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Effects of Boron Deficiency on the Uptake of Mineral Elements and pH
Value of Leaves in Cherry Radish

CONG Xin-li', HUANG Mian-jia"", JIANG Xing-yu®™", LI Xin-guo', ZHOU Kai-bing', and ZHONG
Man-xi'

('College of Horticulture and Gardening, Hainan University, Haikou 570228, China; *College of Agriculture, Hainan
University, Haikou 570228, China)

Abstract: To investigate the effect of boron (B) deficiency on the uptake of some nutrient elements.
In this paper, cherry radishes (Raphanus sativus L. var. radiculus Pers) was grown in water containing 0
or 46.3 pmol - L™ boric acid to study the contents of boron and other main mineral elements in the fleshy
root, young and old leaves, using HPLC method. The leaves were cut and stained by toluidine blue-O

(TBO) and the anatomic structures were observed under light microscopes. We found that total boron,

soluble boron, and cell wall binding boron decreased dramatically in all parts of the cherry radish grown in
boron-lack condition, while the contents of Fe, Mn, Zn, Cu increased significantly. Boron deficiency also
decreased the pH values and basophilic granules in leaves. These suggest that irregular cell walls as a
result of B deficiency severely affect the structure and components of leaves, and the decreased pH of
leaves can induce the absorption of other mineral elements.
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B (B JC 2 AE 4ERE R Py An W B (1) 4574 5 Dh ey i 2 AT B ZE/EH] (Loomis & Durst, 1992; O’Neill
etal., 2004). GLA<PHASHR MRS, FEIrt v o0d e, iy A5 E K (Dell & Huang, 1997;
Goldbach et al., 2001); HEEMRYK > RIL. 2% FECL (Wimmer & Eichert, 2013), $E(
JHELGH AR B2 2 T PEAAE (ROS) AR US04 (Koshiba etal., 2009), ¢ T 6% H g
W00 2 RS TS A DB FUHRE ,  aneil] 3 B0er =i st R N 540 1) K. Cay Cu S5
EHRE (SXH 2, 1989), SEEFH T Fe. Mn. Cu. Zn BI5EEIN (Tewari et al., 2009),
SECE MR P K Mg, Mn 255 S0 (Singh et al., 2012), {HIETAEYIH A4
RIS T S AR R IE A 2 .

PUZ=% N (Raphanus sativus L. var. radiculus Pers), XFREEREE I, XG0 ELEBUR, a2 5%
M AR, SRR RS SR S, IRE SRR, ZRRIHLIX, 9] i e
WA A P o, XAEAR KRR R F BRI 7 DY b R SLe s MR p O A = S,

TR0 K H Hoagland F1JGHN Arnon 759, JFH @ R0RAH (%4 (HPLC) ¥AIE DYZ=4 %
TRALIN AR, WERAEE TR IR A R AL FE X P K. Ca. Mg, Fe. Cu. Zn. Mn 2500
RO, AR B AR TG 3 RIS Ak, BRI i DB G SR AL
B, PRI AR G 2R RS A LI — e A R, A DU N ORI A e )
B4 PG LA

QY VR SRS DARES

11 #MRl54a38

PLHAR “FRk 1+ H KM PUZ=% b (Raphanus sativus L. var. radiculus Pers) A48, T 2012
TE S HAI10 HAE H AR ES KSR E 52 S50 % 1 = h kT .

BRp IR R ARSI A ) TR S, 10 d G40 #5848 37 (Matoh et al., 2001)
HOEARETR, BES d ¥ 1 OB IR 14 d EIEICK S-S0 MR 3 LA, /iR ik
ATERINAREE, BF 3 d ¥ 1 IKEFRI, BAMEBEETE S 3 K. EIRRHZEMKECE], Sl 4l i IR

(IR E 2 0, IR R TR A B2 46.3 umol - L7
FR A TR RS, SOl AL EE 10 d 20 A VI8 ISR EAN BT 2, 21 d i), SROIEER I B . MoA
I TEALEE 21 d JEEURE. FAfE . FBERIIGRIZ0 ) e R bl e/, H SR R (2=

Ie 2%, 2011), RJE RO EAT I AR LU 5L

FHZE R /KA P E BN LR LLIBE S SN BT R ARG AR T80, THOKARRE KT, 4
B CFrAESE 1~3 i)y 2 CHOEM D R STR 73 0 RE I JBE AN R AR b, e T3
70 CHET 48 h, HIRIVIR ENLEE ok R, AT BOCER IIE «

12 MRBERERNE

R FE PSR F R IIZ W - O (TBO) Hetayk, VIR 31T GA-Os0, X e &
BB K AR, B, @)l (Reichert-Jung, HAD FHIBIE IV 1 pm &
(T Fr s B 4 22 2B WK TR 5 D) v B T 3808 b, 50 CHEEE L B #ukE 1, Wi in 0.01%
TBO %, NS min, HZERKUEF 2R, 155 By TOL 25EE (Olympus DP70,
HAD FusL,
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R pH R 20 7 B, ) pH e 3L pH fE.

1.3 W RITERNE

SR 25 A5 T 32 EUS % Matoh 25 (2001) 1777k, Al &% 2 K HPLC 7% (Matoh et al.,
1997). WA R4 = L5 2/ RS 2 GEREZ, 2010).

Hew pooE . B0, 85, B Bk A . BRI S S M AT AR HE LY/T-1270-1999.
et | B R M IAE Excel 2007 FHEAT, 28 R SAS /5 ANOVA i FEHEAT b 2 1) 22 5 5 25 P 565,
ZH B HTR M LSD %,

2 HiIR5 0

2.1 GREAXTIOZZE SRR Y Y R0

1R, B Z AR TR S S R R B 95.13%. 87.5%F1 69.8%; RIS TR & 4
A F B 96.5%- 94.3%F11 89.6%; 4 ke 45 5015 5 73 0l T B 90.5% 57.2%F1 49.0% . ]y VERN 2 &
BRI L T A SRR LS A, R SR AN T e R, LR B RIA AR . T RE
SN AEYIAAR N JEOR I I R s PEI LSS T AE A28, 45 e H AR AL AN M i) 40 P e by e A K
(MFFEE, R R SR P a I () R, B 28 W T PR L5 B A 2 20 ke, B2 A
GRHINITTE, Ao NEr iR, SECH ARG .

F1 REBNOEF MISESME

Table 1 Effect of boron deficiency on the boron content of cherry radish

S Site postd AR (pg- g 'DW) AR S R/ (pg-g'DWD  AIIBET S Y (ug- g 'DW)
Treatment Total B content Soluble B content Cell wall B conotent

B it Control 57.75" 4414 13.61°

New leaf Bl B deficiency 2.81 1.52 1.29

e it i Control 95.12" 7755 17.57°

Old leaf 8 B deficiency 11.94 4.41 7.53

R %t Control 29.03" 14.83° 14.20°

Fleshy root il B deficiency 8.78 1.52 7.24

e RIRAC IR N R 25 e B3 P < 0.05. .

Note: * means there are significantly different between control and treatment at the level of P < 0.05. The same below.

SRS B e IE RECT R, SO PR TORR 1) 22 I IS REUE 1.36, SR (3.28) AL,
TRET 58.5%, SRAIALELI I R O A s RACEAR, HA 024, H5XTHE (90.61) LK, TR
T 60.7%, ULEHTESIINE ST, IR I R A AR [ e, E s A L.

22 RMMOEE MTRITESERIFIN

2 SR, B S EOF A Feo Mn. Zn Al Cu B8 &8 B8N, EXHF4 Py K. Ca.
Mg [R5 TS MAK, S FT i Fe & @ X AL 2 %, M i Fe & 820 AL 1.8 .
AL IR Cay M. Mg 15 SR ZE 0, e In R & B A K.

25 BRI GBI N B 7005 A R RS, O A W] S EUE R RS> S N
NGl S
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®2 RMHNES M RTERSELRE

Table 2  Effect of boron deficiency on the content of mineral nutrition of cherry radish

HAT Qb Fe/ Cu/ Mn/ Zn/

Slizje Treatment P K% Cal% Mg/% (mg - kg (mg - kg (mg - kg (mg - kg
Bt X} # Control 0.66 2.98 1.90 0.42 247.23 26.11 144.04 31.61

New leaf el B deficiency 0.70  3.75 1.55 0.41 47257 3235 192.52" 42.42°

Znt Xt # Control 0.69 3.50 2.69 0.52 61.88 21.40 223.47 24.23

0ld leaf Bl B deficiency 0.65 3.93 2.80 0.62 108.73" 21.93 304.88" 30.12°
PR X} & Control 0.69 537 0.55 0.19 189.90 22.61 57.84 64.45
Fleshy root  #tfll B deficiency 0.79 533 076" 023 177.81 21.43 89.92" 79.86

2.3 REAMMUEZE N RERE IR

28 TBO G iy, AEMIXT HE AL HE (1) v ) 40 % ek 2 (B 1, A, Tt HLI PR 4 g R mT DA
WEL BN 22 (PG TR AL (PR Sk s, BT 1R - PR 40 PR b e e A iE ( CEL 1, BD, i Bk
B A SR I PR BAEAEG, RE 38 J

FH pH VRIS BRI 11 pH AR, BERIIE R T ok pH 618, SREIALER JS 2 pH 5,75, S
MR pH B2 3 R R, XA R TBO Jany g R —3.

B 1 TBORE&MMHEM (A FEMILE (B) OFF MHABNEMNESR
5 SRR 7RG B R o
Fig. 1 Microstructure of leaf stained by TBO of cherry radish treated with B supplication (A) and B deficiency (B)

Arrows means the basophilic granules.

3 e

B R4EEHY L FNMEITCE, KEHHEY AR B AN E R iz, Y rEEA A dr
TR R A WAL (Shorrocks, 1997). ARG rh BLAN AL BEAR 2 25 FRAK T DUZ=3 N2 )
W&, Sem TN LE . M B O BT R AR K AR g s, M BRI 2
g — PR, AN GRS E, SR U SRR sk, fEAE AT D RE
RE M HBREAT, FEPN S — M FUC R F o I BURE, HICRZ R ELEIA IR R C R . BRI Y2
NP Py K SRR E, RTRXS Ca MMRICE 1IN 1.4 5, X Mg (1R 25 15
1.2 £, AT BRGNS AR Al B O ME T, A Ca. Mg 7640 AR LR R I 45 A A7 AN, AT ER
Ca. Mg &% (Teasdale & Richards, 1990; O’Neill et al., 1996; Kobayashi et al., 1999; K/,
1999). Gl FE0UH i Fe. Mn. Zn. Cu &R ZERM, 45REHEMEE (CEHBRAKRE,
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2003). FMHIH (Tewari etal., 2009) ZAEYIHRHIIHE T 45 B2

KT A Foc R S BNV, . 852X RIIEKZ (Koshiba et al., 2010;
Quiles-Pando et al., 2013; Agustin Gonzélez-Fontes et al., 2014). KT F3 Fe. Mn. Zn. Cu
GHEH FUCR SR, SOCAErSE (1989) A BRAN T SR L1 = - B RRR IR 20 W B 13 i T A
AR JoT TG 2 (R FEE IO ERe, T DRI Ay Sk BT -4 it 184 s 5 (10 55 i ot JHL %) 7 4 AR SR T R 1)
ST SR “IRZERON 7 THEFR FITK B (2003) WA A B3 20058 A AR /00 s 253 & 3840
SRR B BRI A P PRSI R BURF U R & RS I 2 A T A B T B BT
F ORI AR AR TR DGR 7 1 (B4R 45, 2008; Tewari et al., 2009; Singh et al., 2012).

AT pH ST 50, B Fes Mn. Zn. Cu fEMRVESAE NIRRT I G ERAR,
2012), GO S U N R AR AT SE I A Few Mny Zn. Cu WIS H |4 1hid
WA IR CHE A5 i I TBO B Al pH v i T SRBler DU 252 S - 5 R FE 1)5% 1 . TBO
S RN A I H 2 PR SR, w20 SR8 i AN [R] J8 23 e AN R R B e, i FLBIT s
HIB BV A pH (AN R AT TRl CIRATNG. 45, 1997 XIAAH 4%, 2004). FKAPE4E (1997)
KT HHRNEHE - O X AWM A LT g ta g5 R B oR: 8E UAC  E s TR S 0 e s
BRSO IR, ZREAECE (0. ZHERORI AT =4 TBO B i (o) — Rl subl % e A i E . |
1 R, SN A PR P DA 0 e % Bl R, X TR AR L8 W AT 40 At A BRGR £, T ELR R A g e
PN TR BB I R4 2 o ARG SR Sl AL B pH HH 6.18 AR % R P& H 5,75, 15t W Skl Y
Z=u N OB E R, RSN, (BT By Fe. Mn. Zn. Cu fEMRPESM FHMEE N, Al
FIREE (3G A AT LR e s IR, (H 2 T E IR P> B JoER, FrAGiEMICE 2 1) B, A
SCE IRARIE T S 80 R RS Few Mn. Zn. Cu BRI INHI R R

TEFTA R, OREF pH (EASE /2 L 2 (Schumacher, 2014), #ifle SEUZL i
PR N B B T R D, i R IRA . EUE SRR S S B R A, BT B A RAL I BB
AT QG R TR0 OIS SR LB R g 32k 7 Sk A R
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