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Abstract: To explore the leaf partitioning of essential mineral elements in Newhall navel orange
plants grafted on trifoliate orange and citrange, ten elements (N, P, K, Ca, Mg, Fe, Mn, Cu, Zn and
B) in leaf tip, leaf margin, leaf middle, leaf base, and winged petiole of the new leaves and old leaves
were determined by ICP-MS and Kjeldahl apparatus, and analyzed using multivariate analysis and
principal component analysis (PCA) . The PCA results showed that the first two principal components
could explain 43.4% and 21.1% of the total variables, respectively. The first component separated new
leaves from old leaves, the second component generally discriminated the different leaf parts, especially
the winged petiole of new leaves from other leaf parts. For the new leaves, in both rootstock, showed a
steep gradient in the K concentrations (winged petiole > leaf base > leaf middle > leaf margin ~ leaf tip)

and Mg concentrations (leaf tip =~ leaf margin > leaf middle > leaf base > winged petiole); and the old
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leaves showed a steep gradient in the Mn concentrations (leaf tip ~ leaf margin > leaf middle > leaf base >
winged petiole) and B concentrations (leaf tip > leaf margin > leaf middle > leaf base > winged petiole) .
There was no significant difference in the contents of N, P and B among the different leaf parts of the new
leaf blade and the contents of P and Ca among the different leaf parts of the old leaf blade. The contents of
Mn, Cu and Zn in the new leaf petiole wing of Newhall navel orange plants grafted on trifoliate orange
were not significantly different from those of the other new leaf parts, while the contents of Mn, Cu and Zn
in the new leaf petiole wing of Newhall navel orange plants grafted on citrange were significantly lower
than those of the other new leaf parts. These results suggest that there are obvious differences in the
element distribution characteristics of leaf partitioning, and the element concentrations and ion
composition in the leaf petiole wing are very different from other leaf parts.

Keywords: citrus; leaf petiole wing; macro-element; micro-element; leaf partitioning
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MR [Poncirus trifoliata (L.) Raf. ] FIAFE[C. sinensis (L.) Osb. x Poncirus trifoliata (L.) Raf.].
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Fig. 1 Diagrammatic sketch of leaf partitioning in navel orange plants

1: Leaftip; 2: Leafmargin; 3: Leaf middle; 4: Leafbase; 5: Petiole wing.
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Fig.2 Principal component analysis (PCA) of 10 elements in different leaf parts
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Fig.3 PCA loading scatter plot of 10 elements in different leaf parts
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Table 1 Macro-element concentrations in different leaf parts in Newhall navel orange plants grafted on two rootstocks %
. SRR R AL G IR R A B il
TR g X Newhall navel orange grafted on trifoliate orange Newhall navel orange grafted on citrange
Element Leaf part
B New leaf &I Old leaf Bt New leaf I Old leaf
N M2 Leaf tip 2.62+0.10a 2.41+0.05a 2.71£0.10a 229+0.05a
% Leaf margin 2.84+0.11a 244+0.05a 2.62+023a 233+0.18a
H¥# Leaf middle 2.67+0.05a 2.45+0.09 a 2.80£0.19a 220+0.05a
M3E Leaf base 2.69+0.11a 2.22+0.06 b 287+0.23a 1.96 £0.09 b
Hf Petiole wing 1.84+0.11b 1.37+0.05¢ 1.81+0.05b 1.33+£0.04 ¢
P fH2 Leaf tip 0.268 £ 0.004 a 0.128 £0.003 a 0.288 £0.005 a 0.132+0.002 a
% Leaf margin 0.273 +0.001 a 0.127 +£0.004 a 0.278+£0.01 a 0.131 +£0.003 a
H¥# Leaf middle 0.261 £0.007 a 0.122+0.005 a 0.290£0.02 a 0.121 £0.002 a
M3E Leaf base 0.269 + 0.008 a 0.122+0.013 a 0.276 £ 0.005 a 0.118 £ 0.009 a
I Petiole wing 0.232+£0.009 b 0.089 +0.007 b 0.247+0.002 b 0.090 £ 0.003 b
K HH2 Leaf tip 1.53+0.09d 1.64 +0.09 ab 1.43+0.07d 1.60 + 0.09 ab
% Leaf margin 1.61+£0.10d 1.57 +0.09 ab 1.49+£0.10d 1.53 +£0.08 ab
H¥# Leaf middle 1.86+0.10 ¢ 1.80+0.11a 1.73+£0.09 ¢ 1.70+0.10 a
M3E Leaf base 221+0.13b 1.77+0.08 a 1.99+0.12b 1.67+0.11a
It Petiole wing 294+0.15a 1.47+0.07b 257+0.14a 1.38+£0.13b
Ca HH2 Leaf tip 0.80+£0.03a 1.87+0.09b 0.80£0.02 a 2.03+£0.08b
% Leaf margin 0.79+0.01 a 1.94+0.11b 0.74+0.01b 2.18+0.12b
H¥# Leaf middle 0.81+£0.02a 2.01+0.10b 0.76 + 0.02 ab 2.19+£0.10b
M3E Leaf base 0.72+0.02b 2.04+0.12b 0.69+0.02 ¢ 2.16+£0.09b
It Petiole wing 0.60 +0.04 ¢ 247+0.13 a 0.54+0.03d 2.38+£0.06 a
Mg HH2 Leaf tip 0.541+£0.005 a 0.423+0.012a 0.589+£0.044 a 0.454+0.019a
% Leaf margin 0.532+0.012a 0.417+0.017 a 0.588 £0.026 a 0.456 £0.024 a
¥ Leaf middle 0.468 £0.024 b 0.321+£0.003 b 0.522+0.014 b 0.408 £0.018 b
M3E Leaf base 0.416+£0.024 ¢ 0.331+0.023 b 0.465+0.027 ¢ 0.412+0.007 b
I Petiole wing 0.210+0.014 d 0.453+0.038 a 0.228 +£0.002 d 0.469 +0.027 a

e F e R A S G AR T REROR 5% EER R

Note: Values followed by different letters in the same column mean significant difference at 5% level.
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Table 2 Micro-element concentrations in different leaf parts in Newhall navel orange plants grafted on two rootstocks mg - kg
217 JR A/ A 07 IR TR /AR
TR AR I/\]Ilegl;;lﬁlff/e)rl/ oﬁringe grafted on trifoliate orange Iifﬁ;l?iig (fiflﬁge grafted on citrange
Flement Leaf part BT New leaf 0t Old leaf I New leaf £1f Old leaf
Fe 2% Leaf tip 43.5+4.9be 119.0+09a 449+45a 148.5+£2.20
%% Leaf margin 449+13b 1185+4.7a 39.6+0.3 ab 1642+75a
¥ Leaf middle 369+0.7¢ 1206+72a 353+£23b 170.6£9.5a
M5 Leaf base 38.7+0.4 be 111.1+94a 33.5+£04b 128.9+0.6 ¢
H I Petiole wing 683+25a 76.4+£2.1b 353+£3.0b 97.8+2.7d
Mn 2% Leaf tip 128+09a 254+1.1a 9.7+0.8a 187+0.7a
%% Leaf margin 122+05a 22.6+ 1.0 ab 88+04a 18.0+1.0a
¥ Leaf middle 13.7+0.7a 193+£2.0b 93+05a 143+£0.6b
M5 Leaf base 13.7+0.7a 143+1.6¢ 85+05a 103+0.5¢
HI Petiole wing 127+25a 8.1+1.6d 64+£05b 53+0.1d
Cu 2% Leaf tip 122+09a 141+£09¢ 125+1.0a 132+0.7a
%% Leaf margin 11.3+£0.7a 15.0+ 0.9 be 11.7+ 0.8 ab 11.5+ 0.8 be
¥ Leaf middle 10.7+09a 142+12¢ 10.2£0.7 be 102+£0.6 ¢
M5 Leaf base 11.2+06a 194+0.7a 129+0.7a 10.4+0.7 be
HI Petiole wing 11.0+12a 18.0+ 1.8 ab 93+£08¢ 11.9+0.3 ab
Zn 2% Leaf tip 252+28a 263+19a 232+25a 21.0+1.4ab
%% Leaf margin 248+ 18a 258+19a 214+1.7a 219+0.6a
¥ Leaf middle 228+ 1.7a 28.1+27a 202+12a 212+ 1.5ab
M5 Leaf base 233+14a 254+45a 22.1+1.7a 18.0+1.4b
HI Petiole wing 253+44a 284+26a 171+ 1.8b 19.3+0.9 ab
B 2% Leaf tip 485+53a 173.1£5.7a 429+34a 1426+3.1a
%% Leaf margin 426+36a 1256 +£520 39.1£0.6 ab 949+4.60
¥ Leaf middle 488+15a 111.0+5.1¢ 38.4+2.6ab 834+14c
M5 Leaf base 451+1.1a 613+1.0d 372404 ab 53.6+3.8d
H I Petiole wing 346+2.8b 504+8.0¢ 33.6+23b 382+0.1¢

E: A TER AR5 AR T BN 5%K T EEREE.

Note: Values followed by different letters in the same column mean significant difference at 5% level.
3 g
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BT LLEIE BRI, &EF R E A A W — R g5 b, ARG 2
AP EAEEEMNIERN (Ballveetal., 1997). AWFF A REA BT H I N, Py Ca. Mg, B &
HARRI N FE N B EC T A, K )& 28R I F 22 T AR 1 Rl AR A 2 R N P
K. Fe. Mn. B & EMEI R BEMLT AN, Ca fil Mg (& EARIU YR B35 5 T A0,
5 P A SR S AR KA AR B R B E A B E R AR (P 45, 2015) &
(170 o ATl AR EosBm B 5 A B P AR R SR B EER. ML ERAR
(SRR 2 — AT R e BRI RUAIH (A G AR (B 25, 2014) . MR R RS AR 3% 20 3 A i 5 B
IR A EE B Bk i, T B B S BRI AR, R A Il A O R ) R RS R
AT — AN AR o IR BESR UL, ARG R M DIREX, B LR A5 0 5 I e
M E R R e R S E I REA HEENER . A MBS, RN E
FREWr g s (EEIF 4, 2005; Bk 2%, 2015), AEFEHIEMICRE G, HLERHM
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R s E AR, RREAREE N E SR WIS, HEE— P,

32 BFEMATREIRXROHHEMERLEERE X

R R e RGBS AR IS, A4 T A E 20 T S 1% 15 7 s T3 R 2 s 48 ) ) A 6
(Marschner, 2012). GHIE, [F—EHKFE—MHE 4T, ZREES I BOLH H A 2050 i
i T AR W AR I B (MceCain & Markley, 1989). Mn 78 15 3 - f & & 28 0t i
g2 > Rl > MPIERRUEE, W AR T N, 5 R IRIE S R B U AR A R
23 G 52 B 28 BB T RS2 HLJE T XERSBhe R . MR At 5 1t b3 2 B i 28 BB VR R/ %
M b AR E R AR R AR ORI e > RIE > FhF, XS AR AR TR Rt
R, WS TE  AS RO AE AR, & AR ORI < iR < 4R (Oertli & Roth,
1969). Bl S AE I FRE A L] /K BERE E iR R BT R > M2 > hl > b3 > R, 5%
BB T7 1A e A — 8, X WARRE T i il B IR R B I R E e RIS (Liu et al.,
2011).

AR B A Sk RS A R R R TR MR, RS R ) R T
WSS E (<0.3%) A (3% ~5%) %152 (Marschner, 2012). #R1f1, AHE5TH BEIRT
P I A B S R, B PR I e R4 2 X A 3 TR 3 B A T AR I A o A A A
B — PRI BE AR R 007 TR A S, MR B BRI R S S B R AL, WIS R A
FE I v ) 40 A ok 52 28 s A FH B 52 A0 W] BE 52 21 N 38 R FA ML 4% (Fink, 1991; Franceschi &
Nakata, 2005). FHXTEGIT T, 7% 560 1AV F U o] 28 AN T o B0 7E S5 A i v 2 o A R B
A< il < MIE < B, SR M7 IEFAR . AIRGETE L, KM A R A
f185 B HJE B8 18.0 mmol - L™ B 2R B (¥ 8.0 mmol - L' (Wolf et al., 1990). HEMIXAE (1)
YA SE A R TR FERI R, RO SR SR B A ST, BRI E R . SR AR
OJEF, BETEIF RSB A it o R AR AR R I I AR I S v TR A 2, R ST R IE
SRR BB R B TS (BRZE 2%, 2014), BRG] e 5 AR B R S IR o5 .
R S R T R G R AE SR I R 8 A S AR B R R R B M L R G R S IR T
BB K.

FEHTH T ZE B4 F A RG99 X 40 A S RN TRAEI I AE A A i 2 v 48 77 E < 380 “
MIEEAS, FEIXANFEARE R, §FUCE — AW Rk, — J7 2 A 5 5 8 AR E i
ik BB RAEAEY A P A ER A F 32 B AR 2 0 B A 45 M R o AR S P £ 3
WFH, H A o 5 0 P 242 BEARAIE T8 (R R T R

3.3 BAARXIBHER R TR D REHER ST

FHAG AL AT BRI S A A 22 520 (Sharma et al., 2016; Kumar et al., 2018).
AW REK, R SR AR KEITE (N Py K. Cay Mg) & & &M 4 X5
AR W, MR ICER (Few Mn. Cu. Zn. B) M8 & &5 X AR EA BRI
Rt T4 22 P v BB 5 B v T AR R TR, 5 A SR T AR TR LU ARURE il i A 7 0 = v R &
F (Liwetal, 2011) & 3. AHFFTERIAA B LM EMHE (PhFid 2746, 2017,
AHIE G ARl R S v B Ak R e T A A, T AR Al AR i o B 2k 8 S H A
FHBAL (BRI WA REZER, HAR G S B R 2w T ARG 2, R0 3 - 1)k
B B R TR B Ak A ) — AN LG . BURPRER RS BT R M, Cu M1 Zn B4 B 2



XA, #1 ¥E, B R, BEE, B W, sk, A
JRERE I A U R TG 3R B R I 4 X A A REAE
[l & %4%, 2019, 46 (1): 47 - 56. 55

5, BB I Moy Cu A Zn (& &5 7 HAB AL EA B35 22 5, TS VRE Al A
I Mn. Cu F1 Zn B35 R 5 B2 T 7 HABIAL. BLC IR, U055 B b AL R i e
MR SR T GREE AT Bk RE /) T AP AE 2 2 25+ (Livetal, 2011; XUREEZR &%, 2011; #hg=ibmz
4, 2017)0 R LR ITCER P 20 X AR 22 5, B RG  F vh ™ 5 JE 3R 1A 20 e R T
EA SN EL N 57 70 W fE 1 U HL i 22—
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