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Mitigation of Different Forms of Exogenous Nitrogen on Cd Toxicity to Solanum nigrum

JIANG Ting, JIANG Bei-bei, PAN Yuan—zhi", TAN Miao, ZHANG Meng—qi, YANG Ya-nan, LIU Shi-liang

(College of Landscape Architecture, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: Cadmium ( Cd ) pollution poses a serious risk to human health. Solanum nigrum is a Cd-hyperaccumulator. However, Cd ab—
sorption by Solanum nigrum may be affected by different forms of exogenous nitrogen. Here we did an experiment in greenhouse to investi—
cate the effects of different forms of exogenous nitrogen( NO;-N[NaNO;] . NH;-N[(NH,),S0,] and NH;-N+NO;-N [NH,NOs]) on Solanum
nigrum seedlings exposed to 40 mg-kg™ Cd in soil. At certain concentrations, different forms of exogenous nitrogen significantly relieved the
Cd stress on Solanum nigrum treatment. Under Cd stress, the CAT and POD activities of Solanum nigrum leaves were significantly reduced,
but SOD activity increased at first and then reduced by different concentrations of NO;—N. Exogenous NHi—N increased CAT activity at first
and reduced then; however, POD activity was gradually increased but SOD activity reduced by NH;=N. Applying NH;—=N+NO5 =N increased
CAT and SOD activities, while led to a rise and then reduction in POD activity. Superoxide anion production rate, GR activity, H,0, and
MDA content of Solanum nigrum leaves under Cd stresses were significantly lower in exogenous nitrogen treatment than in no—nitrogen
treatment. Exogenous nitrogen increased AsA content and APX activity, compared with those of no exogenous nitrogen treatment, Low con—
centrations of NO; —N increased GSH content. The experimental results show that NHi —N is more effective in mitigating Cd stress of
Solanum nigrum than others.
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Table 1 Experimental design

JbE AL e SIS i Cd/

Treatment Nitrogen form J& /mg kg™ mg-kg™!
CK 0 40
T1 NO;-N(NaNO;) 25 40
T2 50 40
T3 100 40
T4 200 40
TS 400 40
T6 NH;-N[(NH,),S0.] 25 40
T7 50 40
T8 100 40
T9 200 40
T10 400 40
T11 NH;-N+NO;-N(NH,NO;) 25 40
T12 50 40
T13 100 40
T14 200 40
T15 400 40

H:T1-T5 /8 NO; =N (NaNOs) &b ¥ [ A [F] ¥ J& 5 T6-T10 £ IR
NH; =N[(NH,):SO, 40 B A AS [R] k& ; T11-T15 278 NH;-N+NO;-N
(NH.NO3 ) AR AS 6] e i

Note:T1-T5 represent different concentrations of NO; -N (NaNO),
T6-T10 represent treatments treated with different concentrations of NH: —

N[(NH,):804],and T11-T15 represent NH;=N+NO;-N(NH,;NO;) treatments.
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JEZEHE 2K RE S Cd R AR AR T A
JEF A E BT (IR S B2 AR A FRA A
AA320N HY)I g T 25 b b A T 385050 & o
1.3.7 JpEAY R

AbFE 45 d J5 SR R ISOIR R A AR . T2
TRACK ISR (AR BRI B 3 I 2% ki, K RE R 2 R
HE 25 = ER A, HERR PR 7 105 “CHEAR N R TE 30
min, FEAE 75 C N 240 8, A bRy SR 25
I BRI
1.4 EIESHT

K Excel 2010 X256 B4 £ 1 700 2315, 78
SPSS 17.0 b7 R 3 )5 2253 \Duncan’s Z 1 [,
BT, B 2R 7 224656 (One—way ANOVA ) Fld /)N
B2 22 R AT (LSD) , fie 5 R A Excel 2010 i3
PR, 5K E «=0.05,

RUIRER iy MERYETC AR
2 HERE5HH
2.1 ARAEESREZX LZEERKMZ N
H 2 2 I R SR E XS0 B3 A

Yy R S B 2 S, T e 2R R A
(TE)EWAK, SAMEEIIA R EE NO;-N [/ g%
Mo BB B T CK, Bt sy T H i NOs-
N B2 F 358 n i 28 3 n LTS b3 AR CK ¥ T
62.80%., NHi-N FJ520 5 NOs—N AH{L, B NHi-N 4b
PR R IR T E N f 2 . NHi-N+NO;-N &b
PER RS AT i ST A AR B AR R (HX
2 N 15 o s 6 AR T NI & S S = 09 |
A, NHI-N 40 BE - 38A: 9 i (510 38
I BT NO;-N 8% NH;-N+NO;-N,
22 RNEAESEEWNZEZES Cd SER M
M 3 RIE AN NOs-N J& , Je 28 it I
AL TR Cd FRER S A2 2B 52 m, Hib 3 Cd
FrE I S T R R b NHI-N (945l Ab B rp i
LR Cd i B8 b 2%, B0 8 09 B A
O, T10 M BEAL TR I 2543051 Cd & ik Bk
R 2 Cd B TARRRASE S S FEFnH T Erm

Table 2 Effects of different forms of exogenous nitrogen on shoot

and root dry weights of Solanum nigrum under Cd stresses

pisa AREL

e/ AW Biomass/g:Plant™ D.W.

Treatment  Nitrogen form  mg-kg™ i [ Shoot  Hb F3# Root
CK 0 5.86+0.41g  1.31z0.11e
T1 NO;-N 25 6.08+0.60g  1.35+0.08¢
T (NaNO;) 50 6.84+0.97efg  1.49+0.07de
T3 100 7.06+0.38¢fg  1.82+0.15¢d
T4 200 9.52+0.18bc  1.56+0.07de
TS 400 9.54+0.41bc  1.66+0.30de
T6 NH;-N 25 6.35£0.89fg  1.54+0.02de
T7 [(NH,),S04] 50 7.36+0.27ef  2.1620.18bc
T8 100 8.89+0.56cd  2.16+0.10bc
T9 200 10.39+1.86b  2.29+0.39h
T10 400 11.76+0.74a  2.33+0.58b
Til NH;-N+ 25 5.97+0.65g  1.39+0.14e
T12  NO;-N(NH.NO;) 50 6.92+1.07efg  2.36+0.18h
T13 100 6.99+0.10efg  2.49+0.19ab
T14 200 7.95+0.67de  2.82+0.10a
T15 400 9.58+0.47b¢  2.86+0.09a

TE AL PRRIR 1, [ FAN RS FRER IR 4 A BRI 9 22 57 2 25 (P<

0.05), T,
Note:See Table 1 for treatment detail. Different small letters within a
column indicate significant differences between treatments ( P<0.05). The

same below.
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. NH;-N+NO;-N X} B2 FL R Cd Ffivk & 7t

i B THRRE S 2R 5 I =M RE S R
JeFEBLR Cd BN T K1, NHI-N S REfe it Je 25 PR

Cd,

23 AEESREZXLZEIF MDA §E2/50T
1 AT, 7E 40 mg-ke™! Cd ZbBE T A= KA e

2 AMERIMAFRIE SR E G, M A MDA & 7t i

F B, NO;-N il NH;-N AbHE R Jp 350 J- MDA &%

et P A A ER R B 3G I BRI, NH -N+NO5 =N &b

& 3 Cd B TARRIRSR R L2t EERF
T ER Cd FRERERISN
Table 3 Effects of different forms of exogenous nitrogen on Cd

content of Solanum Nigrum under Cd stresses

TR ZEN: i MDA 5 5 U i o Ak P e B ) 3 o 2 R
JeRE I TH RS B4 B TR (I A MDA & &5 1H
fiXF CK. H =FPRZTE AL T JE2% MDA &
TR, NOS-N 4B (g g 250 - MDA 55 i
JERFHABPRIEA
24 AEEEREMNEEMH R BRIABFEEER
N H0, 2K

WK 2 firzs 40 mg-kg™'Cd fil 38 rp A= K 1) Jp 26
FESMEREMAFRIE SRR G, ik R A B B 7
A BRI IRZE . NO;—N Fl NH;-N+NO;-N b F iy 4
AU B AR R B A R R A 3R B TR R A
Wk % I B PR A R (H P AL R CK P8 . NHi-N
ANFRR R AR A B S AR DR AR T10 Ah PR
JIME LB CK BRI T 38.10%., H It a] L, NH: =N X J¢;

WEE EERE AR Cd FAZ % content/mg-kg™!

Treatment Nitrogen form mg-kg'1 b |3 Shoot bR 3 Root % [H‘}ﬁ"‘ﬁ/f( m%%?iﬁ%é@ %ﬁ ﬂ@ﬁ‘iﬂ\jﬁ% o Iﬁ]*ﬁé
CK 0 332.09£18.77g  85.71+9.54e o, RIG MRS R JE S A& E WX e 2kt B
T1 NO;-N 25 342.17+44.06fg  86.34+8.36e H,0, é\%rfzﬁzﬁgﬁﬁ ”IJﬁJ , H NH;-N Xﬂ‘ﬁ% IH‘H‘ H,0,
Rl T

. + . anc . + o al E /j‘:, < N == F
T4 200 448.15+48.89bc  113.81+9.89¢d 25 REBSRRIZEM Fr SOD CAT POD &)
=1
TS5 400 417.22+27.45bed  100.526.64de B
T6 NHi-N 25 388.84+11.09def 93.39+12.94e 3 fron ,NOs =N ZbBEF /Y e 25 F () SOD
T7  [(NH)SOJ] 50  415.40£23.20bed 98.51+11.01de TP B AL PR R i S B T o e B AR A
T8 100 455.51+23.23b  130.98x15.08hc e T2 TSR AR, CAT F1 POD 154 ) fifi 25 4k 3
T9 200 521.33+16.82a  157.2021.00a Y FE I TF R TR RAATE . Jo 250 B ) SOD $EME7E NH:—
ST M g O EAR
=N+ 5 .68+15.90fg 3.36+13.53e B .
_N E =1 /A F R i i
TI2  -N[NHNOj| 50  375.14x12.86defg 118.31:20.40cd NO-N %Z)FHIE]"LB&E‘E{DHEt b N‘H“ N /J\Ojﬁ NH:
TI13 100 418.55+15.23bed 151.07+25.06a N ALFER i) CAT (AR D B b PR B2 (9 P e Tt I
T4 200 401.95:14.30cde 154.52+20.42a R 7E T7 AbPRIEPE K POD TEIZ M FE TG PR i R, H
T15 400 386.10£15.07def 154.67+25.64a LW FIIE Y E T CK, NH;=N+NO;-N 4hHI
15+
a b
Z b 1 1 b
"0 )¢ d
i = 9 Ml 4 ]]; de T a4
4o §- I ef
# 3 :
1 g 6k fg fg h
g
= § gh h
=
E 3 - ’{‘ ’{‘
"k T ™ 13 T 15 Te T T8 19 Ti0 Tl T2 T3 Ti4 TIS
N A N treatment

PR R NG TR R &b BRI 22 5 1 (P<0.05) . R I+
Different lowercase letters indicate significant differences(P<0.05) between different treatments. The same below
B 1 CdETARESERENLEM R B ENRM

Figure 1 Effects of different forms of exogenous nitrogen on MDA content of Solanum nigrum leaves under Cd stresses
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Figure 2 Effects of different forms of exogenous nitrogen on superoxide anion production rate( A ) and H,0, content(B) of

Solanum nigrum leaves under Cd stresses
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Figure 3 Effects of different forms of exogenous nitrogen on superoxide dismutase(SOD )(A ), catalase( CAT)(B) and

peroxidase(POD )(C) activities of Solanum nigrum leaves under Cd stresses
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Figure 4 Effects of different forms of exogenous nitrogen on ascorbate peroxidase( APX)(A) and glutathione reductase( GR )(B)

activities of Solanum nigrum leaves under Cd stresses
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Figure 5 Effects of different forms of exogenous nitrogen on ascorbic acid( AsA )(A) and glutathione( GSH)(B) content of

Solanum nigrum leaves under Cd stresses



R RBARE LSS HR A BT 1067

FHAANFEIR A E N Cd BR8] TEMEH . 5
S5 LR NOS-N X} F2&ff# Cd JHhia = A ROS K& H#
THE, MAEBARHE NO;-N 454 ,SOD J& &4
W EYR . X ATEERZK A SOD J&XHTROS 153
— AR, —ETEEN Y ROS B B4l ki &
[ SOD™, POD 5 CAT 7£ NH;-N 2R FBE T fiEfb 2%
fit ROS i B B F 2AEM, 4 NHI-N WK &
i, WAL POD 7EIF R ROS HRHEVE . MRILEHE,
AR A A NH: -N+NO; =N 355 F ,POD 7£ 45 %
ROS & # F2AEH . XAl B2 H T N 2 X & 2kl
& (CAT APX %5 )G 1R =5 1Y S5 A0 e 06175 5 [F) 1/
CAT1 il CAT2 LMY CAT 54fi{a % C A
TR COX)ZE5 M1 R RIS TG
3.3 AEFSREX Cd il T & 25 R m k- 4 bt
HEARSHEIR R HER

BUIR IR FRAF e H BRAE S Al A P 2 9 I E il
BrEALT], T LA BV E RS BRIG E  AHY T
PEAR RS W ra B, GSH S KR, A 5650 i
FE MG (9 AME NOs =N B, S 3% n] DL s 8 15
GSH R ZEFF AN B AAR P 1) S AL P, 9828 T Cd 1Y
BEME, W EER NO;-N MK T GSH & &,
B T ACIA TR . PROEZEXT NHIH NOs (AL
AR, 2 Cd JBihia A BE I3 AN [R] i xS AR i 1
JrAAE, FreAnT e R EEZE 1 GSH & 511
SMAFIEZE ST o

AsA BEf HHAF R H.0, 280 ROS H 5L, 10
ALl AsA-GSH IR BR H0, 55 it s MR
ANFTESEN, E2Ed AsA F 8% CK A i
T T BRIE PR AR RE T INSER , A% T Cd A EEH RO .
APX JEAHYIR N B Z P, E RS YeE
THEY) AsA-GSH JEFRAPLIs B AR ME T o A58 3R
B, AN I RIS = T 250 APX IE P, 5 T4k E
S ST 25 SR — S, AN I RE AR 5 T 4 JE e
Ty APX G, A R T AsA 194 1%, H2 55 I5 R ROS
H LRI RET) , Z2f Cd iiE

TEAARI A ST, GSH 3 18 iR J5 HL0, S 22 i
AALIEE , [F I GSH # %8 fk i GSSG, Tl GSSG X Af
PITE GR MIYEFI T 5k GSH, HILAT 1, fEE 4R
AR, 2 W H R IA S B (GR) X 16 M 4 1 T B ke 56
SRR FHR AR JFh AsA (13 FR B #E NADPH, T
NADPH ¥ & I FEAIE AT BERZ M GR 16 M, X T RESE 5]
AEATA IR 25 S () R N A W e I A — e PR it P
NH.-N Gefe AT Cd i, Cd Wi i) 388 in 5 1

T AL IHE T EE GSH, GR B2 GSSG ¥ J5 i GSH,
HOEPE SR . (Al Tt (NH,) S0, 23 FE Ik 115
pH fi, I H BRIk 3 1EH , Bl pH (B FRAIC,
R Cd Ay 25k, 51 M E AL e 2
FAR GR BTG , BOAR IR0 (0 45 SR 2 s v B ) NHE -N
REPRRRAG T e 280t B iy GR W& . [, GSH 7875 1%
ROS B4 B9 48 fb B GSSG, 1fii GR 1& PEREAK, Fr IR
HE SR GSSG ik, 53k GSH &1 TR

4 gEip
(SN A5 B 49 B B3 JE 35

B I CEFF R RS AW (T8, H NHi-
N b FEGT Ml 8 A 4 6 1 4 7 AR B (B A NOs-N
1 NH;-N+NO;-N,,

(2)5 40 mg-kg™ Cd [t (CK)FIEL , 2T R (1)
AR B 7R R o AR E (H0,) 5N
(MDA) & A FIE S A R AT Y 2R R FE
I REAL, RARIE S AR XY Cd FF A P
Zfif

GIMNER AR S AR — R Feidm
PUEAC TS M WG b A i, B Cd I
A A AR A  BCE AR RO . RIRTES R FE N e 25
Cd PR HEI T : NHi -N>NO; =N,

Sk

[1] Wu F Z, Yang W Q, Zhang J, et al. Cadmium accumulation and growth
responses of a poplar( Populus deltoids x Populus nigra) in cadmium
contaminated purple soil and alluvial soil[J]. Journal of Hazardous Ma—
terials, 2010, 177:268-273.

[2] KRR, PRIV 3K R K 5 v i e o 4 I il A% K X 7K A
M2 [)]. FREERL= 244, 1990, 10(2) . 145-162.

ZHENG Chun-rong, CHEN Huai—man. Transfer of heavy metals through
soil—plant system and its influence on the growth of rice[J]. Acta Scien—
tiae Circumstantiae, 1990, 10(2):145-162.

(3] EBOE, wiifse, Jhimal. FULTEASFIEE G X 1R T SR TR 544
TSR R RN, Al BREERL 2241, 2004, 23(4) :625-629.
WANG Ji—-qing, RU Shu-hua, SU De—chun. Effects of nitrogenous fer—
tilizers and chelators on absorption of cadmium by Indian mustard and
oilseed rape[J]. Journal of Agro—Environment Science, 2004, 23(4):
625-629.

[4] Hsu Y T, Kuo M C, Kao C H. Cadmium-induced ammonium ion accu—
mulation of rice seedlings at high temperature is mediated through ab-
scisic acid[J]. Plant and Soil, 2006, 287(1):267-2717.

[5] Alscher R G, Donahue J L, Cramer C L. Reactive oxygen species and an—
tioxidant relationships in green cells[J]. Plant Physiology, 1997, 100
(2):224-233.



1068

RAIEFF 2R EREET R

[6] BRAE AN, AR AL, B B, 5. —FiOB & B e kR AR R AR W) e 2E
(Solanum nigrum L. )[J]. B384, 2004, 49(24 ) : 2568-2573.

WEI Shu-he, ZHOU Qi-xing, WANG Xin, et al. Solanum nigrum
(Solanum nigrum L.) is a new discovery of cadmium hyperaccumulator
[J]. Chinese Science Bulletin, 2004, 49(24).2568-2573.

[71E AR R R, A5 FAS RS E 25 18 52 5 T e 13 (]].

FhE LR, 2008, 28(10) : 915-920.
WANG Lin, ZHOU Qi—xing, SUN Yue-bing. Intensification of Solanum
nigrum L. remedying cadmium contaminated soils by nitrogen and potas—
sium fertilizers[J]. China Environmental Science, 2008, 28 (10):915-
920.

[8] ¥ 75 £, VMR, SRITEE. RN KL I8 Z i 5 X 4 300 14 24 S iy K%

AW 22 51T, Al BT Rl #2441, 2012, 31(5) : 885-890.
ZENG Xiu—cun, XU Yao—zhao, ZHANG Fen—-qin. Difference of cadmi—
um absorption and physiological responses to cadmium stress in two dif—
ferent Solanum nigruml|]). Journal of A gro-Environment Science, 2012,
31(5):885-890.

[9] Eriksson J E. Effects of nitrogen—containing fertilizers on solubility and
plant uptake of cadmiumlJ]. Water, Air and Soil Pollution, 1990, 49:355-
368.

[10] SKAREL, =40y, sRAR B, 55, RIFIE SRR X KRR N FIE

e E A RS AR, 1998, 3(5):90-94.
ZHANG Jing—suo, LI Hua—fen, ZHANG Fu-suo, et al. Influence of the
form of nitrogen on the chemical forms of cadmium in rice[J]. Journal of
China A gricultural University, 1998, 3(5):90-94.

[ IR %, BR 7, £, 55 AR FERTAS [ dh F .o ol 2R

Cd AEZIALT. 18 F2E 252441, 1996, 7(1) :103-106.
WU Qi-tang, CHEN Lu, WANG Guang-shou, et al. Effect of chemical
fertilizer sources on uptake and accumulation of Cd by Brassica chi—
nenisis cultivars[J]. Chinese Journal of Applied Ecology, 1996, 7(1):
103-106.

(121 254, P R, RS A A B A A6 I B AR R M. JE 5
TR SR HA A, 2000 125-128.

LI He-sheng, SUN Qun, ZHAO Shi-jie. Plant physiology and biochem—
istry test principles and techniques|M]. Beijing: China Higher Edu—
cation Press, 2000 125-128.

[13] FZ [, B He. AEY R4 B 35 R SN, AR e 2R [J].
M A5 EIR, 1990(6) :55-57.

WANG Ai-guo, LUO Guang-hua. Quantitative relation between the
reaction of hydroxylamine and superoxide anion radicals in plants|J].
Plant Physiology Communications, 1990(6) :55-57.

[ 14] Patterson B D, Macrae E A, Ferguson I B. Estimation of hydrogen per—
oxide in plant extracts using Titanium (IV)[J]. Analytical Biochem—
istry, 1984, 139:487-492.

[15] Cakmak I. The role of potassium in alleviating detrimental effects of
abiotic stresses in plants[J]. Journal of Plant Nutrition and Soil Science,
2005, 168:521-530.

[16] Nagalakshmi N, Prasad M N V. Responses of glutathione cycle enzymes
and glutathione metabolism to copper stress in Scenedesmus bijugatus

[J]. Plant Science, 2001, 160:291-299.

[17] Law M Y, Charles S A, Halliwell B. Glutathione and ascorbic acid in
spinach(Spinacia oleracea) chloroplasts. The effect of hydrogen perox—
iode and of paraquat[J]. Biochemical Journal, 1983, 210(3):899-903.

[18] Milosevic N, Slusarenko A J. Active oxygen metabolism and lignifica—
tion in the hypersensitive response in bean[]]. Physiological and Molec—
ular Plant Pathology, 1996, 49(3).143-158.

[19] Hr R BE b Y A4 PO B IR A 203 S0 1 g (M.
JHT B AL, 1999:314-315.

Institute of Plant Physiology & Ecology, SIBS, CAS. Modern plant phys—
iology laboratory manual[M]. Beijing: Science Press, 1999:314-315.

(200 il R, AB R, LR, 55 SHAXHCER A K A SR o)
BRI BLAIFE ). 0l 2#4H, 2013, 3(22): 154-161.

LIU Shi-liang, SHI Xin-sheng, PAN Yuan-zhi, et al. Effects of cadmi-
um stress on growth, accumulation and distribution of biomass and nu—
trient in Catharanthus roseus[J]. A cta Prataculturae Sinica,2013,3(22) .
154-161.

RO, HE, kB 5F AR FIE SR AR R SRR R R0
[J]- BT R 24 (Rl S A i R0, 2008, 34(3):327-333.

LI Ji-guang, LI Ting—qiang, ZHU En, et al. Effects of different nitrogen
forms on cadmium accumulation of Sedum dalfredii Hancel]]. Journal of
Zhejiang University(Agric & Life Sci), 2008, 34(3):327-333.

2214 i, F K, TR, 55 R RR IR 260 T LR SRS KRS Lo

SMRFEFE AR ST W], AW IR EERF 24, 2006, 25(5) :
1202-1207.
YANG Mao, WANG Huo-yan, ZHOU Jian-min, et al. Effects of ap—
pling nitrogen fertilizers on transformation of external cadmium in the
paddy soil with different soil moisture[J]. Journal of Agro—Environ—
ment Science, 2006, 25(5):1202-1207.

(23] ¥, JCIHE, PLokse, 5. xR ol A e L R e
S]], A 2524, 2010, 30(2) :324-332.

TANG Ye—tao, GUAN Li-jie, QIU Rong-liang, et al. Antioxidative de—
fense to cadmium in hyperaccumulator Picris divaricata V.[]]. Acta
Ecologica Sinica, 2010, 30(2 ) :324-332.

4] Ik 5k ZE AP BETT IR S PTAAL A N]. 1h 4Rk, 2008, 21
(2):27-32.

DU Lin, ZHANG Quan. Glutathione and oxidative stress tolerance of
plants[J]. Shandong Science, 2008, 21(2):27-32.

[25] T2RZE, R, 4% I, A5 ANIRAS Ve T IR A0 A By v 1 2%
FROVE[T]. AR A= 252441, 2013, 37(10) : 950-960.

DING Ji—jun, PAN Yuan-zhi, LI Li, et al. Mitigation effects of exoge—
nous glutathione on the growth of Dianthus chinensis seedlings under
Cd stress[]J]. Chinese Journal of Plant Ecology, 2013, 37(10):950-960.

[26] Z=le 2, T 50, B ARAR, 55, SMIE NO X4 Blhia T o 4w =9t

I i R — 45 I R A B A 52 R (] 1 FH AR 2527 41, 2013, 24(4)
1023-1030.
LI Xiao—yun, WANG Xiu—feng, LU Le—fu, et al. Effects of exogenous
nitric oxide on ascorbate —glutathione cycle in tomato seedlings roots
under copper stress|J|. Chinese Journal of Applied Ecology, 2013, 24
(4):1023-1030.



