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ABSTRACT

Environmental toxicity due to cadmium (Cd) pollution in croplands causes critical problems worldwide. Rice
(Oryza sativa L.) is an important crop in Asia, including South Korea, and numerous studies have evaluated
the relationship between Cd and antioxidants to alleviate Cd uptake from the soil into plants. However,
information about the relationship between phosphorus (P) and antioxidants in rice seedlings is still limited
with regard to Cd phytotoxicity. We therefore investigated the physiological responses of rice (Oryza sativa
L. cv ‘Dongjin’) seedlings to Cd toxicity and the effect of P application on reactive oxygen species (ROS) and
antioxidant changes. The exposure of rice seedlings to 30 uM Cd inhibited plant growth; increased the
contents of superoxide, hydrogen peroxide, and malondialdehyde; and induced Cd uptake by the roots and
leaves. Application of P to Cd-exposed seedlings decreased Cd-induced oxidative stress by enhancing the
capacity of ascorbate (AsA) production and ROS-scavenging, and decreased Cd transfer from the roots to the
leaves. These results suggest that P application alleviated Cd-induced growth inhibition and oxidative damage
by restricting Cd translocation from the roots to the leaves and maintaining sufficient levels of AsA.
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Changes in the content of cadmium (Cd) and superoxide (O, " ) in roots (A, C) and leaves (B, D) of
rice plants grown in the 30 uM Cd-treated hydroponics with or without 6 mM phosphorus (P)
application at the four-leaf stage after 14 days.
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Introduction

AIAARQY AFdst Bl Aleh= 547, w98 18l A8y 59 e¥aEe |55] 771 ot
(Galiulin et al., 2001; Kirkham, 2006). 7}=5 @ -2 $P4 A %S 714 Bt ohue} Ho A& X
ol IAIeE QIZHe] 7732 1 Sh= A AQI flol 8 A2 7HE| 1 Qlt) (Jan et al., 2015; Nagajyoti et al., 2010).
7HEE-2 ARFARQ1 AE Aol Fo8 4 © & 2R851H Ao Wolfoto] Ba] o] AgS A et o et B ]
2t2 Dpg=50]2 (Cu, Zn, Mn, Fe 5)& Z3eE tHlA=0] F&0].2.5 2]8eho 244 HERES- (fenton reaction)
2 ¥ 97|37, superoxide 202 2] (0, " 7), LS4 (H,0,) B 4471 22 (hydroxyl radical, OH *) 5-2]
44 (reactive oxygen species, ROS)2 WY AIA AL Yol A 2] & 7bitebab-8-3- o790 2 4 Al ek 1t
shal 54 0 2 M|LE APEAIZITH (Barcel6 et al., 1988; Jung et al., 2015, 2016; Lagriffoul et al., 1998; Vassilev
and Yordanov, 1997; Vassilev et al., 1997). £5] 7}=-5<] oJs] AYH ASHA AEHAE SAAAAZTO ML Y =
o2 Qlafo] TSHE, T, 217 9 Shte) kel AL S vl 1 AT B P WRto] 4
Ay 01 A 7]%5-2 A5t (Gayomba et al., 2013; Singh and Agrawal, 2010; Singh et al., 2006, Xu et al., 2014).

AlEolA 7HER0] S A lew EY Sl EAI0k= ool BlEld o & S4F oA, Jdd S5 71 Em-2 Al
Uj9] T EA x2o]| =A%t} (Jung et al., 2016; Yan et al., 2010a, 2010b). L& A1E-L 61 555 71 =5
O] B/ Fa-stelr] f1al] vhadRt Ae] - Akl Wl A A'lS 7HEsle] AlE54dS =5 SkalAT /it (Raven and
Loeppert, 1997; Salt et al., 1995). Z}=g°ll ool -F-= % S/ AF0] A7 = AR A (superoxide dismutase
(SOD), catalase (CAT), peroxidase (POD), ascorbate peroxidase (APX), glutathione reductase (GR))°]| 2J3F G4
2191 47]9} FAFSIA| (ascorbate (AsA), glutathione (GSH))oll 2| H| G4 A7 & 7|WHO 2 3F F=5} A| Ak o]
AA| W] Fa3F SAAF A R0 2 AAdS)E]o] It} (Gill and Tuteja, 2010; Talukdar, 2012; Zhang et al.,
2013). 7F=g0l ofofl - vl EAdAAE O] A7 0] itetas: 9 H A2 Q1 GSHO| gt 71's-2 of2] A5
Foto] 2 & AR (Harada et al., 2002; Meuwly and Rauser, 1992), A13}4 91 AEH A0 oJ5]] o7 EAd 4t
& 27, AFSh 29 (redox) 24, HIZET7], AlAE/d7d 9 4% DNA B+ 5ol Toloh= AsA 9] 7153} 2
oA A7} n] &3t AYefo|tt (Kerk and Feldman, 1995; Luwe, 1996).

7FE5 0] AlEol= 2] Aie g thEe] ol o] 259 oAkl wet S B S2AH =
7| EPATE (Fergusson, 1990; Jung et al., 2016; Lee et al., 2012; Park et al., 2009). H|=.2] 3.9 4 0] 51421 2l
FEsl HA-0] ZA7ARgof TRt Ay Al o] ATHEIIEE Foto] SR A= A midE sk gl A
Aol B7-51aL (Brachhage et al., 2014; Gomes et al., 2014), 7F=g3} Q12 A4S AT A= A H A E04 9]
AHE AlLlotal o e mZIgH JHjo] = Zlo]Qle A7 BT A 0 & THETH (Arshad et al., 2016). 91 2]
=9] FH oLzl ofd| .= Al 4FQ14F (adenosine triphosphate, ATP) A3} o] 3] §4ARKS-S 71510 Cdo] 54
of ofsf| WA E= B ditAaE Ao Told #at ope} AlE 0] S R0 avE LERATt (Jalil et al., 1994;
Mishra et al., 2014). TH = B0l Cd3t Po] AF5 AT slfAdof shte] il ©halzt & 4= 9l AtstA| o] M
Slof| et A =gt nlH|gH A Efolot

webA 2 e 7EEg FAolA Mol AE=47340e S1%E AR QIS "SR QIAE Ol W 7H=E2
AEH01E Bl 7HEgol ot A543 Ak B/ditad 2 A S ARSI oI5 5

= o =
St Zh= o8 7 e Tt bRl SitE Al 7124 8l 584 A=E Alg stk =gt
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Materials and Methods

BAME B FAE70% olehE= 217t oS, 2 mL L -8 A
(8% ipconazole) -S-Hof|A] 48AI7F FRF HHARASE & 742 FAE $Hd0] )73t AatH FARE 30°CollA]
48A17F A 9 oA Rl & FUotA AR 1.5~2.0 €719 F-H-E AEste] =74 (1 mM NH4NO;, 0.6 mM
NaH,PO;, - H,0, 0.3 mM K>SOy, 0.2 mM CaCl,, 0.4 mM MgCl, - 6H,0, 45 uM Fe-EDTA, 50 uM H;BO3, 9 uM
MnCl, - 4H,0, 0.3 pM CuSO, - 5H,0, 0.7 uM ZnSO, - 7TH,0, 0.1 uM Na;MoO, - 2H,0, pH 5.6) 2.2 2 $] 2 5737
Hi-8- H= (Yol 8- 22 e &, 718} of] o] Alofal, Zpdagol| 4] Srofgte] a2k 30/25°C, ATHEE 60/80% 2
A== A Esaretd) 24 sfellA 4 G717 BEAIK AEZAE 2 Aol AAAER o 8ot
(Jung et al., 2015; Kamachi et al., 1991). Jung et al. (2015)°] oJall 24 ¥ A2l ATLE gt 71=F (Cd,
CdCl) ZAA 25 %21 30 pMI}F 4 AHIA] 1 (P, NaH,PO, - H,0)9] 5735521 0.6~3.0 mM H YRt} =26
mM P& 2 A5 915 A2 s 2 AAot3Iet. ek Cd 2 PA|E|of w2 pH Blsh= F42] 9] 5.5~5.7 #9]et
H| wsto] 701291 2o 7} glSlrh. M50l 4R 4%3719] F-Hel 30 uM Cd T= 6 mM P& A 23t $ 149 o] 27,
A, 21 APFE ABFS AL, A] E ASH] B4-S flote] AEAIE AF sttt 1 AF e AEA
S ma)el 9o g Halshl, Zb7] B2 100 mg®S E-tubeol] Bo] A AR F45 T HAZ o2, -80°C ] 24
2§ 5aro] Bytotolct.
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AEH W FiEED O B M AEA| 42 SEEEAer AEA Al F5te] AAlskairt
(NAAS, 2011). 57320 315 497191 30 uM Cd E+= 6 mM P2 A2]otal, 14 Fofl A=A 52 (e,
D= Liro] 2t of 52 E4t SRTE AIARE ThS, 80°CollA] @ds] Azt 5 Zafisto] 24of ol 8steitt.
A ZA19] Cd} PR B8 9f5te] A]=2] Eolli= Graphite Block Acid Digestion System (ODLAB Co., Ltd.
Seoul, Korea)= ©]-85131 11, BHAI = 200 mgofl 24 14 mL-& @37 AHESRE 2ojjel-S- o 72] (No. 40, Whatman,
Buckinghamshire, UK)ol4| 0ASE 2452 A AT cf2of| =2 ehEat=nt A2 7] (ICP-MS, Agilent 7900,
Agilent Technologies Inc., Santa Clara, CA, USA)E AF8-51 Cdat P -2 S5kt

olr

ot

lo

EMAA ST X|EDSE 2M Superoxide &1+ 2] (superoxide anion radical, O, " 7) &2 Elstner
and Heupel (1976)°] 2J&l] 7|5 WS AF851] SA5T A BAIE uipapdel] Y A AR 4 5 2A|
715, nlAgt Edo] = upafigh of2, A|=of 1 mL2] 50 mM K-phosphate buffer (pH 7.8)5 o] & S3MA|H Lt
1 5 EFNE 4°ColA 12,000 rpm2] HEE 1087 PAREEIHE 200 uLo] AN 50 pLo] 10 mM
hydroxylamine hydrochlorideS 2-2 %, 25°Col|4] 6027t FF-SAIH . 1 RESA|Z] 100 uL2] 1% sulfanilamide
7} 100 uL2] 7 mM napthylamine= 37}5t0] 28 HH-gHS AT O, "~ &2 530 nmolA g d =R o=
ZA5193, B NaNO, 971548 E&519 Akt 018513t

FPAFS}EA (hydrogen peroxide, H,0,) €52 Jana and Choudhuri (1982) 2] W& o]-g5lo] Egge A2 =4
SHTt. 9191 0, " ~ A olA] H|x=2 YAREE 200 pL o] FEH0] 20% H,S0401 0.1% TiCL7Hal=lo] A=
TE§-4 200 uL -2 %, 10,000 rppm 2] £ 2 30427+ Gl E]ote] G2 A HS B3 AIE o851 410 nmol|

A Z745HTE. Hy0, 32 0.28 M em™ 2] B-23714= (molar extinction coefficient) & AF85o] AFE51ITE

jlle}
T
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Oll
St

2 APk 0] 2] EoleE291 malondialdehyde (MDA) A843%2 thiobarbituric acid (TBA) HIH- o1&
ZAs15tt. AEA1E wRpbArDoll YAl 20% trichloroacetic acid (TCA)®I 0.5% TBAZ} -&-5l%] o] Sl= gt
gof mhafel th, 20,000 g X2 1527 iEesto] s stk o] A 100°C°ﬂ/\1 25
%% Th ice batholl "401 YZEAZ] &, TFA] 20,000 g9 HE = 1527 AAlEeste] 2EH o2 A2 AN
FEEAE 01*0“5}04 532 nmoﬂfﬂ S35E 5795k, 600 nmol|A ] S35 4L = HASIGIT:. MDA A%
156 mM' cm™ o] 5 FAIG-E ]85} 4AFESHT (Buege and Aust, 1978).
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SEASIR| A XA (cysteine, Cys) TEES Gaitonde (1967)©] HPH-S o] 8510] 245151t} 560 nmolA
A& 0] FBEE ok, BE2| S ol 8sto] AAH|Ql otk AFEsIIT
=T EFERZ (glutathione, GSH) 2Fg-2 5745171 9l5t9], A2A1E 2R el Wil Al A 545 S 2 AR
Mgt Edto| B & upAfiotict, 1 A& 1.2 mL2] 5% (w/v) S-sulfosalicylic acidE € o] GSHO] A13}E 4
F1, 71 5 S 4°C 2] 12,000 g SR 1027 Y425kt 200 pL 2] A7 Hof 800 uL2] B3 (143
mM Na-phosphate buffer (pH 7.5), 6.3 mM EDTA, 0.22 mM nicotinamide adenine dinucleotide phosphate
(NADPH))= -2 5100 pL2] 6 mM 5,5-dithiobis-2-nitrobenzoic acid (DTNB)E 7 }oto] %% FH-g-H-& Aot
Aot WS- 7HAIE $o1] 0.5 unit©] GSH 2H G 4 (GSH reductase) 2] 3715k, 412 nmolA 182 59 S8 20 H
skE Z75toltt. A8 w2 GSHE B3| A4S 2dste] 217] Al 5.2] GSH Tk AFESHITH (Meister and
Anderson, 1983).

OFASTH|O] E (ascorbate, AsA )= Law et al. (1983)°]l 2Jslf 7HdE S4H-2 ot §iadsto] St 2 Al=9]
B 525 el Z1SEIGLT, o8] 5120] AsA S ol §51] BEFTITAL AL, S141e] 27] 24
=9 S5 o] AsA TR Altsigith

SAME 2 d4= LU iR Rk R 2AA 36t e HlofE o] FAAE= Statistical
Analysis Software (SAS ver. 9.2) &2 1385 o]-85}] Z2] 7+ EAHEA (ANOVA)S AAGHALE #2|e] a3b=
Fisher #4212 A7 (p = 0.05)& Eo1o] Fo14 H-5-5 TdslA dlojeli= Baigh+ BEQAEE Hsholrt.

Results and Discussion

AMSMEEIS0 Olxl= Q1o FE AN 49719 W ol Cd R P A 2o b
AR EF& AR A= Table 12 2t B Aol A G o] 124 Q1 Zfol= Rl 4= I3l
© Hhd FAj2| ot vl et Cd A Bl 2 AT e BFE AaAzlnh 2R Cd + PAEOlA = Cdo] =

Jo = It A7 F @A 5] 7= Itk (Table 1). o= Cd 2EH| A0 lLeEH o] AEFE2] 7-9olA % PA|
Sof et AEF2] Z71E UE= H et -fARH AE HodsE1 Ut (Jiang et al., 2007; Sajwan et al., 2002).
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MEH 2o FIEEHO| PAS] T2 AIBA 291 cdo] AEo] P WIS Slsled, Cd H= Cd +
P 7ol Cd 9 PRlES Mejel Lo 2 Liro] 2]  14%0] o}, Bejollq Qlrtfojon o
55] 38 AT eI, T2 Cd + PA|oAE Bajmat ojjz} oA cdo) Az dolt ol o
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Table 1. Effects of the application of phosphorus (P) on the plant growth characteristics in rice plants grown in the 30
MM cadmium (Cd)-treated hydroponics with or without the 6 mM P application at the four-leaf stage after 14 days.

Treatment Plant height (cm) Leaf ageJr Shoot dry weight (g)
Control 45a 49a 0.112a
6 mM P 43 a 49a 0.109 a
30 uM Cd 41b 47 a 0.089 ¢
30uMCd+6mM P 42 ab 48a 0.097 b

"Leaf age indicates the number of leaves.
TMeans within a column followed by the same letter are not significantly different at the 5% level based on Fisher’s least
significant difference (LSD) tests.
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Fig. 1. Effects of phosphorus (P) on the cadmium (Cd) content of rice plants grown in Cd-treated hydroponics. Rice
seedlings at the four-leaf stage were cultivated in a hydroponics containing 30 uM Cd, with or without 6 mM P, for 14
days. Following treatment, the levels of Cd in the roots (A) and leaves (B) were measured via inductively coupled
plasma-mass spectroscopy (ICP-MS) analysis. Each data point is the mean + standard error (SE) of three replications.
Means denoted by the same letter are not significantly different at the 5% level, according to Fisher’s least significant
difference (LSD) tests.

A=A (Fig. 1). 13y 7429t pAE] 9] Cd2 B A %ﬂ] FLlolM AEEA] et Cdo] A 2ol &
- OB AE0] Fipoll whet vt 2 UEhdith T3t AlE0] ﬂ 71, 1, 1@l FH 5O 2AFeER
I Z 2ol Helrh o] = A= B 5ol whet 115 24 = 9] Cd 5+ 54 F=of et dolt Aol 7 g2 Al
AFsH= Zlo|tt (Fergusson, 1990; Park et al., 2009; Jung et al., 2015, 2016).

Cd + PA|2]of] mhE P2] F=po] Qlof, P& A2fskA] ob2 Hielo] Falg]ot Cdfﬂal ol SAAR Ale|7F gliE

A ofld= CdA 27 HFA R Het @ 5]2] =2 e UERt: PotEe] 74-%, PAIE 24 stofld Cdol A+

Oﬂ et ] et Qf Tofli=oleh HkgAtol & H.Glrt. e o] pota> Pﬂﬂloﬂ/\ﬂ Cd+PAHHT}FFoJ o= =7 4
el 3802 Ca s A PRl 50 5 B8 Uebi e . o1 e

SEAE, 2
il 1 sl0:29) L= o A3 S el 16 042 b, 501413
F21 9.0 2 0] Mol F 449 TAAF 0 2H HREH ]I 7 FE/dS ¢RtA|7|= A o &2 TekET) (Jiang et al., 2007,

Mishra et al., 2014; Sajwan et al., 2002).
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Fig. 2. Effects of phosphorus (P) on the P content of rice plants grown in cadmium (Cd)-treated hydroponics. Rice
seedlings at the four-leaf stage were cultivated in a hydroponics containing 30 uM Cd, with or without 6 mM P, for 14
days. Following treatment, the levels of P in the roots (A) and leaves (B) were measured via inductively coupled
plasma-mass spectroscopy (ICP-MS) analysis. Each data point is the mean + standard error (SE) of three replications.
Means denoted by the same letter are not significantly different at the 5% level, according to Fisher's least significant
difference (LSD) tests.

EMMAZTL X FAMEL HEE FIEREAOR Qlote] FElE ASH] AEHA A B $loto,
Cd = P& A251al A2 - 14| superoxide 2} H,0, 215 B A 7p4Tel2-8-0] 2| ofethz4 Q] MDA A%

Superoxide 2Fgol 1o, T4 2|2t pA 2| 7He] Big]of| A= FA1A] Ztol7t gISIt (Fig. 3A). L A9t Qlofx=P
A7t o2 Ao vls foA o2 A VERE HHH CdA 22k vl of|xl= SAIAR] 2tol7t it (Fig.
3B). FA{2]et Hlw et Cd A 2] 9] superoxide PHg-2 Bhe]of| A= 7.6l Z12]27 loflA= 15817 A A= A=l
&1L, Cd + PA =] o] FE]of A= 1.38] Z18]al o= 28E AAaAI 2T (Fig. 3). 12U ol 2] PAle] B Cd

079 Root 307 Leaf
- a a
0.6 2.5 -
3 = a
B 0.5 [
- b - 2.0
o0 o0
S 044 2
E E 1.5 b
E 0.3 1 ‘é
C
N -
g S 1.0
S 024 S
o o
0.1 4 [ ¢ 0.5 4
0.0 - 0.0 -
Control P Cd Cd+P Control P Cd Cd+P

Fig. 3. Effects of phosphorus (P) on the levels of superoxide (O," ') in rice plants grown in cadmium (Cd)-treated
hydroponics. Rice seedlings at the four-leaf stage were cultivated in a hydroponics containing 30 pM Cd, with or
without 6 mM P, for 14 days. Following treatment, the levels of O,  in the roots (A) and leaves (B) were measured.
Each data point is the mean + standard error (SE) of three replications. Means denoted by the same letter are not
significantly different at the 5% level, according to Fisher’s least significant difference (LSD) tests.
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A2 B 2 AR UERIAIT, Cd + Pﬂﬂloﬂfﬂ—‘s 25]2] QA A=A o= A=A WellAle] g

O = Qlste] Cde] FejollA Slo= Ho ]—g— M] superoxide A4S 7HAA]7)= 2.0 2wk,
2] ©] H,0, T2 superoxide®} I3t A0 2 CdA=lellA S7HIE WA (Fig. 4A) AelAle @512 FA]

Het b YA AEslen, 59 PXJEMl 1 VJ A2 e HEr E‘r(Fig. 4B). CdZJ2]ol| PAL&o] T2 H,0,

A sl olol, Frejelide oRE daAzlE B SRIE QAT ol o2/l 2fol7t gI3iH (Fig. 4).

VIS5 0] 3411 MDA A5 - RAele] 13 Cafelel Belol A 2.9 121 A 1o
o] A=Ak, 12 X|9t Bie|ef Ql BFo A Cd + PA R IE Cdo] =/ 0 2 i Fi= MDA S W
F= 8= eRIskTt (Fig. 5).

_E

Nl

>
=

0.8 Root Leaf

-1
H,0, content (nmol g~ FW)
S §
-
H,O, content (nmol g'l FW)

0.1 4

0.0 - 0 -
Control P Cd Cd+pP Control P Cd Cd+P
Effects of phosphorus (P) on the levels of H,O, in rice plants grown in cadmium (Cd)-treated hydroponics. Rice
seedlings at the four-leaf stage were cultivated in a hydroponics containing 30 uM Cd, with or without 6 mM P, for 14
days. Following treatment, the levels of H,O, in the roots (A) and leaves (B) were measured. Each data point is the mean
+ standard error (SE) of three replications. Means denoted by the same letter are not significantly different at the 5%
level, according to Fisher’s least significant difference (LSD) tests.

A B
25 - Root a 357 Leaf
a
> S 30
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Z 204 z b b
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= c > 4
2 10 ¢ g 15
=] =]
2 2
=" = 10 4
<
é 5 =)
= = 54
0 - 0 -
Control P Cd Cd+P Control P Cd Cd+P

Effects of phosphorus (P) on the levels of malondialdehyde (MDA) production in rice plants grown in cadmium
(Cd)-treated hydroponics. Rice seedlings at the four-leaf stage were cultivated in a hydroponics containing 30 uM Cd,
with or without 6 mM P, for 14 days. Following treatment, the levels of MDA in the roots (A) and leaves (B) were
measured. Each data point is the mean + standard error (SE) of three replications. Means denoted by the same letter
are not significantly different at the 5% level, according to Fisher’s least significant difference (LSD) tests.
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7IER5Y ARtE SRt AR AE A A=) BHAAE: (superoxide @t Hy0,) 1 A A4S 2H8-0] 2|E4l=
I MDA /&g §lol, o] Al &7t &ds] Lrehd=S BRI 4= QISITt (Figs. 3~5). Cd + PAlo|A Cd 5=
o Bie] A e o) v Bo| X BhA = T 5 Yol 2500 HEAE @Asto] A Y=o Mol & 25
L A7E 2 S5 92 Aot} (Siebers et al., 2013). 1ol % B Lok 92| 0] A1 Ao} v H 1= BhE
V221 (wheat) ol 4 9] Aol A ZobE: = 21317, PAIEOl Wt H,0, A d o] Ahad o =ad A4l 218t
A1} hotEth= A2 A|A5HIT (Arshad et al., 2016). 12|22 pA]2jof tkE CdQ] T4 o|BA L 715
5402 Qlofo] o) Eli= E/dAtAE <] superoxide®t HoO, H 2| A 7H4181AR8-0] 2] 5315HE2R1 MDA A3/d%]
Aas olojfl o g M, ¥ {1 O] 7tE g =/d7 o] BaHE Uehli= 2 0= wigETh

i

ot Atah 2SR S 7HEgo] F53lof Qlo] Fatt g HHohs ot iAtel A 2H|Q
(cysteine) 2} 4FSEA?] glutathione (GSH) 2 ascorbate (AsA) 2] FASHE S751AAT]. A AH| I Hsto] Qlo], B
A2jot Bk pA 2] HE AERA Fo2 0= w2 AAHQl oS Uetilich. 18 ]9F CdA| 2] 9] Hej=
Cd + PA2|Hr} 22 oleks B olH ¥, Qo= vite] ko =2 @53 A UelRlth (Fig. 6).

GSHO] 739 Bre]of| A= Cdk PA] 2] Thell SAI 2 Q1 2ol 7t 1A HFA 19] -9 Cd + PA| 2ol 4] tha WRA| Lt
g gl 4= ATt (Fig. 7A and B). Cd= 2] 2|51A] b2 74 2o Qlof, PAIE- ol whet iee} 9l o] 7 4]
HFo| A AR Aol & LERIA] 224A]9ECd + PAE]o| A= AsA Fgo] AA] 57 Fe-& Wt 4= ASITt (Fig.
7C and D). Arshad et al. (2016)2] E A2l A = Cd 2EH A Sl A PA ] Fof || 0= AsA 9Fgo] &
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Fig. 6. Changes in the content of cysteine (Cys) in rice plants grown in cadmium (Cd)-treated hydroponics. Rice
seedlings at the four-leaf stage were cultivated in a hydroponics containing 30 uM Cd, with or without 6 mM P, for 14
days. Following treatment, the levels of Cys in the roots (A) and leaves (B) were measured. Each data point is the mean
+ standard error (SE) of three replications. Means denoted by the same letter are not significantly different at the 5%
level, according to Fisher’s least significant difference (LSD) tests.
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Changes in the content of glutathione (GSH) and ascorbate (AsA) in rice plants grown in cadmium (Cd)-treated
hydroponics. Rice seedlings at the four-leaf stage were cultivated in a hydroponics containing 30 uM Cd, with or
without 6 mM P, for 14 days. Following treatment, the levels of GSH and AsA in the roots (A, C) and leaves (B, D) were
measured. Each data point is the mean * standard error (SE) of three replications. Means denoted by the same letter
are not significantly different at the 5% level, according to Fisher’s least significant difference (LSD) tests.
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