[ &Wh  Guihaia Feb. 2021, 41(2): 195-205 http://www.guihaia—journal.com

DOI; 10.11931/ guihaia.gxzw201910022 =]
gRI% ) WHEE, KA, . Na,SO, Ml NaCO, e F Bl MBS KoL & A 3 (], ) PEHEY, 2021, 41(2) : 195-205. 3 g
ZHANG YL, HU X, CAI JF, et al. Morphological and photosynthetic physiological characteristics of Melia azedarach seedlings . ':5,::5
under Na,SO, or NaLO, stress [ J]. Guihaia, 2021, 41(2): 195-205. *

Na,SO, 1 Na,CO, B T & 5k 4 & /Y
SR EEEEFHE
kL, &, K4, B O, WHFX, BEE, FER
(P HUBRL R A 1 7 AR IR IR BI8 hts , BE ARl 2 AR2EBE, B At 210037 )
o OE ONARFR TR ER B A e AL 3 SC LA 1 AR AR B ( Melia azedarach) SEE T M RE TR AR 5%
PR B R PERR Na,SO, AR SR Na,CO,3 A3 ¥R BF (200,400,600 mmol - L") 4bBH 40 d, i 5% ¥ B AY BT R
BB K - B AEAS ) A SR e 45 T AR K SO G 2B AR Ak, 25 SR I . B SRV B 4 v S B T
Hb AR R AE W 0 B R  SA R ER EE E ELRE R W 3E R T R R B TR, R 8 4R R e AR AR L, b
FE 10 d B, BRI A T 6 A 18 bR B Pk SR A B v 5 Y B AR R TR BRARRAE , B R 8 AT
(18 88 AT 8 S 3 DR v M 3 L Ak S ] F 0, e R N A B R AT I 8 0 G R R
FRNE R S RRAN , BEE FhVR B A S PR AR 3 A i R R R # 200 mmol - L7 AR B0 X I 4 R
FESZ /N ,400 600 mmol - L ER A X A4 K & A WE 0, 600 mmol - LBl ER rin 514 R,
R AT L AR K 43 B, 2 T AR AL B[R] SV FE T G AR B8 Y AR e R X
HL AR AR 43 75 B 0 38 v T PR BB A B, 25 A5 ANy ELAA —E R i ER B AE O, B R L
r PR T AR 4Ty 1 A S R TR
SR . bR, ERBUINE, A, JBA, AKAHIRTL
FESES: Q94578  XEEARIREG: A XEHS: 1000-3142(2021)02-0195-11

Morphological and photosynthetic physiological
characteristics of Melia azedarach seedlings under
Na,SO, and Na,CO, stresses

ZHANG Yuanlan, HU Xin, CAI Jinfeng, GUO Jing, YU Wanwen,
CAO Fuliang, WANG Guibin”
( Co-Innovation Center for Sustainable Forestry in Southern China, College of Forestry, Nanjing Foresiry University, Nanjing 210037, China )
Abstract: To explore the response mechanism of Melia azedarach to salt stress and to provide reference for the

application of M. azedarach in saline and alkaline areas. One-year-old M. azedarach seedlings grown in pots were used as
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materials, and subjected to sodium sulphate or sodium carbonate of three concentrations (200, 400, 600 mmol - L") for
40 d to study the growth, physiological and photosynthetic parameters. The results were as follows: The growth of
seedling height, ground diameter and biomass showed downward trends with the increase of salt concentration under
neutral or alkaline salt stress, and the decline was greater under alkaline salt stress. Salt stress increased the root to shoot
ratio. On the 10th day, all photosynthetic parameters showed similar decline characteristics under neutral or alkaline salt
stress, and the decrease extent under alkaline salt stress was significantly greater than those under neutral salt
stress. With the increase of treatment time, the net photosynthetic rate and transpiration rate decreased significantly
under neutral salt or alkaline salt. With the increase of salt concentration, the chlorophyll content showed a downward
trend. Salt stress of 200 mmol « L' had little effect on the chlorophyll content, but 400 and 600 mmol + L™ salt stress had
significant effect on the chlorophyll content. Under 600 mmol + L alkaline salt stress, the relative conductivity and
saturated water deficit of M. azedarach leaves were the highest, significantly higher than those of other treatments. At the
same concentration, the relative conductivity and saturated water deficit under alkaline salt stress were significantly

higher than those under neutral salt stress. It can be seen that M. azedarach has a certain salt-alkali tolerance, the effect

41 %

of alkaline salt on the M. azedarach seedlings is greater than neutral salt.

Key words: Melia azedarach, salt-alkali stress, growth, photosynthesis, water status

IR A A 3 T R A (B R N
IR B TR B R T S B 55 ) S T 1) - S 3R 2 A
R R Ot ) b B R Rl AR A R R b Y
— BN, PG, 2ERA B 8 LAY
T A2 B Eh (3.97 ACA B BE 58 (4.34 /21T
(5% ( Munns ,2005) . Hrf g T NG 248 1Y) 3
W, T2 T K R A U R AL AR
FE T B 51 0 Eh WAL FR R A R ik, E
RAEETRMET R, BT A A#H A+
e KBRS AR AR B AR KA R R 2 ) b 3R AR
ST WA £ Ak R iR g R Ak, BB R AT
VR X, ER 3 3E R 23 BR AR A A K BR AR
HHEAL Sy AR R, O A Y AT A
M AT R T B A A5 PR B O 7™ H A ( X 1E
A ,2014) o TRBEER G Ak 32 R A 5 1IIR AR
FEHEIEE 7 26 | e A FRD R T R A S T B,
H R T A ) AN AN AR IR HL el R BOR 47, B
REAE PR /K B R4 = 4 18 T o, Ay 6l b 1) A 4K
I A 25 TR & R 4 AL Ok Al (BT AR AR,
2011) ,

YR ( Melia azedarach) "N FHRJE & M T A |
SEFREE R & Rl 45 AR R A A
(FRFFIIAE ,2005) o T UM B A4 A Rl FEAF
JRURE) BOHAE D ET BE  ELES ER  OR 2 2

FABE AL o SR SRR 2 ¥ A2 (BRI R
G5,2014) , A, G LA BT A R FR KR IR
FeK £GP ER S T BE , J2& 7R U 1 W XA R Y
AR R Z — (TR RS 45,2014 ), BIF5T R B 2 bR
AR PLERAE ), BEAE 7 & R i 0.46% LI T 11
ERmd o IE A (EEK PR, 2013) . RN A& AL
PR AR R R S A A R 2, C A
SOT B FAEW AT LSRN, SO HA 5
RIGKAE AR, L IO CU 45 5 8 85
FXF(Lietal, 2019), BIHH ML, E4H KT
SALET SR AR Y . I R AR (2005) ST
FW] NaCl e 2 400 i v Bk 0 A 4 X 3t 1343
AL AN 73 IO E N 9 B ED O MR A N
Xf 25 1 5 W 5 BT B A (2005 ) BIF 5T R B RO
0.2% M B 1) NaCl A7 — & Ptk il 2202 2 = L o i
T R B I Xu et al. (2018)
X6 AN v R 1 AT AT 3R AN (R A
WA AR T AT IR E S e
SRR, HL #6722 52 K5 Yang et al. (2008) TA
Shy i TR 0 ATk TR S e A P R ), L
W 75 bk R B 38 28 8L, SO pHL Y B e
., BT T O ek R T A7 5E i B 9 AR
Do PRI, AS AR 5 B 1 R R R A R B R Bk
PR A ASALL Tl 301, DA 1A A R S AR T Sk B 5 X



2 # FRAE 2% 55 . Na,SO, F1 NaLO, Wl T ¥ B4l i B 8 X6 A 4 BRIk 197

G, I AN (] e JBE b e k0 801 Ak 0T v R 4l e Y
ARG E T A 552 W, LS 1 i e B 4 T
TR LR FIBK R 5 1) RE 1, Dy A J5 10 £ Bl [X Y
T PSR

1 #HEF*

1.1 #F#}

IR AL 1 AR A B SE A 1, 2018 AR TE R
TUMOl K2 B AR & iR i ik, 2016
AEARIE T RS m MOl K2 A Tl 20 41 A 5 R AR
KA RSB P S 0 A
R BRIV E IS T 2017 4F 4 A K # R H
FEXT— B RN B AT AR . AR 4% R 28
em LA 32 em MR SRR AL, 19 AR AT 5 PR 40
HOLAR AR R - 4 kg, AR AR K IR TE B
DEAKAVAE HL4E Y, 2018 4F 2 A 47 F3E,4 A
Pl A AR — B0 AR AT A3
1.2 iR i&

ABFFELE A VLI b X R B b 4 3 £8 43 1) & i
FHT A5 BRI NaCl 5 W38 B0 5% 3 e e (20
MBS 2005; Xu et al., 2018) , J:#% B Na,S0, 5
NaLO, ANl B ab B AT 5340, 43 CK (0) fikER
WP (200) | P ER e I (400) AT R M E (600)
mmol - L3 7 NFENL 4, B A0 3 13 B, H
g A Ab B 5 BRE T AR IR PRI E . kA
IR, [ BRIE R 43 B ¥ 50 43 A, #4 it ok
P 3 d SERL, B K AH R MR R Ak TR TR R
WA 100 mL, ANtk i 4 B A 100 mlL 2545
K, Rt A 58 B Rz 56 Ak B OE ik AT, 2R
TG — K, IR A BB A& w4t
FrrhoK o 1 E =R D, R B R R A
Wk,

1.3 EEFRRMNE FHiE

1.3.1 & wizftpen e A0 5 10,
5520 55 30 1 40 K4 5 FH A9 A RO bR RO
EW AL, AL FE 40 d B, A4 BRI EC 3 kR
TR, B R e g SR = P LR
TR T, AR IR T K A3 B iR 43 AR 2R
=353, 78 105 CHEAR AT 10 min, 5T 80

CHA B ZEE 53 PRI E A =
1.3.2 7t Z42alE AP 10 .55 20 56 30 A1
40 FRAE L FREL 0.1 g et i A Z0 B A, I
JIA 10 mL 80% N Bl % W, & T s Ak, il
st BB IR AR S A R 58 AN Ao O
DUBO0O [m] i Xif ¥ 4 Wi i 17 663,645 mm < 1Y
@{W%,Mﬁ'ﬁfr%ﬁ%@] pe uféiﬁ/a\%(mg . g"
FW) ( &R ,2013)
1.3.3 koA s g EABRE 10 FI%E 40
K, fFH Li-6400 4% 26 A0 % 42 ( Li-Cor 6400,
USA) T E4F 9:00—11:00 X3 EA7 642 500
E o M B S, R 1 400 pumol -
m” -+ s, CO, &N 500 pmol - m™ - s M E G
HEHEFE(P,) ZEEHEFE(T) SILFE(CG,)
Hla] COHERE (C,) o DN At 3 B8 4 Ji FF 114 B 22
MR (AT ERELEE 4 255 5 Fntk) , B Ab BRI 3 5
PR, BERE 3 A
1.3.4 Agafd §- 2l AbFRES 10 .55 20 56 30 A1
40 KRR M FHZE B ACK A R — 0 B 1 2 g #
fif i R AT R PR, R BTN 1o em A2 /N
ETREAE, A 20 mL ZZ B KB A REN B,
P L2 T g v, UEAT 3 W A B sont
R ULT RIS . B S B ilCE: 3 h, #E 47
P59 sy, A0 S A 2 HE R 25 °C B i L
RS RIFE IR AT 15 min BYHR KIS, PR W
T P H s SR S, R AR IR BE R I 2R 0
KT SFRiE N S, HAARXWMT .

FAXS LR (RC) (%)= (S,-S,)/(S,=S,) %100,

.S, 25 CTHFRE;S, HEHBE TR,
So R AR TR S5 44T 5 ZE TR AK L
1.3.5 s fe ko7 8eml 2 R M AFRE 2%, 765
10 5 20 .5 30 i1 40 KU ff it Jy B fif 26 (W)
J&  BATK B S A oK JE B R OK 4R
W L3 1 B B K oy BRI AN EE R (W) L SR
BT 80 CHLAE T AE, HE T 55 CHM P U T
FEHE FRHETEW,), TEAKXWTF.

TR 535 B (WSD) (%)= (W,-W,)/(W,~
W,) %100,

Ao, w, Syt R E W, S AR R W
it T,



198 OO0 M W

41 %

1.4 iR

FIH] Excel 2017 HI/EEIZ , I AT SPSS 19.0 i#
TTEARGET AT 2253 B, WA TR $h 26 AU R[] 26 vk
JE RIS ] Ab B [R] f) w5 AR 400 1 v AR DG R
PRAIF 4R R & & SR AT =R R Iy 200, |
Frh g 3 IREE P BAE bR 22 (SD)

2 HER5H0

2.1 BN ERES  HEMEYENF G

FH T 1 AT, AN LR B2 v vk R g h Ak 3
T R A S, H R A v B A 3 R RN
Jotp 360 FF ) A S 0 VR B 7 22 40 A AR
AN TR) R 43V A Jlp 30 B[] X6 1 v 2 3k i 3 25
(P<0.05) AEASTR]ER 4328 AU % 25 1 5 5 ) 22 7
A (P>0.05),

EER MG 2 B3] (10 d) , 7F 200 mmol - L
W RE 38 T T R S R 2E SN B U AR
AR aE A Ak B B I A X R A K 1
M, 400 600 mmol - L™ ¥ J&F Wil F 1 s i & K T
X, 7EERIRE 20 d 5, AR R M aa R 9 BN
P G I T B L 4%k A B 2 [R) B v
3 I, e AR K A2 209 R EE R, 400, 600
mmol - LR 38 N i = K AR, LA+
e AR U T | v VA R R 2 X6 R e A K
AR R, R 1 A, R aE R R
AR 38 S8 I X0 IR, 4% vl e 00 1 & 4k
T4 9 X BB AR 46.91% . 78.31% . 80. 85% I
58.63% .82.77% .94.58% , ¥ | J&: £ 600 mmol -
LGP ER 0 R B R AR 3.38% , 1 W A
P TR0 X A R R R A P R v T R R

F P2 AT, A B AR T AR A
K, HLBH A Rk B2 iy 42, 30 1 RIOR 2 3 0 )
P, TS HTRW R R ER 43 2R 3 43 Wk FE Fy
TE ] X b A2 5% W 1Y) 25 SR IR B E K P (P<
0.05) . EhMHEALBERT 20 d, £ 5 W30 X v 1 42
()5 22 57 S8 3 A B R R 0 38 A X AN B B X
TR ARG PR B AN, AR 30 d DUE, 4%
SR A FHTS  R H A ik I T ) R R e 4 )
RRIER AR B, e 1 nT D B R e v

S| R ERY PO ST N 5 7 IS A
FBEAE:ER W38T 49 530 B X6 BRAK 29.37% .48.07% .
82.28% Al 61.71% . 74.80% .83.16% , il It £h W 361
XoF HlL A A GT 15 1 3 4 400 ) AR B v PR

1% 2 AT, AN ) 3k W 30 2% 0 % 3 B b - | i
T R A W R SR i B — s s ) B A R
BREWRNRBR TREBEE, FEMTRN,
AN [ Fh v B 0T i B, | MR B B AR ) Y R e
Z R IR W E K (P<0.05) , Eh 4325 U XF 37 1 s |
LR W) 10 52 ) 22 55 3k I8 3 KOF (P<0.05) L {H
XF b A AN 2 . 7E 200 mmol - L7 44F T,
rhp R R R Ak B Y S AR ) iR 4 ) L R BTG
23.5% M 42.1% , H¥ 5 X B fF e i 2 22 5 Horp
S 15 BT (A AP KX N (S S B S D o e
TR EZER . 1E 400 mmol - L' ST, W £ A5
PEER b B Y A P i 43 51 B X BRAIR 39..0% AT 65.
8% , H¥J 5 X Mgl 22 55 I8 35 s st L3840 Al b R 358 43
W FEMTXTRLE . 7F 600 mmol - L' &4 F, Aids
ER I R A0 B ) A Pt 43 ) X BRAIR 67.39% F11
112.4% , H 35 5 % BEAEAE 5835 22 55 Hb 1348 43 1 b
T ER AT WA T B A b B R e R 4T
R /R A=Y AL NS

5 B He A TR) R ke R 85 MR 5 L A AR
[ o B v, 00 U 66 W 3 X e = 3840 24 K g 30 7 7
JEBLR T M T H 4, Btk £R a8 K A AR e e
ot P B P 6 ) Bl b8 A B R AR
2.2 BMEX ERL E X EIERSE MM

HH 2% 3 AT, Bl R B e, I s
ERIIE 10 d )5, Jr 2250 A R W, e PR R A R 4
e B2 AL FL O G R AL LT X R B
PIARIRFN B KT (P>0.05) o Hvk 6 Fn g i £k &
e Ah B ZE S SRR B[R] CO, e BE F 41K T X B 4
HAAC PR 2% 5 52 (P<0.05) . Ehirf b3 40 d
J , HPEER FNa T £ 25 Tk B Ak B B R AR AL
SR i E AR T X BRZH L 200,400 mmol - L 4b 3 ]
FOLEHRBMRAARELR F 25,5 600
mmol - L' AMHAEAE B 55 kS At Ry
1o R v B A B AL R BE 43 ) L X BRI 48.3% i
62.3% ., ELWPAAETE 40 d I, R AT 25 R
FHfLIE] CO, MR FEY W AR T X B2, B Shk B2 1Y)



2 5K 2= 55 . Na,SO, F1 NaLO, a8 B A HT I 28 O6 & A BRI 199
60 2L Neutral salt (Na,SO,) 60 1 FgikLh Alkaline salt (Na,CO,)
’E\ Ock O 200 mmol-L" [l 400 mmol-L" [l 600 mmol-L" _;_ Ock O 200 mmol-L™ [l 400 mmol-L" [l 600 mmol-L" ga:_
5 a [ a
: ; -I_ b b g _il:_ -I-
<40 : b Z 40 : be be
= =1 ab bed cd - . by d
2 aaaﬂ abb bb cd d 'ED aaaa *dbbb b #a d
e 2
= on
3 =
& 201 2 204
I A
H g
H
0 0
0 10 20 30 40 0 10 20 30 40

A3 K H Processing days (d)

Kb R A Processing days (d)

AN IRINES A 3 [R) Pl kb Ak BEL7E ) — A B R0 A AN ) o B ) 22 57 & 3 ( P<0.05) , R Il

Different lowercase letters indicate significant differences between different concentrations of the same salt treatment on the same processing days

(P<0.05). The same below.

U el AR A A ST e AR Ty o R P S

Fig. 1

&1 R AN R A EE R E R4 B
ERSEb:cEESEpopp = b )
Table 1
relative growth rate of Melia azedarach seedling

height and ground diameter

Effects of neutral salt and alkaline salt stresses on

B et
BRoR HRR
ki Relative Relative
EhAY Salt growth growth
Salt type concentration rate of rate of
(mmol - L) seedling ground
height diameter
(%) (%)
Rk CK 62.39 35.28
Neutral salt
(Na,S0,) 200 33.12 24.92
400 13.53 18.32
600 11.95 6.25
LR CK 62.39 35.28
Alkaline salt
(Nafo0,) 200 25.81 13.51
400 10.75 8.89
600 3.38 5.94
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Effects of neutral salt and alkaline salt stresses on Melia azedarach seedling height
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Fig. 2 Effects of neutral salt and alkaline salt stresses on ground diameter of Melia azedarach seedling
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Table 2 Effects of neutral salt and alkaline salt stresses on biomass of Melia azedarach seedling
LY
K hyk - Biomass
Salt tvpe Salt concentration
v (mmol - L") Mo b4y T 4 Kkt B I
Aboveground part (g) Underground part (g) Total biomass (g) Root to shoot ratio (g)
FdkEh CK 12.7+2.34a 6.2+1.01a 18.9+3.35a 0.50
Neutral salt
(Na,S0,) 200 9.9+1.65b 5.5+1.46a 15.3+£3.11b 0.56
400 8.9+2.11b 4.7+1.38b 13.6+3.49h 0.52
600 7.5+1.79¢ 3.8+0.99¢ 11.3+2.78¢ 0.54
Bk CK 12.7£2.34a 6.2+1.01a 18.9+3.35a 0.50
Alkaline salt
(NafL0,) 200 8.7+2.61b 5.6+1.34a 13.3+£3.95b 0.64
400 7.3x1.14¢ 4.1£2.61b 11.4+£3.75b 0.61
600 5.4+1.05d 3.5+0.79¢ 8.9+1.84¢ 0.70

T A [E)/ING BRI ]l Ak 30 7 ] — Aok 380 TR B0 000 A [ ok 32 1) 22 e .35 ( P<0.05) o T Il

Note : Different lowercase letters indicate significant differences between different concentrations of the same salt treatment on the same

processing days (P < 0.05). The same below.
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Table 3  Effects of neutral salt and alkaline salt stresses on photosynthetic parameters of Melia azedarach seedling

e i 10 d 40 d
R 70 .
LIS A Salt P C G T P C G T
Salt type ~ concentration " i ' ’ " i : ’
(mmol - L) (mol - (mol - (mmol - (mmol - (mol - (mol - (mmol - (mmol -
m?-st) m? ) m?-s) m?-s) m?-s) m?-s) m?-s) m?-sh)
rhER CK 891+ 0.530+ 0.184+ 4.50+ 10.00+ 0.532+ 0.186+ 4.10+
Neutral salt 1.15a 2.0la 0.008a 0.21a 1.97a 1.23a 2.228a 0.23a
(Na,S0,) 200 8.23% 0.436+ 0.182+ 4.17+ 7.43+ 0.441+ 0.173+ 3.53+
1.94a 1.56b 0.002a 0.56a 1.224b 1.39b 2.392b 0.69b
400 8.88+ 0.409+ 0.182+ 3.77+ 6.80+ 0.439+ 0.168+ 3.23+
1.02a 1.06bc 0.004a 0.46bc 1.71b 1.01b 2.019b 0.52bc
600 8.15+ 0.369+ 0.179+ 3.33x 5.20+ 0.341+ 0.158+ 2.87+
I.11a 1.98¢ 0.003a 0.98¢ 1.98¢ 1.01c 3.013¢ 0.21c
E RN CK 891+ 0.530+ 0.184+ 4.50+ 10.00+ 0.532+ 0.186+ 4.10+
Alkaline salt 1.15a 2.0la 0.008a 0.81a 1.97a 1.23a 2.228a 0.23a
(Nag0s) 200 7.59+ 0.425+ 0.181+ 3.57+ 6.93+ 0.382+ 0.170+ 3.20+
1.66a 1.08b 0.005a 0.38b 1.09h 1.92b 1.923h 0.52b
400 7.68+ 0.393+ 0.179+ 3.43+ 5.87+ 0.366+ 0.167+ 2.78+
1.04a 1.88bc 0.004a 0.88b 0.61b 1.09b 1.093b 0.49bc
600 8.17+ 0.281+ 0.177+ 2.52+ 4.60+ 0.258+ 0.153+ 1.73+
3.25a 1.04d 0.008a 0.31c¢ 2.86¢ 1.09¢ 2.091¢ 0.29¢
it 2h Neutral salt (Na,SO,) L Alkaline salt (Na,CO,)
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Fig. 3 Effects of neutral salt and alkaline salt stresses on chlorophyll contents of Melia azedarach seedling
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