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Abstract: [Objective] This study investigated the effects of drought stress on growth and physiological
changes of Magnolia sieboldii, M. biondii, M. wufengensis ‘Jiaohong No.2’ to explore the influence
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mechanism of drought stress on three Magnolia spp. seedlings, evaluate the drought resistance of Magnolia
spp. seedlings, and provide a basis for the introduction and promotion of seeds in arid areas. [Method] The
2-year-old potted seedlings of 3 kinds of Magnolia spp. seedlings were used as experimental materials,
4 treatment levels (SWC80%—90% (CK), 60%—70% (T,), 40%—50% (T,), 20%—30% (T;)) were set, and the
changes of 19 indexes, including growth and physiology were analyzed after 50 d of drought stress.
[Result] (1) Moderate and severe drought stress (T,, T;) significantly decreased the ground diameter
increment and biomass increment of 3 kinds of Magnolia spp. seedlings, and significantly increased the root-
shoot ratio of M. biondii and M. wufengensis ‘Jiaohong No.2’(P < 0.05). Under severe drought stress (T3),
the increment of plant height and biomass of M. wufengensis ‘Jiaohong No.2’ was significantly higher than
that of M. biondii (P < 0.05). (2) Compared with CK, T, increased the chlorophyll contents of M.
wufengensis ‘Jiaohong No.2’, and the content of chlorophyll in the 3 kinds of Magnolia spp. seedlings
gradually decreased at other drought levels. With the intensification of drought, the content of
malondialdehyde, soluble sugar, soluble protein and the activity of superoxide dismutase, catalase of the 3
kinds of Magnolia spp. seedlings gradually increased, and T; and CK showed significant differences. Proline
content of M. biondii decreased first and then increased, and the proline content of M. sieboldii and M.
wufengensis ‘Jiaohong No.2’ showed an increasing trend with the intensification of drought. The peroxidase
activity of 3 kinds of Magnolia spp. seedlings varied with the intensities of drought. The peroxidase
activity of M. sieboldii was the highest at T,, and those of M. biondii and M. wufengensis ‘Jiaohong No.2’
were the highest at T. (3) The net photosynthetic rate, intercellular CO, concentration and transpiration rate
of M. wufengensis ‘Jiaohong No.2’ were the highest at T, which were 2.67%, 1.94% and 3.09% higher than
CK, respectively. The stomatal conductivity and water use efficiency decreased gradually with the
worsening of drought. Severe drought stress (T3) significantly reduced the net photosynthetic rate,
intercellular CO, concentration, transpiration rate, stomatal conductivity and water use efficiency (P < 0.05)
of M. sieboldii and M. biondii. (4) The analysis of membership function showed that the drought resistance
of 3 kinds of Magnolia spp. seedlings was M. sieboldii > M. wufengensis ‘Jiaohong No.2’ > M. biondii.
[Conclusion] Drought stress affects the growth and physiological activities of the 3 kinds of Magnolia spp.
seedlings, damages the leaf cell structure and slows plant growth, but the plants could resist drought and
maintain their normal physiological metabolic functions by adjusting their own osmoregulatory substance
content and protective enzyme activities. Based on the indicators, the drought resistance of M. sieboldii is the
strongest, and the drought resistance of M. biondii is the weakest.

Key words: Magnolia spp.; drought stress; growth characteristics; physiological characteristics;

membership function method
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Tab. 1 Effects of drought stress on height increment and ground diameter increment of three Magnolia spp. seedlings

il =3 K & Plant height increment/cm 47 4% K & Ground diameter increment/mm
Tree species CK T, T, CK T, T, T
ﬁcﬁj()(lisieboldﬁ 7.260 +2.352Aa 4.080 + 1.031Ab 1.920 + 1.778Abc 1.100 + 0.768ABb 0.740 + 0.317Aa 0.460 + 0.085Ab 0.320 + 0.068ABb 0.190 + 0.113Ab
BEEZ
M. biondii 5.620 £ 0.756Aa 3.260 £ 0740Ab 1.800 = 0.925Abc 0.800 £ 0.592Bb  0.740 + 0.317Aa 0.490 £ 0.152Aab 0.262 + 0.058Bbc 0.184 +0.117Ac

AR S [ AWAEY
M. wufengensis
‘Jiaohong No.2’

5.180 +2.466Aa 5.660 +3.480Aa 3.340 +2.405Aa 2.060+0.953Aa 1.180+0.379Aa 0.710+0.411Ab 0.400+0.125Ab 0.330 £ 0.125Ab

1 ARG 7 BE 7R A F A i e S [R] - 5 A 2R 2 (8] 22 R B3 (P < 0.05): AR S 7 BER IR AH B F B AL 3L R A R Bl 1] 22 57 B35 (P <
0.05). T[d. Notes: different lowercase letters indicate significant differences between varied drought treatments at the same tree species (P < 0.05);
different capital letters indicate significant differences between varied tree species under the same drought treatment (P < 0.05). The same below.

FE(P<0.05). Ty ABER, 4006 K 2240 2 5 bk
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FERE b T B HE R A PR R
212 BBEAMEHKE
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SRR 2 5K ESE T, T; 0B T B E
B 14.99%- 23.98%, ZEWKEAE T, Ty A T &
Z T F% 32.90%- 60.00%, e LE1E Ty Ty 40BN &
= 10 40.00%. 32.09%(P < 0.05). £ CK F1 T,.
Ty A FE R, BEE IR, 22 K EEE T4
EZWa 25, REUMEER T HO 25 (P<
0.05) o DL ESFSRFRN]: +F sl 7 3 My
Ve IR, 0 Hb bR A A A A T b R
Sy B AHIAE B, 3 b 22 08 2o 4 AR e LU 4 5 T %
TS HHEHUE L ARk T K ik .
2.2 FEMAXT 3 FhE 4 d B E SR 200
221 PtEEFEEFNHLR

1 BoR: TRpAX 3 FE2H RS EY
FEAE—E IR . BET R, R LR ZMEH %

xR2 TEPMEN IMEZLER., ZRKEHFN

Tab. 2 Effects of drought stress on root increment and stem increment of three Magnolia spp. seedlings

Wl 344 & Root increment/g 2K & Stem increment/g
Tree species CK T, T, CK T, T, T;
Aj;fij;;dii 3.480 + 0.047Ba 3.470 + 0.039Aa 2.990 + 0.056Ab 2.910 + 0.091Ab 1.400+0.015Ba 1.210+0.117Ba 1.190 £ 0.615Aa 0.516 + 0.038ABb
HHERX
M. biondii 3.320+0.120Ba 3.010 + 0.100Bb 2.940 + 0.133Ab 2.620 = 0.660Bc 1.280 + 0.053Ca 0.950 + 0.058Cb 0.650 + 0.118Ac 0.280 + 0.167Bd
R
13 é 2 =)
Aiﬁ L - . 3.670 £0.083Aa 3.580 + 0.091Aa 3.120 + 0.139Ab 2.790 + 0.840Ac 1.550 + 0.043Aa 1.440 + 0.486Aa 1.040 £ 0.008Ab 0.620 = 0.103Ac
. wufengensis
‘Jiaohong No.2’
x3 TEMEX 3 MEZgHEMHEKE. RELZIE
Tab. 3 Effects of drought stress on leaf increment and root-shoot ratio of three Magnolia spp. seedlings
R 34K 5 Leaf increment/g et b Root-shoot ratio
Tree species CK T, T, CK T T, T;
Aajifijl:():ldi[ 1.660 + 0.011ABa 1.600 + 0.878Aa 0.980 + 0.257Bb 0.690 + 0.068Bc 1.450 + 0.008Ab 1.520 + 0.007Ab 1.660 + 0.274Ab 2.200 + 0.028Ba
M. biondii 1.580+0.064Ba 1.360 + 0.057Bb 0.830 £ 0.058Cb 0.560 +0.539Cc 1.470 + 0.019Ad 1.590 + 0.042Ac 1.920 + 0.028Ab 2.300 + 0.128Aa
Ao
a2

M. wufengensis
‘Jiaohong No.2’

1.760 £ 0.070Aa 1.660 + 0.073Aa 1.270 = 0.047Ab 0.930 £ 0.589Ac 1.340 £ 0.055Bc 1.390 = 0.087Bc 1.610+ 0.033Ab 1.770 £ 0.072Ca




I A 3 P A AR AR A BRI B A 8 61

%9
251 CICKEAT, NT, BT,
. Aa Aa
T 20T + ABa ZI7
2 | B 1
=2 st P
ﬁg E ABb
w2 Bb
SN S
) Ac Ac
z 98 xS
g o5} 23 S
) 3
o 9
0% R
000.1 0.0‘1
X 35
KR PEE> QEE=WL25
M. sieboldii M. biondii M. wufengensis
‘Jiaohong No.2’
1 FEPrExE 3 FhE 224 e A B

Fig. 1 Effects of drought stress on chlorophyll content of three

Magnolia spp. seedlings

MRS EIBEHIRDN, AL 22O 2 5 g R
TR T, BN, b CK & 6.78%. T, Ty
BN 3RS I SR S EHREMKT CKP <
0.05). £ CK fl T, ¥ T, BEHFEEEMERETER
FEETRULUAKREP<0.05); £ T, LB F, 46 E2
WA 2 S GRETERERS TEEEEMRLKR
(P <0.05). L EZEREY: BT FEHE 17 a4E
FEGRA 2 SO SRR A PEMEE TR RE
BT 3 Fh R 224 R0 & .
222 ASBAEFHTA

2 BoR: BTSRRI, 3 B A S Y
BUE NN R AR ZERL AL K 2L G4 2 5 75 % 4k
HITA BT ES CK ZRYEE (P <0.05, K
RAAKRELE Ty Ty Ty A FE R B & BEE CK 4
SIEAN T 15.19% 20.22%- 27.58%, 4146 T % W 41
2 50E T Ty T3 A ER R /& &8 CK 53 il 3
T 9.80%- 17.68%- 21.96%. £ CK. T\ T, At
T, 3M RN RS EE R EEWP<0.05), F

18 COKEZTRIT, AT,

16 - A

14f Ac 2
N

ABa

N

QOOLIIARKKIAKRIKKKIRKKS]

oo

]
Yo%

K

R

I
&

%
@
o

o]

&

X

2

3
SRR
1%
00
R
ZRLS

<%
%%
0%

o%%

S

%%

%%

S

N\

%
SRR
R

XX

XXX XXXX]

&

Malondialdehyde content/(umol-g™')

0
XX
dodeds

%3

%S
bt

6%

B ot ot at e tota s totetetotatotatetodss
X5
%
oot
6%

AR
XSS
XXX
QK&K
RS

o%%

%

%%
XX XXX XXX XX

202020202020%0207020°02020 202074 7070%02020 24762624 260 %

O
R
%%
%%
X

%
%%

%%

X

%
RR

2

%

HEEZ 4AfE2Wa25
M. biondii M. wufengensis
‘Jiaohong No.2’

K2 F5MEXT 3 Fh R 224N RS R W
Fig. 2 Effects of drought stress on malondialdehyde content of three

%%

K>

PN N
M. sieboldii

Magnolia spp. seedlings

VI B I S, FA A M F M, B v ek el 4
MO 3 FE B, DA R g5 SRR 0. T R e m sk T
3 Fh R AR AR AR, DA 2R 48 2 R Y
FREE .
223 BERATHRGEL
3A BN T RMHE R ER I T 3 PR AT
VEPERE &8 (P <0.05), HIGHEM X Fia, 78 T, ik 3|
BORME, RAAR%E,BEERE, AR E2E g 25
Al PR S BB CK il i 67.56%- 35.12%.
79.91%. 1E T~ Tps Ty AAHE R, A0 K22 WF4 2 52
AR S B EE ST RN E A (P <0.05).
Kl 3B fon: BT R0 3 22 4w e
HEES BN, £ T, B3R AME, RaR=, 8
FEXE AEEZ WA 25 HEEEASER
CK 437359 103.43%- 55.86%- 68.21%; T, T; AbFE
T REARZEFAIEE W 2 S EA S &
PIREET CK(P<0.05), % T R4, #EEX
AEEATESNEERT CK(P<0.05), %15

PHERNMEF R LR = > BE L= > k= WhFRH, LG R E AL 2 SRR A S B R
R 2 5. NS SIREMENE AR, KRS ST AR (P <0.05),
_ K AT, NT, B T,
7100 0 40 40
on A 5 B C
& 28- 335' i T 35T Aa
4 i Ba R = 30} 8 30 R
G5 O o ac ANE €35 =20 Ao
25 50l PN @ S 20} | NG
=5 WIPENE T = g Ba N
E2 5| Q § R e S5 L C g§
=2 Sl e K g 10} TE0F IS K
z ?8 - §§§§ %Efzf K 2 5| s 5B f/%gz% CbeC Ié%gg
2107 N 23, = OO deNE | NG
@ RArk2s  HEFEZ AEEE 3 WEF2 RS Kk BEEZ  AEEE
M. sieboldii M. biondii 412 %5 M. sieboldii M. biondii  “{ff41.2 5° M. sieboldii M. biondii 4412 5>
M. wufengensis M. wufengensis M. wufengensis
‘Jiaohong No.2’ ‘Jiaohong No.2’ ‘Jiaohong No.2’

3 FRPEXT 3 FhE LSS TR R

Fig. 3  Effects of drought stress on osmoregulating substance content of three Magnolia spp. seedlings
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Fig. 4 Effects of drought stress on protecting enzyme activities of three Magnolia spp. seedlings
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Tab. 4 Subordinate function values of three Magnolia spp. seedlings under drought stress

Ei=g KRR BEE= AR N /AW A
Index M. sieboldii M. biondii M. wufengensis ‘Jiaohong No.2’
Fh G & Plant height increment 0.238 1.000 0.000
Hi /%3 K B Ground diameter increment 0.000 1.000 0.067
R K: 5 Root increment 1.000 0.000 0.595
2K & Stem increment 0.701 0.000 1.000
-3 5 Leaf increment 0.361 0.000 1.000
&t Root-shoot ratio 0.825 1.000 0.000
4% 2 Chlorophyll 0.060 1.000 0.000
AV ERE Soluble sugar 0.418 0.000 1.000
TP [ Soluble protein 0.213 0.000 1.000
Jii% B Proline 0.218 0.000 1.000
A 8% Malondialdehyde 1.000 0.518 0.000
A EAL G Superoxide dismutase 0.000 0.398 1.000
EEAE Peroxidase 0.000 0.447 1.000
AL Catalase 1.000 0.632 0.000
1§64 % Net photosynthetic rate 1.000 0.489 0.000
JiE CO,¥KJE Intercellular CO, concentration 1.000 0.000 0.641
S L5 & Stomatal conductivity 1.000 0.150 0.000
7% & 1 Transpiration rate 1.000 0.391 0.000
KIS R Water use efficiency 1.000 0.889 0.000
“F¥{H Average value 0.581 0.417 0.437
PLFEHET Drought resistance ranking 1 3 2
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