mm) accounted for 12.44%; Fruit size (55 mm < d<<60 mm) accounted
for 4.44%; Fruit size (d<<55 mm) accounted for 2.67%, and the minimum transverse diameter was
47.51 mm. In accordance with meteorological data, the transverse diameter data of Orah fruit in 2021—
2022 was selected as the normal year data. On January 15th of the following year, the average fruit
transverse diameter was 69.85 mm, and the greatest transverse diameter reached 75.33 mm, followed by
74.71 mm. The trees in the above two orchards in main reasons were healthy as a whole, the prevention
and control of diseases and pests were done well, organic fertilizer (more than 30 kg of decomposed or-
ganic manure applied to each plant every year) and microbial fertilizer were sufficiently applied, water
and fertilizer management were supplied in place, and there was reasonable pruning and thinning. The
smallest diameter was only 61.55 mm, significantly smaller than that of the other orchards. As the main
reasons, there were citrus Huanglongbing, citrus tristeza virus (CTV) and citrus yellow vein clearing vi-
rus (CYVCYV) as well as macerating root in this orchard. In the investigation from 2022 to 2023, the
transverse diameter of the largest Orah fruit was 78.56 mm, followed by 76.79 mm, mainly because
these two orchards strengthened the use of organic manure supplemented with water, beneficial microor-
ganisms, minerals and large plant growth regulators on the basis of selecting reasonable water and fertil-
izer according to this research method, and reasonably pruned and thinned the fruits. The smallest diam-
eter was only 53.74 mm, significantly smaller than that of the other orchards, mainly because the or-
chard was affected by citrus Huanglongbing, CTV and CYVCV. According to the grades of 80, 75, 70,
65, 60 and 55 mm, we constructed the growth dynamics comparison table of fruit transverse diameters
and the monthly increment of transverse diameter in southern, northern and central Guangxi. The mathe-
matical model of year-end transverse diameter and each growth stage was established (R°=0.999 98).
The year-end transverse diameter was significantly and positively correlated with July 15th, and ex-
tremely significantly and positively correlated with the period after August 15th, reaching a very signifi-
cant level on November 1st (0.934 0). The mathematical model of monthly increment of transverse di-
ameter and main monthly meteorological information was established (R*=0.845 4). The correlation co-
efficient between the increment of transverse diameter and rainfall was significant (0.791 8) and the cor-
relation coefficient between the increment of transverse diameter and average temperature was extreme-

ly significant (0.879 1), but the correlation coefficient with sunshine hours was only 0.286 6, which indi-
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cated that the fruit expansion of Orah was closely related to rainfall and temperature, and more rainfall
and higher temperature were beneficial to fruit expansion, but other conditions also affected its develop-
ment. This also showed that strengthening the management of water, fertilizer and pesticide can help
the expansion of Orah fruit, thus improving its quality and yield. [Conclusions] There is still much
room to improve the quality and yield of Guangxi Orah. In the future, we should vigorously strengthen
the virus-free scion and disease-free seedling cultivation. On the basis of deep ploughing, heavy applica-
tion of organic manure, and paying attention to drainage and reasonable pruning, we can use ampicillin
to kill citrus Huanglongbing and canker, strengthen research and explore agricultural chemicals or micro-
organisms that can effectively cure or prevent CTV and CYVCV. In accordance with the current trans-
verse diameter growth comparison table and the periodic difference comparison table, we can scientifi-
cally and reasonably arrange water, fertilizer and pesticide to further accelerate the fruit expansion, thus
effectively improving the fruit diameter, yield and economic benefits of Orah and promoting the sustain-
able growth of the industry.
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Table 1 Survey situation of Orah

RIS oy

EEE TR

Orchard RIS Orchard X% RIS
District Orchard situation District Orchard situation

number number

GY2101 R 3 ulng RETFR X IE 224y IRMITEFA 333 hm || GY2109 7 3=l KO BRAT  RAH T AR 17 hm?

GY2201  Wuming, Zheng’an farm of ASEAN development Wuming, Luchen village of Shuangqiao town,
Nanning zone, Orah area of 333 hectares Nanning Orah area of 17 hectares

GY2102  FTHNY MUK B JG AT  IRHTEIAR 53 h? GY2209 T SRR BULIERT IR TR 6.7 h?

GY2202  Wuming, Dahuanghou village of Shuanggiao town, Wuming, Jiulian village of Chengxiang town,
Nanning Orah area of 53 hectares Nanning Orah area of 6.7 hectares

GY2103 R WREUUDEAT  IRHTTRIF 2.4 hm? GY2110  WTTE S TR E A SR AR 107 hmt

GY2203  Wuming, Jiulian village of Chengxiang town, Orah Xixiangtang, Tongfu village, Zhongdong town, Orah
Nanning area of 2.4 hectares Nanning area of 107 hectares

GY2104 73 ng BIFEUNIEBH AT AR 107 hm? GY2210 TG SRR AT, SRATIAR 2.7 b

GY2204  Wuming, Xiaoyeyang village of Luoxu town, Orah Wuming, Lianxing village of Chengxiang town,
Nanning area of 107 hectares Nanning Orah area of 2.7 hectares

GY2105  FTHNY SRR BULIRRT IR TR 4.7 ho? GY2111  HTIEZIE PGSO, AR 400 m?

GY2205  Wuming, Jiulian village of Chengxiang town, Orah || GY2211 Xixiangtang, Xinxu village of Xixiangtang street,
Nanning area of 4.7 hectares Nanning Orah area of 400 m’

GY2106 B MY S ERIPS A, SR IR 40 h? GY2112  FETEZIE IRIEHUE A IRTEIA 213 hm®
Wuming, Lianxing village of Chengxiang town, GY2212 Xixiangtang, Dingdian village of Tanluo street, Orah
Nanning Orah area of 40 hectares Nanning area of 213 hectares

GY2206  FTEG R BULERT  IRAR TR 5.7 h? GY2113  FILHE TLFE R A IRHTTHRIAR 57 hm?
Wuming, Jiulian village of Chengxiang town, Orah || GY2213 Jiangnan, Tanxin village of Jiangxi town,Orah ar-
Nanning area of 5.7 hectares Nanning ea of 57 hectares

GY2107 BT YRR A5, DRAH T AR 80 hm GY2114  SREME LLI A3, A TN 2 han?

GY2207  Wuming, Pingdeng village of Chengxiang town, GY2214 Xingbin, Honghe farm, Orah area of 2 hectares
Nanning Orah area of 80 hectares Laibin

GY2108 BTl P24, TRATHIAR 133 h? GY2115  FEREL JELAETE TP, PRAH AR 0.9 h?

GY2208  Wuming, Nanning Tuanjie farm, Orah area of 133 hectares GY2215 Yanshan, Guilin Yanshan street, Orah area of 0.9 hectares

H:GY2101~GY2115 42021—2022 i A 2R [ : GY2201~GY2215 7920222023 4F- i 5 A frd .
Note: GY2101-GY2115 will investigate orchards from 2021 to 2022; GY2201-GY2215 will investigate orchards from 2022 to 2023.
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L2023 41 H 15 H R LRI 8 67.09 mm.
FEREARIE E 70 mm PL_E R 4 AN R, P R
R AIE 70 mm [ 15 73.33% . SR TR T2 5 X 403
K3 GY2114 MR B K, 3k 78.56 mm, 1) 2 %5 EE
1A SR K, 4238 bl 12 A SR K HE2E A 2 e
T B XM K &5 A GY2102, PR AR A
76.79 mm, A% 5 3 KT 11 A4S FIE ;AN B 1E A
2021 A1 7 (1 FE i, 75 4% HE 2.1 0 i A BEK IR
(A b, s A ML Bl G /KA 28 e
JRE TR KA A K AT RN R AR A
A EE BT AN BT R, R RN EOR . BT 2 X
R GY2211 AR Seii it ey, R 53.74 mm,
B LE A 14 A FETE /) X 3 B % R [ 57 3 5 e
I~ LR BB 5 T S EUR S AN i
HESR2 a WL 15 AN F [ R IR AR B AR B, R I T

ZA KRR A Fr it — 5Tt .
23 HEERZREREEEFEMNRHBERKE
BREETHRYX (R T RN
PR S5 Hb ) 3 A SR R IR T T O X
2021 = FEHT 34N A W3 B W & 28.20 mm, ViR
J£17.20 °C, J& T 1E 5 KA, 1 2022 475 34N H F1
F% RN & 120.30 mm, P24 & 14.57 °C, SN R
WA AR R B AR A a1 2021 4F, 2 B R 2 HLAR
IR 2 W 3 H IS BUBA T AL L IE W i 15 d
AL, fE6 A1 H, 4 [F B8 42 /)N 5.66 mm,
Z B AR AE 6.7 H 4 1 R AR H R B 2021 £ /N2
5mme. AR TR REWIEFKE
Ko TS5 » B I TR HERS , H 38 DR 1) R0 R KL 4
BVE RN, RS R KRR I, {H 2 2022
SR R SRR A2 (67.09 mm) iE 2 B A L 2021 4E

x4 EFARTHRBXSKEKE

Table 4 Meteorological data of Wuming district, Nanning, Guangxi in recent years
A [% MY & Rainfall/mm “F-34)3 FE Average temperature/°C H H& i %4 Sunshine hours/h
Month 20204F 20214 20224F 20234 20204F 20214 20224 20234 20204F  20214F 20224 20234

In2020 In2021 In2022 1In2023 In2020 In2021 In2022 In2023 1In2020 In2021 In2022 In2023
1 H January 422 5.0 142.2 14.9 15.6 133 13.0 13.7 57.8 105.6 34.0 107.2
2 J] February 57.4 55.3 143.9 30.3 16.5 18.6 9.9 16.3 52.7 136.8 44.5 54.5
3 F March 177.5 243 74.8 36.2 19.2 19.7 20.8 20.2 32.1 349 72.7 74.9
4 J1 April 88.5 91.4 56.8 95.8 19.9 21.9 222 232 73.0 31.6 133.1 58.0
5 H May 89.2 118.3 337.7 133.9 27.8 27.0 234 26.2 154.1 119.5 81.9 133.4
6 H June 509.8 216.1 213.1 314.2 28.5 28.4 27.8 28.4 125.6 128.2 85.0 139.2
7 H July 169.7 125.7 98.2 58.2 29.4 29.6 29.8 30.1 174.4 205.1 217.0 185.9
8 1 August 119.5 60.9 118.3 151.2 28.3 29.3 28.9 28.0 167.1 176.2 179.0 113.1
9 H September 99.5 159.4 136.2 145.2 27.0 28.1 27.6 26.9 101.9 211.9 180.1 120.2
10 H October 95.7 112.1 9.1 66.0 21.9 22.4 243 24.4 96.2 123.0 234.8 142.0
11 H November 11.4 43.5 49.9 36.2 19.8 18.3 22.0 20.2 112.2 108.5 104.4 149.7
12 H December 7.2 8.3 17.0 18.9 13.2 14.8 12.9 15.3 111.8 159.2 134.1 143.5
Gt 1467.6 10203 13972 1101.0 223 22.6 21.9 22.7 104.9 128.4 125.1 118.5
Total/average
1—3 A7) 92.4 28.2 120.3 27.1 17.1 17.2 14.6 16.7 47.5 92.4 50.4 78.9

January-March average

T B O TR R

Note: Data was provided by local meteorological departments.

(69.85 mm) /), T LA 2022—2023 4F J3 ) 5 g i SR K
% 5B LE 60 mm LA _F, i dE it 25 1 65 mm i A .
T, 48 2021—2022 4F Fi F PR b S SE A A2 B i A
IEH NS5 2 LR A B
24 MEETRIHEZWAEBRFZUHSEKI
%

SR TE HH [R) M SISO — Mo e LA R AR TR

P s RSLAEIE=T0 mm; R SEHAE=65 mm; R SE=
60 mm; H LA <60 mm. FI, A8 RE,
TEIRA S SR AP 35 SR SR 4298 80 mm B AR KR
AV ARAR , 28 75 mm TSP AL, 70 mm AR
K (bR ,65 mm A B 4,60 mm A—#, 55 mm A&
DA A

MNEE T T 2021—2022 4F J& [ $d e 35 5 A IR



5 434 M, S PR SR SRR A KA S B b 771
127 B HL 323 804757046560+ 55 mm [ £ 3 B H i R 2, ik 6 it . A Bk AN T

SR MR R SERR S S AR IR i 18 ORI R S, AT AL H K98 0 AR AE 70~
RSPR. FIMZEEESAERRAER S KRR 80 mm BALFTRAER (B 1.

RS TRAERIEEEKISSRR (KR

Table 5 Dynamic comparison table of fruit transverse diameter growth of Guangxi Orah (south Guangxi) mm
= ERSN
F5 2021- 2021- 2021- 2021- 2021- 2021- 2021- 2021- 2021- 2021- 2021- 2021- 2021- 2021- 2022- 2022- BT
No. 06-01  06-15 07-01 07-15 08-01 08-15 09-01 09-15 10-01 10-15 11-01 11-15 12-01 12-15 01-01 01-15 =V
Evaluation
1 37.90 4043 43.12 46.00 51.72 56.13 58.67 62.85 66.03 69.00 7449 77.11 77.97 79.00 79.19 80.00 &AL
Extremely
excellent
2 3235 36.09 41.33 4438 4955 5341 5643 59.62 62.88 6537 69.98 7227 73.46 7428 7485 75.01 HEL
Excellent
3 28.75  33.11 3824 40.78 46.14 5027 52.77 55.63 6036 62.64 66.62 67.81 68.95 70.00 70.12 7023 LR
Better
4 31.05 3437 3795 40.69 4498 4794 5040 5336 5589 5838 62.10 6335 64.18 64.68 64.98 65.10 [Rif
Good
5 29.16 3270 36.78 39.32 43.10 45.61 47.65 5027 51.40 5401 56.86 57.63 5851 58.68 59.56 60.23 —ff%
Common
6 27.74  30.73 33.63 3505 3821 40.52 4372 46.76 48.54 5134 54.01 54.64 5469 54.44 5569 56.04 ik
Discrepancy
7 31.16 3457 3851 41.04 4562 4898 51.61 5475 57.52 60.12 64.01 6547 6629 66.85 67.40 67.77 H%
Medium
R6 RHRLBAHIREAEEMENRR ()
Table 6 Comparison table of monthly increase in transverse diameter of Orah (south Guangxi) mm
\ 2021 )
FFs A RORE 2021-12-01—  2022-01-01— &t
No. Condition 06-01—= " 07:01— " 08-01== 09-01— 10-01== " 11-0I"= " 5055 1.1 2022-01-15  Total
07-01 08-01 09-01 10-01 11-01 12-01
1 Befle
Extremely excellent 5.22 8.59 6.95 7.36 8.46 3.48 1.21 0.82 42.10
2 Rl
Excellent 8.98 8.22 6.88 6.45 7.10 3.48 1.39 0.17 42.66
3 R
Better 9.48 7.90 6.63 7.58 6.26 2.33 1.17 0.11 41.47
4 RLAf
Good 6.89 7.04 5.41 5.50 6.21 2.08 0.79 0.12 34.04
5 — R
Common 7.63 6.32 4.54 3.76 5.46 1.65 1.05 0.66 31.07
6 I
Discrepancy 5.89 4.57 5.51 4.82 5.47 0.68 1.00 0.34 28.29
7 EP% 7.35 7.11 5.99 591 6.49 2.29 1.10 0.37 36.61
Medium

MERR L R 5 0 SRl AN 4 FE B AP i B S AIRRUKGRUR VB RSN E G SRR IR T K.

AR SEREAR 2 A I 80.75.70.65.60.55 mm 2.5 MWEBFERERKEKDEARHRESERNEF
MR SO 38, AR AL AR R A R s i i 4R R

KNEX IR CGR D . FAE AL AR iR A R FIH 48 1 B 4 DPS18.10 i 28 i, il it £ 764
SEHE R IR A H B IE N IR (R Q). FIIL,7E M, SRR R 15 B8 T 15 AR EAE R CR T
B X HFarAE e, R, A RKEER. & B 5EERK SR R SRR R R T
67 A B AEAGT B s MAEA LR P b X PRI 2021—2022 4 404, R 9. I, FR 5 %4
ARG, TR, iR AR BN AR B R KA XRE3ATH3IAISHS MRS
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B 1 RS 70~80 mm B ERIRH

Fig. 1 High-quality Orah with fruit transverse diameter of 70-80 mm in southern Guangxi

0.3157F10.3453, %] 177 H 15 H, M X RELH &
F 110525 6,1 £ 9 H 15 H Wik 2 7 % & & 1
0.676 8,3k AN 11 H , % REAEN 52 117 0.934 0 LA
o VRBHAE 6 H A B 28 5L SR /N HE I B AR
M2 79 10 74 LA R FE AR =

B J5 A S AR s AN ) N AR A,
FHIR REU B, 845 A AL A B “ e fh” , B 519
BT 15 AR R CR ITH) 5 & A KT TR
SRS AR BB AR A

y=70.564 3+2.857 5 x1-4.899 3 x2+0.689 3 x3+
0.989 7 x4+1.401 6 x5+0.117 15 x6-0.047 5 x7-2.394 4
x8+0.098 3 x10-0.856 4 x11+10.397 9 x12-5.193 3
x13-3.112 8 x14.

YR CR P, B 34 1 H 15 Bk
B (mm)EHE x1 M6 H 1 H 2 86 H 15 H 3 R
THIH x4 N7TH15H XS AH8A1H.x6 N8 H 15
Hx7R89H1Hx889H 15H.x102810 H 15 H .«
1IN HIH 122811 A 15H x14 812 A 15 H
() 3K M A8 42 Cmm) B4 o A5 B () B AR ¢ R B R=
0.999 991, ¥ 5& Z # R*=0.999 98 , %l 4% by 1 25 SSE=
0.003 8, A5 57 186.78 , F{H 4431.45,p{H0.011 8.

26 MEIAMAERLEREBKEESTESK
SRR FIRE

5] 2, F1) FH 48 1H 3 44 DPS18.10 /= 2% fi , il it £
TCO T BN 45 22 T 15 A4 2R el i PR Al
HERIBAENKEES TESLE B RE
FOET 2021—2022 FEHAR, WK 10). A WHEF
WK ZEH 5 B T R P A 5% REUA B
0.791 8 FIAL & & 11 0.879 1, 1M 5 HIEK B H
0.286 6. Ui BHIRA SRS K 5 B W & I B AAAE IR
ROREL, MK Z R R AR T RS R HX
ANJEME R E A A % A A 2 O Kk
B o UL NG IR 258 B B T IRA K, AT
FERIE

[E)E ) S B AR B AN 5N AR &, 1
B R REB IR AR B AR AR B, B Ja
15 205 T 15 A Bl B VR A H R SR SEE AR g K 2 {E
H5RES GG BHUFE

y=—1.654 1+0.008 342 x1+0.300 6 x2—0.009 184
x3.

vy A EERE (mm) 3 IE , x1 B & (mm) ,
x2 I (°C) , x3 v H R B £ (h) o AR AL 1) 52 AH
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MR S TP IRA RS AR E K Bl MR 775

R10 RHRLEEAEEMESETESRESH
HXEH
Table 10 Correlation coefficient between monthly fruit
diameter increase and main meteorological

information of Orah

PR IR

R

Dateof trans.  PERIE e Sunshine ) REMUEHII{
Rainfall g Monthlyincrease

verse diameter temperature hours

x1 1

X2 07108 1
X3 0.1412  0.5290 1
y 0.791 8* 0.879 1**  0.286 6 1

A FROR ARG, RN R A G
Note: * Indicates a significant correlation, ** indicates extremely

significant correlation.

KAFR=0.919 5, Y i€ ZRELR=0.845 4, | R R ZE
SSE=0.182 7, A% 5 31.753 5, F 1H 5.469 1, p &
0.098 3.

3o i

S R U SRS YT S BB T DY Z
HRDH 4T BRA A B SR A AR R R R R
P2 AT RIS 1 SRR ) SR SR B B K B A E
SR AR 4k ST, RFAH RO B ) AR S B —
&=

FEIRA RS v, fomg SRS KN R R 2 2
FhZ FER), BT AW FER BT, AN FIA AR AL A i 2R
EEU 0 T AR 2 R T e S R B R A A K
R 700 S 2 e R R SR S DR /N B B PR R AR R
T8

7E2021—2022 G A1) 15 N IRA SR v, HEAE
HTT 44 () GY2108G Y2102, 544 44 fit B¢ , {04797
A E R A HL AR A A B R, KRB B
A, & BB BB &, BrUAAE 12 A B Ay mlhnr Dhsz
B MHEZ G GY2111 4 — 58 EL B B 3 80 , 58
e LU A8 1) 5 T8 75 A0 B ik« 2022—2023 SR 1 A )
GYRU4EEH B HIE T T, &8 7 IEmh K e
J5 & CREBEANUAE, FZAMAYRE 5 5850
ERIAD, B R, DU EE R 2. )
Gb, Z BT UAEEE RS EEIE R R @ R, R B
FE RS 2 S 1, AT X R [ BR AR, FRAE R, 1
IS RAS P, S2 /3 5 A VR, RIS, fE 3
MG, S SR AT 5

EHRBHITJVER ORI, EEA LT LA
DAL 1~ 402 35 B2 ) 1 TRAT AR DR /D - — SR A ) A R AR
FEE, BRAA AN 48 5 2 I SRR O R R
SRR RSEA LK E O Y R
el i 0 3R BHRAL , R Z IR B ORAKE A1 R
I, AR T RARE, ERE SIS =R bR A
A E W09 a4 B, 8 ST IR (Weissella ci-
baria) <77 B AR HL 1 (Pseudomonas azotoformans) «
JXHE Fr BR B (Pediococcus pentosaceus) 55 , v UL
MR R A Ak R SE I K 5, [ B AT e
Je M A s AE S BUA F AR s DY 2 A K
A AR P (BM TR il 5 28 R T 0 B 2 1 AT
BRI J VR A 2 R T 5 ) R A A TR 5 7R R Bt I
SAERY N 22 B R IR 0 77 (— R HE A FH =
B o RSP Y L 55 5 H BB TR T R T A
Al AT SRAT AR 2O B HEAR , T i R sk
[N

BRI, 45 Je IS I 56 v A 2 ARl it 2 R I g 1 R
B UE RN N 2R R ST R AR
BRI, DT ST TR SR i RIS VA SRE AR B RO 1 24
W) CESE B2 22 A AR B B AR, 45 &
AifE TR HE R} 2% 22 HEE IR /K B L 22 FH 24 CRT AR 4fg
2 I HE N 5E 122 A8 R/ RAS I8 B AT R TR AT
R R R AET G B R KR

4 B

AL EESE 2 a i A 7Y 15 AR Rl ) A 2
A, RIS R 2 8] 1 e AR AR ZZ AAROK, T PR
MR B P AR RO A ) AL 1 B RS VEE AL ATEE
FRIERAT SR S AR AR A Bl 20 IR AR TR SR S K
AR A BESEE T IR, A A R el B AR A
JAREAR /N AT 5 S ZE AR/ R R AT I B, i
2 KIE, 455 25, T ERTE R4z hb i - i &
Zeut R, REe T IR SE PR e
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