H A1 55
20224 9H

ﬁg

oA Al

Journal of Huazhong Agricultural University

2L

= Vol.41 No.5

Sep. 2022,108~115

K%

#lz

T MR T3 2R, 2 R RIRRI RS SR A1 R 2R 5
DOI:10.13300/j.cnki.hnlkxb.2022.05.014

BT

] Al K227, 2022,41(5) : 108-115.

=

ETRAR

I
,2

TR ) 4 2 B £ 5 AR B 4 S 8 R 4

HEHE ,EEE, 28, KEeEE L, HER,
X AEY,EEEL, BTG BFE!
1.4 Rk E LA FE, F X 430070;
2P RV XFEHEMMAENFEFTRETLE LT, KX 430070; 3. 52 0 4 o A3 A FRA 8], 30 341600

FEE R Iised T Almr R bR R Ak 5 5 A48 T A R 1 A i A i BB ek i it ST 8 B/ N
FTEAT 7 A B R 3 3 0 2 o J0K B A ARk B A, XN TR S R A SR 2 T 9 SR S AT L oA o S5 R s 1B 5
FIEALECT B AT I O T AT R RN RN SEA T 2R MR BERR TR PR R TR A 510 (339.424£70.28) g5 4
2 2K 5 5, SEATAE M /N R R 1 BIBHR B0A F 1.08+H0.057, B3 K TS AT 78 MR BE AL Sk i =X 9%
TR B BEA U R ST T RAR B (51.07+3.84) U6, 35 80 T SE AT A MR/ VR AL Sk K= s SE AT 245 ik /Nt A
AXF, FREEE MR 1A (233.53£53.01) g, IR K THEMTZE; LEMATEERIEY & & W s Tz
AR E hEM SRR R, 35(0.5240.079) em, B KT FE; FEMRI IR m R Ve &/l
TP A R R R T ey R IR R . SEATE MR B RERLCT , 2R T SR R AR ; 3 A T e
K, LIRWREEE BES TR, EEREslr BRI R EERR, B oh FRRAREER,
TEMRICA S N AT R Y & AL, B b R R R R PR ERR AL TR R Ve i
BERT LRGP RS FREORE IR RS T LR AUPREs R FR W, R =0 RS0 i A W

FRW, EER B R T R SRR (TR L R AL R R A Ve

B s 222 YO0 TEAT A R B

ORI TG 0 5 R X AT fR N AR G AR s i R
KA M s BRI SROCAR T MR 5 2 1A R R AR A

RESES S666.4  XEAERIRES A

R A 2t A5 — IR AR, 3 [ M ARG T R
it [ 2007 AR R U PT LIok , — BAR R A A7, A
R At 2 3R [ R R T AR ) L 48 O M Ao e i
SRR AR SR B 57 3 S A BT X AR
S P QUMW S kN E (R AR R S S
778 T PO 28 1R RS Ak S el fig 5 S 30 28 ) 1
ol AFMIEEA R B )2 R 5T, 5w A 4
Xt K BRI, 1 e S AN TR BB A A i R 3R
5 SRS R R R B 2 S i 5 7 FH LA KL
B EERE R R A T R L A R
AR E ELA R S K 22 BOR B A 72 3 B R TR F AR
L A | (B 45 45 R P A B I BGE B AR AR S5 A 25
BEMOEEA AR G2 A R R ZE S AE
A AT DA e R A

iS22
5 B

Weks H . 2022-04-21

e IUH - FE 5 G R HRIH (2019YFD1000104) ; [F 5 A 98827

#1757 , E-mail :hqq_6@webmail.hzau.edu.cn

WAGEMES « JH55% , E-mail : hupodingxiangyu@mail .hzau.edu.cn

XEHS 1000-2421(2022)05-0108-08

(LT T S AT A SR Pl 22 SR 506 47 7 b ) o o A
2, A 00 s DX R R R AT 7 bk B B 57 2
AL, T AU ATy A TG 5
BER R AURTES VAR R MW 285 50 2 AR A i 2
J5 S BAF AR A W 2 i R AR 3 AR RERCEE SRR Y 4
(] B P 73 591 X SRR A7 A6 BT, R FH A SR ) =
W5 32 A BRI AR A AT e A B o o S22
W5 , AR 1] _E AR BT 4R R B — T i R AE LI
b 2 M PR B — S RO 2 SO 5 S R K il i
O3 3 R RERCAE PR AE IR vl SRR B AN AT I, 50
MR R, SRAR 7 (S B AR, 75 5 BLS T

A A i A SR L AT AR RN AR AR AR B

667 m” A 110 Bk , BRI TIE R 85 BERS UG 2 6%, 56 141
AT 50 em, B 34 F b, B R R F b 2~3 4, 4

435 H (31901963) ;5 B ZAE = B A R R 5 L 30 (CARS-26)



53

AT A ANTRDRR B 0 AL A 0% I A R 5 i o o3 A

109

FERCE A, 5 2 AF TP IR R DU s, m] R T 2
P AR 5 L 36 IO AL A A L W 55 Bl SR
R CE 5 B AR A R R, Rl AR A BOE IX L
191, DA AR 2 P9 R 188 KGZE DG A5 1, AR T 2R R A
R R R RS R B RO

AT 7R B/ N R R R A R BT JLAF A R R Y
T AR AR A 2, BT S AR el 22 SR T 98 A T 78
PR/INE AR B 5, SR T T TR B S IS T A
S, B I BT S AR BT AR A O 2 T A
A SR S5 A T, 0 9 e A A8 P A SR el
U R T O IE VB BEIE R TIE  A5 R R P
it b PR T B S R AR P R RS2 B IR AR, B
WROEARES), Bk R R AR, SRS B
U, DIOT D IEAL BRACR B 3% . AT LAAL i
ORI R I TE RS G, % AT 78 /N e R R 20 2 Ao
A AR, I IR GE Rk A8 R o 1 3 i
S AN [ R R A R SRS TR R R B T E TR

WIPR L HEA 3R C &t o UR R R R
FSRIE $8 R A R I B, 0 B2 VPR RN Z,
FEHAS [F) R A RIS R J2 2 T A AR SR 552 i S

S, B TR R AR SR Bl 1) 45 7 P A g AR
B eI R .

1 M5 RE
1.1 #5818

PN LV RANLIECE - IR EE =N kN
V2R i R P A B w0 56 b, U3 b 5
4 a AL KBRS, 7 ARG A B AR AR AR A
—H PR 3R AT AR MR/ N R SEAT
AR BERC UL SR (] 1), bR 5
IR SR BEALIBORE J7 5 e 4 40 B AR KB 2 9 2R
B, 36 120 BRI A I i BE AR LR R AT PR R A
2021 AEFHIZE 2 GPS TEAE , 7 AR Y L= v
B TR LA R 3R B MG FAE S 4
AR AR 1.

F1 TRRBEAMBOAESHNERRKS

Table 1 Planting parameters and growth status of citrus in different cultivation patterns

L FREE/m o . kR AL
AR AT /m SEL i /m B/ m FE42/em o )
e . Plant . . . Fruit quantity per
Cultivation patterns Row spacing . Crown width Tree height Diameter
spacing plant
Ak
. L 4.5 1.2 2.46+0.35 2.40£0.34 5.54+0.56 65+15
Wide-row and narrow-plant cultivation
TEATAE bR B B
. o 4.5 0.6 2.07+0.33 2.91+0.21 4.19£0.63 51£13
Wide-row and narrow-plant fence cultivation
LG
. 3.0 1.9 2.4940.44 2.08+0.41 5.86+0.96 52+22

General cultivation pattern

FeGE AT X

i General cultivation pattern ”

1

Wide-row and narrow-plant pattern SSES8

AT
Wide-row and narrow-plant
fence pattern

FEATAERR/ N

1% R E R R ER

Fig.1 Citrus orchards with different cultivation pattrens
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Table 2 Differences in single fruit weight, fruit shape index, peel thickness and juice yield

in different cultivation patterns

o . , SRPZ R /em ;
2k LS EN WUl /g AR ot N
Layer Cultivation patterns Fruit weight Fruit shape index . p Juice yield
thickness
GEATAE P
. R/ 233.53+53.01b 1.0740.055a 0.500.091b 46.47+3.12b
Wide-row and narrow-plant pattern
= ?3_(5/4‘ = f \‘{
£= . TATRIKIREE 219.06+44.63b 1.064+0.057a 0.4840.079b 49.58+3.12a
Upper layer Wide-row and narrow-plant fence pattern
N fe Eﬁ nj.f%f( 339.42+70.28a 1.064+0.070a 0.7240.147a 46.4643.65b
General cultivation pattern
AT RR/NE
Wide-row and narrow-plant pattern 205.74+38.18b 1.09+0.063a 0.5220.079b 47.8942.86b
EPJE: ,_‘—;5/4,—-—. EEE
o . FATEIRE 228.73442.93b 1.054-0.058b 0.4340.081c 51.282£4.96a
Middle layer Wide-row and narrow-plant fence pattern
GuARIGEC
. %%ﬁ uﬁ'iﬁ 317.74£75.43a 1.062=0.060ab 0.6540.12a 48.67+3.79b
General cultivation pattern
AT RR/NE
Wide-row and narrow-plant pattern 202.064-48.94b 1.084:0.052a 0.43£0.068b 49.914+2.95b
= GRS Rk
K, . RATRRE 210.33£39.88b 1.052£0.047a 0.40=2=0.080b 52.3742.54a
Lower layer Wide-row and narrow-plant fence pattern
54 A
. %%& “&Ik 323.45+75.34a 1.052£0.067a 0.61£0.11a 49.74+3.77b
General cultivation pattern
TEATAE RN
Wide-row and narrow-plant pattern 213.84+48.89b 1.0840.057a 0.48-0.088b 48.09+3.27b
AX A JZIK SEATAS MR
: - ) . RATVRRE 219.45442.85b 1.06+0.054b 0.444-0.086¢ 51.07+3.84a
Undifferentiated layers  Wide-row and narrow-plant fence pattern
GEARRGAEE
el 327.03+73.62a 1.06+0.065b 0.66+0.140a 48.28+3.95b

General cultivation pattern

AN E R R 23 B3, TR, Note: Different letters in the same column indicate significant differences. The same as follows.
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AB.C.DarilER L2 )2 FREAMAXSS)ZR, A,B,C,D represented the upper, middle, lower and undifferentiated layers, respec-

tively.
B2 AEEEERXR TSR A 1 E R 9007 i E B e 2200
Fig.2 Effects of cultivation patterns on soluble solids and titratable acids under different canopy levels
®3 FREBBEEAHBRILERILES
Table 3 Differences in solid acid ratio of citrus fruits in different cultivation patterns
Mo Lz iz T N 20N
Cultivation patterns Upper layer Middle layer Lower layer Undifferentiated layers

R -
Jl“ﬁf’;%dv‘i 30.69+10.16a 22.88+2.53b 28.169.32a 27.2848.69a
Wide-row and narrow-plant pattern
AT AR BE
. .ﬁfﬁ%% ‘ 27.00+£7.34ab 24.92+3.03a 26.11+6.94ab 26.0146.09a
Wide-row and narrow-plant fence pattern

G R
felim st 23.635.01b 21.55+4.76b 24.15+3.23b 23.144.50b

General cultivation pattern

NERCFTEEREKR., LEEET, 1T
AERR/INTEEARE X | T AT A AR B R AR RN AL Bk B AR X
B Ve & AT EZES, 205 R (61.604+6.77) |

(65.094-11.91) . (60.04+6.47) mg/100 g; o )2 7
JZ, SEAT AR E BRI Ve & I B R TGk B B
K, M5 e T AN ER A T W 2% 5% T REZ
AT S R RE AT X ] W R T AT 2R RN e LA
Gk B, TEAT A bR /N e RN G Ak R X TG 25

F(E3),
22 BEEBEXRIHERL @R

1) BR o R AR R R B R A I R 22

5o AFFREERT 62 2 Uou R T R4S
B T R R EE RN A S R [ . SR AR RN e
BN, LEEEN R R K TR AT)Z,
B TR IAE (233.534-53.01) g, 2 Y 5 By JRE B Bk
K, BEFERT TR ST RERERIGRE T, )2
R BRI i A K, b (228.734242.93) g, i J2 )2 R
BRI HEEAEW, FEAOREEERES TP
2, B /NN (0.4040.08) ems B Gk UR L, B
E AR R K RS R T 2 A B E R
TEMRIEAE SN, T2 R R E RN, 1S
FEMPEESARE(EFL) . SPAR R
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AL

Cultivation pattern

AL

Cultivation pattern

FEEE RN

Cultivation pattern

A B.CHilEEmLZ HZ2ATFZ A,B,C represent upper, middle and lower layers, respectively.

3

FRBEERR TRERA I Ve & ERIF200

Fig.3 Effects of cultivation pattern on Vc content under different canopy layers
T, BREGERE M REAL, FREREARI R AR E T, TR T EE W RS
Bime TATEMNERAT , FERI RS 2 hREE5TEERARE EHEREHEAT, P2

r T LR, ERAR R Z A 25 5 5iAT

HTZRRE RN AT 2GR,

Fi4 F—RERAXATAERERFE REEH REEEMHTERER

Table 4 Differences in single fruit weight, fruit shape index, fruit peel thickness and juice yield at different levels

g BB R EE /em ;
AL =i WA g e P i/ %
e . . Fruit shape Fruit peel L
Cultivation patterns Layer Fruit weight index thickness Juice yield
1 SS
L)z e -
233.53£53.01a 1.07£0.055a 0.50£0.091a 46.4743.12b
Upper layer
AT RN L
. AT T . P 205.74+38.18b 1.0940.063a 0.5220.079a 47.89+2.86b
Wide-row and narrow-plant pattern Middle layer
TR 202.06£48.94b 1.0820.052a 0.4340.068b 49.914-2.95a
Lower layer
L= 219.0644.63b 1.06£0.057a 0.4840.079% 49.584-3.12b
Upper layer
AT IR = _ _
Wide-row and narrow-plant fence pattern Middle layer 228.73£42.93a 1.052£0.058a 0.4340.081b 51.28+4.96ab
TZ - -
210.33£39.88b 1.05+0.047a 0.4040.080b 52.37+2.54b
Lower layer
L= 339.42470.28a 1.064-0.070a 0.721+0.147a 46.46+3.65a
Upper layer
fEBRERR 2 ) ]
General cultivation pattern Middle lager 317.74£75.43a 1.064-0.060a 0.65+0.12a 48.67+£3.79a
Tz
323.45£75.34a 1.0520.067b 0.614=0.11a 49.7443.77a

Lower layer

2) TR [ M LT R AR L2 S . A
[F) R S 3T, 6 2 = 0k Al i 1 16198 ) 8 52 e A
[l SEATE MR/ NERIT , 12 BT e BB Y &
R TR TR AR E R AT, B
HPZREFARE S T RS LR
X, AT R REY & s, Erp TRES AR E
(£5). TATEM/NEMEGERERAT , h 2
JERIH A ER T B, 2 Em T LEMT

JZ 5 B RERFT AT, AN [ i s R R TG 22
S (£5) . WATEM/INEREGERIEERAT P2/
B R L B f1S 5 A7 78 AR B BRI AU, B 2 Y
IR LL B 5 22 5 (3R 5) .

IYEER CH RS ST E BERIHT AL
T3 MNRRBAR L Ve S iy B 2557, St/
TGRS, FERI Ve i B3R T L
SRR Z il EJERR R Ve S i 25 (K 4) .
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Table 5 Differences in content of soluble solids, titrable acids, and solid acid ratios at different levels
HHE R JER I Y AR/ Yo &R LE
Cultivation patterns Layer Soluble solids Titratable acid Solid acid ratio
1) Upper layer 13.794+0.839a 0.4940.132b 30.69£10.16a
Bt 7 b/
’ . )z Middle layer 13.27+£0.648b 0.594-0.057a 22.88+2.53b
Wide-row and narrow-plant pattern
FJZ Lower layer 13.20£0.796b 0.514-0.142b 28.1649.32a
o N )2 Upper layer 13.8520.782a 0.55+0.132a 27.00%7.34a
VAT bR BE
. )z Middle layer 13.58+0.801ab 0.55=£0.065a 24.92+3.03a
Wide-row and narrow-plant fence pattern
)2 Lower layer 13.33+0.852b 0.5440.122a 26.114+6.94a

)2 Upper layer

(G0 SN

General cultivation pattern

)2 Middle layer

11.05%1.300a 0.484-0.068b 23.63£5.01ab

10.851.393a 0.524=0.096a 21.5544.76b

T2 Lower layer 10.90+1.181a 0.46+0.053b 24.15+3.23a
B |- Z Upper layer = )2 Middle layer m N2 Lower layer
80F 80r a a 80
. a
70+ 70 a
0 b = =
=) =) 60F = 60 b
g, g, .
EXE Tz e 30
Y52 PSE €Sk
e = e = Pk =
30F 30,
4 4 oyl
& § 20t § 20
10 10
0 0
JZ WK Layer JZIK Layer JZIK Layer

A B CorRlh e Ak /AN e izl | 517 A8 ik B B UL Sk B5 5, A, B, and C are the wide-row and narrow-plant pattern, the wide-
row and narrow-plant fence pattern and the general cultivation pattern, respectively.
B4 ARBERMBERIVCEEEZRIER

Fig.4 Comparison of the differences in Vc content in citrus fruits at different layers
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T LA R AR AR AR B O BEOIR B0 1 T e Al b
PRUIT AR BRI A R T S UM A £ < 7 0 TR A
TIAARIEE SR X A A it A 2 TR A 5 ik —

AWFFEIE T AT B AR B AT 78 bk BE A
AR TEAT AR/ N AL AR SRS i g b, IF 5 1 48
AR UEAT Lo A5 R, AT 78 MR RE AL XY

MR B, AT PR Y & i BRR L L iR Ve
EE R Z YO T E R R L Ve F i AP
FRBEE T 5 ST AR pR /N R 2, T i
BRI e, 2SR Ve i,
5 AT RR S BEAR 022 5 5 R AR RBOR 2R B
W5 e SR SR IO S b AR R S R BOK, R B
JRRYRIFERR Ve & UR BT SF AR R R . 240
AR AR Bk 2 R ORI Ak 22 , R B ik
WS i R TR LU G, 2R B2, R
A 5 T2 2 RO SR S i SR AR 5 R 5K 5 PR T A A
AT MR/ N AN B BER RO . X AT BE S AT AR Bk
B RERITC W) B e AR S5 4 A7 G, SRS IR
PYSIaAG . B B B RS R I e T B
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Analyzing fruit quality of Newhall navel oranges
with different cultivation patterns

HU Qingqing', DIAN Yuanyong', GONG Zan'*,ZHANG Jinzhi"?,
HU Chungen"?,LIU Yongzhong"*,LEI Hongwei’, YUAN Kaichang®, ZHOU Jingjing'

1.College of Horticulture & Forestry Sciences , Huazhong Agriculture University , Wuhan 430070 , China ;
2.Key Laboratory of Horticultural Plant Biology, Ministry of Eolucation, Wuhan 430070, China;
3.Jiangxi Liimeng Technology Holdings Co.,Ltd ,Jiangxi Province , Ganzhou 341600, China

Abstract Three different cultivation patterns of Newhall navel oranges including traditional cultiva-
tion pattern, wide-row and narrow-plant pattern, wide-row and narrow-plant fence pattern were selected and
the qualities of fruits under the canopy were analyzed to screen the labor-saving and light simplified cultiva-
tion patterns suitable for large-scale orchards of Newhall navel oranges. The results showed that the quality
of single fruit in the general cultivation pattern was significantly greater than that of the two innovative pat-
terns, and the quality of the upper single fruit reached (339.42+70.28) g.If the hierarchical differences
were not considered , the fruit shape index of the wide-row and narrow-plant pattern reached 1.08+0.057,
which was significantly greater than that of the wide-row and narrow-plant fence pattern and the general cul-
tivation pattern. The fruit juice yield of the wide-row and narrow-plant pattern reached (51.0743.84) % ,
which was significantly higher than that of the wide-row and narrow-plant fence pattern and the general cul-
tivation pattern. In the wide-row and narrow-plant pattern, the single fruit quality of the upper canopy
reached (233.53+53.01) g, which was significantly greater than that of the middle and lower layers. The
soluble solids in the upper layer were significantly higher than that of the middle layer and the lower layer;
the thickness of the peel in the middle layer was the largest, reaching (0.5240.079) cm, which was signifi-
cantly larger than that of the lower layer. The fruit juice yield of the lower layer was the highest, the content
of fruit Vc was the lowest. The titratable acid of the middle layer was the highest, and the solid acid ratio
was the lowest.In the wide-row and narrow-plant fence pattern, the juice yield of the upper layer was lower
than that of the lower layer, and the single fruit quality of the middle layer was the largest. The peel thick-
ness of the upper layer was significantly higher than that of the middle and lower layers.In the general culti-
vation pattern, the single fruit quality and peel thickness were larger. There was no significant difference be-
tween the upper, middle and lower layers. The fruit shape index of the lower layer was the smallest. The sol-
uble solid content was low, and the difference between the upper, middle and lower layers was not signifi-
cant. The solid acid ratio of the middle layer was the lowest. The V¢ content of the lower layer was signifi-
cantly lower than that of the upper and middle layers. The fruit juice yield of the middle and lower layers
was significantly higher than that of the upper layer. The cultivation pattern had a significant impact on the
fruit quality , mainly in the quality of single fruit, the thickness of the peel, the soluble solids, the solid acid
ratio, the juice yield , and the Vc content. The canopy layer did not have a significant impact on the fruit qual-
ity of the wide-row and narrow-plant fence pattern, but had a greater impact on the wide-row and narrow-
plant pattern and the general cultivation pattern.

Keywords citrus; cultivation pattern; {ruit quality ; large-scale orchards ; labor-saving cultivation pat-
terns ; light simplified cultivation patterns
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