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Response of Eucalyptus DH3229 seedlings to
SNP-acid aluminum nitrate interactions
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Abstract: With Eucalyptus urophylla X E. grandis DH3229 seedlings as test material, a experiment was conducted to
study nitric oxide(NO) alleviate the toxic effects of Aluminum ( Al). In this experiment, E. urophylla X E. grandis
DH3229 were subjected to six treatments [ two levels of Al stress and three levels of sodium nitroprusside (SNP) ]. In

this paper, we measured four plant growth indexs (root biomass, stem biomass, leaf biomass, and root stem ratio) and
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nine plant physiologic indexs ( chlorophyll a, chlorophyll b, chlorophyll a+b, chlorophyll a/b, MDA content, relative e-
lectrical conductivity, free proline content, soluble sugar content, and SOD content) among different treatments. We
used one-way ANOVAs and Duncan multiple-range test to exam the differences between four plant growth indexs and
nine plant physiologic indexs in six treatments. And then, we used principle conponent analysis (PCA) to reduce the
number of dimensions without much loss of information based on similarities and differences, and we defined a limited
number of “principal components” that describe independent variation structures in the data. At last, we chose an appro-
priate SNP content to alleviate the toxic effects of Al. The results showed that Al stress significantly inhibited root, stem,
leaf biomass of seedlings, and the content of leaf chlorophyll a, chlorophyll a+b. Meanwhile, Al stress significantly in-
creased the relative electrical conductivity, MDA, SOD and proline content. The application of 10 wmol + L' SNP in-
creased siginificantly root and leaf biomass, the content of chlorophyll a and chlorophyll b, chlorophyll a/b under Al
stress; and decreased siginificantly the relative electrical conductivity, MDA and proline content. Apply an appropriate
amount of SNP could effectively alleviate the toxic effects of Al on Eucalypius seedling growth. However, high concentra-

tion of SNP could inhibit the growth of Eucalyptus seedling.

39 %

Key words: FEucalyptus, aluminum toxicity, nitric oxide, relieve, oxidative stress

BRCADTEIER N OUT XA TG i 2 52, (5
-5 pH IR T 5.5 I, 55 25 &5 & v 38 il
DL PRGN D, B aEEYER, B
TRV T4 FARAEY R 7 T, P DL AT RS
FEME B9 ( Kochian, 1995) , 4t A2 30% 1) + b
AR T pH KT 5.5 AR PE 3, Hoh 2 60% 1Y
PR PE T3 o A e R S rh B K, ARk th TR
LR AAED LA 2 DL S A5 A5 1 0 AL, 3 5
TR A AR A

BN (Eucalyptus ) 2R 13544 19 = KA
Rz — L2 T 5t b e B A (0 R AR J5 A
Z—, BB MR E VR AR T A E 5
X (FEE, 2004) , )P LR F % DH3229 Rl
AL AR IL T VS B )™ (SR K B 5%, 20125 3
T, 2015) o AR R T LA R R B A R 3R
PO 1 R SR AR R R g A R W] R
AT RE S 40 ] R R O A R R KA R
(Bt 55, 2011; mHZ8 B3, 2007; Nguyen et al.,
2003) . An] fg e 3 [ e Oy R T AR A A N TR
BRI I8, P25 w40 A R M 1 I 0 B A A bR
A7 07, GRS N AR b ) 3R 2 B TR E
MRl 2R 7 v R R AR Y ), AT, A 56 NO FEAE
Vit 4558 7E A AR S 2 &2 lBUs — e ki, &
RMAER 7 X0 NE G0 KEHKFEE
ZFFEY S I NO 4 22 fif #0557 F AR

(Wang & Yang, 2005; Zhang et al., 2008; 1% 5
T, 2009; #ALE, 2009; Wang et al., 2010) ,{H
KT NO AR 3E T 38 AR A 1 22 ik 1R T v o DL 4
T8, ANt % 7 AR AR A Ok 5 HC Al Ty =B A
AT BE B g e R i 5 P R R P b B R R R
ARICHEFEAR VA R W JE — AL A X & HFT
DH3229 f#FH i i, 408 NO J& 1
& i AR 0 T R P LA 0K i A A A K i 2 TR
=) SN v

1 Bt BB 5 B % ik

1.1 RS

B AR T PR BE SR AR Y 3 A 7 IR
{3 HL— 3000 BB B M DH3229 (J5 7% DH3229) 4 15
Hio 78 PH K 2% bk 2= B B [ L (108° 17 E,
22°50" N) #EATIRER, 2014 4F 4 K i AR B AE 2
¥4 500 mm( AR) x 400 mm ( 755 ) B, &
FERAEALER | bR, Je 150 K SR PR EL 1 A,
PRI I UG B B 58 1 IR K Hoagland 2 329K, B 7%
L EW LAHE, T 2014 45 5 A B ATl
WAL RGBS o A 2 AR 1 IR
HCI 5% NaOH ¥ pH #7975 4.1 ~4.2 B2 K Hoag-
land B FRW . R AHEAR R 43 A 4l AICL, - 6H,0, fiF
4 (SNP) 1EN— LA (NO) itk
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1.2 iXEIF It

KHSE 2 MMLIAK, 2% Yang et al. (2015)
g pam (2011) A5, B& A 23l , I E 3 > SNP
HeFE (0,10 #1500 pmol - L) F12 4 Al K3 (0 F
5 mmol « L), Hit 6 NP (FE 1), B 10 4
HE, BS5dEE 1 IREARFEIMREE AL FSNP 195 57
W, P2 20 Ji . CN-1 MR B2 H 8k U Ak gl il o | 5
FEWAY pH ] HCL 2% NaOH 87955 4.1~4.2,

F1 e

Table 1 Experimental treatment
Al K- SNP ¥ J#
QPR Treatment Al level SNP concentration
(mmol - L) (wmol + L)
ARPH T (X ) T1 0 0
Treatment 1 ( CK)
A 2 T2 5 0
Treatment 2
AbFE 3 T3 0 10
Treatment 3
Qb H 4 T4 5 10
Treatment 4
AbF 5 TS5 0 500
Treatment 5
A6 T6 5 500

Treatment 6

1.3 AR AE

b PR ZE IS e REORE ) A B 2 S AR 5 1 ik
D LA i R i 3R i AN L SR T
T B IR | AT VA TR B SOD & HH 45 HH 56 A B b
(ER, 1990) , FAMHE 3 PRI EFHEAK
MR AR E £,

2 HR 5

2.1 SNP-Al EEXT DH3229 4 ¥ 2 220

¢ 2 A] J0, ANjiti in SNP B}, 5 mmol - L Al
BT DH3229 AR 25 AR ¥ A X T CK 43 51 98
/T 28.56% 34.78% Fl 44.97% , i B E,
I SERTE i KL e 2 R NN 2 =5 SO sV ) 1) S E
AIF AL AMEER I 10 mol « L™ SNP AbBEIFAN (i
FRMRZE T A Y (P>0.05) , 1T ANt N 500
pmol « L SNP N #f i AR ZE nf- £ i B R (P<

0.01) , X PEHAMKH B SNP X 8 A= e A= K TG I 3
SZMA R R %) SNP X S A #e A K = A AR A
1M AL A gL, ZMIEE D 10 wmol - L SNP &
HOR 25 A X AN D SNP (1 Ab B4 I
T 23.81% ,12.49% 57.59% , #% i F 1 hn T # &
FIHF B A=Y & (P<0.01) , 414 i SNP ¥ & &
500 wmol « L'}, A= 4y i 25 AT
2.2 SNP-Al EEXf DH3229 Mt B 2 £ /800

Hi 2% 3 Al AN SNP IRF AL iR 5 3 A
TG a HGRED R ath WS EHMTGE
a/b WAH, 23 AR T 39.23% .11.95% .32.52% Al
30.84% , it AR IR BRI HDG A B R T . T Al
A5 LR BN 10 wmol - L SNP A g & 5 i
BE S E(P>0.05) , 71 500 wmol « L' SNP 4bF
W 2 AR R R (P<0.01) o BABH TRk E
SNP Xf DH3229 I 5 8 K J¢ i & 52 W, /= Wk B 1Y
SNP ML A AR & &, AL A EAL T, i 10
pwmol + L' SNP ' F- Chl a,Chl a+b & 1 Chl a/b
AHXT AS Tt i SNP &b B 43 0 B T 43.72%
34.79% .23.71% , 2= 5 8. 3% (P<0.01) , 4340
SNP #JZF % 500 pmol - LB E GRS R EE
A, H e mT D 3 B vk B % SNP A3 ) 34 hin 45
JEiiE AR G B OGS AR S i, (H U S Y SNP
B ANBEIG AR A N AR A A AR B i
2.3 SNP-Al B {Exf DH3229 it K " — & (MDA )
SENZN

Hy & 1 A 76T SNP TRANEF |5 mmol - L' Al
3B T, i MDA Fir bk CK 3K 115.43% , 25 57
Wi (P<0.01), JC Al a1 &0 K, & 10
pwmol - L™ SNP X ' 5 MDA 5 & JC & F 5 i ( P>
0.05) ;74 500 wmol - L™ SNP f % #275 MDA &
1 (P<0.01), 5 mmol - L Al B8 150 F , i hn
10 wmol « L SNP % i F [ AK T MDA & & (P<
0.01) ,fH¥ M 500 pwmol « L' SNP Jf R fK MDA
T (P>0.05),
2.4 SNP-Al E{E3t DH3229 M} B BEE 14 B 251

F & 2 BIAL, JG SNP ERInEE, 5 mmol - L Al
JE R i R AR LS L CK S K 267.14%, 22
S (P<0.01) . Jo AL BRaE BT, 10
pmol + L SNP X it - A Xt HL 52 4 T0 1 25 52 Wil ( P>
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x2
Table 2  Effects

SNP-Al B {EXF DH3229 £ #1252 00
of different Al and SNP levels on biomass of DH3229

SNP Jifi Jin

1547 Al HEfI ik SNP application ( pmol - 1)
frdo Al application
(mmol - 1.1 0 10 500

WRAEYH 0 162.27+4.77aA 164.65+5.31aA 110.2£2.6¢C
floot biomass () 5 115.91+5.73¢C 143.47+3.95bB 114.97+4.61¢C
EAY 0 142.5+4.85aA 132.6+5.97abAB 96.97+4.085¢C
tem biomass 5 92.93+5.4¢C 104.5£4.47¢C 93.93+4.80cC
N A g i 0 99.33+4.04aA 99.3+3.387aA 84.87+3.95hB
Leal biomass (&) 5 54.67+4.71dD 86.2+3.02bB 71.07£1.99¢C
HRIE L 0 0.67+0.01abAB 0.74+0.05aAB 0.61+0.01bB
floot shot ratio 5 0.79+0.09aA 0.79+0.03aA 0.7+0.04abAB

T R R P IE AR UEE R RGP BRI 6] RS B 43 ) 38 7R [ —$8 A5 AN [R) AR BE[A] 72 0.05 1 0.01 KF 2% B3,

T,

Note: Each value is the x+s, different lowercase letters and different captital letters represent significant differences at 0.05 level and 0.01

level for the same indicators among different treatments, respectively. The same below.

% 3 SNP-Al E{EXI DH3229 M 5 B £ 0h

Table 3  Effects of different Al and SNP levels 35
. . —~ A
on photosynthetic pigment of DH3229 T 30 aI aIA
Z 25 bB
- SNP jifi i i 3 bB
LR Al ﬁfﬁﬂﬂm SNP application ( wmol + L") U = 20 I I
Al application 41 =
Index R g cC cC
(mmol + L) 3515
0 10 500 S5 I 1
=
3 10
M4RE a 0.68aA 0.70aA 0.50¢C <
Chlorophyll a g 5
(mg - g - FW) 0.41dD  0.60bB  0.41dD
0 : . . . .
4% b 0.22abA  0.24abA 0.26aA CK T2 T3 T4 5 T6
Chlorophyll b T [EISNP-AI| E{ERLIE Different SNP-Al treatments
(mg - &' - FW) 0.20bA  0.23abA  0.22abA
e 09124 09424  0.76¢B VE s B R P bR 2 R NS TR
orophyll a R I I N
(mg - g » W) 0.61dC  0.829bB  0.62dC KB AR ) — 45 bR AN [ A 2 ] £
, 0.05 F10.01 KF B2 BE, TR,
g5 . .
) I+ % a/b 3.06aAB 3.15aA 1.96¢C Note: Each value is the x+s, different lowercase letters and different
Chlorophyll a/b
2.12¢C 2.62bB 1.83¢C captital letters represent signifcant differences at 0.05 and 0.01

level for the same indicators among different

0.05) ; %1 500 pmol + L SNP I 3545 w5 i H A %o
HS%E(P<0.01), 5 mmol - L Al i3 B, % hn
10 pmol - L™ SNP 4h B4R 5 25 REAR T 0 H AR X

treatments, respectively. The same below.

1 SNP-Al HAEXS DH3229 M J 1N —
(MDA) 7 12 i 5
Fig. 1 Effects of different Al and SNP levels on

MDA content in leaves of DH3229

FR(P<0.01) M I 500 pmol - L' SNP 4k B Jf:

ANEEAR AL 38R R B A X S R (P>
0.05) . AT UL, AL R0 G20 R A i S 2R 8 3 T

&L TR 10 wmol - L™ SNP FEAK T i F AH X L &
R, —EFEE LR T R T8 AZ ) AR i
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Fig. 2 Effects of different Al and SNP levels on

membrane permeability in leaves of DH3229
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Fig. 3 Effects of different Al and SNP levels

on free proline contentin leaves of DH3229

2.5 SNP-Al EExf DH3229 H A M ERE R A E
=g

JIF PR e A Al LY B R ) R, e L 3 ]
AN SNP B, 5 mmol - L™ AL e T il &0 2
FEINE 12518 pg - g, XTSI 41.65% , 2
S 3 (P<0.01), TG Al A TE 6T, W 10
pmol + L™ SNP Xif I - Jiff 23 i 240 R 1%+ TG b 35 5% Ml
(P>0.05) ; %51 500 wmol - L™ SNP I 2 25 -
WS IR & /& (P<0.01) . 5 mmol « L™ Al 388
T LU0 10 wmol - L™ SNP (i 2 R & 2 & 100.13
pg - g M HEAR AN SNP 40 B AR 20% , 2% 5 1%

W3 (P<0.01) ;71 500 wmol « L™ SNP () fifi & R
RS AUN SNP b FEAR H TG 3 2 5
2.6 SNP-Al BE{EX} DH3229 it B AlAHHES 2850
I 4 AT %0, AN SNP i, AL s S8 F
AL S AR X CK D 25.13% , 25 S5 4 3
(P<0.01), J& Al B & &, % 10 wmol - L
SNP XJ it Al 95 PR 5 i JC 0 52 0 (P>0.05) 5
NN 500 wmol « L' SNP 5 35 FRAK I - ml i M0 &
H#(P<0.01), 5 mmol - L™ Al fp38 F, % SNP
AEFRIFAN 2 5 e it e A R i (P>0.05)

120
e aA
abIAB bcABC

—
[0 o
o o

-

AR E
)

Soluble sugar content(umol *

N
o

N
o

o

CK T2 T3 T4 5 T6
[EISNP-AI E{ESLTE Different SNP-Al treatments

Bl 4 SNP-Al HAEXF DH3229 I3 al 5 P & i 520
Fig. 4 Effects of different Al and SNP levels
on soluble sugarin leaves of DH3229

2.7 SNP-Al EEXT$5BE T DH3229 iR R 5t
figiE 7189 &M@ ( SOD)

A S AT, AN N SNP B, AL ad 80
SOD &A% CK B4/ 189.22% , 22 570 8. % ( P<
0.01), J& Al BraR 40 R, %0 10 pmol - L™ SNP
XFit R SOD & & JC i 52 (P>0.05) 5 % 500
pmol « L' SNP & & 3¢ i i i+ SOD & it (P <O0.
01), 5 mmol - L' Al 8 F, %80 10 wmol - L7l
500 wmol - L™ SNP B} SOD % & A Xt AS 48 i SNP
AL RIS 539% F1 65% , 72 7 % (P<0.01) ,
2.8 SNP-Al E{Ext DH3229 £ K4 BIEFHNES
G

% 4 458K SNP-Al HAEF, DH3229 (4=
AR HR S A5 2 B0 A ) A9 A8 A 5 X 11 A i
TRFE PR 3 W53 53 B AT 256 VA, R BGET 2
F s, BIFTTERE 5 BT AR R AR Y 94.5%
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Fig. 5 Effects of different Al and SNP levels
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W E N EEAAREAR M A Y S A K AR AR D
M43 a & MHa R S XT3 MDA |
AL RE U I R LA S SOD & a5 — F Sy
FERMGR b &R, DR R WA
F R T GG T A A R B, s R
WA FRB AN

F1=0.31X, +0.32X, +0.31X, +0.33X, +0. 10X, +
0.32X,-0.33X,-0.32X,+0.32X,~0.33X,,-0.26X,, ;

F2=-0.25X, -0.20X, +0.27X, +0.023X, +0.81 X, +
0.14X,+0.08X,—0.17X,-0.22X,~0.10X,,~0.24X,, .

DA 32 00 6 A5 4R AE A 7 T 4 BBCAY 32
A3 N RR AR (B 2 A LU AR D AR A5
LR,

x4 EHSBBHEAE

Table 4 Total variance of principal components

N GEER (N S IR SN
Initial eigenvalue Extracting the sum of squares
A
Component P JI2EH I Y NEl e At T 2EH I ZHETIL
&t . . &t . .
Total Variance Accumulation Total Variance Accumulation
o percentage (%) percentage ( %) ol percentage (%) percentage ( %)
1 9.036 82.146 82.146 9.036 82.146 82.146
2 1.360 12.365 94.512 1.360 12.365 94.512
3 0.463 4.206 98.717
4 0.105 0.952 99.670
5 0.036 0.330 100.000

F=0.24X,+0.25X,+0.31X,+0.29X,+0.19X,+0.30
X,~0.27X,-0.30X,+0.25X,-0.30X ,—0.19X,,

e s im0 EL 1 (XFRE CK) fIAbBE 3 () &
BAT 1 A5 feis AL BE S () 3 R 4) 2 A B, 4
B EWSHET Ry AP 3 AbFE T AbFE 4 AbEES Ab
6 AbFE 2,

3 WikE4#

TEP 0 A B i R DA B A= W i 4 T ( BP AR ed
FAE ) S FRAE L AZ 30 72 B2 09 T A A= K Fe bm (A
R Ve, 2015) o AAFFE P AR ZE R4 )
EH RS KGR LIS mmol - L4 JE In W 3
il DH3229 AR K, X 5 ET A BB 45 R —

2, AT BEAY S PR R 40 W 38 5 0 1 A 4 4 i A K RN
G334 AR IR IR T R MU RE T, SR
Bt = H: K B 75 #7243 (Nguyen et al., 2005; F/KE
4520105 IEEIZE 2011), W AOCEAEWR
Az HURG SR (A AR DG A 1 T 0 FE R (R B I 55
2004) ., FEMHASMET , ZEGEY AR G TSR
B AR P BG40 M 8 B R G A AR R
ZEFE FITE P ( Akaya & Takenaka, 2001; i /)NJ5 Fl
XIS, 2005), A B 5% T, 45 W E B R R
DH3229 it | Chl a, g Mt 4¢ &K & & Fl Chl a/b %
i, MR a b &8 1 FRAREE B0 4G P v R kAT
IEHBEAMER, H Car Al Chl asb BT BN AT fE
TR A )P0 PR R B X S R Ay 55 (2005)
BRI 5T 485 SR AR B R it mT DA 3 ek 532 ) 28k A 1) 2y
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X5 FHHE

Table 5 Principal component values

FRS 155 H

Principal Component

A Treatment

FWior 2 1353 HEF

Principal Component

foz N AN = .
/ﬂﬁnfﬁi]}’fﬁﬁ ﬁHf’

Comprehensive principal

Rank Rank Rank
1 score 2 score component score
RbFR 1 (KFIR) T1 3.51 1 -0.59 5 2.97 2
Treatment 1 (CK)

4bFE 2 T2 -3.29 6 -1.42 6 -3.05 6
Treatment 2

AbHE 3 T3 3.55 2 -0.36 4 3.04 1
Treatment 3

Qb HE 4 T4 0.07 3 0.53 2 0.13 3
Treatment 4

AbHE 5 T5 -0.90 4 2.00 1 -0.52 4
Treatment 5

4b3E 6 T6 -2.93 5 -0.16 3 -2.57 5

Treatment 6

R, 7 A A e AR AR E R T et AR
934N ( Nguyen et al., 2005) , Ji5 5 it 48 Ak A5 2 4
Pl 12 R Y STE R NN T S DT
Thi . MY =R AR AT, A
YEFI T B 5t A Ae ao %A S B, 7 45 MDA, W 58 i
MDA ]2 0 22 R5% 2R 5 32 00 A 18 00 240 B 1 3% 1 40 %
W (JE B AR, 20155 % SCUE, 20165 % CIE A,
2016) . SOD F LA B 44 N 1) A8 49 4 18 =2 S8 Ak A
FP=H 0 A 2, SOD 5 T A8 b X il 0 1 42 Ak A
PRI - i e B % G E B /R (Wei et al.,
2006) . AWFFEH, FMEE T DH3229 9 SOD & &
BERE, R Z BN EE AT KRN
TV A A A A A2 300 ORI R A I b AR T 2
SOD ik ke At 3k, g rh, 4~ DH3229 /Y
MDA ,SOD % 2 {2 540, AH X i 52 5 R 2 e
it G G A M R P ) RS O AT R
RN, 18 i SR T B A 0 BE 0 T AR )
HALTA I KRB ZR 0, H,0, % G MEA, X Fh
YT B UG B R 4, S SO o A Ak, 75 &
NEAY, R T RS 9 3 3 1, 348 o 200 5 1 o | A
233N i R R G 0 B 0k IR RIS M 4B A R e
KA,

MO R RPAR R ROS LR S8y Ak i
P2 48 5 F A W 1 & 2 R B (Richards et al.,

1998 ; Boscolo et al., 2003 ; Yin et al., 2010) , 7] U,
) i A RE ) 3 R A A T L HE AR 7 E
(Sharma & Dietz, 2009) , NO A L@ i $2 /& 4 4
PUEALR G, TR PP A W) f 32 I 38 3 1 A8k 450 4
(Tian & Lei, 2006; Shi et al., 2014) , AWFFTFR
B, M 10 wmol « L' SNP RE {2 35 2% fif 47 W 300
DH3229 fy A & i, X 5 A A 58 45 SR A ol
(Horst et al., 2010; Saxena & Shekhawat, 2013) ,
HJFE R AT AE AN 10 wmol « L SNP REA #4412 55
AL T i g R &, IR AN Chl a/b, [R] I
FREARRAR T FEL 52 38 MDA % 2 FHYF 29 I 2088 & &, Al
U NO BT LA R0 it 55 10k 38 X - R o 838 M 5k
SAU b N A5 3 [T 24 T 6T i e 4 i R R 5 R T
PADT R G KA, 010 wmol - L' SNP,SOD
& LJF, X5 Zhang et al. (2008) BYHF 5745
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