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Seasonal dynamics of soil microbial biomass in typical shelterbelts on the Bohai

muddy coast

LIU Ping', QIU Yue', WANG Yutao'*, WEI Zhongping”, FAN Jungang”, CAO Baohui'
1 College of Forestry, Shenyang Agricultural University, Shenyang 110866, China

2 Liaoning Academy of Forestry Science, Shenyang 110032, China

Abstract; Soil microbial biomass carbon and nitrogen are the important indicators to study soil fertility, soil nutrient
transformation and circulation, and environmental changes. During this research, the seasonal dynamics of soil microbial
biomass C and N contents and their relation with the changes of soil nutrients content in Ulmus pumila forest [ 25 years old
(UPM), 10 years old (UP) ], Robinia pseudoacacia forest ( RP), Fraxinus chinensis forest (FC) , Populus popularis
forest (PP), P. X liaoningensis forest ( PL), mixed forest of P. X liaoningensis and R. pseudoacacia (PR) and CK

(naturally occurring shrub-grassland ) were investigated. The purpose of this study is to provide a scientific basis for
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selection of coastal shelterbelt tree species and forest management in this area. The results showed that soil microbial
biomass increased significantly by afforestation. Among all the forest types, UPM has the highest soil microbial biomass C
and N contents, which are 2.50 and 2.09 times than CK. The microbial biomass C and N contents in soil layer of 0—10 cm
were larger than those in 10—30 cm soil layer, and the seasonal dynamic change of soil microbial biomass in two soil layers
varied significant differently. In the 0—10 cm soil layer, the seasonal dynamics of soil microbial biomass C and N contents
in the typical shelterbelts on Bohai muddy coast were higher in spring and autumn, and lower in summer, with a “V” shape
trend. The change trend of soil microbial biomass C in the typical shelterbelt under 10—30 cm soil layer was consistent with
that of 0—10 cm soil layer, which showed a lower in summer, and a higher in spring and autumn, also with a “V” shape
trend. There are mainly three forms of microbial biomass N variation; “V” | inverted “V” | and straight line. In the 0—30
cm soil layer, the average contribution rates of soil microbial biomass C to soil organic carbon in UPM, RP, FC, PP, PR,
UP, PL, and naturally occurring shrub—grassland were 1.59%, 1.68%, 1.42%, 1.54%, 2.29% , 1.80%, 2.02% , and
1.12% , respectively, and in the 0—30 cm soil layer, the contribution rates of soil microbial biomass N to soil total nitrogen
were 1.85%, 1.30%, 1.08%, 1.35%, 2.49% , 1.57% , 2.08% , and 2.32% , respectively. The correlation of soil microbial
biomass C and N in all forest types were significantly positive, and soil microbial biomass C and N had significantly positive
correlation with soil total nitrogen and organic matter, and had significantly negative correlation with soil conductivity. In
addition, soil microbial biomass C had significantly positive correlation with soil available P. From the results of seasonal
dynamics of microbial biomass C and N in different soil layers, it could be drew the conclusion that microbial biomass
increased by afforestation in muddy coastal soil, but ground water was rose in summer, accompanied by the increment of salt
and alkali content, moreover, trees utilize large quantities of nutrients to maintain growth, thus, the soil microbial biomass
was lower. Based on the comparison of soil microbial biomass C and N content and their contributions to soil N pools among
all forest types, the conclusion can be made that UPM and PR are the most conducive tree species to the recovery of soil

microbial function and nutrient fixation on the Bohai muddy coast.

Key Words; Muddy coast; Shelterbelt; Soil microbial biomass; Soil nutrients; Seasonal dynamics
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( Populusxliaoningensis ) ZiAk 1L T A RIS MM FERT G2, FLREHIF AN [R) AR o0 2 B R A [R) AR 4K o B - 3386
WA AR TSN NS RS K L AR R SC R AT 3B B 4 ROG v e B - S
FPRBLAI T | LU A PPN 2 DX g 52 IR B AR AL B AR i

1 BT

1.1 WF5EIX [ SRR

TR A, T 1L 745 VY R B0 | T AR T R M T e Y T L 2 LR, M AR AR A 40°58'N, 120°20'E,
Z X AL TG AT | 8RR, DU B AR 28, H B 78 2, AR P23 8.7°C, B AR I 160—180 d,
AERE/K B 550—620 mm,, IZHLIX FF AT 2D SR AR P4 A0R 8—10°C . H AR 2, BT 400—
450 mm, 5AEFER & 62%—70% , IR Tl 35 39.5—42.0°C . FAZ IR R, F 4l 9—11°C . %
MRS 83.7 km, iZ M X MRS, 2K, R HEER IR AL FE R4 v
1.2 Wik
1.2.1 FEMiRE

A FE e I R 1 RS AL T AR A MRIL T A AR TR S AR 6 R BB MO B T X 42, LAY
iy [ SR T A R B PR S SR T A A AR, ST b AR AR, A B PR B AR A B 1
B

®1 HKoERBRE

Table 1 General condition of stand

oy i/ a F-Hft/ em S H 5/ m A1 b i BB %
Forest type Age class Average DBH Average height Canopy density Herb cover
Hff2lisk UPM 25 15.4 17.6 0.8 95
FIRRLEAR RP 25 14.2 11.6 0.8 90

3 2libk FC 25 12.5 13.3 0.9 90
HEARM LR PP 25 19.9 12 0.8 95

1L TR RIFLIR S Hk PR 10 ILT% 8.4 kL 7.6 L4 8.3 HlkL 7.0 0.9 85

Ffi 2k UP 10 12.4 10 0.9 85

i THHEiM PL 10 15.7 13 0.9 85

UPM ; 4L (25a) , Ulmus pumila ; RP . B4R, Robinia pseudoacacia ;FC: FABEEMK , Fraxinus chinensis ; PP . BEAAAAEHK , Populus popularis
PR T TR HIRLIRZCAK, P. X liaoningensis and R. pseudoacacia 3 UP ; A2 (10a) , Ulmus pumila ;PL: 3L TH54EHMK , Populusxliaoningensis ; CK : %
MEHERH | Control check ; DBH : fj4% , Diameter at breast height

122 HHEREHE

FEAS AR AR LN I8 3 /1> 20 mx30 m AFRIEHD , B ARfERL N 3 AN EURE S . T 2016 -5 H 6
S(HEFE),TH 115 (EZ),9 H 20 5 (FkZE) RE RS RAERT— 8 N JCA SRR . AR UE 3R 5 )
— B, BRI AR R S I BORE R I RRE 0—10 em +)25 10—30 em B9 4L ¥ 3 A/ METHY
FE & R JZ TR AT 5 VE Rz bs v i A 5 2R o] ) = A & S BRANAR 5 A e 5@ 3 2 mm B, S0 BB 40, — 1 L
RAE G A BHASE ST 4 CHvKE T o0 LIEGUEY B Y a5 — 0y B T I B KUk 3 AR
FHF 3 A 0 5
1.2.3 I pys 5 & ik

T B W A W ik (SMBC) Rl -3 A W) A Wy 5 A (SMBN) SR S0 B 75K, SO, 42 H- A 3l o0 i , 2
MR G KAEPY AEBR RBGRH € N R A 31 Hr 2 (multi N/C 3100) 5, 39 BE A i 5 2 I (4 45
ARALSIATY T B i SRR R A (TN ) 5 SR BRI e €0 3 I 22 4 (TP ) 5 R A
R TR AR —AMINFREI E + AT HLAR (SOC) ;>R FHSALAS IR L AA3 FESR 8 T 0N I R A A A
it SR FHIRIR SN 12 B4R BA DT L (R 5 38300 (AP) |
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1.3 Bdlageit

AL Microsoft Excel 25 >R SPSS 22.0 X AT G 0 8, AR 9SSR 22 R AL R O 22
7M1 (One—Way ANOVA ) Fllfe /N i 35 22 535 (LSD) 4387 Fb#2, K H Pearson A2 R B AT iR P EM UAE Y AE 9
ik AS TIEIE AR OCR («=0.05) T A BRI 3 BP9 , ABF5ER ] Origin 8 1A,

2 HR55%

VTR ST AN [ B AP AR S A A ik
FH L LA FIAL, I (25a) JRIRR I BEARE) 1L T AR TR S AR | F AT (10a) L T4% +3E SMBC ¥ T
Xof HETEE B 1, 3 591 S ok B R B i Y 250.43% ,197.55% , 147.83% ,182.10% , 143.46% ,121.80% , 153.53% , Hi
FIHT(25a) 5T R S22 52 2 15K 25a S B Ak SMBC & R 3{H N 153.95 mg/ke, B3 MK 10a AT
MF SMBC &1 110.51 mg/kg, #MT 39.31%, 0—10 em +)Z SMBC ¥ E T 10—30 em +)2 (&
1B) , HoHr (i (25a) AR AR AR £ 2 5] SMBC 35 3] 2 /K F- (P<0.05) . FIMT(25a) JHIRE | 3 BEARA |
I TR RIRETR AR I (10a) (3L 754 15 %6 BEVE B 0—10 em SMBC #4J{H 43 %14 279.60,221.85,127.23,
238.92,130.40,142.26,134.54,119.18 mg/kg, 43519 10—30 em SMBC & [ 239.20% ,244.02%,119.10% ,
483.77% ,134.79% ,281.24% ,123.95% ,304.70% .

R B i 6 RhARA 2 3 0—10 em 5 10—30 em )2 SMBC S REW B M FEERIN H“V”
FHRI(E1C, | 1D) ,FkZERE, EZMK, 75 0—10 cm il 10—30 cm +)2 P SMBC E ZE4{E K 99.54 mg/kg I
65.01 mg/kg, XA R SMBC 295 217578 0—10 em £ E“ V7 FR 7E 10—30 cm L2 ESES>E F>HE,

2.1

280

250
200
150 |
100 |
50

400 [
a A
240 | " ab 350 t
200 | 300 t
gb 160 ¢ ab ab SR ;(5)2 I
=) L
g 120 |
ﬂﬂg b 150 |
ﬁ@ 80T 100 |
S 40t
B S0
#HE o 0
ﬁg UPM RP FC PP PR UP PL CK
&3
BT 550 a 0—10cm 200 10—30cm G %%
-Hé 500+ C ' 180+ D NNEEES
= 450 ¢ Vs 2 160 + 2 a C_#=
3 ggg: N\FEE= 140
300 |

o

N

UPM RP

a
<}
o
g
=

TREB PR EEE T IEHREMEMERSENS

1
Fig.1 Dynamics of soil microbial biomass carbon( SMBC) in different plantations and shrub land

A R[RIBirobk SMBC 5 5, ARIR/NG S BEFOR AR R BT 4rAR ] SMBC 5 i 22 5 oR I8 B 2. #7KF P<0.05; B 4%+ )2 SMBC H{H, AR /NG 5-b)

FR Al — B Ak SMBC & B AR5 2 . 7KF P<0.05;C D : By AT AR )2 SMBC Z= 15784k , AR /NE 211308 Al — R Fh 2=-1518] SMBC 22

SEARILF . EKFE P <0.05

2.2 WU R AN B B SRR A e R

Il 2A AT, I (25a) RITRR  BEARAS 1L T B IR TR 28R 32 T B AR SMBN 43 J31) hy f E 2 2 i 11
208.57% ,102.02% ,105.47% ,106.19% ,101.17% , FH:H1 i ( 25a) 5% G R Hb 2% Sk B 4 27K F- (P <0.05)
K 25a FIf SMBN 71t 24 25.36 mg/kg, 335K 10a B 1M SMBN % & 10.40 mg/kg, ¥4 T 143.85%, 0—
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10 em 1) SMBN & &1 10—30 em )2 (& 2B) , Horb i (25a F1 10a) FIREARAS )2 [A] SMBN 22 5735
R EKF, I (25a) JHIRL L B 1L TR RIRRIE AR | I (10a) (12 T4 5 X6 B R 0—10 em
SMBN Z=17 & {8 73 1 M 39.34,16.08,9.38,22.54,13.38,18.97,15.24,17.31 mg/kg, 73 4 10—30 cm
SMBN £ 114 345.46% ,183.99% ,125.56% ,724.67% ,107.54% ,1036.77% ,162.76% ,246.98% .

R T R 6 BRSPS 1458 SMBN & A R =80, £ 0—10 em )2, SMBN Z=7#LH:
{5k« v FRICE 1C) X} FEHE 75l SMBN Z= 45 A8 (L R B M 81« V7 F R, 7E 10—30 em )2, B AT
SMBN Z= 452 T A —2L, F#fit (25a F1 10a) SMBN 5 0—10 em )2 =15 28 AL — 20 JRE L T4
SMBN Z i 5 0—10 em +)2H , BRI E T,

36 45 -
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Fig.2 Dynamics of soil microbial biomass nitrogen in different plantations and shrub land
A RRIBFP R SMBN 532, Ml R/INE 1R AR B Ak ] SMBN & 225 57 AR5 5 i 3% KT P<0.05;B: 45 + )2 SMBN (A, #H R /NG 8
FRIA—BiiFbk SMBN & R BB B #KF- P<0.05;C.D: B A N AR )2 SMBN 229522 4k, A IRl /ING 57 8 7 ] — W Fft 2745 0] SMBN
ZSFARIBE B E K P<0.05

2.3 TEEMAEYAYERA L

MR 2 T & B PR R Z IR A A Y s i A LA I R 25 5 IR AiAR (25a) JfIRR L H
5 A L TR RIBLIR AR (A (10a) (1L TS B KEAR R LR WA Y AR W R A L
I T BRSSP A 1.11,1.40,1.53,1.72,1.32,2.43 ,1.64 £i%,
2.4 IR A Y 1S SR PR DTk R

FIf (25a) JHIRE I8 HEAA 1L T RIRR TR SR | 1A (10a) 30747 FHOE BRE L A [m] 4 2 09 DL Ak
SHEHIN 8.20—13.66,7.45—10.44,7.50—8.97 ,4.87—11.58,3.90—6.21,3.62—6.48 ,5.64—6.39,5.19—
8.00 g/kg, &R & &35} 0.99—1.54,0.88—1.00,0.70—0.86,0.63—1.02,0.41—0.69, 0.43—0.70,0.56—
0.61,0.54—0.49 g/kg( 3 3) , £ AEHL SMBC X 584 HLAK AT 3 STRRRAR DO HIRE > 1L T 47> I ffi (10a) >1L
T RIBLRASHRS I (25a>HE ARG > PS> Xof REEE B0 b 5 25 FF b SMBN X 4 38 42 01~ 34 BT kR HE P A
SRR > T B 0t > 10 T 4> AT (252) > I (10a) STEAR >IL 747 RIBLIR SS AR>S IR
2.5 TIERAEYEY R RS R RS AR ) R AR e S b

TIEWUEY R RS LR Z A A N (R 4) . RIERUEY AR R b R ] R A
K MR EN 0.784, L HEH T %5 SMBC, SMBN 1 i 3 4 3¢, 41 5¢ R 5443 51 H—0.462 F1—0.449,
SMBC .SMBN 545 MLk , 4= 5 R i 5 A0 ¢, 5 & /K& pH Jo W FAHOCH:, L3 S8 5 5K & pH
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Table 2 Seasonal variation of soil microbial biomass C-N ratio

M I8 KR

s +2 B ES e ¥I{E
Forest type Soil depths/cm Spring Summer Autumn Mean
UPM 0—10 7.17(0.80) b 6.13(0.07)a 11.06(2.88)a 9.12
10—30 12.85(3.29) be 7.65(0.72) be 9.84(1.58)¢
RP 0—10 11.80(3.21)a 9.28(0.20)a 15.93(1.52)a 11.45
10—30 17.62(0.44) be 6.65(0.69) ¢ 7.42(1.27)cd
FC 0—10 11.01(3.47)a 5.86(0.38)a 15.87(1.46)a 12.58
10—30 12.99(4.24) be 10.59(0.85) be 19.19(1.50) be
PP 0—10 7.15(2.01)b 9.73(0.41)a 12.630.80) a 14.12
10—30 15.30(12.28) be 12.78(1.51)b 27.14(8.85)b
PR 0—10 4.93(3.14)b 5.89(0.25)a 17.65(1.91)a 10.84
10—30 25.48(4.70) ab 5.94(0.06) ¢ 5.16(0.33) cd
UpP 0—10 8.52(3.41)a 5.49(0.21)a 11.96(2.40) a 19.95
10—30 31.64(0.55)a 19.71(9.23)a 42.37(17.81)a
PL 0—10 13.04(1.31)a 6.16(0.21)a 7.14(2.22)a 13.41
10—30 33.35(2.47)a 6.13(0.34) ¢ 14.65(0.64) be
CK 0—10 18.76(8.24) a 5.11(0.03)a 8.90(0.35)a 8.20
10—30 6.13(0.38) ¢ 5.35(0.12)¢ 4.93(1.18)d
TGS N ABUE RS PR TR ; )5 A RN G F 8 3R0R [F]— 1 2R R) 22 Fe ok ik 31 i 2 KF P<0.05
R3 REVEYVENTEERENRHKE
Table 3 The contribution of microbial biomass to soil nutrient pool
pif &S Soil iﬁ/cm UPM RP FC PP PR UP PL CK
A Wi AR g it e/ BB 0—10 2.05 2.13 1.42 2.06 2.10 2.20 2.11 1.49
MBC/0C( %) 10—30 1.12 1.22 1.42 1.01 2.48 1.40 1.92 0.75
A REEY R 2R 0—10 2.55 1.61 1.09 2.21 1.94 2.71 2.49 3.20
MBN/TN( %) 10—30 1.15 0.99 1.07 0.49 3.03 0.43 1.67 1.43

MBC . {84 WA W st Bk , Microbial biomass carbon; MBN : fift 2 9 A= 9 # %( , Microbial biomass ¢ nitrogen; OC ; 7 HLEK , Organic carbon; TN: 4%,

Total nitrogen

F4 TEHEVEYS TEEETESTEBEAFERHAXXER
Table 4 Correlation between soil microbial biomass, soil enzyme activity and soil physical and chemical properties

. {2 1 ., . , TN e e e +4 +4
wbr PR BUE g w0 am moum BEE SR T
Index Ytk PEA oc . P AP NH.-N NO.-N HL R Bkt pH

MBC MBN ¢ } EC SMC
SMBC - 0.784**  0.816"*  0.677*" 0.173 0.377*" -0.195 0.272 - 0.462*"  -0.064 0.039
SMBN 0.784 " - 0.705**  0.633"" 0.230 0.284 0.036 0.189 - 0.449*" 0.039 0.012
EC  -0462"" -0.449"" -0.200 -0.214 -0.086 -0.263 0.043 0.031 - 0.500 ** 0.411""

#, P<0.05; # *, P<0.01. pH: 3R H%E , potential of hydrogen; OC: F HLAkK , Organic carbon; TN: 4= &, Total nitrogen; TP . 4=, Total
phosphorus ; AP ; i# R W, Available phosphorus; NH;-N . £ 25 2, Ammonium nitrogen; NO3-N; fili & A, Nitrate nitrogen; EC: H & & | Electrical

conductivity ; SMC ; 135 7K , Soil moisture content

3 Wit

TIRBUEY R YR T AR AR 52 AR ARSI A b 2 BRI 1 2 ) 32 e | S B A R A I
W2 AT AN R B By A bR L S AR A B AT I AR, B R T R X S A%
W FPobR RITE RS TR BG4 R b LS A i Rk s — B R S R R AR — B, Bk
RAERGTEWIEA L5 70 AT LSRN, A2 KA AR 7 AR O 0 sy , o o LS R ok
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TR > PRt kTR Y R R LR AL e i BT e, R
WL DX RSP DA AT X, B TR T SRR B ] LB 3, ) T BUERTR S AT X 53 8hBi A
i WX SR R FE K A KB X SR A R R, T LR ) B0 MR AR B A A
TARA S P R R T IR T R (R B T PR P PRI 5 R B K . AT
GE UL A R TR, T AR AR R HE TR I T R4 B A 95 BT Lo B, 2
FRNT ARG AR T I B, A U BT N, Devi S ZERE R
W54 — BRI,

EHEBUE RIS KB B IR BRI AR BAL P R 3 R
WS4 0 45 P SR 700 0 LG AR5 T8 B B 45 28+ SV R W 5 A LR
SR TG, MU W RS 5 O S A S E AN, L B R A
A UL W SR BT Sk e FRROL 2, MO Y e AT U T D45 B
SR A ROR 2RI U ST RS YA L B b U Y R Y
B2 LR MR, e AT LR A O e L TS L% R 3 T PR P AT 9 52 1
FRUCHE, TR R TR AR, IR KR RGE RO | B LA
BHEAEIE FeShub U T B B B P S R L AR A LI I b
IR L IR 2 VR B IR . AT 0 - B W R L5 e 5 L
G, 5 R HOK T B AR . BT 4 RS0 - SR W W R BRI B F  TK S 0
SR A SR BIFTE S SR Ay R S G A W R BB RN R, T30 - S
ORGSR B B SROTHIB 4Pb L 0 K 35 A SR B RO R A AR
B L UL A SRRV A T LSO B BRI R, ZEAR RS, e
A S KRR 3, A 3R A L TEATG SR B 3, B R T e
R, MO AL, MR A B MK i85 T 160 A 2 R0, DA TR0 - M 35 30

ARV BRI B P 5 A AR — B AR UM S8 2 B 7 A — 5 25 S, ZEARBIESE o, 11
(250) - EMUER A P G S AL 3 FRARIRUMKIR B b, T A 15 R B0 R OB A S
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