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Abstract: Drought and subsequent rewetting were common natural phenomena in terrestrial surface soils. During rewetting

events, microbial-driven processes fundamentally mediated drought-induced impacts on soil ecosystems. With the increasing
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frequency of extreme weather events, understanding these dynamics became critically important for forest soil resilience. In
this study, we collected soil samples (0—10 ¢cm and 10—20 cm depth) from a South Asian subtropical evergreen broadleaf
forest in China, including plots subjected to 7-year drought treatment and control plots. Through laboratory incubation
experiments at three rewetting levels (40%, 60%, and 80% of field capacity ), we analyzed changes in microbial
community composition and extracellular enzyme activities pre- and post-incubation. The results demonstrated that long-term
drought significantly reduced fungal abundance in the 0—10 cm soil layer, decreased soil organic carbon and total
phosphorus content in the 10—20 c¢m layer, and inhibited B-galactosidase ( GAL) and B-glucosidase ( BG) activities.
Under rewetting treatments, control soils exhibited minimal variation in microbial composition and abundance, while
extracellular enzyme activities were significantly enhanced under the 60% field capacity rewetting compared to both 40%
and 80% treatments, suggesting this moisture level was optimal for microbial metabolic activity. After rewetting, the
abundances of bacteria, fungi, and actinobacteria in soils historically affected by drought remained lower than those in the
control treatment to varying extents. Among the environmental factors, soil organic carbon and total nitrogen content were
identified as key drivers of microbial community structure variation. The activities of microbial extracellular enzymes in soils
historically affected by drought rapidly recovered to control levels following rewetting. However, under the 40% rewetting
treatment, extracellular enzyme activity in the 10—20 cm soils layer was significantly higher than in the control, leading to
a notable difference in SOC between the drought-affected and control treatments. Moreover, historical drought significantly
decreased soil organic carbon content under both rewetting treatments: a reduction from 25.56 g/kg to 20.53 g/kg (P=
0.053) at 60% rewetting intensity, and a more pronounced decline from 24.92 g/kg to 17.58 g/kg (P<0.01) at 80%
rewetting intensity. These findings demonstrated that historical drought exerted significant legacy effects on soil microbial
communities and their extracellular enzyme activities in subtropical evergreen broad-leaved forests of South China during
short-term rewetting. Specifically, the drought conditions delayed the recovery of soil microbial communities, while
potentially enhancing extracellular enzyme activities to a greater extent under low-level rewetting treatments. The results
suggest that projected extreme climate conditions, including both prolonged drought and episodic rewetting, would likely

exacerbate soil organic carbon loss in subtropical forest ecosystems.

Key Words: forest soil ;long-term drought ; rewetting ; historical drought legacy effect ; microorganism ; enzyme activity
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Table 1 Effects of drought treatment on soil physicochemical properties and microbial activity in different soil layers before culture

0—10 ecm T2 10—20 em +J2
Fehr A 0—10 cm Soil layer 10—20 cm Soil layer
Indicator Unit i R FE p o HE F2 p
Control Drought Control Drought
bill%;ﬁww;}% b g/kg 45.79+1.38 38.41+4.87 0.22 28.63+1.43 22.25+0.81 0.02
011 organic carbon
MR
,[j,:lgi ? it o/kg 3.15£0.09 2.81+0.35 0.40 2.07+0.17 1.61£0.08 0.07
otal soil nr I'Ugen
2
B % o/kg 0.32+0.01 0.33+0.02 0.63 0.3+0.00 0.28+0.01 0.03
Total soil phosphorus
HHESA
2:1%%%‘ ﬂ it mg/kg 6.28+0.71 7.69+0.22 0.13 4.93+0.32 4.64+0.71 0.73
D01l ammonium nitrogen
RS A
::%Eil«:%t mg/kg 6.53+0.50 4.00+1.14 0.11 4.19+0.69 3.52+0.54 0.49
oil nitrate nitrogen
|‘-_"|\ vl =1 1=} i
;ﬁﬂsiiiﬁ& ng/g 2401.72£250.13  1485.11+406.45  0.13 1889.85+315.80  1280.11+83.02 0.14
ola
LR HE HE I i
i}m%[]%ﬂt}()it;ﬁfﬁ& ng/g 1191.61+146.33 768.72+221.84 0.19 1007.05+160.20 660.76+36.62 0.10
acteria
E’”‘ vl =1 =3 i
. @%Eﬂlﬂﬁﬂ& ng/g 186.93£17.79  106.39+16.41  0.03  149.05:31.19  113.95:12.91  0.36
ungal
272 k) j
(T”Eb' " {](ﬁj:ﬁ? nmol g™ h™! 27.72+1.20 26.09+7.26 0.84 18.18+1.98 14.03A+2.25 0.24
ellobiose hydrolase
E_;([\T%T—;ﬁ@ nmol g™ h™! 19.57+2.72 15.13+2.28 0.28 12.66+1.32 14.15+1.49 0.50
-Aylosidase
P:&r?@iﬁ&ﬁf " nmol g™' h™! 111.70+8.13 126.57+12.07 0.36 93.49+9.60 94.91+4.72 0.90
cid phosphatase
g_z:TL/tE:FZNQ nmol g™! h™! 7.26+1.95 6.50+2.51 0.82 8.09+1.52 3.03+0.73 0.04
-Galactosidase
N- = o
ﬁ@%ﬁﬁA?%%@*ﬁ nmol g™' h™! 26.11+4.86 14.94+3.27 0.13 32.30+6.09 21.76+6.79 0.31
BRI nmol g™ h™! 89.19+£7.74 96.49+26.33 0.80 82.36+£10.76 30.88+8.45 0.02

B-Glucosidase

PLFA . B IR iR Phospholipid fatty acids; NAG ; N-Z. [ -2 35 2 W7 B N-Acetyl-glucosaminase

3.2 PR RORIRIK A3 B A A 5T Y 52 e

£ 0—10 em 2 KA A0 FEXT S A PR AL A ST T 1A g, DT s T SRR (D) #E 60% Fl 80%
IKATAR BT BRI T C P 7E = AN UK AR T W B AR T NP, AR A R I 7 s T R AL PR AR T
SOC TN NH;-N fy& & (HEZEFIFABE(P>0.05) ;b Jj s T 5 A FH N T NOS-N & &, (HE S0 AR
WBFE(P>0.05)(#£2),

£ 10—20 cm )2 % REFEHL (CK) NH; -N & 5247 Bl 7K 4338 I s m i #a 3, 3 80% 7K 43 4b 3~ NH;, -N
T R T 40% K S A ER D7 SRR C N A B K 3 3R AR JE AR A kA, B 60% 7K 43 Ak HE i
FT 80% KA AL TR, J sl 5 AL B A BEAE 409% F1 80% K /rAEFE T SOC & C:N Hl C:P L E A, 7F 40%
IKGPRL TS N:P B REAIR, R 25 2R R W g s T A BRI T TN &5 5 1 NH-N & i, (HR2 22 55 9F A
F(P>0.05)(F£2),
3.3 iR AN S A BEXE e i R A AN G 5 T

£ 0—10 em )2 H1,60% F 80% 7K 73 AL FIL 2 REAR 1 Py s T 24 (D) G2 G, 80% 7K 43 Ab B I 25 [ AIK
TR HEAEHL(CK) G* .G MUAMK oAb BEXT S i B U7 R ( Tot PLFA) | 4HTE B A5 B 7 2 ( Bac PLFA) | FL & %
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REHRIITR (Fun PLFA) R R WEIRRR TR (Acti PLFA) 7 15 52 JE A — 30, DU R AR 7 50 T FAE bR 1
K 40% = 60%<80% , 7% BEAEHL R IR 60% <40% <80% , {H WAL Hb i DU FEFR7E =S /K 4 Zb B 8] Y4 T i 35 2%
S (P>0.05) (K1),

%2 FHETFEAEERELE kSR + AR L M R B 0

Table 2 Effects of water treatment in different soil layers after historical drought treatment on soil basic physical and chemical properties

40% 7K 5 60%7K 5% 80% 7K 4
L o . 40% Moisture 60% Moisture 80% Moisture
Layer Indicator Unit X IR DR X IR m.j"‘1 e Xof IR FETR
Control Historical Control Historical Control Historical
drought drought drought
0—10 cm A P o/kg 38.15Aa 34.43Aa 43.51Aa 33.68Aa 42.63Aa 33.00Aa
TR o/'kg 2.73Aa 2.30Aa 2.77Aa 2.19Aa 2.77Aa 2.25Aa
etz JEN 7 o/kg 0.29Aa 0.29Aa 0.30Aa 0.29Aa 0.30Aa 0.29Aa
THESA mg/kg 64.15Aa 59.16Aa 87.82Aa 71.08Aa 87.82Aa 76.36Aa
TS A mg/kg 2.05Aa 4.13Aa 2.65Aa 3.91Aa 3.10Aa 4.09Aa
A / 13.98Aa 14.93Aa 15.68Aa 15.31Aa 15.44Aa 14.57Aa
T L / 131.97Aa  116.05Aa 144.06Aa 116.77Ab  141.01Aa 113.63Ab
AW / 9.44Aa 7.76Ab 9.18Aa 7.62Ab 9.16Aa 7.79Ab
10—20 em A PLIR o/kg 26.58Aa 19.01Ab 25.56Aa 20.53Aa 24.92Aa 17.58Ab
A o/kg 1.78Aa 1.45Aa 1.71Aa 1.42Aa 1.71Aa 1.42Aa
e ER o/'kg 0.26Aa 0.26Aa 0.26Aa 0.24Aa 0.26Aa 0.25Aa
T AN A mg/kg 58.30Ba 54.02Aa 70.73ABa  63.64Aa 76.85Aa 65.00Aa
IR A mg/kg 2.79Aa 2.87Aa 2.46Aa 2.84Aa 2.50Aa 1.16Aa
€024 / 15.00Aa 13.13ABb  15.00Aa 14.43Aa 14.58Aa 12.3Bb
i 1L / 103.08Aa 73.47Ab 97.36Aa 85.10Aa 94.29Aa 70.10Ab
AW / 6.88Aa 5.60Ab 6.50Aa 5.88Aa 6.48Aa 5.68Aa

RNRKG F BRI ] — T FAR BN K 23 b PRI AETE 035 22 57 | AR ()N 5 B2 A 7] 2K 234k SRR ] T 574 b B0 A 7 o 25 22 53¢ ( P<0.05)

7 52 AL FRAE 39 60% /K /3 AbFR R i 35 FEAK T Tot PLFA Bac PLFA Acti PLFA {5 & | 75 80% /K 434k
PR W BRI T Fun PLFA &5t BAR D s T AL BAE B K 3 Ab 3R W AR T D L DU Al g B 17 1R & i,
TE 60% 1 80% /K 73 AL BT R T F . B (HIZ2 22 73R 3% (P>0.05) (Bl 1)

FE 10—20 cm 2 Ji s 24 (D) Fun PLFA &5 7E 60% /K340 R 25K T 40% /K 534 #E  60%
11 80% 7K 43 hb FH 5 2 BRAR 1 X BRAEEHD (CK) G™ . G, % B AL Tot PLFA Bac PLFA  Acti PLFA i & &7E 60%
TR PR T e e, 55 5 T 52RE L Tot PLFA Bac PLFA Acti PLFA & F.B 7F 60% /K43 Ab BT feAI% , 7 40% 7K
SPALEET B m SR EA TAE A /K 73 (R 25 558 i 2 (P>0.05) (K1 2)

I3 s T AL B A 60% /KM Ab BT B E AR T Bac PLFA Al Fun PLFA &8, BARHT S0 T A HFFAT
T Tot PLFA Fl Acti PLFA & & (HIR 2RI AR 540, s TR T F.B M G* .G, (HERBAR
F(P>0.05) (K 2),

M3 0T LU H A5 A B R SR AR X 2 5 i R A 22 TR PH MR A B (G ), LU % [ B M Al
(G™) BT (Acti) , DL B (Fun) IR AR BB (AMF) . B4~ 1)Z2 G Fun Acti , AMF A%t = 7E
BRI —2, A2 T D T R BT G R A 45 K AL BE R B s T R R (D) 3
G AR = B 38 3k e T HERE Ml ( CK) (BJE 35 22 7% (P>0.05) 3 %F G~ \Fun  Acti , AMF AHXFBETCH M

P 2 K 43 Ak FO6E - SFE AR W B AP RS s e S I B K 4 BT S B R R EC— B T
s, A LEFEE 10—20 em LJZDIFT—FEHH F, 7E 0—10 em 12 X BEAEHL (CK) H CBH
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Fig.1 PLFA contents in different soil cultures at 0—10 cm soil layers after historical drought treatment
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Fig.2 PLFA contents in different soil cultures at 10—20 cm soil layers after historical drought treatment
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Fig.3 Relative abundance of various phospholipid fatty acids in 0—10 cm and 10—20 cm soil under different water treatments after
historical drought treatment
D JJi 2 T 540 H Historical drought treatment ; CK : X BEALFH Control treatment ; G+ ; % 2% [GBHME AN B Gram-positive bacteria; G—; # 2% [GFHPE AN
Gram-negative bacteria; Fun: ELIE Fungi; Acti: JUZE T Actinomyces ; AMF ; I R AR BB Arbuscular mycorrhizal fungi

#3 MEFELXLEELRELEFEKSE T EREYRIMEGE LSRR
Table 3 Indicators of soil microbial extracellular enzyme activity in different soil layers under various water treatments after historical

drought treatment

40%7K 5 60% 7K 5 80% 7K 5
s o gy 40% Moisture 60% Moisture 80% Moisture
Layer Indicaor Uni o OETR g BRTR e IRTR
Control Historical Control Historical Control Historical
drought drought drought
0—10 cm LF4E MK ARG nmol g~ h! 2.76Ba 2.53Ba 7.20Aa 5.06ABa 5.48ABa 6.39Aa
B-AWE S nmol g™ 'h~! 27.34Ba 26.71Aa 39.61Aa 37.02Aa 32.51ABa 30.34Aa
PR MR G nmol g™ h™! 212.82Ba 218.44Aa 281.86Aa 302.30Aa 320.71Aa 285.68Aa
B-FFLMH TG nmol g™ ' h~! 141.16Aa 140.78Aa 166.11Aa 216.77Aa 145.39Aa 198.39Aa
N-C B -F AR AT 1 nmol g~ h~! 253.15Ba 183.21Aa 381.13Aa 311.10Aa 329.96ABa 326.66Aa
B- AT I nmol g~ h~! 336.95Aa 282.80Aa 357.71Aa 390.90Aa 370.57Aa 396.45Aa
e 5 FAR IR G P2 / 2.02Aa 2.54Aa 1.52Aa 2.14Aa 1.68Aa 1.96Aa
WS BRI S 2 1L / 2.39Aa 2.10Aa 2.03ABa 2.15Aa 1.75Ba 2.26Aa
AEUHEEEZ 1L / 1.19Aa 0.83Bb 1.37Aa 1.03ABa 1.04Aa 1.15Aa
10—20 em  EFAE KRG nmol g 'h™! 0.39Bb 2.54ABa 2.95Aa 2.87Aa 2.02ABa 2.23Ba
B-ANE nmol g™ h™! 11.55Ch 18.53ABa 21.13Aa 20.91Aa 17.40Ba 14.11Ba
PR DR nmol g~ h~! 202.99Ab 289.63Aa 284.84Ab 342.09Aa 273.36Aa 322.81Aa
B-EFLMH G nmol g ' h™! 98.38Ba 128.51Aa 172.50Aa 168.50Aa 169.01Aa 132.93Aa
N- - AR AT nmol g™ h™! 130.30Aa 195.64Aa 272.78Aa 278.77Aa 276.22Aa 261.55Aa
B-HI AT I nmol g~ h~! 190.64Ab 326.30Aa 285.03Ab 371.80Aa 313.19Aa 347.36Aa
RS ERIREFEZ L / 2.39Aa 2.50Aa 1.80Aa 2.10Aa 1.86Aa 1.90Aa
WS BRI E 2 1L / 1.51Aa 1.63Aa 1.69Aa 1.65Aa 1.82Aa 1.54Aa
AEBRIARE 1L / 0.64Ba 0.67Aa 0.95ABa 0.81Aa 0.99Aa 0.81Aa
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Fig.4 PCoA analysis of phospholipid fatty acid composition of soil microorganisms under different water cultures at two soil layers after
historical drought treatment
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Fig.5 RDA analysis of the correlation between physical and chemical properties and phospholipid fatty acids of soil microorganisms under
different water cultures at two soil layers after historical drought treatment
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