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Physiological responses of Erythrophleum fordii seedlings
under SNP-AICI, interaction

Kang Ya-Chao', Liu Ping"?, Wang Ling-Hui'*, Mo Zhe', Qin Li-Ting', Teng Wei-Chao'
(1. Forestry College, Guangxi University, Nanning 530004, China; 2. Guangxi State Owned
Liuwan Forest Farm, Yulin, Guangxi 537800, China)
Abstract. Erythrophleun fordii Oliv. seedlings were used as experimental materials to
determine the physiological responses, based on photosynthetic pigment and soluble sugar
indices, of differently treated seedlings to SNP-AICI, interaction using two-factor completely
randomized experiments. Results showed that chlorophylla, chlorophyllb, and carotenoid
contents in leaves were the highest under Treatment 4 and the lowest under Treatment 9.
However, MDA and free proline content in leaves demonstrated the opposite pattern. Soluble
sugar and soluble protein content in leaves was the highest under Treatment 4 and the lowest
under Treatment 9. Furthermore, SOD, POD, and CAT showed highest activity under
Treatment 10 (0.8 mmol/L AICI, and 0.1 mmol/L SNP). After the addition of SNP, the
contents of chlorophylla, chlorophyllb, carotenoid, soluble sugar, and soluble protein in
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leaves of E. fordii seedlings and the activities of SOD, POD, and CAT were significantly higher
than when SNP was not added. Based on correlation analysis, we found a significant positive
correlation between total content of chlorophylla, carotenoid, chlorophyll, and soluble protein
(P < 0.01). Our research suggests that low-concentration AICI, (0.2 mmol/L) stress can
facilitate E. fordii seedlings growth and exogenous addition of SNP can relieve the toxic effects
of high-concentration AICI,(0.8 mmol/L) stress to E. fordii seedlings. Thus, these results can
be applied for cultivation and resistance research of E. fordii seedlings.

Key words. Erythrophleum fordii; Sodium nitroprusside ( SNP); Physiological responses;

Concentration combination

¥ A ( Erythrophleum fordii Oliv.) X 4 3|5 X, .
B RIER, i d KE}(Caesalpiniaceae ) 1% K
J& ( Erythrophleum) ¥ %k is KIv AR, EIHK 9 55
PRy Rl TR R A b X Y & 4
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FFe B My, 322 R T el MO S5 s 1 5K 2L A1
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AN —4E AL R (NO) VE MY 52 B s 15 1% i
L, BeSIEMEA (ROS) KRN, X522
EMRY A —EMEMERT . BTAE XS
o L0 P B T A FH B R A T 460 D T ) A 5 T
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MR TR FE R o A ARAE S H 2B TR AR Tl
X Ho 4 i 7 SNP-AICH, HAE TR i 2E B PRI 5T
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RO R B E AR BT, SRS AR B G ML
RO FE ™ ) XA AR, R B T bl
OO T e A ML AR AT A, (E b
PEIT AL, X% A 52 3 i 5% il 1) 28 fift 5
VAL AR, X R ARAE P WS R B, Ol
(1) 3 AR AE AT RIS BB — o RS L FRAINAS A
LN N R A B T DL S
FALYIG TSR, B T R AT A A Y
B, MOLEP BRI R, AREDCIRRE AT,
SRR BE AR R E 30% NS Fl 15%NS Z falif, # A
ARG, ML IEREETE 30%NS B, A% AW A:
KARchy, Ud W B 00 O BB 2% R AT DA 1A% A i A=
K, BERRSE BRI, XM AR &l it i
BT 7= N Yo e e 5 e ==

LAY U B AL RT ke BEAR A 4y i i A
Bir)E ., HHET, TG AICH B i X A% A4l B
PEREFEA I A G WAGE , NI, AWFTER
AR E AICH, 38 4% A 4l v - 2E 47 SNP-AICH,
HAEALSE, S BT AME SNP-AICL BAEXS# AR &) A=
HURFIERSEME , U SRR A &Iy i i i AICH Jiy
AL B AR

1 HESHE

1.1 KInih =8

SZETE)T P EAR(JLLE 22°19' ~23°01" , K&
109°39' ~110°18") [E A 75 J7 pkig Mol Bl 4 1k 5% Fir
BB SR N R T, 230 DX R T R ) S B 2
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R A, TR, mEEARGE AR,
1.2 LIEHR

FEARG PO R B IR DOMROIE B2 B 5T B
PR, PEHL 80 tRICHT I FE . K/ —Hn —4FE4
KRS, b 25 o A B (SNP) | & fk
FR(AICL) , ¥ A w7 T 2P 5 A il on 425
DG 4 5 ML A e B8 301 4 B (1) B ) R B 3
T 20154F 5 A B4k B A L R4S b (LN
10 cm), H#E 18k, 380 %, 2dHK 1K,
SEHG AL PR ET AR R A AT 1 IR B AR 2B R
1L, R E Sk, 221 2 2015 42 7 A H iR
FASRIHR EE B9 AICI FlT SNP 1T Ab#E
1.3 XWwigit

SR ApamEaE > 2 ek, L AICITE
S AP, SNP 1A NO LR, SR 58 2 bl
Lt 10 M (R 1), B 8 ANEE
(FHEA N IAER), BHA%E 2 M)A,
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%1 SNP# AICILRELEHIEE

Table 1 SNP and AICI, concentration treatments

oSzl filg L4 BE (mmol/L)  SALFR IR EE (mmol/L)

Treatment SNP concentration AICl; concentration
1 0 0
2 0.1 0
3 0 0.2
4 0.1 0.2
5 0 0.4
6 0.1 0.4
7 0 0.6
8 0.1 0.6
9 0 0.8
10 0.1 0.8

Al BE B AICH, . SNP RIEAR AL SR 4 250 mL,
HAI ARG AL 1 2 K T B8 — TRk, FRgk 20
Ji, BR(K) HeEH K, SO, F, 3R pH HH
HCI i, NaOH 8% 4.1 ~ 4.2,

VTRECH] . (1) SNP R:. 2.9795 g SNP i#
F 500 mL Kk (2) WekE AL BETR . 4.0335 g
WREAL A% T 500 mL sk, (3)AICI, - 6H,0
K. 9.657 g AICI,- 6H,0 % T 1 L kb,
1.4 WEF*E

T 2016 4 2 A L4 i G, MEA-Ab 2

0 0 mmol/L SNP
a @ 0.1 mmol/L SNP

e
f f

9

3

0.2 0.4 0.6 0.8
AICI 7 (mmol/L)
AICI, concentration

Mt Zat | (mg/g FW)
Chlorophyll a content

071 b a @ 0 mmol/L SNP
06} p  @0.1 mmol/L SNP

05} c c
047 d

d
031 .
0.2t
0.1¢
0 . . . .
0.6 0.8
)

KHAE M EREE (mg/g FW)
Carotenoid content

0 0.2 0.4
AICLIRFE (mmol/L
AICI, concentration

AR NG TR R 22 3 3 (P < 0.05) , 82 ~ [ 4 Wik,

B A AT AR B AL 1 BTG 5 1R ) LA )
M, RBRENK, TR A SR AR DI e S 2 (P9 -
TooK SRR A IR ) T e B AR (IR M B
EA) Y AR A (DR G-250 B
k) 20 Al e b (B L k) AT R
(MDA) (AR b2 ek ) &', IR BEL
YIE AL (SOD) (NBT Jefbif Jiik) 1 | i 4 fk
Yl (POD) (B K B e 23k ) Fad 51k &g
(CAT) (/M emliek ) i), A~ 4b# &
JE 3K,
1.5 #HEE

SEIRE SR ] Excel 2016 #E17401 ., & B A
2l e, K SPSS 19.0 g4t AH kM, LA
LSD Fikifr 2 H L,

2 ZREHSW
2.1 SNP-ACLE{EXMEARYEHRFHERERE

sEAlL

TIREER R, MAYE A FALBIH M 2K a
(K1: A) a3z b(E1: B) . KNE MR(K
1: C)FILEM2R (8 1. D) FRMEAIIE, &

O 0 mmol/L SNP

04r B @ 0.1 mmol/L SNP
. 035r abe a  abcgyy  abc
uc;wg 03} be abe c abc
2 c
23 L
25025
gy 02
<5 015f
Eﬁg 0.1
= 005}
0
0 0.2 0.4 0.6 0.8
AICL#KJ% (mmol/L)
AICI, concentration
3 D a @ 0 mmol/L SNP
£5250 b b _ WO mmol/LSNP
> 6 d
u@é 15 f
:l}.j% 9
#% ©
o
il g 0.5
0 .

0 0.2 0.4 0.6 0.8

AICIIKTZ (mmol/L)
AICI, concentration

Different lowercase letters represent significant differences (P < 0.05). Same in Fig.2-Fig.4.

B 1 SNP-AICI, EfEX AR B F It E S EM N

Fig. 1

Effects of SNP-AICI, interaction on chlorophyll content in leaves of Erythrophleum fordii seedlings
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T Bt AICI MRS 138 in 258 B THE TR
Hrf, 7£0.2 mmol/L AICI AR R4t a, 4t
R b MRS R SRR, MAE 0.8 mmol/L
AICI A 1T 2% 4 R & ¥ me ik, KUMKW E R
AICI XS AR &Iy 7 ) €6 28 6 B AR EVE T, 1 e VAR
J& AICI,(0.8 mmol/L) Xt 2 (1 A& 1A 3 il 1 5
1E AICI, ¥ BE A AR ()1 &0 F, i 0.1 mmol/L
SNP Kb3 ) {5 25 2 5 35 Fe R i SNP (19 4 3 5
FEURE AR LB 1632 5] AICI B3 i SNP a] 2 3]
B MIER ., WNE 1. BRlEH, MK b &
& S5 ETHE T R A A FE Rt SNP
ALERZ Rl AICI He BE R B3 i, kbR 5
(0.4 mmol/L AICI,. 0 mmol/L SNP) fyi-4¢ % b
S fe i, ALFE9(0.8 mmol/L AICI,. O mmol/L
SNP) iy i ek, W 0.4 mmol/L AICI, X #% A
IR ER b A B R HEER, T AICH
T E N S HhZ AR A G #Em 0.1 mmol/L
SNP By 4k 20 v, kb ¥ 4 (0.2 mmol/L AICI,
0.1 mmol/L SNP) -4t % b & e, ALBE 10
(0.8 mmol/L AICI;. 0.1 mmol/L SNP) % & Ak,
FEHH AICI e B2 3 = (0.8 mmol/L) , AICH, X A% A
Y ARG BRI G VE FHZ ) T SNP S fEH .
MAKE, SNP, AICI, L & SNP-AICI, 58 H1E FH %t
AN FIFEEER b SR AR E (P >0.05)

4b3 4(0.2 mmol/L AICI,, 0.1 mmol/L SNP)
MERER a, MR b, KHE PRMEMSRR T E
B, Ab¥9(0.8 mmol/L AICI,, 0 mmol/L SNP)
R ik, F AR AICI,(0.2 mmol/L) Xt
BRI G BA WE R SEE, Nk E AICH
(0.8 mmol/L) & iilAs R4 A ZE 1945 i, SNP
XS ARG 2 2] AICL Ma A 2% R fER
2.2 SNP-AICL,EEXF#& A4 & A 8 (MDA) &
EHF N

FEAE RN (E 2), # AL AL HLAH Y
MDA & SR 5258 TR BT AR b i 3
AICI e FEEA R A, Jita i SNP A% A 40 H MDA &
R T ARt SNP &b BE Hod L AICL R
0.2 mmol/L i sfefik, LA AICLHRE 0.8 mmol/L
e ARSI MDA & ik RSk Y
B,

AR MDA & i1t 535I7E40 3 9(0.8 mmol/L

55 37 %
60
0O 0 mmol/L SNP a
S 50 - @ 0.1 mmol/L SNP _1_
= b
OS¢ 40}
5‘% cd de be
Foef
B‘Hi 30 fg fq g ef
<< 20f
a
= 1o}
0 . . .
0 0.2 0.4 0.6 0.8

AICL#KEE (mmol/L)
AICI, concentration

2 SNP-AICI, BEfEX 1SR4 &I MDA & & /%M
Fig. 2 Effects of SNP-AICI; interaction on MDA
content in leaves of E. fordii seedlings

AICl,, O mmol/L SNP) Fl 4t # 4 (0.2 mmol/L
AICI,. 0.1 mmol/L SNP) i 3 % i {8 il F A% 1,
KU AICL, (0.2 mmol/L) # F T4 AR 4 i Y
A, TR E AICI (0.8 mmol/L) ki 242
AL MDA i, MMM HIAE ARG H A
2.3 SNP-ACLEEXMEARYEHESERTIRE
EHMm

& ARGV AS [R] Ak BLAEL (% mT IR PR (3. A)
AEHEN (K 3. B) fra ik L 2% F e TR
AR AR S, TIAR AL i B Il AR 1 B (1R 3.
C)WIAI Sz ; jtin SNP AbFHAH FL, At fin SNP
AbFEAE ARG R AT PERE | AT A R R T
Jita it SNP AbFH T ATt SNP &b B )i 25 i 22 R
SR TN SNP ALBE, B SNP X8 A 41
AT PR AT R B B R R R, X
B R 0 A A AR R A i =R e
SNP HOL T, A& AL M 45 AL BRI v s P . T
VEPEER RO B I R A A 2 R,
Hr, AL AT TR RE R AT M 8 A ZE 0.2 mmol/L
AICI AL R F 5 &5, 7€ 0.8 mmol/L AICI, &b 3
SRR, U S R A A

ALER 4(0.2 mmol/L AICI,, 0.1 mmol/L SNP)
ARG T R R R A S R, A
F# 9(0.8 mmol/L AICI,, 0 mmol/L SNP) ] %
WEFN AT 1 2R 1 B i A I, T R A Ak B
9(0.8 mmol/L AICI,, 0 mmol/L SNP) 7 & i &5,
A3 4 (0.2 mmol/L AICI,, 0.1 mmol/L SNP) %
AL, FRIMEHE AICIL (0.2 mmol/L) A H F4%
KRR, T AICH T2 i fei A% AR 4 v
BK B B I R, AR TR e K,
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6r 700 ¢ 0 0 mmol/L SNP
S B O 0 mmol/L SNP B a
gg 5t a 2 @ 0.1 mmol/L SNP s 600 | 301 mmol/LSNF’C ab be
Et &5 500} °
G4t be b be o d
2 bed cd 23 e
Rl 3 d Q,*g 400 f of f
S or e &
& o 23 300
2 2r ST 200
=5 o)
Lo 1t & 4ol
fa?1
=
0 ' ' 0 o2 04 06 038
0 0.2 0.4 0.6 0.8 : e : :
AICLE (mmol/L) AICLiKJE (mmol/L)
AICI, concentration AICI, concentration
O 0 mmol/L SNP
700 c O 0 mmol/L SNP a 800 = 0.1 mmol/L SNP
) a
S 600} B 0.1 mmol/LSNP + . 7001 X a .
2 3 bc s 600 c c
ZE500f de def de cd e e d
=S g00l f 2% 500}
41 @ 25
&£ 300l S 400
522 i
&= ¢ 200} o) 300
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AICII&E (mmol/L)
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3 SNP-AICI, EAEX &AL EMH
BERTHREENZIN
Fig. 3 Effects of SNP-AICI, interaction on

osmotic adjustment substance content in
leaves of E. fordii seedlings

2.4 SNP-AICI, EfExtt& R4y s iE R A0

S SE R R, 2 AICH, ¥ FE A R B, Es
SNP b 3 1 48 S AP AL (SOD) (& 4. A) | i
ALY (POD) (I 4. B) filid & fb U (CAT)
(Bl 4. C)TE M B F AR I SNP &b, 3t
HIES I SNP XF 48 K4 ) SOD, POD, CAT i
PEEA W W R EE R, T2 R4 52 AIC,
R 35 25 ALE4L ) SOD, POD, CAT itk
SR L BEE AICH W BE A 34 i o, b, L
0.8 mmol/L AICI,4bH i POD FiI CAT 16 PEHc i,
0 ~ 0.2 mmol/L AICI,4b# %) SOD, POD Fil CAT
W PERAR

AICI#FE (mmol/L)
AICI, concentration

B 4 SNP-AICL, B3t &AL EiEERRIFHZm
Fig. 4 Effects of SNP-AICI, interaction on active
oxygen metabolism in leaves of E. fordii seedlings

4k PE 10 (0.8 mmol/L AICI;, 0.1 mmol/L
SNP) ¥ K4 #i i) SOD, POD . CAT I P& &,
AbFE 3(0.2 mmol/L AICI,, O mmol/L SNP) Fil4k
¥ 1(0 mmol/L AICI,, 0 mmol/L SNP) ik, i
WITE = e B AICH Bl 258 T, & AR &) i 3k 185 o
H &5 #) SOD, POD., CAT Ik 251 = i & AICI,
Joipae 7= A R, AR B AIC Jolkats %o A AR &0y
) SOD, POD, CAT it /N, #hn SNP ff
G2t AICH JHE X% AR G 13 5
2.5 ARG EMBHEBISIRIB R ES

SNP-AICI, BAE T % A 45 A BRAE bR A9 AH DG
ST RN (R 2), AL EGE a, KW
N RSRE | AT R R
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Table 2 Correlation analysis of physiological indexs for E. fordii seedlings under SNP-AICI, interaction

izt Soluble  Soluble Free

Index Chl a Chl b Carotenoid Total chl protein sugar proline MDA POD SOD CAT
Chl a 1.000
Chl b 0.580 1.000
Carotenoid 0.940™  0.439 1.000
Total chl 1.000 ** 0.604 0.935™ 1.000

Soluble protein 0.935*  0.623 0.889*  0.938*  1.000
Soluble sugar 0.988*  0.479 0.956** 0.984™  0.939™  1.000

Free proline -0.971™ -0.609 -0.946™ -0.973™ -0.923" -0.957™  1.000

MDA -0.980" —0.590 -0.937* -0.980™ -0.896" -0.961" 0.986*  1.000

POD -0.619 0.024 -0.809* -0.605 -0.538 -0.680" 0.606 0.607 1.000

SOD -0.494 0.130 -0.687* -0.479 -0.403 -0.556 0.456 0.463 0.977*  1.000

CAT -0.259 0.116 —-0.423 —-0.249 -0.110 —-0.282 0.220 0.274 0.798™  0.865™ 1.000

TE: = FORBHFMIE(P <0.05), = FRMBEMI(P <0.01),

Notes: * represents significant correlation (P < 0.05), =* represents extremely significant correlation (P < 0.01).

BRI S 8 IEA G (P < 0.01), K#% b
R ORISR AR E A A SR bR
[B] 0 i E ARG, POD., SOD., CAT 45 #Fxia] &
e i IEAHDE, MDA 5530 25 il 208 & & S A i 3%
IEARDG, MZEEAP MR AR AEEEAS
MDA | i 25 i 2 R 46 A F] 24 A0 B 3 Al 6, &
I AL EARZ SB BT R Z R %
VI, MR ZH AICL AN, HgEs iz
0], PRI L=, AR A A
SRR, BES AT ik 8 (S5 A 32 B B
&K, BLEHAE A4 HE L3 n SOD, POD, CAT [
(R T R SR Mt e v BE AICH X L 7 5

3 g

FREETE SR R 0 Uy, AH RIS 2
], SNP #24try IR NO 7T L) 25 fif i 4 32 31 1) 47
e, HRBCR RIS . —FhAH NO FI 4 & Al
PIEIBTAARE T, T R AR XA A
—FP A AR NO BRI e AR N G & A T —
)3 v NIE =W - C7/ P Skl BN a1
G TARREEXTEYI G E S . ABR BN, R
AICI R EER3E N, AEARLE B rh 4% a, it
ShE b, RIAE MR BMSR | AT
PERE 145 AR s /b, T MDA FIE 2 Il 2R & f 48
1, AR ) AICH B 3E 301 T R A 4 i 1
WK M SNP ALBRA A (K | Al b
RTS8 1 A i R R, HL MDA RN B
ARG B, W] SNP 24t NO X 55 vk i

ACIL Y &HEBA —E MR MIEN, AFRasisS
3SR 45 1%2) %) )2 B ke ( Eucalyptus DH3229) (1 HF
FAFAEZES, JRH A RE A Y%t AICH, Bk~ B H
2% PR ) S A R A 0 Tf AICI, 38 BIL ) A7 78 2%
ﬁ‘[%]o

FEY (0 B 336 1 5 O 1 DDA oG, A e R
AU W], & Y AICH BB (0.2 mmol/L)
Xt +9TF (Aquilaria sinensis (Lour.) Spreng.) %)
i KA HEME R, SNP X2 + & 40 1 2 3
[ R E AICH a8 P8R B 2, ASLgs i 52
FAR—F, HREMELE POD, SOD, CAT EEAYHG
PELAETEES, AU, ARG A
POD, SOD, CAT i ¥ I ok 52 2| & Wk B AICH,
(KTF 0.4 mmol/L) e g4, S ifi kil AICI, e B
(AT T TH 5, e e E AICH, il #2755 TR A
WP RBLIME , M 0.1 mmol/L SNP &b 34 (1) il
WVER R TR ML P, XAl e R AL S5
UL AICL W8 i it Z VEAr e 22 52, RiARH
IR, AR EE Y AICI, O B T & L
itk, ARG R S ZAEES, XA AR
st AICH, W3t (it S2 AL A7 A 22 57 B PH A0 F
TR, TR EERINE T H % (lIpomoea batatas
(L.) Lam.) Shh4iftaf) SOD, POD ., CAT 3 K
MDA Fr s 50T XF BRI e v B 460 3 T R 4 4
Jfify SOD, POD, CAT i#fitk#94 EFF, i MDA
S W B F R T En BT, ARG RS2
FAR—,
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ARWFgEH, 4 H 4(0.2 mmol/L AICI, .
0.1 mmol/L SNP) H&E AL IML4RE a, MHE4E b,
SERER | AT S AT R A i o
MDA | % 25 Jifi 2 2 % 1 Fe fik, UL IR B AIC,
(0.2 mmol/L) Bria AT A A8 R4 i AR b3
9(0.8 mmol/L AICI,, 0 mmol/L SNP) f/) 45 i 5 b5
ML, VLR EE AICI M 206 ks A 4 5
A Ein SNP B4R a, HEEER b, &
MRS E | AT ORI R R AR S R TR
JE AL BELE , FE B SNP X} & ik B AICL it B A
—EMN AN ; AWk ERY, SNP-AICI |
VERT 4R AR AR L 52 AICL A RYRE 11, (B
& AICI, JBir8 A7) 23 ol RAS AR &h 5 i) A2 - A, AT
P &y B O R AR K S AR, X 5T AR T
( Tamarindus indica L.) " | 4§ (% ( Fraxinus
velutina Torr.) ' | %4ii ( Plantago asiatica L.)

MBI AE RIEAR— 2L

25 LR, U AICI (0.2 mmol/L) ki ]
TEEAE AL AR, i SNP 1T & 35 28 fit 45 K 4
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