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B E. 50kl (Citrus limonum Grandis Osbeck, M%W“ TCHMIAAE I HET D KR E
FEfr K. Ca. Mg. Zn. Cu. Mn. Fe 7 Fi<J@E IR0 £G5S 00 WSO AR S 5 T P U A R AR
Kebko R EW: (1) 4—5 . 6—9 HF 10—11 H 72 R R J&Lkﬁﬂ P ABUSUIEAE S i AP S o )
B (2) BRI AF K. Cay Mg Zn. Mn. Fe FIFmABEE RLHE T B A ZIGREME, B
EHC R BRI R . K. Zn. Fe LURAJEZ, Ca. Mg, Mn U L8N MER . K SBAE 7 GEZ
o Cu fEZNRMIMERLELEAMNMT S ~ 6 £, HREREWFMERIMA Y. (3) K. Casw Mgy Zn. Mn
FI S AE 7—9 H, Cu il Fe RIWLIRIENIZE 11 H RSB (39.83%F1 45.95%). (4) RAH 7
PP JEE FRIC R A B R RN T R . (5) LRt AU SR R Mt Fe 0%, HLARKIKE K.
Zn. Cu. Ca. Mg, Mn #fk.
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Physiological Research on Changes of Metal Elements During the Fruits
Development of Lemon Shaddock

CHEN Li-xuan'*", LIU Fu-ping'?, CAI Xiao-dong'?, CHEN Chun'?, and GUO Ying"?

('Fujian Institute of Subtropical Botany, Xiamen, Fujian 361006, China; 2 Fujian Key Public Laboratory of Physiology
and Biochemistry for Subtropical Plant, Xiamen, Fujian 361006, China)

Abstract: During the fruits development of a new cultivar Taiwan Lemon shaddock ( Citrus limonum
Grandis Osbeck), relationship between contents, distribution, absorption regularity of seven metal
elements and metabolism of active oxygen were investigated. The results were as follows. (1) The main
peel growth period, flesh growth period and flesh colour-changed period were from April to May, June to
September and October to November respectively. (2) The contents of K, Ca, Mg, Zn, Mn and Fe in peel
and flesh decreased with the fruit growth, but the total adsorption quality was opposite. K content was
highest of seven. K, Zn and Fe primary in flesh, while Ca, Mg and Mn were dominant in peel. The highest
contentration of Cu was observed in young fruits and the contents of Cu in peel and flesh were almost the

same. (3) Absorption centralization of K, Ca, Mg, Zn and Mn were from July to September, however,
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the highest adsorption of Cu and Fe was in November (39.83% and 45.95% respectively) . (4) Correlation
of seven metals in flesh was more significant than that in peel. (5) There was significant correlation
between Fe and metabolism of active oxygen, then were K, Zn, Cu, Ca and Mg, and the lastest was Mn.

Key words: lemon shaddock; fruit development; metal element; adsorption regularity; metabolism

of active oxygen

Frigad (Citrus limonum grandis Osbeck) 24745 15 bR &7 3C B A BB b B, SR SO AL,
BRARE, EFRME . S AERT AT IR RN, SR S ISR URES, = s R 5
HE AR bR A

[ Y AMIEFCR I, JESET i TG 28 1KY LB R W RS ORI ekt CRRPRIERN A5, 1995 Pk
FU3iE 45, 1999, 2008), —G i E 5 RSN T E I L LB DIFROC, g 4
(Davies & Dennis, 1983). ZLE.0p (BEM 45, 1992) 5. B, WFFURSCRE SR s
FRICER N B =5V, Lok i 7T s B . EE P, ST MR A sl GEaith 55,
1987; KZEH, 2004), (HLEFBEMIIHT T 0 2 H .

VER TR S R B 7 P88 IR u B2 1 S AR RSO B L 5 s A AR 1A
KM, BN S0 6 W S 1) 5 PR e it 5 %

QY ZiE SRS DARE

11 RMEE R AR

TRIGT 2008—2009 4 7E A A4 R 11117 [F) 22 X 65 V5 /5 ORI el )30 A7 o SR BN 5 AR T — R AR ™= 24 25 kg
(kriEmh 18 MR AR, 6 Mk 1 /MK, 3 IREH.

HEACIE 15d (4 H 25 HD &, B0 —A H BRI E A [R5 6 R 28 SRR by i SR (oh
ML AT SR /MEE) 10 ~30 A GRS R/NTTE D

RS SR AN e T F R —0.1% P R BRI — 3 IR AR IK =2 IREETRK —~2 IRE 5
TR, BNV FRAE 3 min W SERG. e R sEAME . RNER (RIRAD . i fl s gL L
el KR BRI (4—S ARWAHE, WAa5, — PR ERERTE, -80 CIt”
17, AEHEAACEH TR PR UHE SOD G ALEE) . POD Gl AN 2T GEAEYIE
THMBE MDA (N Mlle, 5T B s, e ERTEUH K. Ca. Mg,
Zn. Cu. Mn Fl Fe S HEIIME .

12 MEFHZE
&JEEIRCE (K. Ca. Mg, Zn. Cu. Mn. Fe) #%[E#r GB/T5009.1 ~ 09.100—2003 H [ Jj %
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WPESAARC F5 b 2 B I ) AL B 2R 00 de R O R Rl B LAY 2B BERF ST AT, 1999), HI
SOD HZ& W PYM: (NBT) i J7 7L 2 , POD H @B AR I AN 2 , #4301 H £ 22 E A 2 T4 (1990)
(776D E, MDA FBRAR B L 22 Ry g o
1.3 HEEAIE
WRIGHAE ] SPSS13.0 S8t 20 M ak A 504t
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21 RILALEITEPRENEZNT
22 1A, FPBem R s R A R rh, BESEAME . RPN B AR R o L 5 B N ) 16 s 1 1 3 1
Ho, 4—5 JN R G AR, 205 RS EE KA NS 6—9 H o R REA K, 3L
T 6—8 ARG K, MM 3 N HNAREKE SN 72.76%;: B 6 Fi, MR
Ko 11 FRESEAMERIRE P AR TR GE, (BT (IR A IR, X v A s UK B
HUEFRR ANV B A SRy T KB I k.
M iR, Frgm Ry K Bp AR A SRR TR, AME. RN EAL R A
(r pms = 0.975 5 e =0.956, e =0.968, n=8, F[ED: HHFTESIME. R EHLN
W AR (rae=0.937", 1 uune=0.941"),
£1 HERRRETETERRENESECNTL

Table 1 Changes of weight and diameter of lemon shaddock fruits
during fruit growth and development

EE/N R g HME/em RN HAR/em P JE S fem
Month Single fruit weight Diameter Flesh diameter Peel thickness
4 0.18 +£0.04 (0.09) 0.58+£0.13 (7.89) 0.29
5 3.93+£2.11 (1.92) 1.62£0.21 (22.05) 0.63+0.13 (10.86) 0.50
6 22.30+2.23 (19.87) 3.44+£0.11 (46.80) 2.23+0.04 (38.45) 0.61
7 62.74 +£12.11 (30.58) 497+0.42 (67.62) 3.75+0.16 (64.66) 0.61
8 113.87 £7.82 (55.50) 6.15+0.11 (83.67) 4.85+0.17 (83.62) 0.65
9 138.10 + 8.40 (67.31) 6.97+0.34 (94.83) 5.31+0.10 (91.55) 0.83
10 149.73 £8.11 (72.98) 7.09+£0.15 (96.46) 5.53+0.25 (95.35) 0.78
11 205.18 £31.47 (100) 7.35+0.25 (100 5.80+0.15 (100 0.78

VE: $5 TSR R 0%,

Note: Datum in bracket is the percentage of mature fruit.

22 RILZEUBHERERTZSENTUENH

120, FrEhh R RS K. Cay Mg. Zn. Mn. Fe {5 SR#BEAE RS2 R B Mk ik
L, HoP K. Zn SR Mg 54K AW EE ML (rge =-0.880", rew = -0.906,
Fzni = 0.852", Fzuw=-0854"", rygw=-0836"), FI Mg. Fe S FW Ca ik BEFRAK (rygu =
- 0.7270", ez =-0.804", reaw =-0.819"),

16 4—5 AGRM 6 & @B R O RS EMER; 6 AR BSOS K, #ooE S ERE;
K. Zn £ 9—10 H, Ca. Mg, Mn {& 7—10 A HILHE IS FE, 5 ANTCHEAE 11 H RS S 2 %
ik, Ca JuILsEi.

Cu 7E 4—5 H4 B IE8IEF 60 mg - kg BL b, 25 pE3) 10 mg - kg A4 R, H
45 LSRN SR R ) Cu SGIRIER I (IS

AL, R Ko Zn. Fe SRR m, JOPE & s R - R sl o5k 1
1.33. 1:1.21 f11:1.18, /%, Cas Mg, Mn W FEZ AR, AR - Bt 437k
137:12 1.20: 1 F11.31: 1. Cu 785 5 RS A P & A 4
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Fig. 1 Concentration changes of K, Zn, Fe, Ca, Mgand Mn in lemon shaddock
during fruit growth and development

23 RELEIBESIEBEFTENRIANE

w2 P, LRI (4—7 B, 7 P& E IR0 510 SRS H A I ] 1 1L K 1 1Y
K, Hp Kl Fe sEMAAEKE] 9 .

K. Ca. Mg. Zn. Mn ) BRI EE4ERLE 7—9 H, 3 MNHKER RS 8 B 72.62%.
74.70%. 72.51%- 80.49%F!1 96.26%.

Cu 1 Fe 3 4 H I BBl 30.47%142.51%, ZREEHILE 11 B RS, Hpo A Am
FREA LT 39.83%F1 45.95%.

10—11 ARSI K. Ca. Mgy Zn. Mn. Fe [ ERUHILGUE, 20024 H B sz i LR 4
JEE TR R L AT,

R R, RELLEFWEEEIuR BRI K R AN, BRT Fe HiR
B, Mg 5RA AR BEEARI (re=0.740", ry=0.720"), HATTEIMAEIEIALE.
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Table 2 Accumulation rate of metal element in a lemon shaddock fruit
Aty
K/mg Ca/mg Mg/mg Zn/pg Cu/pg Mn/ug Fe/pg

Mouth

4 4.33+0.16 1.25+0.03 0.26+0 3.96+0.02 10.96+0.22 7.75+0.07 31.58+0.60
(0.18) €0.15) €0.15) (0.28) (0.42) (0.18) (0.22)

5 82.33+5.54 17.48+1.72 5.90+0.66 97.77+2.12 104.84+2.94 26.17£1.17 344.72+3.46

(3.47) (2.06) (3.43) (6.84) (4.05) (0.59) (2.44)

6 280.73+£1.02 72.98+0.61 19.35+1.09 145.14+4.42 147.56+1.37 131.72+£2.62 1253.83+8.65
(11.83) (8.59) (11.24) (10.15) (5.70) (2.97) (8.88)

7 538.89+32.98  240.12+3.23 57.97+5.00 388.49+1.57 418.18+6.72 2084.53+18.57 1623.13+18.57
(22.71) (28.26) (33.68) (27.18) (16.15) (47.00) (11.49)

3 570.61£26.15  206.55+13.77 42.86+£2.21 145.79+2.17 311.25+16.85 461.26+2.91 1632.36+11.04
(24.05) (2431 (24.90) (10.20) (12.02) (10.04) (11.56)

9 613.25+13.00  188.03+£3.42 23.98+3.10 616.12+20.36 59.45+1.12 1739.62+28.19 2748.46+59.83
(25.86) (22.13) (13.93) (43.11) (2.30) (39.22) (19.46)

10 -194.56+£7.02 123.31£1.99 21.80+1.57 -310.04£17.81 505.61£19.10 - 1115.55+34.12 - 1669.83+38.20
(-8.20) (14.51) (12.67) (-21.69) (19.53) (-25.15) (-11.82)

11 282.41+3.86 -390.53+7.96 - 11.90£0.55 32.08+2.49 1030.76+44.19 - 662.94+37.77 6489.16£12.20
(11.90) (-45.96) (-691) (2.24) (39.83) (-14.95) (45.95)

e 38T W D B R A T BB B BB %.

Note: Datum in bracket is the percentage of fruit accumulation in the investigated mouth/to the accumulation of the total.

24 RELXEIREPEEREFRTEZSEEHEXME

KIRW, RAH 7 HEEEIFRICEGRAACHEEERRXT R XA, K5 Ca. Mg,
Zn, Ca 5 Mg. Mn, Mg 5 Zn. Cu. Mn, Zn 5 Cu BN EFFEMHX, K5 Cu. Mn, Zn 5 Ca.
Mn, Cul5 Fe B2RFHIAHI; MAERL T, U KE Zn, Cu. Fe, Zn 5 Cu. Fe BB E AL,
Cu 55 Fe 22 & IFAK.

PL Ca AL Ca o Ky Mg = JCER B VIR BTN R 1 i 5 S e 1 o A2 2R B A e,
#LL K & K, CaikZ, Mg i/ —JCERFLER W BIFHOCHEAR IS 2R S 2, e R B i)
FRHEIMAEE . R M Ca/K I Ca/Mg 7 5—10 H 2ihiiass, ik W Ca/K fl CaMg B A
Ko

®3 THRMRLEREFRTRSEOMAERXY

Table 3 Correlation of metal nutrition elements content in lemon shaddock fruit

JCH R Peel P Flesh

Element Ca Mg Zn Cu Mn K Ca Mg Zn Cu Mn
Ca 0.138 0.876"

Mg 0.640 0.498 0.892"  0.807"

Zn 0.954" 0.078  0.689 0.911"  0.720" 0.940"

Cu 0.858" -0.104 0413  0.882" 0.816°  0.688 0.827" 0922

Mn 0.401 -0.492 0545 0452 0.262 0.708"  0.848™  0.820"  0.716"  0.685

Fe 0.914" 0242 048 08117 0793  0.389 0.700 0.574 0.546 0.665 0.736"  0.498

‘}I: roos = 0.666, roo; = 0.798, n = 8, Tﬁo
Note: Fgos =0.666, roor = 0.798, n = 8. The same below.
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25 RIAXEHREFPEREFRLZSESHEHENGHEIRIEX M

11 4—8 TR SRR, Frigmh A s b s PR AR FR FR (SOD. POD. 4B & 1 F1 MDA)
R B (Horh POD LA E 5350 . b5, SOD. POD FLEB4 ] & 7Rl T, A POD T 9
Hy BRI T RIL R SOD T 10 H, HIL/NEJE R 1155 1) SOD MIZkLiE K, B4 RS
#. MDA ¥ 8 H G KRB R RBIRYAL H

H& 4 070, 7MEREFRICETEY, SRR DR B 12 Fe o, HARK
e Ky Zn fl Cu. Ca fil Mg, 1 Mn ff%. H A H Cas Mg, Mn 53 HEAAREHFR PRI AR B 2 2%,
15 SOD H 2 By th AR . FErE MR AR RAR T, 58 IRE IR0 5 & A R B 3 2 R F
P POD 1S P SOD.

R4 FRMRLEREFTRTESEUHSAGHEIROEXY

Table 4 Correlation of metal nutrition elements content and active oxygen metabolism in lemon shaddock fruit

i W% Peel W Flesh
Element ¢ POD Jﬁﬁm%* _ MDA SOD POD il %¥ _ MDA
Superoxide anion Superoxide anion
K 0576 09617  0.655 0.839" 0.883" 0.864" 0.763" 0.517
Ca -0.187  0.150 0.480 0.226 0.669 0.744" 0.780" 0.388
Mg -0.082  0.549 0.378 0.507 0.806" 0.781" 0.603 0.429
Zn 0520 0913  0.540 0.772" 0.909" 0.881" 0.647 0.544
Cu 0.680 09217  0.583 0.593 0.942" 0.956" 0.761" 0.635
Mn -0333 0347 0.439 0.379 0.534 0.655 0.655 0.475
Fe 0579 09577  0.889" 0.938" 0.786" 0.887" 0.924" 0.935"
3 e

31 RILEKEE
IR RS E KR RS, ¥ 4—5 H. 69 H. 10—11 A2l R A K, R
PRV A AR R S e sl I 6—8 1 0 SR A ARG AR K3

32 nEEMELH

FrB R R A K. Cay Mg, Zn. Mn. Fe & RS R RS2 ik & Lo, B2
R 225 BE 2 ARG, (HIL RABURAE RS AR KT (4—7 HD HIBEE LR E iR (K M
Fe #EKF|9 ). 10—11 @y, % K. Ca. Mg. Zn. Mn (K BFR PG & 60 2RI
EFRITCREE I I ERENIG, (HEAMERKYICRERN BBS R 2, JoR &=k
N5 B ST IGH A: KN4 TG 0 BT = A AR R AN AT DG, S X B AE (20000 FEFIAT .
BIAE (2005) 7M. MRS (2004) TEAHAG AT FTSE A ICARRL 8K, AN HERR BRIHT 4F
(AR KA G 9790

K. Ca. Mg. Zn. Mn [ 2R FEAEDLE 7— H RSz K, 5% (2004) 763F
R R LR L AKEE K. Ca. Mg WIBCR S HEYNEAAIML, R\RLREARTI0H
IR, 2 TCE I AR BE R SEE— 20 R s 1 Cu Ml Fe [ B EEAE 11 RSl A
PR ot P A . 140785 577 G 25 MBS SR SO0 0 s 7 T O RO ER i, 75 7—9 ) SR S A 0T V3 > 48 i
K. Ca. Mg. Zn. Mn I, TifE 11 H RS04 E Cu. Fe Il
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33 K=

K 2 RIRH R EEICRZ —, XHEmE/E, BuE IR, fmMk, fedtE e, Rt
IR AR BB ] (PhTE 4%, 2006); AT K AEREIRH BB LR &4 A, IF RATIRGRN
sk, H AR R (A48 B P DORSE & i (FRETAR 25, 1999); fEABIIEH K & 87w
TR REFRCRLE, HEEM AT RAT, AW KPR SER A E 2

34 Cart®

Ca S 4 JR B ) T B4 B8 43, e A0 SR SR 1 3 R F LB 50 8 AR (R e &5,
1998, 1999; &4 5%, 2005). Mn R R AECH, RLdifusii'Re:, AR T CGEFeF4
B, 19900, ABFFTH, 5SS VIACH Cay Mgy Mn —JCR FE0AM TR, EUnsg
TR AN SRR BT

Ca/K. Ca/Mg J& XM Cay K. Mg JCHEIPH KR, FZHARRN Caw K. Mg [FFERBLIE
Mo ¥R A K Ca/K FI Ca/Mg ZBHUAK, AL EITE 5—10 H B, i =R RN
HHOAHE P48, TR S B H Ca PR3 0 AS TR T BB P16

35 XM

R A 4 TSP FR AR TE 4—8 F A S I S AR PRG35, b5 70 25 7 5 R s s R
AL Hoh, H5&EEFRCE S EM R B R R R A POD RN SOD, KGN
A fEEE Z 48 POD Fl SOD ELARI =408 508 25 7 F1 MDA fig 58 BUBE 1K s WY 4 J8 75 FR L R AR 1k . 7
P& @ E TR RZ G mT, SIGEARETR R OO B2 R g = (12 Fe 03, HARMKKE K. Zn M1
Cu. Ca Al Mg, 1M Mn fA%; HAMRAMITE N K. Cas Mg LR IRIE, W =F A HTEEAR
W AR A i M A N B T, BRI (RIERIZRIEY], 1995; XBFEFY 55, 1999; fhE 4%,
2006)
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