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Seasonal Changes in Leaf Magnesium and Boron Contents and Their
Relationships to Leaf Yellowing of Navel Orange ( Citrus sinensis Osbeck)

ZHANG Guang-yue'?, PENG Liang-zhi'*’, CHUN Chang-pin', ZENG Ming’, LING Li-li', LAI
Jiu-jiang’, and WANG Zhen-xing®
('Citrus Research Institute, Southwest University, Chongqing 400712, China; *College of Horticulture and Landscape,

Southwest University, Chongqing 400716, China; *Jiangxi Environmental Engineering Vocational College, Ganzhou,
Jiangxi 341000, China)

Abstract: Seasonal changes in Mg and B contents in leaves of two navel orange varieties, Newhall
and Skaggs Bonanza ( Citrus sinensis Osbeck) on trifoliate orange [Poncirus trifoliata (L.) ] rootstocks,
growing on red soil in the middle subtropical monsoon climate zone, were monitored to study the effects of
such changes on chlorophyll contents and leaf yellowing. Mg content decreased as leaves grew older and
the most pronounced decrease occurred in June when the fruit began expanding. The decrease in Mg
paralleled with the progress of leaf yellowing. In contrast, leaf B content increased or stabilized as leaf age
increased. A significant positive correlation (P < 0.01) was found between Mg contents and chlorophyll
contents as showed by high correlation coefficients of 0.9082 and 0.9063 in leaves of Newhall and Skaggs
Bonanza trees, respectively. No significant correlation was shown between B contents and chlorophyll
contents in the leaves of the two cultivars. Therefore, Mg deficiency was the reason for yellowing of leaves
on navel orange trees.

Key words: navel orange; leaf; yellowing; magnesium; boron; seasonal change
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5% 2 T I e KRB 77 X 2 —, 2008 4RI 10.2 J7 AL, A 90% A 10k “4ia /R’ s,
HoRoh B R SRR FPRESE AR, KSR 2000 SRR . TR, iR AR 2 5T RE [ B 45
RAERUE N, BEEEHBURHB B sl R OCRTERE, AT HUIL ] > (R 28R i 1
RPEJCH P H . AR T—9 ARSI R A e, T H 2 LM (2 i) it
A, PRI B AR AL, SEAE R I AN U (BB, SRR IR, e AR
AR KL PR AR, 52 BHOC B A SR AR AN B s AR M B iy v B, o
BROR . ARAEER (ZRE 55, 2008). XFULADIK, M —EAZsI (B) AESEATHRG, HA
7 F i P B R S B B R AN (Y TR 4%, 2008) 0 2P R A, Ib s AR 222008 5 ek (Mg)
7K. ik, ALl difg/R AR B RPEL BESUBT R A Mg, B JUER R NE)
SR ILE o s BN, IR A2t s Mgy B FOC R, DUYDY i bt
AT N R S HT LY S 1T

1Rk

1.1 #F#

RIGT 2008 SELEVEVGME FE L R B T, 204, L3 pH {1 4.57, MR 16.77 g - kg ',
BMN171.37mg kg ', AR PS825mg kg ', ALK 146.67 mg - kg ', etk Ca3983 mg-kg's &
bk Mg 57.5mg - kg, AR 0.1 mg - kg '

WA K 13 SR [Poncirus trifoliata (L) 14k “4l4af /R 588 (Citrus sinensis Osbeck ‘Newhall”)
F13 SFERAE CBAGR” 8 (Citrus sinensis Osbeck ‘Skaggs Bonanza’ ), iy HUEE /D PN S A4 5
6 HCFH ] 5t 28 S AL RI GBS OO IED 25 30 BRAEIRIG I, fRbkEbRId, 10 BRk—/DNIX, # 3
AN B FIUN FER 2 [a) 28 /D AH RS 2 AR o B AR SR o OB B A8 B 0 HEURS 40 S0l 7 2008 4 2
20 HAER 7 K S BIEAZIR 7 ~ 10 em MM BRI ER 300 g + B> 50 g, 4 F) 12 H b
A 1.2% M7 /KGHEREE + 0.1% M, 5 H 17 HAE ek 7K £ B i B bRt 7~ 7K S s IR ek 750 g,
A AR B B A 58 A AH [ o a0 SR el 0 R B Rt oy, R (AR R 2 IS ot 7 Al 15
g oAy, HUOIESHUE 3 4F.

1.2 #HmREFMLE
12,1 AHREARE KT AT 89T b Aok &

T RIS () S AR FROKAF, 2008 4 8 H, FERFHAIS BB E AN F 7 A7 1.5 ~ 2.0 m =%,
KAEKPER YT AEERE TR 3 v, SRR 12 7, BE/DIX 10 BRF, S5 120 it 14
B
122 TR HEEEM R F R ES AT

KAEH IS5 2008 423 H 16 H.6 H 24 H.8 H 26 HA 11 H 13 H, Bk 51K 2 # (2007
EAED RIS 2 BRI 1 (2008 A FRREIRT 1R AKAE I, L SRAY H s B A 8K
WA AR . BRI B ERERANF A S 1.5 ~ 2.0 m AbR 12 i, BR/NX 10 BEE 120
AW RS BT R PEER A T R, WOCE RS R

RAEMIT RS2 AT LG T3 R4S, B T UKER IR IR PR AR, 8 h Py 7y [l 506 < Ab 2,
FeF EH RN 0.1% H HESEE AN VL, EKMIE 2 K, 2iigKkigt 2 IR, e F 2 AKEDE 1k,
W, & 105 CHUR AR 30 min J&5, 75 CHUT, Bwe. 258, B TP ORAERr .
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1.3 W5 NERZ
g T % LY/T 1270 - 1999 J5i%, MR — w2l R ik, F AA-800 Ji Wi 43 Y6 11 (Perkin-
Elmer A#]) WE. B S &% LY/T 1273 - 1999 77k, T4k, A TU-9101 E4ha] WAre e fr
(jlzajﬁ*ﬁu?mx%ﬁﬁfﬂﬁ TAEA D AE 430 nm K FlE. Py K. Ca. S. Fe. Mn. Zn Ml Cu %%
B4 LY/T 1270 - 1999 Jii%, ﬁ%@ﬁ*ﬁ%\@ﬁﬂ%ﬁﬁ P Al S M TU-9101 548 m] WL 23 66 FE vh il e
K. Ca. Fe. Mn. Zn #l Cu ¥ EH AA-800 J& Wt 73 G RETHI & « N 2 LY/T 1269 - 1999 73/£
BRI fF, KDY-9820 J e &N (LRt EIEHL ARG BR AT Wl E
H SPAD-502 2 gl A% (H 7 Konica 24 7)) X REICR AT Fr A b DU AH XS -4 2215 =
BN 5E HTFHARAE CORURE TEAES SR AR, BEASRE TR BEHLA I 12 i, 65 i = kg ) e g
IR SIS 4 A5, HUCHPIIE . DU B 38 T K
XL H P K EXCEL F1 SPSS A4 b BE 4> #T

2 HiIR 5

2.1 BFEIKIEE REM R SMREFRKE

RIS IR, IO OB — BELE M Ak, A 700 R 2 B8 EAE AN 2008 4F 6 H N AIFT
SEATHR A I A . PR AR A A 2 W A A 2008 41 3 BT &7 sd, HEAN 6 H,
P 2 Wi T A A, JRERE TR HERR IR, (Rl EAE A AN [RIRR B A i A e, Hor,
LA far 7K B R B A o

MR B FRKEIE 45 RLE 1. IRAEFTRE R B FRis Wbt CEBHE, 1994), Fra ilieH i
N SRS TGRS EREAKY, PiERE, KmESUdHE, S, Fe Ml Mn i&fE, Cu fil Ca k214
i, Zn G mIc, 9 MUEFRITE IR Z .

/=

F 1 ARRIMABPETE SRR S REE LR FEFKFE (2008 -8)

Table 1 Mineral element contents in leaves of spring shoots Newhall and Skaggs Bonanza navel orange trees with
(yellowing) or without (control) nutrient deficiency symptoms (August, 2008)

] ) B/ &/ 2dl i/ %/ m/
AR % B W% B% Ti% o ; o ;
Variety  Treetype N P K Ca S (mg'kg™) (mgkg™) (mgkg™) (mgkg’) (g kg’) (mgkg")
Fe Mn Zn Cu Mg B

ARG Xof B 3.25+0.16 0.15+0.02 2.51+0.16 2.53+0.20 0.26+0.08 117.7+0.2 38.2+0.2 25.0+0.4  4.4+0.1
Newhall  Control
trees
BALK  2.75£0.11 0.13£0.03 2.37£0.17 2.54+0.14 0.28£0.03 109.3+0.4 47.1£0.4 21.6£0.1  9.7+0.2
Yellowing
trees
il papish ) 2.99+0.17 0.14+0.01 1.66+0.09 3.01+0.17 0.23+0.10 103.7+1.5 78.4+0.4 22.9+0.4 11.4+0.3
Skaggs Control
Bonanza trees

TR 3.2540.11 0.15+£0.03 2.04+0.22 2.96+0.23 0.24+0.04 102.2+1.0 75.8+0.2 22.2+0.3  8.3+0.2

Yellowing
trees
EWibriE Bz <22 <009 <07 <15 <0.14 <35 <15 <15 <4 <20 <20
Diagnosis Deficient
standards i Low 2.2~2.4  0.09~0.11 0.7~1.1 1.5~29  0.14~0.19 36~59 15~24 15~24 4~5 2.0~2.9  20~35
biips 25~27 0.12~0.16 1.2~1.7 3.0~45 0.20~0.39 60~120 25~100  25~100 5.1~15.0 3.0~49  36~100
Optimum

At High 2.8~3.0  0.17~0.29 1.8~23  4.6~6.0  0.40~0.60 121~200 101~200 101~200 15.1~20.0 5.0~7.0 101~200
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22 FFE R Mg 2E8HETL

R 2 AR, AT IR AP B X R 2 AR A 2 AR I Mg R 3 T E 6 A
RE BT FTA N, IXPTRER 2—5 JI M B Role, T L RS A R AE K 2, o 2
B RS Mg, H 6 A3 RSCHE AN KA 2 RECR I Mg & R TR B S
OIS, AR SREER, R A 2B Mg &8 K2 Bl T A R RS, e
FE 2 Wt BRI, IXR]BEAE th T Rl AS B R EOR AR Mg BRI ZE 5

&2 ARERIABIPETE SRR S REF LA SARGER F Mg 2035 EL (2008 )

Table 2 Seasonal changes of magnesium contents in leaves of different shoots of Newhall and Skaggs Bonanza navel

orange trees with (yellowing) or without (control) nutrient deficiency symptoms (2008)

Wk e Mg/ (g ke
Variety Tree type Type of leaves 03-16 06 - 24 08 - 26 11-13
IR o FE 2 W 1.46+0.08 ¢ 1.68+0.11c  0.95+027c¢ -
Newhall Control trees Two year spring flush leaves
2 BeRKA 2.30+0.02 a 2.7120.09 b 1.73£0.04 b 1.85+0.13 ¢
Two year autumn flush leaves
1 AR A - 3.65£021a  247+0.16a  2360.12b
One year spring flush leaves
1B - - - 3.13£0.14 a
One year autumn flush leaves
i) 2 EARRY 0.73+0.01 d 0.47+0.03e  0.64£0.10d -
Yellowing Two year spring flush leaves
trees 2 W RKAY 1.65+0.02 b 1.28+0.20 d 1.02+0.09 ¢ 0.60+0.07 f
Two year autumn flush leaves
1 AR A - 2.7240.18b  234+034a  1.110.18e
One year spring flush leaves
R 3 B - 1.5120.17 d
One year autumn flush leaves
TR RE o A 2 WA 2.50+0.03 b 2.39+0.10c  2.30%0.13b -
Skaggs Control trees Two year spring flush leaves
Bonanza 2 B RKAY 2.70+0.08 a 2.59+0.06b  2.36+0.14b  2.16£0.09 ¢
Two year autumn flush leaves
1 IER - 3.60£0.14 a 3.49+0.18 a 2.6840.12 b
One year autumn flush leaves
1 KA - - - 3.16+0.12 a
One year autumn flush leaves
AL 2 W 1.72+0.01 ¢ 0.68+0.08¢  0.61+0.11e -
Yellowing Two year spring flush leaves
trees 2 BeAKAY 2.51+0.02 b 1.53+0.21d 121£0.12d  1.17+0.09 ¢
Two year autumn flush leaves
1 AR A - 2.36£0.13¢  1.85£0.08c  1.68+0.19d
One year autumn flush leaves
1B - - - 2.2940.17 ¢

One year autumn flush leaves

e A S RE R — S0 R 8UR AR NG FREROR L B 5% 22573 4 Ko T,

Note: Column means within each variety followed by different small letters differed significantly at 5% level. The same below.

FEAE—RFEH Y], iR XT R AR, A AR K Mg 5 R4 O R i v T i
M, HZHEOL T RE 225, 753 A8 2 WeRKAE I > 2 WA, 6 AT 8 40 1 BRI > 2
WERKAFI > 2 WeARAR I, A8 11 08 1RERKARI > 1 BeAFA I > 2 We Rk -

OIS, PSSR AR &R Mg & B AE &SR I e 25 (K T4 B R0 R[] 2
FACHERALAT R 1 AR AE 6 A K Mg & BHEILIE HALAN, HARA M Mg & BAE 5 KA H
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WAL FAR B Z o, Horh, 2 8 Mg STRERZAFHZ I Mg & B KR
BRI oy, JULL 6 A MESEE NG T FelE B R K, 250 Mg & 5 (6 R e 8 K1)
S TR RS RIS I o 30 e AR L S K I AN e AAERBE R SR 1) Mg, U A S 3
PR IR . 2 B Mg S AR R 1, R S i R Z KT
23 BHEMH B AEMHETK

R 3IR, IR R IR B, 752 RAE HI, A R B 8B B A i
AL FHEE (31 ~100 mg - kgD B (101 ~200 mg - kgD JEE A . Kk, FiATikgm 45t B,

&3 ARRIABIPETE SRR S REF LA SARGER B B SBHEBEL (2008)
Table 3 Seasonal changes of boron contents in leaves of different shoots of Newhall and Skaggs Bonanza navel

orange trees with (yellowing) or without (control) nutrient deficiency symptoms (2008)

R eS| Uy E S B/(mg - kg')
trees Tree type Type of leaves 03-16 06 - 24 08 - 26 11-13
AL /R X JE B 2 BARAH 754144 117.5474a  1282+13.7b
Newhall Control Two year spring flush leaves
trees 2 BeRKAH 58.7+0.4 b 97.049.7b  127.048.5b  134.1x12.2b
Two year autumn flush leaves
1R - 118.5£7.8a  166.9+10.4a  165.9+6.5a
One year spring flush leaves
1 Rk - - - 127.8+8.0 b
One year autumn flush leaves
AL 2 WA 775+44a 72.246.9 d 95.6£13.8 ¢
Yellowing Two year spring flush leaves

trees 2 WK 74.149.2 a 81.9+134¢c  76.2+8.1d 73.749.9.d

Two year autumn flush leaves
1 AR - 73.8+6.8 d 94.4+159¢c  85.3+83¢
One year spring flush leaves
1 KA - - - 85.7+8.0 ¢
One year autumn flush leaves

48 X R 2 WA 77.5¢1.6 a 80.2+5.2 2 93.5+4.0 a

Skaggs Control Two year spring flush leaves

Bonanza trees 2 BeRK A 61.1242b 82.248.9 a 70.1+11.8d  79.64+8.8a
Two year autumn flush leaves

1R - 61.0+4.9 ¢ 77.6+4.8 ¢ 78.8+8.2 a
One year autumn flush leaves
1 KA - - - 72.7£6.2 b
One year autumn flush leaves

gt 2 WA 53.3+1.56 ¢ 56.9+5.2 ¢ 82.444.0b

Yellowing Two year spring flush leaves

trees 2 WAk 51.1£2.12 ¢ 61.24¢155¢  61.8+8.1¢ 73.0£16.1b
Two year autumn flush leaves
1 AR - 75.5£6.8 b 83.0£144b  70.849.4b
One year autumn flush leaves
1 B RKAY - - - 72.0£6.2 b
One year autumn flush leaves

P il OGS JEAR (1 25 2RI 7 B 55 B Bl 4 095 T 8 0 PR 925 D A, 8 %) 2 B U A A A 3—8
e W5 2—4 AXHEBE A AL G Hat i B S RIS S, Al R e TR,
Toft 2 i 2 FLE PR R (R R W R AN 4

PIAS A SRR 2RI B B A AR H IR 22 B 2T 0 TR AR [ 2, (S A 1
F 2RI R B 5 e B 8 P 48 7 1 I BRAE A s 6—8 H A2 BALIY 2 R B A AN I DR I AR R Y T2 2
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SRR, (] 2 B B A R ) WL I s, BEWIAE BRI 2 e R Y B R
BRI L, WRYDIFHEET A B 1A 38T B

24 FEMHRE Mg B 2EMMHEREAEMEMRESHFELMNXER

241 th Mg4Eh5astetg i ogaiX A
FHOCPEM TR W], Al /Rt Mg & & SAHR 4R 3 0 2 B E R EHOC (P < 0.01), XJ4
JifEy=18.9911n (x) +58.4, FHKFRE r=0.9082 (K 1).

90.0 - y=18991 In (x) + 58.400

200 R?=0.8249 " .« -
70.0 - e,

60.0 ¢ .

= 50.0 ¢
400 -

30.0

20.0

FRAS ISR A i
Relative Chloropyll content

10.0 -

Mg /(g - kg DW)

1 AfRHAESESHEMHERSSMAXE
Fig. 1 The correlation between the contents of magnesium and relative chlorophyll

in leaves of Newhall navel orange

AHERH - Mg & S A e R S B A BB (P < 0.01), XTEUTFE y = 19.807 In
(x) +57.721, MFXFRE r=0.9063 (F2).

90.0 - y=19.807 In (x) +57.721

. 80.0 - R?=0.8214 . o e L
2 700 - e
= 5 -7
& :a 60.0 . .
#& S 500 .o .
£ 5 400
7 o
5 2 300 -
< g
2200 -
10.0 -
0
0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0

Mg (g kg' DW)

B2 BHHAESESHEMNHRRSEMNEXE
Fig.2 The correlation between the contents of magnesium and relative chlorophyll

in leaves of Skaggs Bonanza navel orange

242 *th Bz htaxdrtg i 420X 4
g Aar /R B i S A I SR 2 S T AR O (P> 0.05), MU FE y = 18.01 In(x) -16.002,
FHIRZRHL r = 04409 AR B 5 55 AR 2128 15 70 W B AH R PR (P > 0.05), X U7 HE y = 0.258
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In (x) +50.447, MHFHRE r=0.2319.

3 e

A4 SR AP GRIERE - Mg % B I B G KT BRI, 7R FOCILIIE, I B il o
e 5t Mg & B FRARAER ) E[RI2E s (H2, BEr-EIG T B 2 & B W i alAsse s AR it
GFEITES Mg SRIEZEMAXMNS B SRELEEMC. N Mg, B S®IGHEE, /Kl
GERJEF R B AR ) 2 W8T Mg SR T Z Y, o B ) 2 Wi Mg K 2 A TR RS,
P REGA )4t B S ab T alm FiEaya . PR i s i 5 Ny Py K. Ca. S, Fe.
Mn. Zn Hl Cu JFAGRZ, M fr sl LA A 1 2 et bo S5 46, M s A AT ik oK
PR HRERE , HBUEIRI A Zm (28, ghmky Bt (1) FERSTRRER, A6t
BRAE 2 R IAER IR IE . RIL, B AR B s A R B Mg B3, i dEsk Bo MAIRIG 25,
JFERE I A Mg < 1.5 g - kg IS BRI . frUbnl WL, Y TR RS I A A B AR, B Mg CUR
FEE

M B I i 2s sk, H T B fEAEY1A A #2250 (Brown & Shelp, 1997), &t B i &},
BRI RS ER AR BUEIR ESE, 1994); 1 Mg fERIWIMAN S8 5h, 0 A 2 M s 2 m
o Mg Sk (Walter, 1968), JUHJE&E R Z W Eikidl, I ERZ2m 55 HILE Mg sk, &
JOF R e 22 B A 2 T A G A A A B, — i B el ] RE (R I A AR BB SR, R A AR IR A HE i
WIIEZ s AR 22 A pe ey s A IR [R] B P JOk e DR B, i P JUk e DR FH 22 Bk B ) LR AR
(Walter, 1968; AL, 1994; iR, 1999), AR, 7 LLHIEE Mg i, ZMH it 2 ok
HIRZL (Walter, 1968). i & MY PR 203X, 2048 Mg FI B & 554G, IR AT vl Resk Mg X
BB, HIT LR, SR il B AL, & B NASFRE I EE S 0 R . ARG S
PR T AR AR BB B e A AR . DA, R AL 2 At FH A E XS v e
BRI NING ST YV E I S P2 B AL Al sk S 1 g 4 N 2= A3 T T o SR P A
FEAR 8 Ak

IR Mg (WA 32 81 13 A 3 Mg & B s, 23]+ AP K Ca®' Mn™ I
NH, 25130 (Walter, 1968; Heenan & Campbell, 1981; Koo, 1986; Rengel, 1990; {35,
1994; Tan & Keltjens, 1995). 1T H i dAd el LAtAIE 4 3=, 38R 4k b )™ i, P45 (2003)
XPTTVE 15T Gy b - S A, 203 [l - 498 P ) pH (BN 4.9, B TR AL 203 b 0 P A B AR
BELUGTER . BB 7o, A3 APTR Mn? W T, N2 2083 P (R AS et Mg 1R, TR RS IR 75
Mg & U RN 58 R bR a5 (Walter, 1968 ), A 2148 [X I 15 EL I P 25 A 25 i b 5 25 ) H B
Mg SR o 2B 7= R v L0398 57 P ] i 06 1 19 it D B R HUAES 38 88 it FH) A Ak v 338 pHL (L, IR
WA A Z R, A BEIA R AR AR, WARKE, WEE 2—S5 Hif
M Z BN, AR 2 W Mg & & B B8, AT ARk 5 Mg &&=, Bk inE,
AT AR AP L 2 A i BE IO B A I 3T S R B R, i o 20 9 A ] v 205t P 6 M A 1
W5
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