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Effects of drought stress on growth and physiological parameters of Machilus
pingii seedlings™
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At This paper is aimed to determine the drought-resistant characteristics of Machilus pingii seedlings in order to
provide theoretical foundation and technical reference for the cultivation and water management of M. pingii seedlings.
The study was a pot trial in greenhouse. The continuous drought stress in different duration was classified as different soil
water levels: well-watered (CK), mildly stressed (water soil content (SWC): 10-15%), moderately stressed (SWC: 6-10%) and
severely stressed (SWC: < 6%). The results indicated that: (1) with longer duration of drought stress, the SWC, relative leaf
water content (LRWC), and the height and basal diameter increment of seedling decreased significantly. Chlorophyll a (Chla),
Chlorophyll b (Chlb), carotenoids (Car) contents and Chla/b increased at the beginning and then decreased. (2) Main osmotic
adjustment substances including soluble sugar (SS) and soluble protein (SP) contents increased at first, reached the maximum
values under moderate drought stress, and declined under severe drought, while proline (Pro) content increased continuously.
(3) With higher drought stress intensity, the contents of mlonaldehyde (MDA) and hydrogen peroxide (H,0O,) increased slowly
under moderate drought stress, and then rose sharply under severe drought stress, which led to aggravation of membrane lipid
peroxidation and increase of membrane permeability. (4) The superoxide dismutase (SOD) activity and ascorbic acid (AsA)
content in leaves were significantly lower in drought-stressed plants compared with well-watered plants, whereas peroxidase
(POD) activity initially increased but then declined. By the end of drought stress, POD activity was still 25.5% higher than that
of CK. We concluded that under the condition of mild and moderate drought stress (SWC > 7.6%) M. pingii seedlings can adjust
the protective enzyme system and osmotic adjustment substances to reduce the damage of drought stress and maintain growth
of the seedlings and normal physiological metabolism. But under the condition of serious soil water deficit, M. pingii seedlings
will be severely hurt.
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0.66 g/kg, 4=45.81 g/kg, A 5H5128.63 mg/kg, HAH15.27
mg/kg. FRALL A8 A G — S TR LM PR3 (04829 em, JiE
17 em, #5125 cm) AT A AR G, BIERS) G A,
A)EEA1S ke

F20134F 11 H 4 Vi i 2 AR A8 T 28R 2, S dE AT —Bewst
V5] 035 7 1 A, A TRD R AT R K 2 A B SR HH 28 385 5K
+ 32 KA AE AL (ML2x, GBR) Wi il 3 4 Ak o, ¥+ 384k
B KR P I AE 20% (A 24T H A H K R A9 80%) 2 4. hif
THU B 0 AR 407 135 15 39.80 em, ~F-34 446,82 mm.
1.3 iRX5&i& it

K 22 Kbt A AR W A K G S K IR SRS S [ E R AR
B, RHREEDTHX TR TRHX, 2894 TN
FoK B K E: 2 UK — A SRR R H A 5
PR AT B BE R SR A5 1R B K B 0 B 00 AT T 5 e Ab B

IR AR AR BT, B 7 LK B b 2 (L
FEXTHECK) , A:RR6 dXF—A~Ab B 1 5e K, BIEE— A~ 4k FE 1Y)
(0-6 d) XF 25— A Ab PR PRk, HEAYO b BEIEH BEK; 56
TAKE BRI (6-12 d) X AR A AL BRAE IR PR K, HiAR SN Ak B
R B, LIZEHE, Ma Jint36 d, il 45 R 5 8 R T4
SIFFELIEK 36, 30, 24, 18, 12, 6F10 d (A7) ic/ED36, D30,
D24, D18, D12, D6FIDO) 74 ik B iy 4= 58 K 4346 B, DA %
TEFR T R 3K AR A T AE K B 32 Wi AR . T &5 Rk
FI L 18:00-9:00 1 3 SR 42 45 Ak TH AR Mk AH [R] 35 457 B 20 - -l
E A BRIE bR, TR T o007, MR A Ah B 4 S KR
(SWC) Ju45 A= BRAG b Xt £ 7K 43 ik 3R ) 5 17, 474~ 7K 434k 3
A RAd . IEF LK (DO SWC > 15%) | 32 T5 (D6: SWC
110%-15%) | P EET2 (D12, DI8: SWCHE6%-10%) . T &
F-5 (D24, D30, D36: SWC < 6%) """ 32 56 30 [a] S ¥4 3, i
HF21 °C, FH 2 S AR B R41%.
1.4 HEREREEBERNE R X

Z R R S-S AR B RS ks R RN &, 1
F AR 5 AR SR AR R AR B e, sk R A RN
T I 4k I i, PV R A R T e i e e Y
WE, TS4E /LY EE (POD) 36 HER @Al KBy ke, Ak
WAL EF (SOD) SR A W PUmME (NBT) 3L 5E , W7 55 Il & iR
(Pro) ¥ & R E =M b ik, 5 i (MDA) R
IR HZ iRk e, i AL A (H,0,) 3 BEXIE Y Jy k1
TAE , BRI AR 2 08 £ 50 A 7 L2
1.5 BEAIBESHH

K FHSPSS 16.058 1143 #1484 (SPSS Inc., USA) i 45 5k
PR AT R 7 22387 (One-way ANOVA) , H /N %
£ %k (LSD#E) ¥t 2 4. SigmaPlot 10.01&] 3 4b B4R
ERI%.

2.1 FEMETTEERSKE (SWC) FrtHHLE

& 7kE (LRWC) B35k
H B VT, B 2 S 0 B ] 4E K, SWC L % &
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I F AT 5 7k LRWC (w/%)

DI2 DIg
T2 piam A Drought-stress time

E1 FERPETHEGCREKE, AHEHEHTFAMNESKkENTK. R

[f] /NG T R 22 734 0.05 8 /K. DO, D6, D12, D18, D24, D30,

D363 M RFFET50d, 6d, 12d, 18d, 24d. 30d. 36d.

Fig. 1 Variation of the soil volumetric water content (SWC) in the

D24 D30 D36

cultivating pot and relative water content in leaves (LRWC) of Machilus
pingii seedlings under drought stress. Lowercase letters indicate significant
difference at the 0.05 probability level. DO, D6, D12, D18, D24, D30, D36
indicates continuous drought-stress period, of 0 d, 6 d, 12 d, 18 d, 24 d, 30 d
and 36 d respectively.
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WV, B2 W i B 0 E K, T AR 4 1 AR o 3
T H AR R 1 R R AR A A AR v G A Ak B P A o R
(157K 6-18 d) £ 4b 3 5 CK I A TE 7] —7KF (P > 0.05) , 1F
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Table 1 Variation of height and basal diameter increment of Machilus
pingii seedlings under drought stress

T M B IR B 38 5k

Drought-stress time and soil

AR (d/em)

B N=X
BB R (hiem) Basal diameter

Height increment

volumetric water content increment
DO (CK, 21.75%) 3.20+0.14a 0.31+£0.06 a
D6 (13.93%) 2.60 +1.35 ab 0.24 +0.02 ab
D12 (9.78%) 2.53+£0.66 a 0.28 £0.19 ab
D18 (7.57%) 1.67 +£0.78 ab 0.26 = 0.14 ab
D24 (5.10%) 1.15+0.35 be 0.14 = 0.01 ab
D30 (3.53%) 0.80+£0.42¢ 0.08 +£0.07b
D36 (2.73%) 1.00+£0.42 b -0.17+0.11 ¢

AENG FhEF R 22 7350.055 /K. DO, D6, D12, D18, D24, D30,
D367 K nFF T 50d, 6d, 12d. 18d, 24d, 30d. 36d.

Lowercase letters indicate significant difference at the 0.05 probability level.
DO, D6, D12, D18, D24, D30, D36 indicates continuous drought-stress period,
of0d,6d,12d, 18 d, 24 d, 30 d and 36 d respectively.

23 FEpEXMEEHELERESENEN

F2WoR, TR0 EM SRS OE S B
HE—ER R, 4t Ka (Chla) . M4 EDb (Chlb) | ZKEHE b
# (Car) &) X Chla/b#4 2 S 5 Mk %%, HeChla, Chlb
K Car 7 HTE S 24K 35 BIWEAH , 73 5] Lk CKI &3 fin180%
170%. 60% (P < 0.05) , 7E{57K 18 di}, Chla/bi kK, HCKE
FHM (P <0.05), ¥IEiE43.1%; Mra 36 KNt (D36),
Chla, CarfllChla/b%y 3| L CKREAK12.0% ., 30%. 29.2%, 1fijChlb
1 CK 55 23.5%.

24 FEPpETEMSEEESR (H,0,) SEFMEE
T &= (MDA) BJZ4L
R, BEE TP e R, H,0, & L

Table 2 Effects of drought stress on the content of chlorophyll in leaves of Machilus pingii seedlings

TR e T B KR W5t Chla W42 Chlb W4t Za/b KHB | Car
Drought-stress time and soil volumetric water content (w/mg g, DW) (w/mg g, DW) Chla/b (w/mg g, DW)

DO (CK, 21.75%) 0.75 £ 0.02 ef 0.17+0.01 ¢ 4.42+0.15 be 0.20+0.01 ¢

D6 (13.93%) 0.82+0.07 ¢ 0.22 +0.04 be 4.45+0.45 be 0.20+0.03 ¢

D12 (9.78%) 097+0.3d 0.22+0.01 b 445+0.12b 0.24+0.01 ¢

D18 (7.57%) 1.40+0.10 ¢ 0.22+0.01 b 6.32+0.62a 0.28+0.02 b

D24 (5.10%) 2.10+0.09 a 0.46 +0.05 a 4.63+0.59b 0.32+0.03a

D30 (3.53%) 1.66 +0.02 b 0.44+0.00 a 3.78 £ 0.05 cd 0.28+0.02 b

D36 (2.73%) 0.66 +0.03 f 0.21 £0.01 ¢ 3.13+0.25d 0.14+0.01d

AEING FbE 78 2% H53150.055 7K. DO, D6, D12, D18, D24, D30, D363l 454 T50d, 6d, 12d, 18d. 24d. 30d. 364d.
Lowercase letters indicate significant difference at the 0.05 probability level. DO, D6, D12, D18, D24, D30, D36 indicates continuous drought-stress period, of 0 d,

6d,12d, 18 d, 24 d, 30 d and 36 d respectively.
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Fig. 2 Effects of drought stress on the contents of H,0, and MDA in leaves of Machilus pingii seedlings. Lowercase letters indicate significant difference
at the 0.05 probability level. DO, D6, D12, D18, D24, D30, D36 indicates continuous drought-stress period, with 0 d, 6 d, 12 d, 18 d, 24 d, 30 d and 36 d
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Fig. 3 Effects of drought stress on the contents of three osmolytes in leaves of Machilus pingii seedlings. Lowercase letters indicate significant difference at
the 0.05 probability level. DO, D6, D12, D18, D24, D30, D36 indicates continuous drought-stress period, of 0 d, 6 d, 12 d, 18 d, 24 d, 30 d and 36 d respectively.
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A R RT s E EE E (SP) A H R B S 1 s R R A R
A5 4 B 556 BE 22 8] 24738 3 8.3k (P < 0.05) , FEES 18K
(FEET52) i, B BIE(E, LCKIEIN46.7%, B )5 H& 2 W
ZETHE(P<0.05), HEAMLEHR, HERECKIL.0%.

HEBBH LUE Y, vl s (SS) & B R pl 5 T R0
() P18 S0 < 0 2 AR ) 8 2 S TS R A A 7E0-12 dRY,
T AR 40P P Y SS R 2k R AR A XK KT, D12 T
CK7.4%, HA5 Kb 5% M8 22 (8] 22 SRR Bl & (P > 0.05) ; #E18-
24 dit, Hor W3 LA TR EEME (P < 0.05), BLEFIF A
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FSSE i L CKI% N 74.1%, Bl 25 Mhad 72 B ot — i, oA
SSER TR, HAEALFIEE I, BCKAL3.4%, H2ERAW R
(P>0.05).

AT EMHAT, ERR (Pro) () 2R 2 N B 3L
FREJiRES. HE3CARH, A T Whan A2 B0 R, i e
Y Proft IR, FEREFEIEIK 24 d (e ) B,
ProZr i 208 I F, B CKIEN248.6% (P < 0.05) , B & AbI4;
W, Profy & 5 T CK278.3%.
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INEAAFT R, K% 5 Mha ad R O K, A4 A
AR ALY AL B (SOD) WMk B Tt 3y, BRI T5

(56K ) B, V%) G v i SODI 1 T [ 14.8%, B Je 45 Ak 21
22 HAREE (P>005), #HETF (524K), SODEE
WBFETFH (P<0.05), HLCKIF /> T36.4%.

WMEABFT/R, ZET 254N, M4t d 4t A
LY (POD) 16 ME R I e TR BE R a4, H& 43 5%
MZ R ZEREE (P <0.05), FETRE24K0}, ik H (A,
BCK R 74.0%, W 2 ok F B iE— 20 ), PODYEPE B 2
[ (P <0.05), B Z Mok BE4GE R, HPODIE M A L CKE
25.5%.
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Fig. 4 Effects of drought stress on the system of antioxidant substances in leaves of Machilus pingii seedlings. Lowercase letters indicate significant
difference at the 0.05 probability level. DO, D6, D12, D18, D24, D30, D36 indicates continuous drought-stress period, of 0 d, 6 d, 12.d, 18 d, 24 d, 30 d and 36 d

respectively.
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