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Abstract; Soil microbes are the most vital decomposers in terrestrial ecosystems, and play a crucial role in wetland carbon
(C), nitrogen (N), and phosphorus (P) cycles. Several studies have been conducted on the microbial biomass in the
forests, plateaus, grasslands, and farmland; however, few studies on soil microbial biomass carbon ( MBC), microbial

biomass nitrogen ( MBN) , and microbial biomass phosphorus ( MBP) have been conducted in the chenier of the Yellow
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River Delta, especially studies of the spatial distribution of soil microbial biomass C, N, and P in different habitats. To
investigate the soil fertility of different habitats, the soil microbial biomass C, N, P and physicochemical properties were
observed in five soil layers (0—5, 5—10, 10—20, 20—40, 40—60 c¢m) of the high tide line, seaward side, dune crest,
and landside of the chenier of the Yellow River Delta. The results showed that the microbial biomass C, N, and P of
different habitats were ranked as follows: dune crest >landside>high tide line>seaward side. The microbial biomass C, N,
and P displayed an obvious vertical distribution in decreasing order of 0—5 cm>5—10 ¢cm>10—20 cm>20—40 cm>40—
60 cm. Soil microbial biomass C, N, and P accounted for 1.09%—3.48%, 2.62%—7.27% , and 0.78%—2.86% of soil
organic carbon ( SOC ), total nitrogen (TN ), and total phosphorus ( TP ), respectively. There were no significant
differences between the ratio of microbial biomass carbon to soil organic carbon (MBC/SOC) in the dune crest, landside,
and high tide line (P>0.05), but they were significantly higher than those on the seaward side ( P<0.05). The changing
trend of the ratio of microbial biomass nitrogen to total nitrogen (MBN/TN) and the ratio of microbial biomass phosphorus
to total phosphorus ( MBP/TP) were the dune crest and landside > seaward side and high tide line. The abiotic limiting
factors of soil microbial biomass C, N, and P were soil water content, pH value, and salt content in the dune crest and
landside. The abiotic limiting factors of soil microbial biomass C, N, and P were water content and pH value in the seaward
side and high tide line areas. The positive correlations between soil microbial biomass C, N, and P and soil nutrients were
significant or extremely significant in the dune crest, landside, and high tide line. The coordination and stability were
higher, indicating that soil microbial biomass C, N, and P could be used as biological indices to evaluate soil fertility in the
chenier of the Yellow River Delta, which provides a theoretical basis for soil fertility management and vegetation restoration

of cheniers in the Yellow River delta.

Key Words: soil microbial biomass; habitats; chenier; Yellow River Delta; soil nutrients; habitat factors
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50.51"—38°21'06.06"N, 117°46'58.00"—118°05'42.95"E,, S\ 12 435.4 km® . 12 XS5 Sy B TR s A Bt 1 23 XL
S AR N 12.36°C , AR K 8 550 mm , FFEOKEEHTE 6—9 H 4FZ8 & it 2430.6 mm, ZERE HL
4.4 AF H BRIECK 2849 b, B =AY DL e SE M8 TR —ME 5 m DA 5 M T AR 0 B e +
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BRI 4 ASFEHL, AE DL SERHIHE A 0—5.5—10,10—20 ,20—40 cm A1 40—60 cm T KA +3ERE 5 B
3HATHE, KEREFIME R A B4 B B e AEHEC A Tk, i I Se e E

®1 TREREHES BRI
Table 1 Distribution of vegetation in different habitats
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Plots Vegetation types Dominant plants Non-dominant species Total cover density Spices

£k High tide line — — _ — —
[ ¥ Seaward side HAR (B SmEA 5 2

R R N R
St H, 3 AT P AL 2 N N
WEH Dune crest FAXHEAR PR i S WAl B A

FIED] Landside B HhHLBRE | W AL 45 4
W5 . Messerschmidia sibirica ; FRAE ; Ziziphus jujuba var. spinosa ; ' % : Phragmites australis ; 52117 & : Artemisia mongolica ; £ HIWE : Suaeda salsa ;

3% : Suaeda glauca ; 5217 124, ; Scorzonera mongolica ; /NF: AR ; Nitraria sibirica ; 557G ; Aeluropus sinensis ; BE3% K114 ; Asparagus brachyphyllus ; —{0%h

60 7
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MBN=2.22x( FEZE L FEIR B 2R - AEZE RN ER)

- A A My R (MBP) SR AU 7% NaHCO $2BGE ™ BRI 4 (b5 5% L 0E A0 T3 4.0 g (Mt
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MBP =Epi/ (Kp - Rpi)
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2.1 A[EASE AT

NI Z [ N FAEE 2557 (2 2) . RIS pH JEFI7E 7.88—9.07 Z [], 28 B [a] WA > =5
WL SHER ST M, S Eh B 28T FEILE 1.63—13.21 g/kg Z 8], FE B0 15 MO0 > 25 ) 2% > WS > ) W), 4
AFEHLEY & KB AE 5.37%—17.87% Z (8], 230y i W 2 > 5 1R A0 > WEHF > 1) TR0, A 385500 B ok, LI
AU 2R S RIS ST > B > R

x2 AEERNEREHMER
Table 2 Physicochemical properties of different habitats

R T/ (g/kg) FIKER/ % TIHAE (g/kg) 2F/(g/kg) 2/ (g/kg)
Plots pH Salt content Water content Soil organic carbon Total nitrogen Total phosphorus
Rk High tide line 7.94+0.07 7.09+0.39 17.87+2.27 1.11£0.18 0.12£0.02 0.31£0.02
[ Seaward side 9.07£0.07 1.63+0.31 5.37+1.37 0.56+0.08 0.06+0.01 0.25+0.02
#ME Dune crest 8.37+0.27 5.30+3.70 7.66+2.46 5.85+5.47 0.62+0.57 0.43+0.14
M Landside 7.88+0.20 13.21+1.63 14.06+1.95 2.56+2.01 0.22+0.22 0.38+0.10

2.2 A[RIAESE T IERAE Y Wi K AR

B AN SE IR R E Y E Y ik R B S R 1, AR5, 3% MBC \MBN \MBP
TAFTE R 22 5, RIS ST > B8 4> i, 4 1D 14 MBC \MBN \MBP 1478 bt [ 53 51 78
7.19—347.21,1.26—62.57,2.31—17.29 mg/kg Z[i],

mn3k 3 s, LAY AR Y ik A B A LR A i AR Ak LA A 1.09%—3.48% |
2.62%—1.27% .0.78%—2.86% ; & 5 2B 510 5.73%—11.60% .6.56%—10.36% .3.09%—9.28% , 4 i
MBC/SOC \MBN/TN MBP/TP i fi kb il #4 3 A [] , MBC/SOC Y4 {1 3¢ PR Ay 5 18 28 > 15 16 0] > 3k 65 > [r) 36 0
MBN/TN S48 & B0 5 V0 > HEE > 25 W0 26 > [ WA s MBP/ TP 3471/ 22 B0 Jy 5 > 355 TR 00 > 1) T 0 > e i 2, G
[T MBC/SOC . MBN/TN A%,
2.3 OR[RIA BT IR Y A e Y B AR

Bl T R BE A3 I SR AR B I E M A i A B A AR S (1) R TR
B AREAE , BT .0—5 em>5—10 ¢cm>10—20 em>20—40 cm>40—60 cm, it JEA FIEFHEM MBC \MBN 7
HTE 0—60 em #5 +J2 227 W3 (P<0.05) . 75 HIEIRE R 0—20 cm B, WEH AT 1M 4L + 18 MBC \MBN &
i KT R A M ( P<0.05) , 4 U R 20—40 cm B, WA AL 15 MBC \MBN & 2 KT 57
2k ]ORN VA 1 3% MBC \MBN, 4 MR £ 3 MBP W AHXT R 2 , 7E 0—20 em %% + )2 [R1¥ 22 R B E (P
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<0.05) , 4+ N 20—60 cm B, 45 1 JZ A0 B E 2R (P>0.05) .

TR A Bk MY R
Microbial biomass carbon/(mg/kg) Microbial biomass nitrogen/(mg/kg)
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Fig.1 Spatial distribution of MBC, MBN and MBP in different habitats
/NG PR FIR R — A B[R] 2 o SRR AR MR R BRI 25 e RS TR R Al — RN R AR S P A W A W R R B
122 54
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Table 3 The ratios of MBC to SOC, MBN to TN and MBP to TP

TP i i/ + 56 Bl WA ER/ 2R WA YA Wy A

- MBC/SOC/ % MBN/TN/% MBP/TP/ %
D = = ﬂ{\ﬁ‘ =) = #XRJE;‘ = =) QJE"‘
Plots B/ME BOKME FIME w  B/MA ERKME CPIE o B/DME O R CPHEIME g

Min Max Average R Min Min Average A Min Max Average R

V% T v/ v/

4R High tide line 1.72 3.38 2.8 10.95 3.35 4.32 3.95 6.82 0.94 1.49 1.25 3.09
[ N Seaward side 1.09 2.00 1.58 11.60 2.62 5.00 3.93 6.56 0.78 1.78 1.26 9.28
¥ Dune crest 2.13 3.28 2.63 5.73 4.50 7.27 5.64 7.79 1.55 2.86 2.31 7.41
HEEM Landside 1.82 3.48 2.74 8.90 3.41 6.74 5.70 10.36 1.25 2.79 2.13 5.86

MBC/SOC : the ratio of microbial biomass carbon to soil organic carbon; MBN/TN :the ratio of microbial biomass nitrogen to total nitrogen; MBP/TP : the

ratio of microbial biomass phosphorus to total phosphorus; C.V : coefficient of variation

2.4 TIERUEYEY SRR A B R B AR DG

P HT R AN R A3 v B T V000 v il 2 Ak 1 338 MBC il MBN \MBC FI MBP \MBN #1 MBP 2 []
YIEAW B IEME(P<0.01) , [0 14 MBC F1 MBN 22 [8] & & 2 IEAH ¢ ( P<0.05) , MBN F1 MBP &%
WFE A (P<0.01) , AT 14 MBC MBN MBP FI SOC TN TP 2 [A] 2] 8 3 IEAH ¢ (P<0.01) ,
4 Ak + 3% MBC MBN \MBP F1 TN | TP 2 [0] S 2 3 1IEAHC (P<0.01) ,MBC 5 SOC & {2 3 1IE A% (P<O0.
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05) . [A7EM] MBN MBP 5 TN S i 2 1F 4154 (P<0.01) ,MBC \MBN \MBP 5 SOC TP JC i # %1% (P>0.
05) (£ 4),

x4 ITEBEVEYVSHREBSSTEFTIBR SEMEHNEXE(n=12)
Table 4 The correlation among SMBC, SMBN, SMBP, SOC, TN and TP

B A B A ps¥rH EY E YRR Y R R R
Plots soc TN TP MBC MBN MBP
FiZk High tide line soC 1

TN 0.583* 1

TP 0.336 0.833** 1

MBC 0.564* 0.757** 0.688** 1

MBN 0.462 0.943** 0.782** 0.743** 1

MBP 0.420 0.702 ** 0.718** 0.932** 0.680** 1
[ Seaward side SOC 1

TN -0.336 1

TP 0.063 0.356 1

MBC 0.354 0.466 0.005 1

MBN 0.041 0.647** -0.112 0.769* 1

MBP -0.485 0.818** 0.294 -0.003 0.807** 1
Wi Dune crest soc 1

TN 0.997** 1

TP 0.958 " 0.966 " 1

MBC 0.980** 0.983** 0.987** 1

MBN 0.975*" 0.976 " 0.987" 0.995* 1

MBP 0.941** 0.944** 0.981** 0.974** 0.949 ** 1
¥ Landside socC 1

TN 0.996 ** 1

TP 0.897* 0.906 ** 1

MBC 0.992** 0.993** 0.901** 1

MBN 0.989 " 0.994** 0.893 " 0.991* 1

MBP 0.924** 0.934* 0.972** 0.945* 0.929** 1

n RFEAREL, ** TR B2 (P<0.01) , * fREFEAH M .3 (P<0.05) ;SOC : soil organic carbon; TN total nitrogen; TP : total phosphorus;

MBC ; microbial biomass carbon; MBN : microbial biomass nitrogen ; MBP ; microbial biomass phosphorus

2.5 AFASE HEMAY YRR A S IERR N TR

HH R 5 TR, R T VAN A W A W e e b, W | v 0 4 A ¥ ) 4= 18 MBC \MBN \MBP %] 5 pH {H 2%
BERAHIE(P<0.01) . MEFFITFTEN 3% MBC MBN MBP 5 & &K 5 W& st 35 A5G, mi)
£ 14 MBC \MBN \MBP 5 355 /K i 24 1 25 01 AHOC (P<0.01) , 4% MBC 5 H3E& #h i 2 B & IEAH G (P<
0.05) . [l + 1€ MBN \MBP 5 385 7K 5 S I 35 IEAHOC (P<0.01)
3 g
3.1 RIRIABEIREE X A A ) e 5

TEMRH A S R G A RT3k 43 pH B 38 55 3h 1 S5 PR 0 X 7 i A2 AL AR AT e i 3 itk
Wy Wy (AR AL, IR S S R 6k - S A A R A S A L AR R S R e R
IR RGER Z (A AT e a5 e, ARBFITEs SRR, m O MER 75100 DI - e W A W e
RS KR R U B A DG (3R 5) 3K 5 Devi 2RI L A 2 (9T 45 SR — B, UL S BT
AR o Z A R 2 T B A A i oK, A0 AT X - 0 A s SRS, PR G A T i A K B, (R
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P A DX SR E W A E R i R B KR RO SO AR IR RE R th T e S B B T R, HL
W R KAEARE (<0.6 m) , 52 BIAKLINE FE B 520, S22 SR K il 3889 1 P 1 < i, A
SN AE PG E  3X S5 AR BRSO

K5 TEREMENESTERERFEIE(n=12)

Table 5 The correlation between soil microbial biomass and soil environmental factors

B Hb TIEREY Y EED pH {f oK
Plots Soil microbial biomass Salt content pH Water content
Ik High tide line MBC 0.607 * -0.688 ** -0.901 **
MBN 0.593 * - 0.727*" -0.754""
MBP 0.473 -0.699 ** -0.939*"
[ Seaward side MBC 0.253 -0.214 0.470
MBN 0.320 -0.622"" 0.645**
MBP 0.434 -0.811*" 0.794**
WERF Dune crest MBC 0.983 ** -0.919*" 0.533*
MBN 0.976"* -0.925** 0.525"
MBP 0.962** -0.943*" 0.525*
M Landside MBC 0.733** -0.915*" 0.752**
MBN 0.749** -0.901 ** 0.748
MBP 0.731"* -0.973 " 0.586 "

n HREAKL, " FORMRME B3 (P<0.01) , " UMM 8.3 (P<0.05)

FERC] = MPN DL FESE | 35 Eh s A pH i Sk OB B BE 200, ASBEIE H, B3R 1) T A i A W o
HARAST B A Yy A= W BN 4 AN RSP R BUE Y E YRR RS S pH (R 2 I B R R OG
YT T 5 pH A B TH AR T AR M) 835 1 T S BURAE D BCRE 8D . HAT, S0 0 IR RUE Y Y
S SRAFAE L, Wong 552 W50 3R W 5 6 4500 T 3R 026 W i SR ARER 550 T 19 3 £ 2 5 Tripathi 55 |
ZEFS SRR DA 2 BT Fe WY i 1 5 bk ST ) SR W AR i, AR BRI B (1.63 g/kg) 1
] A O X 38 - S A 0 A il SR R e IR, 5 R (5.30—13.21 g/kg) BT IREMN T DX a5k
AW AR R R R IR B KR, ELZ M A B AR e A e R S IE AR OC IR R th TR
FHEF IO X 3 2 T S HE R E 3 A DL BT, 0—60 em L2 A HLERIIME 5330 5.58 ¢/kg 2.56 g/kg, H 0—
5 em K2 HIEA BB S BT 500 14.94 o/kg 5.82 g/kg, - HEE o 1 K A AL BT L b oK R AR w8 3 A= 15 % 1k
ARG, R, IS K pH (ER S SR R R M DL FE S - SR A A A i ) BR A 1R T
3.2 A[FIAEBESR IR A M A W ) R

TIERUE Y E Y R B LA DUTUA A3, 7R LA LSRR R 3%, (E A0 - 88 v B B PR AN SR 3
AR T By Ty, % a5k vy T ) e SR AR A SRy 35 03 P, o AU T A e SR A i A S 3 40 R )
BT FIRG v Y7 s S22 S E R RN R S U W A W A O T A A IR A I
Ho5) AU TN AR QI T T 0 o o 1 b e T ARG Vi 1 2 e A i S /N =k, 52 39857 7y
At SRS RGN FR MG BRICIERAE AT AT 0 0 i B A 1 BB DR R A ) A A R B
e A RE R, A BRI AR AL T B s By i AR R AN R, NI M U b A 3 3R 2 5, ARBFSE
AR o 2 OV (609 ) R TN (45% ) M AT — € RIS = Ry W12 A A T 2 BRRE K, a2 1 4
RIZK K, AR SR TR AR, BUZEY nDA SR R BLR R BESF IR N
A B S IR 2 A N R DA e il 2 B, DTt =g 1 0 M A O - SR ol A 0 A i e R0 W
R SRR A TR0 L AR W A e R AR RE T BOR

BRI, LR Y A Wi P o LSRR 0 19 LU 15 2R RERS S e 57 1) 1 SR W A W A e A3
BB S R/NT  ARBETE T, T Y A P i R B A PR 2 LR A S
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4 1.09%—3.48% . 2.62%—71.27% .0.78%—2.86% , 5 T\ F WF 55 45 - 0.65%—7.24% .0.93%—7.41% . 0.
16%—7.6%AH—5"""2) | AHFFT L R R IAWER 8 1000 A = LR Ab MBC/SOC TG i 3 22 5, {H . 35 5 T 1)
Tl MBC/SOC, 3% MBN/TN MBP /TP BYZE AL SEARES: 5 W00 > [a) TR | 55 1 26, 3 ] g 5 p 3 o 30
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