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Effects of precipitation change on soil microbial functional diversity in the

primitive Korean pine and broadleaved forests
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1 Northeast Forestry University, Harbin 150040, China
2 Changbai mountain Academy of Science, Antu 133613, China

Abstract: Global climate change and sustainable development are the two most important challenges worldwide. Patterns of
precipitation, includes quantity, intensity and distribution, are expected to change. Subsequently, soil moisture content is
expected to followed the precipitation pattern changes, which would affect the aboveground biomass and soil microorganisms
activity. The latter would consequently affect the structure and functioning of terrestrial ecosystem. Therefore, it is critical to
understand how ecosystem structure and function will respond to the expected changes of precipitation pattern. Many large
controlled field experiments modify the precipitation pattern change. Most of those studies have been focusing on species
composition, productivity and soil respiration. Soil microorganisms are sensitive to micro—environmental changes, which
drive the soil nutrient cycling, as well as ecosystem processes such as soil material conversion and energy flow. Therefore,
they have been recognized as sensitive indicator of soil ecosystem. As a consequence, soil microorganisms have been a
popular research topic in pedology, and have become an extremely important and relatively quick growing research field.
Forest ecosystem can contribute greatly to adjust of global climate change. Broad—leaved Korean pine mixed forest is zonal
climax vegetation in northeastern China, and it plays a significant ecological role in this region. We selected Changbai

Mountain to study the microbial feedbacks to the precipitation changes. Soil microbial functional diversity and its changes
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driven by precipitation change (30% increase and decrease) were measured in different layer soil (0—5c¢m, 5—10cm and
Korean pine rhizosphere soil ) , using the Biolog microplate. Our results showed that the average well color development
(AWCD) value were highest in the increased precipitation plots, and lowest in the control plot at the beginning of the
cultivation. however, it did not have an obvious pattern with precipitation regime at the end of cultivation. Throughout the
whole incubation periods, the AWCD value in rhizosphere soil was higher than in surface soil. Shannon—Wiener, Simpson,
and Mclntosh diversity indices showed no significant difference between different layers and precipitation patterns. This
suggest that precipitation increasing or decreasing with 30% had no significant effect on functional diversity of different
layers or the rhizosphere soil in broad-leaved Korean pine mixed forest. However, the utilization intensity of six categories
carbon sources types were specified. Amino acids, carbohydrate and polymers were the main carbon sources with a high
utilization rate, especially the amino acids. The microbial functional diversity under different precipitation conditions showed
that the spatial heterogeneity was reflected the use of amino acids and carbohydrate by microrganisms. N-Acetyl-D-
Glucosamine, D-cellobiose, and a-D-Lactose was the most specified carbon sources to microbes. This evaluation of
microbial functional diversity in bulk soil and rhizosphere soil under different precipitation patterns can help other
researchers to summarize the patterns and mechanism of microorganism responses to precipitation change. It is also provide a

scientific reference for further study on climate change.
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24259 ( fluorescence in situ hybridization, FISH ) | B il 14 g V) | B B 2 5 PE 0 #7135 ( restriction fragment
length polymorphism, RFLP) AEPEAS B &E IR HL 1K 7% ( denaturing gradient gel electrophoresis, DGGE ) F17 FE 4
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T B R TR SR N B MY e 24 I i R S R G, W BRI T BRAR BV SR o 12 X e 5
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PSSP0k 16.70m, 12 23.45em , ARINERIE 0.75,
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B 30% 35, RIBUK BRI SF 2 R 19 30% , B4 T AR it ( /N T 18% ) I SE M B 2, AR K4 RS R
FHIFRHLER, T 2009 4E)8 37 24 AL LA 1, M 9 F -3 8B L& 1,

5 - = ¥

1 HEREkRIRE

Fig.1 The rainout shelters in sample site

R1 TRRKEHETHIEELER

Table 1 The comparison of main physicochemical properties of soil under different precipitation

e akit ek LI BA
Samples Water content/% pH Available P/ Organic C/ Total N/ C/N

(mg/kg) (g/kg) (g'kg)
LT 50.0+0.5Ac 5.14Aa 23.1132+0.41Ac 26.126x1.75Ab 13.180+0.6aAb 11.5253
CKT 53.1+0.1Ab 5.25Aa 25.9434+0.38Ab 28.266+0.70Aab  13.895+1.0Aab 11.8547
MT 63.9+0.2Aa 5.38Aa 27.8302+0.47Aa 30.321+0.62Aa 15.565+1.0Aa 11.3293
LD 38.0+0.4Bc 4.51Bb 8.0189+0.68Bc 8.421+0.71Bb 0.512+0.02Bb 9.5775
CKD 45.4+0.2Bb 4.70Bab 10.849+0.44Bb 9.237+0.41Bb 0.5177+0.08Bb 10.5099
MD 48.7+0.3Ba 4.79Ba 22.6415+0.42Ba 17.83+1.03Ba 1.048+0.11Ba 9.9974

LT: [k 30% 0—5em + )2, Precipitation 30% decrease and 0—5cm layer; CKT: i BEEHBAY 0—5em £2J2,0—5 cm layer in control site;
MT. [&/KE8H0130% 0—5em + /2 , Precipitation 30% increase and 0—>5cm layer; LD: K38/ 30% 5—10 em +JZ, Precipitation 30% decrease and
5—10 cm layer; CKD % HEAEHE Y 5—10 em )2 ,5—10 em layer in control site; MD: FE/K 34 il 30% 5—10 em 1)z, Precipitation 30% increase and
5—10 em layer. [FFIAFRIKRE FHFRRAR LR ZERBE( P<0. 05 ), ANFE/NG 78 FR A [ oK R 7] 22 5 .3 (P<0. 05)

1.2 FENCREE

BURETAET 2014 4F 9 A 3047, fERF—FE T N S BUAG ASAE 10 A4 Tmx 1m 19/ NEEDT , BEAS/INVEE T N3 E AR
) T URE SR AR 0—5em Fl 5—10cm 322 HFE 2T BR HAE S R EEIF R T TRvg ™ | RETF 29
ST RS ALK KBRIEEY K IR AE A0, i 2mm G R NEET IR 10 DR RNR S
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Eco BRI 545K Classen S5 1 e HHERE S 7E 25 SRR A 0F FiGfk 24 h, B3 ¢
B A B 27 mL 1 0.85% NaCl WY = A W HENR Y | min /5,8 TUOKE T 1 min, 515
YB3 W, e A TAES S Smin, I3 mL 13§, 1A 27 mL NaCl W, 1R 215 FE0UR 3 mL B3 A
27 mL NaCl JE ., BwARIRBEELHI R . 1:1 000, 7] Eco ARAYESFL I 150mL ARG B, W5 322 Fh i A Aol FL AR
A 25°C R IR FRFE TR 85 3% . A BEAR 1Y ( Sunrise Re-mote, TECAN) il %€ 590nm ,750nm F biolog f{ LAk i
WEERE M, 43S0 SR 55 24 148 .72 .96 120,144 168 192 F1 216 /N KU{H
1.4 Aot

FAEYAREHE T 590 nm T I(EZE 750 nm T (EER, FLAFEE @RS (AWCD) %
mrEe,

AWCD = Y (C, - R)/n

A, C oA N ALFE 590nm 5 750nm WOGREE 2 25 3R Eco Ak BEFLAYYESE EAE ;n o~ Biolog A= 25 H AR5
VB %R E N 31, C-R/NTFEIFL, HEPICHE,

1L Shannon ZAEPEFE %L Simpson L EFEELAT Mclntosh ¥4 5] & $8 HUOK 3 7R )2 £ AR Br L3854
e I RER 2R . THR AT .

Shannon ZHEPEFEEL H=- z (P, X InP,)
Simpson L JEHEEL . D=1- (P)’
Mclntosh ¥45] FE 854 . U= 2 (C,-R)’

Hif P =C, -R/Y, (C,-R)
BE AL B 43 B 0 Excel 2013 (SPSS ( Version 14.0 for Windows ) B F#E4T, 2 KN Sigma—plot10.0
At

2 HRESW

2.1 R[EREAK ST IR YR T 2 BRI 14 20 ) SRR

SR AR ( AWCD ) S B SR M E v BRI A —BR IR RE T B — AN FhRT L 39
ANFESL AT 31 FBRIER AWCD AT, BEE 15 77 8] i 2 SR PR TR 5 1Y) e 52 8 b in k%, HL 24h
2 96h MR | 144h JE X P IZ Wt WA 1, VRIS R0, AR W 28 0o e o PR 3 VL )
FHBRIE R BE ) B 52 T, 18 et AR 8 30T G2k At o B 5 80 ToUUGe | i I 28 ik SRR e B . 5 37 490 40
(48h) ,3 FREEKZEAET AWCD BN 2 [ {07 B 14 i R SR — 20, PR B AR PR £ >0—5em #JZ £>5—10em %
J2 5 AT, AWCD DG R K i 1o Bt B A — 380, RDB3 /K 98020 309% >R /K 6 309% >33 i, fH 0—Sem )2
T BRAN BN B KN 309 f5c s, K I8 30% e dlk . 15 3R A (168h) , AWCD fH7EXS BEAE# R Il 0—
S5em RE LSRR >5—10em RZE L, AP R AR £ >0—5em £)Z +>5—10em )2+ A
[Fi) 25 [A) 57 8 1) AW CD (BT a8 7K 742 Al 1) o) 1oy B AR 2 S 35, MR B = 3R B H [ /K D 2D 309% > B 7K 38 im0 309 > %o
HR,0—5cm FRJZ TR X S BRI I 309% >FEK I 30% , 5—10em Rz R BN FEKIE N 30% >3 1 >
KU 30% , FEARE | SEFRAR MR BR - 3 Wi IE A R s TRZ L
2.2 A[EFEKEFAMT LHEMAEY 2R

Shannon 80 R] ARAE L3P AW REE EE B, Simpson FeEUR FH R VEAL 338 rh i A Wy BE IS 0 3 ,
MclIntosh FEEC e + 3 L W s S 5 B L HEfE W 4 168 /NI 85 37 )5, 43 A 2L Shannon $5 %L
Melntosh 2] FEFEECR Simpson G EFEHE, 45 RK W] TEFEKIGIR 30% 554 T, Shannon T8 5 2] 218 4K
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FIAMPRL>0—5em £ )Z 1>5—10cm )2 1, FEXT
JEREHL U R I K 0—Sem %2 >R PR+ >5—10em #
E+ BHAFE 3 g 5—10em 25 0—5em )2
HPBR 4 1 Shonnon 45 i 22 & ¥ ik 2 (P = 0.004 <0.
001) , HoAth 5 45 B 7 A W) 23 [A) 7 B B R 3k 3] i 25 7K
Vo 3 MEEAEA IR S 22 T AR 3
2.3 R[REIFEAKEFMAET LAY 6 KISmIR M F
FH

Biolog flfLAR Ay 31 Ffis IR o] LIAR 38 B BE A 1) A
[k 6 KIE, ol e ds | A M ok RIR
K MRIEMEZRY, A5t DEHEYX X 6 28
BRI AR 2R KN R B S > 22 TSR K ES fle 2> 12
FRZESIIRIS, LI 2, FRIAHE 11 1L 21 ) i bR - S8
AP G R IR R AR R B2 KSR 2 R

AFEREKEZMT 6 AR TE 25 7E
FETK Uk 2D 30% FEHE , BRI R 0—5em £JZ 1 >4
FR4->5—10cm FJ2 41, F A mli i A FH 2R R Bk
HRPr 1 >0—5em )2 1 >5—10cm £ JZ 1 ; X BBAEH
B RIRIRISE I 0—Sem FE +>5—10cm FJE >
PR+, A E I N 0—5em £)Z + >HWBR +>5—
10em 2+ BRI 30% FE b, AR TR 23 6] 07 B 4 3%
TR X 7S KRR R FH T A R IR — Sy LA

[ ——LT

AWCD
- N W A

24 48 72 96 120 144 168 192 216
132 W] Inclubation time/h

2 AEBKREFHTIMIEREYHEImETHE
Fig.2 The average well color devolopment of 9 kinds of soil
microorganisms under different amount ofprecipitation
LT: KD 30% 0—Sem )2, Precipitation 30% decrease and
0—>5cm layer; CKT: Xf FEAF Hi 19 0—Sem + 2, 0—5 cm layer in
control site; MT: [ 7K 3 il 30% 0—5em + )2, Precipitation 30%
increase and 0—Scm layer; LD: [ /KK 2> 30% 5—10 cm + )2
Precipitation 30% decrease and 5—10 em layer; CKD % B& A% i 11y
5—10 em 1JZ,5—10 cm layer in control site; MD; FFE7K 34 i 30%
5—10 cm 1), Precipitation 30% increase and 5—10 cm layer; LR :
R 7K U /D 30% 41 B AR BR 1, Precipitation 30% decrease and
Rhizosphere soil of Korean pine; CKR: X f& £ 3b (1) 21 #3 AR Br £,
Rhizosphere soil of Korean pine in control site; MR ; FEZK I 30% 4R

[& £, Precipitation 30% increase and Rhizosphere soil of Korean pine

ERIR RIS TSR AN, HoARr 4 SRR UTRT R /K A A 0 i 17 2 1 1) (i 257K

K2 TRBKEFHTHTRMEN SRS HEF 168 \AT)

Table 2 Soil microorganisms diversity index under different precipitation

i Shannon 44 Melntosh $5 %% Simpson H5 4K
Sample Shannon index Meclntosh index Simpson index
LT 3.30+0.21a 31.50+1.18a 0.94+0.00a
LD 2.95+0.03b 23.47+0.43a 0.55+0.01a
LR 3.32+0.01c¢ 35.71£1.95a 0.96+0.00a
CKT 3.22+0.06a 34.13+£2.63a 0.96+0.00a
CKD 2.87+0.10b 27.46+5.60a 0.93+0.01a
CKR 3.13+0.02¢ 28.13+1.32a 0.95+0.00a
MT 3.21+0.02a 30.36+2.40a 0.96+0.00a
MD 3.01+0.07b 31.50+4.20a 0.94+0.00a
MR 3.24+0.19¢ 36.88+2.29a 0.95+0.01a

LR ; [ /K82 309% LIAARBR 1+, Precipitation 30% decrease and Rhizosphere soil of Korean pine ; CKR ; X HA 3 [l 2L AA MR B £, Rhizosphere soil of
Korean pine in control site; MR ; [k 34 hn 30%+ﬁ|ﬁ<j:,l’recipitation 30% increase and Rhizosphere soil of Korean pine; [F3) /NG FHREA R R A R +

HERE S 8] 2% 540 i 35 (P<0.001)

AR S A b X 6 FERRIEN K AS AL e B AN — B, AR PR L0055, B K A 384 0 A 2448
16 RISHRIR AR R K 3 i S0 P v 1 2 R PR A B TR A e R P9 AR 1T, g A Dl /D 1A 8 48 17 1 JHLAt
4 IR M AR ;0—5em RJZ A BRIEIEA X HAR 5 JERRUE AR FH 3 A6 X BERE L 5 5 5 5—10em K2 +
H BICEE IR 6 RSB IS Y ) FH AT 2 B X I8 7K il 107 B — BSCR REAHE  6 BRI R, AT I AR S B U 14 R
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2.4 ARRIFEKEFET LAY R 5 8
XPAHE S 5 5% 168 /NS - YA B (8 28 A A8l 32 A3 0 A, DARGEAS IR RE /K S 45 1 T 3 ik U5 )
A 25 WE 4, 55 1 R AES 2 F 001 STRR R 5300 R 54.165% F1 45.835% , Herb K I8/ 309% H 1
PR R F )2 A BAR S 1 3 A 105 2 R4y, 5 AR 5 X 40 TF 38 L 6 B R K 20 309% i 52
SR T R)Z U IR A R AR AR AL BEAKIS N 30% K 0—5em RE L SRR LA RS
551 RS R IR 0—5em K2 L SRR AR N 1 R FEARMES 2 sy, Ui RE KIS
30% FIXT HEAEHLH ,0—Sem #2)2 4 55 MR IR A X U5 %) ) FH A7 250 R 2 AR 1

[m] Eﬁ?@ | | g%% = ﬁ%@% 1.2 - s LT
Mm%k = EEmX @ skk 10 o Ip . v
S 08 & LR
£ % 06 4 CKT
g % o4l ¥ CKD
%= ? | e Ckr o
E2 g 921 & Mr
= 2 & 0 ¢ MD
= 3 o
B2 & 02} a MR
g X 04} . v
= H
o -0.6 -
_08 Il 1 1 1 1 1
LT LD LR CKT CKD CKR MT MD MR -1.5 -1.0 -05 0 0.5 1.0 1.5
*?Fﬁl Samples j{hiﬁ] PC1 (54.165%)
3 AEREKEETTEMEDI 6 REBRIFERF FHEE 4 AEREKREHETIEMEVHERS SH
Fig.3 Carbon source utilization of soil microorganisms under Fig.4 Principle component analysis of soil microbial community

different precipitation

X 31 PRI 3 18073 M v 18 DR 28 v S e ORI P ) 22 57 260 0 fELOR , R IR o Y

microorganism under different precipitation

O 1E

R E B S AE R ARFTE T PCL #iam (H4E X >0.5 947 21 #,0.8 LI LA 7 F, Horh &5t
MR 4 Bl , Z R RRFEFBOKIAS 1 A, W2 3, PC2 WERMTTE 0.5 DL L a7 b, Hoh ok 2 4 F,
RIRAE 1Rl 2 2 B, 286 70 HT , oK AN SRR BRI R S [ B K 25 T Tl A= W D RE 2 R R B 25 1)
SRR IR IR, A BRAK S R N- L TE-D-H B8 e | D-2F 4k W o-D-FLHE, 7£ PC1 A1 PC2 A 115
#0.5 PLE, =F K S me I b i i fU@R i

*®3 3 MHRENEFHEE

Table 3 Factor loadings of 31 carbon sources

fRIE Chemical guild PC, PC,
7k 2 Carbohydrate B-H H-D-HAIWEL B-Methyl-D-Glucoside -0.180 -0.522
D-2P- FLAR -y- N I§ D-Galactonic Acid-y-Lactone 0.438 -0.288
D-AHE D-Xylose 0.666 0.099
i-IREEME S i-Erythritol 0.854 0.254
D-H & D-Mannitol 0.339 0.477
N-Z. BE-D-# %4 1. N-Acetyl-D-Glucosamine 0.783 -0.534
D-£74E — % D-Cellobiose 0.653 -0.714
a-D-F % - 1-#F2 a-D-Glucose- 1-Phosphate 0.036 -0.391
a-D-FLBE a-D-Lactose 0.662 -0.572
D, L-a-#H2 B D, L-a-Glycerol Phosphate 0.480 0.137
BHERRZE Amino acids L-A5 %R L-Arginine 0.805 0.016
L-K[ 14BN L-Asparagine 0.826 0.203
LN R L-Phenylalanine 0.913 -0.196
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i Chemical guild PC, PC,
L-22E % L-Serine 0.686 0.484
L-& M2 L-Threonine 0.855 -0.093
HEBE-L-SE R Clycyl-L-Glutamic Acid 0.775 0.399
FRIERZE Carboxylic acids NEAER PG Pyruvic Acid Methyl Ester 0.586 -0.225
D-2EFUEEERR D-Galacturonic Acid -0.153 0.773
v-#THR y-Hydroxybutyric Acid 0.269 -0.078
D-HZEIHEERR D-Glucosaminic Acid 0.241 0.058
K EERR Ttaconic Acid 0.866 0.038
a- TR a-Ketobutyric Acid 0.727 0.439
D-3ERR D-Malic Acid 0.608 0.054
Z F )2 Polymer 3 40 Tween 40 0.763 0.361
M35 80 Tween 80 0.752 -0.333
a-FRAMIKE a-Cyclodextrin 0.801 -0.224
JFHE Glycogen 0.682 0.230
EERZE Phenolic acids 2-F2ZEFEH R 2-Hydroxy Benzoic Acid 0.690 0.032
4-FRZEFEH R 4-Hydroxy Benzoic Acid 0.757 0.297
Jfi2s Amine HZ % Phenylethyl-amine 0.284 0.716
JE M Putrescine -0.485 0.712

3 Fit5iTie

3.1 ARFEKESET AWCD R 2R

AWCD {H RSN H 30 A Wi S R P B — B VR 1 S 3 R 2 IR 9 v R B, AWCD [H 7E 85
TR AT TR AL X B3 7K AR AR 8 0 AN — B, 35 FR 003, Bk f 1 JRE Y AWCD {0 10 IR, RIDRE K i
AR A S A= Wy B AR P A T — s AR RV ZE B 9 R, AWCD i T AR € Ja , X A e #E/E F 2%
FECAWCD (E/ R B2 R Y R FEOR PR S A2 S (DL 2) o 7RG R b, B K B 1 ek 30%
PR 42 ) X B B AT P RS MR AN R, (B, FRATTHT I AT T 45 2R © 28R 52, ek 28 AL e % B (i K )y
T IAE VTS I AL F R BT IS R B K S T, BLTE BRI vh A SR ARl B AT Bk 22 12 T
IR K B A AL 8 25 5 T AN R R T DR AR A ) T UL ZEAR TP K S A, S E BT i 254
FNT eI 2 B0 A 2 B OE AN — B, HR R a] R T RE U R M B, B[R] — B 7% rh iy B Le A e AR 28 )
RE LA —ERENES  BKEER S B M YR PSR AR (0 i FIhREM A 3
AR ACARRE SN BN RE F s R R DRI, S eV B S5 AR X S S A A8 A 1 S5 07 b By g B Ay UK 3X —
25155 Berga EBFIS AR —3

AR IR R A KA ARBR - I I AWCD (3 & TR IZ L, 5 E NI 2 a5t 45 8
— 3, 3 DA AT AR R S D et L PG B A RV ) AR A P 3 B0 — 25 S A S B R )

A K ST, Shannon $5%8 Simpson $840A1 Mclntosh $84035 22 %A B35, il ik AWCD HI{E—FE,
VI K I8 30% (1) 75 Ak i 5 O 1A X I AR W 2 R vk 7 A W 252 . 3 DM B AR BR 1+ 0—5em #il 5—
10cm )2 L RIBA R —EHH B E2ER X5 AWCD {H7E LEzs a0 & LRI T 00 B35 FbE (AR BR
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