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% M (soluble protein, Spr) . A —. ¥ (malondialde-
hyde, MDA) fifi& 2 (proline , Pro) & & #4732 , 7]
X AMS (SS . GS | NR 455 201 Y 5% B i 75 4k
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B it 2R b B0t © 2156 N 2 i AR AR AR RRIE 1Y
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HE A LN 6 48 AR ARG 20 96 N Zu AT, ARk
T WL A X TR R R K E kg (121
15'9"E, 28°39'33"N, ¥ 4% 24 m ) , Bk 475 N 3 m X
4m, HHENTEE(pH 5.69) , AL & & 3.14 %, i
A 77.00 mg/kg . A B 160.13 mg/kg . &L
148.55 mg/kg . A3 % 45 241.50 mg/kg . A %k 66.54
mg/kg AR 0.26 mg/kg.
1.2 REEIT
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R 80~1501) , 43l AT i AR bl (i 7 SR S =
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HE.
1.3 MHRAEENIERNEMRED

SR FH AU LY 00305 00 7 3 F R S T o R
FH BCA 00 vl M2 1 & R B B L 2
0 T A R R T T N I R
Fri R B ER L A e ASA i, A ik S
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B2 A G ORNBHE AW, D BRI 1T
SR FHEIL B R0 R 40 2 L 25 43 3 58 N 2 i
Pl R R A A TR R R A
IRIS Advantage 1000(FE#k &, £ EDE K.Ca. Mg,
Fe Mn.Cu.Zn B & & nfF 585" Fis o & e bnife
S % R EMG R BSR40 i i SCE SR Wi A
KRFFEGE T B 2 X B Z-score IH—4b b 3,
K A TBtools Z: il 254301 A .
1.4 HitHH

FIH SPSS 13.0 #F47 FE A 0] 25 55 1 25 1 43 #r
(Duncan’s%) , JH Excel 2019 2412 & .
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21 AREMREEIF &M TEN ZHETFIE®R.
AN AMEERSENHIT

AR SR LE AT 98 N 2 R TE A L R
BERRT PR A e 2 SR o, 2R L LFR100 BkHS
I Fr B TE By & il 55.77 mg/g, BEE TR
LFR60 FI LFR80 I 5w (i 3 7 1t (18] 1A) 5 ANl
Jn B R T A R A S R T R E RS
(F1B.C).
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ent leaf/fruit ratio at the 0.05 level, the same as follows.
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Fig. 1 The contents of starch (A), soluble sugar (B) and soluble protein (C) in autumn shoot
leaves of ‘Hongmeiren’ citrus hybrid with different leaf/fruit ratio
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Fig. 2 The enzyme activities of amylase, sucrose synthase, nitrate reductase and glutamine synthetase
in autumn shoot leaves of ‘Hongmeiren’ citrus hybrid with different leaf/fruit ratios
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LFR60 # K4 M F i MDA % & 4 85.18 nmol/g,
2 B T LFRSO #1 LFR100, 43 %] & LFRS0 #il
LFRI100 H#* MDA % # 9 1.57 fi 1.46 £% (& 3A)

LFR60 KRS F ) Pro & 8 5.04 mg/g, & H T
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381.63 pg/g, & # # T LFRS0 Ml LFR100, 43 %1 K
LFRS80 F1 LFR100 H* ASA 5 &8 #9 1.36 £ 1.41 £ (&
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Fig. 3 The contents of malonaldehyde (A), proline (B), ascorbic acid (C), the enzyme activities
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of ascorbate peroxidase (D) and ascorbic acid oxidase (E) in autumn shoot leaves of ‘Hongmeiren’

citrus hybrid with different leaf/fruit ratios

x1 AEMRE DENZHEHREMATRTRSE

Table 1 The mineral element content in autumn shoot

24 AREMRUEIHEHE TEN ZHUHET T
BFE 5 BI% 0

H & 1A%, LFR100 Bk AE It A9 P & o4 1.49
g/kg, .3 T LFR60 F1 LFRS0, H. LER100 Fk §H:
F P & Ah T s FYE N (1.3~1.8 g/kg) , LFR60 il
LFR80 i P & Ik Fil B3 [l . LFR100 B Al R
B K & o8 16.42 g/kg, 23 5 T LFR60 f1 LFRS0,
B A R AL T3 B8 [ (10.0~16.0 g/kg) . LFR60
FRAY I H B Ca & ikl 24.17 g/kg, B3 8 T LFRSO
A LRF100, & T 45 (9 16 21 5 Bl (28~42 g/kg) .
LFR60 1) Mg & & i , {0 1.44 mg/kg, I8 T 1Y
i CH U (2.0~2.6 g/kg) , i F K T LFRSO Al
LFR100, 345t Ab B AR RS I A9 Fe \Mn . Zn
RS LNES B4 FiEHEFE N, X3
il 6 2R Y38 F [ 43 00 2 60~130, 100~250, 14~
25 mg/kg. 3AMHHELEABAS T Y Cu 75 H 4R ™ B i
= AR T4 B8 BV R (6~14 mg/kg) o LFR60 Al
LFRS0 &b ¥ tp iy B (% B 4 0 & T 0 09 3% ‘B3
(40~80 mg/kg) .

leaves of ‘Hongmeiren’ citrus hybrid

with different leaf/fruit ratio

W E -5 1 Leaf/fruit ratio

Mineral element LFR60 LFR80 LFR100
‘,*AE k

RER/@/ke) o oo 163 280040482 28074122
N content

O = N k

Bt/ (g/kg) 1.1640.09b  1.1740.01b  1.4940.10a
P content

] A~ EL k

e/ (g/ke) 9.9540.95c  13.44-1.17b 16.42-1.31a
K content
i

BER/e/ke) ) 1711500 211941.08b  17.5041.04c
Ca content

L A L k

B/ e/ke) 14440.11b  2.27+0.14a  2.0540.15a
Mg content

P=N k

BREit/me/ke) o 0400 75.0644.960  64.7943.83b
Fe content

e A L K

BE R/ me/ke) o0y 0n 01.8746.35  77.6146.55
Mn content

i o k

MER/me/ke) ) oc 014 22140182 21140148
Cu content

Y =N k

PE/me/ke) ) o)L son 245041340 1528122
Zn content

W/ (mg/k

Werik/(me/ke) 1514 g00a  83.0246.55 74.9745.71b
B content
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Fe:Fe i Fe content; AAO : TR LR AL BlEG I Ascorbic ac-
id oxidase activity; Ca: Ca 7% # Ca content; Pro: il &2 & f& Proline
content; MDA : T ¥ %% i Malondialdehyde content: ASA: Hit¥fIlL
2 ¥ i Ascorbic acid content; o AMS : o JEM B IGPE o- Amylase ac-
tivity; Mn: i % & Mn content; Zn: £ % & Zn content; Sta: JE# &
Ht Starch content; N: N &£ N content; APX: #iIf I 2 1 & b
it} 3 1 Ascorbate peroxidase activity; K: K 7% # K content; GS: 4+
Sk e A R TG M Glutamine synthetase activity; P: P 5 & P con-
tent; Spr: M1  H % 1 Soluble protein content; SS-11 : M &
T 35 P (45 B J7 1A]) Sucrose synthase activity (synthetic direc-
tion) ; Mg: Mg & ft Mg content; Cu: Cu & f Cu content; B-
AMS : B-3€ ¥ i 3 M 8- Amylase activity; NR: fil§ B2 i Bt 35 7
Nitrate reductase activity; Ssu: AJ ¥ 14 B 7 4t Soluble sugar con-
tent; SS- 1 - EEWE 5 WG T (53 % J5 16 Sucrose synthase activity
(decomposition direction ).

4 AEMREMRE DN ZHETEN A
EBENIERHNRES T
Fig. 4 Cluster heat map analysis of physiological and
biochemical indexes in autumn shoot leaves of
‘Hongmeiren’ citrus hybrid with different leaf/fruit ratio
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RaAs SR ™, FEARRETEH , LFR60 Bk A
iR AR 1Y & i T LFR8O M LFR100, &
BH I i 2ok AR BRI 5 T ) O R A SR A IS | /i
1 N i B s S 2P U s A el BN 4 )
T MRS, T ASA TG PR SR A RO BRI 3R ASA
SRR A FOE g M g7 APX I AAO fiE
g Ak L-PT I 1 R 1 AR SR S IR I R, O A
XA R A RGE R T A A HLO, 1O, -1
FEARWFFE  LER60 KRS I i ASA & it i 5 T
LFR80 #l LFR100, AAO Ky i 1% 1 W % & T
LFR100, & B it 2R Lb o] 38 2o £2 & AAO 19 il 5 P
RS SR TG M AT PR BE T R R R

BRI R A A R B s R AR R R 5 4y
() FE it 2, W A B 5 0 e 04 e A L 4 5 e A A
AR B B TF AR RS B R KSE R P
K.Ca.Mg FE K N G R A F T R0 116 25
AEHOT S FEARHIFFE R AS [ G SR X I R R A
TR K, LFR60 FAE M A1 P LK Mg 7% &= 4B
K T LFRSO0 1 LFR100, H LRF60 [ Rk 1 F-
b FEE 7 BORAS 3% AT BE R R IR R BOGR K
s I B B B SR S rp ) PR A B 2R
PRI AF BUAE R il ZERk i Ao e BRI A
WA, RENS A AR B AR E B A Y . [FIRE, Mg
JEI SR RUNKIR 21 43, i Mg B 3 BOHHg v i
SRR B P A I, R
4k 22 A B A I DI 5 Al & I LFR60 Fk
B M R ok g R E o B KT LFRSO
LFR100"%, 3 A 2 0 ok v S BURW I F 354k

2 bRk, LFR80 Al LFR100 Bk A M H AU P K .
Mg JER & e, N IR DR IR &
K, B-VE R A A St A5 2 IOk e A& sl AT IR I
12 ok A AL P T PR BRI R B R SR A B i
FEAE A A TR AR I R 0 AR B AR AR, R
BEMEAR KT 2138 A Zht i 5 b il 28 80~100, B
W V8 AR KRV A K SR BRS M o, 4
FEP iR A, (2 B AL
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Effects of leaf/fruit ratios on physiological and biochemical
characteristics of autumn shoot leaves of ‘ Hongmeiren’
citrus hybrid under protected cultivation

WANG Peng'*,JIN Longfei"*, HUANG Bei"*,LIU Feng"*, WEN Mingxia', WU Shaohui', XU Jianguo'*

1.Institute of Citrus Research , Zhejiang Academy of Agricultural Sciences , Taizhou 318026, China;
2.Zhejiang Branch of National Citrus Variety Improvement Center , Taizhou 318026, China

Abstract 6-year-old ‘Hongmeiren’ citrus hybrid trees grafted on trifoliate orange (Poncirus trifolia-
ta) rootstock were used to study the effects of different leaf/fruit ratios on the physiological and biochemical
characteristics of autumn shoot leaves of citrus under protected cultivation. Three leaf/fruit ratios including
low (LFR60) medium (LLFR80) and high (LFR100) were set up. The physiological and biochemical in-
dexes including the contents of mineral elements, metabolites of carbon and nitrogen, activities of key en-
zymes and antioxidant enzymes in the metabolism of carbon and nitrogen in autumn shoot leaves were deter-
mined. The results showed that the content of phosphorus, potassium, magnesium, starch in autumn shoot
leaves of LFR80 and LLFR100 were significantly higher than that of LFR60. The content of malondialde-
hyde, proline, ascorbic acid in autumn shoot leaves of LFR80 and LLFR100 were significantly lower than
that of LFR60. The activity of B-amylase, nitrate reductase, glutamine synthetase, ascorbate peroxidase in
autumn shoot leaves of LFR80 and LLFR100 were significantly higher than that of LFR60. The content of
nutrients in autumn shoot leaves of LFR80 and LRF100 were more sufficient and the degree of stress was
lower.It is indicated that controlling the leaf/fruit ratio of ‘Hongmeiren’ hybrid citrus under protected culti-
vation between 80 and 100 is beneficial for balancing vegetative and reproductive growth, delaying leaf se-
nescence , and maintaining robust tree.

Keywords citrus; protected cultivation ; leaf/fruit ratio; physiology and biochemistry
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