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Abstract: The Loess Plateau is an important site for many ecological restoration studies in China. Different forest types can
have a great influence on the soil environment, including carbon and nitrogen biogeochemical cycles. The soil microbial
biomass can have a large effect on soil processes and soil microorganisms after vegetation restoration in the loess hilly area of
the Loess Plateau. Understanding the relationships between soil physicochemical properties and soil microbial biomass under

different forest types can provide useful information for vegetation restoration in the Loess Plateau. This study sampled soils
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in four different forest types to investigate the soil composition and correlation with soil microbial biomass carbon (MBC) ,
soil microbial biomass nitrogen (MBN) , soil dissolved organic nitrogen (DON) and soil dissolved organic carbon (DOC) ,
the sum of DOC and MBC ( DOC+MBC) and the sum of DON and MBN ( DON+MBN). The sample sites were located on
Ziwuling Mountain of the Loess Plateau. The four different forests were all established 15 years ago. The results showed that
in the 0 = 5 cm soil layer of the 4 forest types, MBC ranged between 350 and 693.15 mg/kg, MBN ranged between 52.21
and 93.61 mg/kg, DON ranged between 53.49 and 89.07 mg/kg, DOC ranged between 302.33 and 460.87 mg/kg, DOC+
MBC ranged between 543.72 and 1114.76 mg/kg and DON+MBN ranged between 105.70 and 182.68 mg/kg. All values at
0 - 5 cm were higher than values obtained in the 5 — 20 cm soil layer. Quercus liaotungensis and Biota orientalis had the
highest MBC and MBN, Pinus tabulaeformis Carr. and Robinia pseudoacacia had the lowest SMBC and MBN. Soil DOC was
not significantly different between forest soils for the soil layer 0—5 ¢m. DOC+MBC of Q. liaotungensis and B. orientalis
were significantly higher than for P. tabulaeformis Carr. and R. pseudoacacia, with R. pseudoacacia having the lowest values
of DOC+MBC. Soil DON was highest for Q. liaotungensis and was significantly different from the other three forest soils. Soil
DON+MBN were highest for Q. liaotungensis, lowest for P. tabulaeformis Carr. and R. pseudoacacia, and there were no
significant differences between P. tabulaeformis Carr. and R. pseudoacacia. Soil DON+MBN was lowest for B. orientalis in
the 5—20 cm soil layer. The ratio of MBC to MBN ( MBC/MBN) ranged from 4 to 8, the ratio of MBN to total nitrogen
(TN) (MBN/TN) ranged from 3.21% to 5.03% and the ratio of MBC to the total organic carbon (SOC) ( MBC/SOC)
ranged from 2.02 to 3.29%. MBC and MBN were correlated or significantly correlated with MBC/MBN, DOC, DON, DOC+
MBC, DON+MBN, TN and SOC. MBC was significantly correlated with MBN. DOC+MBC better reflected soil available
carbon than MBC and DOC alone, and similarly DON+MBN better reflected soil available nitrogen. Different forests have a
significant influence on the microbial biomass and water dissolved carbon and nitrogen. Q. liaotungensis and B. orientalis
had much greater effects on the soil organic carbon and soil nitrogen content, which could improve the soil quality. R.
pseudoacacia is a native species in this region, and this species had lower effects on the contents of soil carbon and nitrogen.
For the process of vegetation restoration in the Loess Plateau, Q. liaotungensis and B. orientalis were more suitable forest

species than R. pseudoacacia.

Key Words: Ziwuling mountain ;different arbors ;soil microbial biomass ;dissolved organic carbon and nitrogen
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Table 1 The description of sample sites in different arbors forests

N . - f 1% Az
e s o i3 e e MR e
Forest types Longitude/ (°) Latitude/ ( °) Altitude/m Coverage/ % Tree height/m o & .
diameter/cm diameter/cm

Qi 109°08'55.97" 36°03'43.38" 1327 90% 6.81 34.75 45.70

Bo 109°08'55.78" 36°03'37.16" 1333 70% 4.21 27.00 33.72

Pe 109°10'18.50" 36°04'43.80" 1193 90% 6.28 29.46 40.38

Rp 109°10'04.58" 36°04'53.20" 1152 70% 3.55 8.50 10.42

PR TR AR MBS FEAR—F, B8 15a 22475 Qi: A HKE Quercusliaotungensis; Bo: WA Biota orientalis; Pc: JMHS Prabulaeformis Carr;Rp: FIFR

Robinia pseucdoacacia
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TSR (MBC) |, 4 RECN 0.4557 5 1832 300 b 7 2 0 ( DON ) SR FH BB o 7 I 9 420 A v
O ARG R AR LY DON 19 22 [HAR B BUE Wi A, et R AL 0.45° 0 T 48 b g 0y AR & 3 A
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A% AR . SRR R bR, HE 3 PRI AMAE (LA K, R I HLAR S 4 U6 I AR R A A
Er R AR AN, ARRIFEAM S -4 pH (H A EREE 2R g, H3EE KR A b

http ; //www.ecologica.cn



11 4] WAl A B U R TR AR SR A W B B AR g P Bl R A 3601

Bk b A BB )2 TR BE A s, R AR LR B S KR & T E TR A

®2 TRFART LEHELER

Table 2 Soil physiochemical characters of different arbors forests

AE A LA

Fezue Sl SR~ . &S : g
. Bulk density/ .. . Organic carbon/ pH
Forest types Soil depth/cm 3 Soil moisture/% Total N/ (g/kg)
(g/cm”) (g'kg)
Qi 0—5 0.69+0.04Bc 0.24+0.05Aa 28.94x1.36Aa 2.55+0.03Aa 7.86+0.00Ba
5—20 1.07+0.10Aa 0.19+0.01Aa 15.36+0.28Ba 1.39+0.01Ba 8.00+£0.03Aab
Bo 0—5 0.97+0.08Ab 0.15+0.00Aa 25.97+1.42Ab 2.06+0.01Ab 7.84+0.16Aa
5—20 1.21+0.10Aa 0.14+0.01Abe 13.14+0.75Bb 1.2+0.06Bb 7.94+0.22Ac
Pc 0—5 0.99+0.04Ab 0.16+0.01Aa 15.26+1.20Ac 1.52+0.04Ac 7.90+0.32Aa
5—20 1.02+0.01Aa 0.18+0.00Aab 15.42+2.27Aa 1.39+0.13Aa 8.07+0.06Aab
Rp 0—5 1.10£0.01Aa 0.15+0.08Aa 10.64+0.24Ad 1.13+0.02Ad 8.14+0.06Aa
5—20 1.14£0.01Aa 0.14+0.00Abc 7.76+1.11Bc 0.81+0.16Bc 8.17+£0.03Aa

AFRRE FEFRF —FEAMAR LR Z A2 57 8 (P<0.05) , A R/NG FRER R A — 12 AT AMZ 7] 225 1.3 (P<0.05)

2.2 REFRARMT 58 b &

WK 1 B, FIEUE W ERTE 0—5 em )24 350.83—693.15 mg/kg, H. & 8 K/MNIUF Ky il Z5 A% >4
> YA > A5, S ARAR A A (2 3 v TS JRIRE (P<0.05) 55—20 cm )28 143.92—366.54 mg/kg, & it
KANITRE SR 30 AR > AE > T > HIRE , 30 ARR AR T4 35 T IR (P<0.05) o TLZA% DA T | il
T R Y R I B 1) £ 2 BRI AR, R 2 B & T T2 (P<0.05) .

WK 1 AR ,0—5 em TIEZE Y8R AL 52.21—93.61 mg/kg Z[A]7454L,5—20 em T34 )& A 7251k
W& EE A 30.75—58.88 mg/kg, AN[FTEAM T EEHAEY /AR ARZRT TZ, DIRIBARZE 55 o Wi
RZRETEM 2.44 £, HIERUEY) &R S EAERIZ M K/NGT R L 10 28R > DA > AL > JIRE, T2 R MiAh >
ILZRBRSTAR SRR, 1L A BRAMNAT R )2 + 00 T2k e R0 28 K Tl A P AR s B2 L 5Erh iR 2 & T
TS MR, 15 R S R R (P<0.05)
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Fig.1 The microbial biomass under different arbors forests

NG FREF R [ — T AR R 1 J2 2 J8] 22 57 1.2 ( P<0.05) , AR KRS FhE R [/ — LR AR TR A 2 18] 22 57 i 2 ( P<0.05)

2.3 AFTEARMT HHEE R A

WK 2 firRs,0—5 em +EEMRTERR (DOC) 7E 302.33—460.87 mg/kg 2 [0) 284k, MlAA A, HIRE /)N 5—
20 em TIEASLIEEE S 192.90—352.34 mg/ kg, AN K, FilM e/, TSI PE A ( DON) 7E 0—5 em ,5—20
cm AL EES> 1 53.49—89.07 mg/kg 29.02—50.14 mg/kg, FZHIF 2+ F BLMIT AR SRR, Ml ¥ %
Iy STV R S A Y R 2 R ( DOC+MBC) 7E 0—5 em . 5—20 cm A5 Ak B 43 514 543.72—1114.76
mg/kg \446.25—647.32 mg/kg, FR)ZIL R KB B/, T2 MR e KR /N, RS A S5 M
A Z I (DON+MBN) 7E 0—5 cm ,5—20 cm ZB4LIREE 53778 105.70—182.68 mg/kg 68.85—109.20 mg/kg,
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Fig.2 The dissolved organic nitrogen and carbon under different arbors forests
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ANFIFEARBRART 222 A e AE Wy a5 o 280 LU AE R /N SR am A (7.76) >3 A8k (7.39) > HIFE (6.73) >l 41
(6.72) , FIENIL KR (6.22) >THIHA (5.87) M (5.74) >HIRE (4.69) o A[EIFF A LM P8 25 2R
H B E 3.219%—5.03% 2[RI 4L , T A e e o5 A BB L A9 R 2.02%—3.29% 2 [a1 784k, 3 A E (SOC/
TN) 7 8.46—12.42 Z [alZB 4k  flMR f X, i R bfd i, R)Z LR T T2 L,

W 4 fir7x, MBN MBC 5 MBC/MBN . DOC .DOC+MBC TN . SOC .DON .DON+MBN 7£7F i 3 5t i 2
AYIEAH S, MBN 5 MBC Z [A] A G 8 3% (P<0.01) , DOC 5 MBN ,DOC+MBC ,SOC/TN TN .SOC . DON+
MBN MBC DON 2 [a) B4 i 2 5 #3519 T AH 541 (P<0.05) , 5 MBC/MBN M &PEAR B2, TN, SOC 5
MBN .MBC ,DON . DOC AH &M% 2.3 ( P<0.01) ,
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Table 3 The ratio change of the soil microbial biomass under different arbors forests

FRARIET +)= (LGN AL WMAEYRA/ 2R R A PR
Forest types Soil depth/cm (MBC/MBN) SOC/TN MBN/TN/% MBC/SOC/%
Qi 0—5 7.39£0.45 12.42£0.91 4.44£0.20 2.64+0.03
5—20 6.2220.50 11.2920.95 5.03+0.28 2.770.01
Bo 0—5 6.72+0.48 10.83+0.37 3.41x0.14 2.10+0.01
5—20 5.74x0.51 10.3920.57 4.35+0.15 2.39:0.31
Pe 0—5 7.76£0.44 9.77£1.19 3.28+0.12 2.60+0.24
5—20 5.87+0.21 9.25+0.86 3.2120.16 2.02:0.13
Rp 0—5 6.73+0.41 9.49+3.14 4.15£0.16 3.29+0.42
5—20 4.69+0.09 8.46=0.09 3.82+0.23 1.87+0.16

MBC : ¥4 Soil microbial biomass carbon; MBN: f34= %) & % Soil microbial biomass nitrogen; TN J&. % Total nitrogen;SOC: A HLA#k Soil

organic carbon

F4 TEFEYENTEBAEREEXRY

Table 4 Correlation coefficient between soil microbial biomass and soil physicochemical properties

., - GEU7 b5y . . UEWREmR . WAEYER
WA TR Rk - VA A o AR A . . s

R AL I i MR METN ALK SOC
Items MBC DOC DON

MBC/MBN MBC+DOC DON+MBN

WA Rk MBC 0.922 " 0.397* 0.431* 0.850 ** 0.605 ** 0.916** 0.832%* 0.926 **
A E A L MBC/MBN 0.696 ** 0.416* 0.897 ** 0.716 ** 0.924 ** 0.777** 0.902 **
W fRERR DOC 0.166 0.565 ** 0.537 " 0.514"" 0.363* 0.460**
A e TN A P Tl .
MBC+DOC 0.775 0.408 0.469 0.684 0.572
At & DON 0.696 0.870 ** 0.872*" 0.905 **
R YR EmE A .
DONAMBEN 0.874 0.523 0.611
BE TN 0.772** 0.873 **
FHLER SOC 0.929 **

* FERNFEAE B FMIH(P<0. 05) , * * FRIEAEN B FH & (P<0. 01) ; DOC: Ef#EYERK Dissolved organic carbon; DON: ¥ fift ' & Dissolved
nitrogen ; MBC: 4= ¥ w5 Soil microbial biomass carbon; MBN: f#/f 95 %&( Soil microbial biomass nitrogen; TN % Total nitrogen;SOC: 7 LAk

Soil organic carbon

3 e
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PYrBc WAt D . BARIRE T 2R T (EUE R AR 2 N TR 1 52 4 BRI [R]85 0 ( 15a) , A BF
FER I A w5 AR 50a (¥ RIRR AR - AR e 0 U B 37 033 b 3 (R T ORI AR R N TR
MO LA AS A FIAL A — 5 BB (DR B R B R AR U MR IR S IE 7 Z— B KB BL
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YA L (9—11) , 52/ ST 5—9 235, AR R, 3 b ik Yok G (T AR b
B I PR PR R RN X R AN AR L R 51, LR BR AL 1001, iR AR L 6:17%7 ) 4 Fh TR AHK
N MBC/MBN 7E 4—8 2 [a], 1 B2 X 3l e Ak 0 LA A 8 TN EC T o 32 TR AL . 4 FR TR KRR, it
0—>5 em M52 5—20 em 1 JZ LIHAA B MBC/MBN i i, JillRR S/ UERTTIAM AR TR S R 2 X SR
RT3 & RARFEITR AT 133 MBC/MBN 22 5 1 32 B2 5 A8 Bl (10 8 % 0 AR 22 40 00 e, T IS
AR P IX R S A A mT LAE e X - 4K 4y | - HES% 43 pH (AR R, BCAE 3P (R A >
TR IR T e AR R, 5 808 B R B P Rp T DR AR 2 R - et W i = A gk
AN
3.2 AFETEARMT RAE YA A S TR AP T R

A OCHE M & B, DOC 5 MBC/MBN A7 #H G, 5 MBN MBC A3 {2 3 (% A0 ¢ M (P<0.05) ,{H &
(DOC+MBC) 5 MBC ,MBN \MBC/MBN f77EMK 2 3 B M (P<0.01) , #H56 R 504310 0.850,0.897 ,0.565 .,
HEE DOC, DOC+MBC 5 fig Sz e + e b i X Sl 47 (58—, DOC S YA K 5o i Bk
P51 Yano 2P R IR A 12%—40% 19 DOC #AE AR, IR DOC 5 3 A= 1 %
WA e LT A W A K B T TR R T A LR R A W i B AR R
MBC .DOC X2 TE A BRI —3B 4 W58 & B, DOC+MBC 5 SOC BY4H &4 (0.905) . DOC 5 SOC .
MBC 5 SOC BYAHCHEH &, I DOC+MBC F DOC MBC HEREZAF 1 S5 i34 4 A 33 15 A WLk

Itk , DON+MBN 45 DOC+MBC Y2 IALAHE . 5%, DON+MBN 5 MBC \MBN A3 % & 2 b 1EAH G (P<
0.01) , FHC R EA 0.924,0.916, Ui B 4= 38 v () 2 ) 3 e R0 B AR 4 1) S i 388 h 9 3 2B . 59 41, DON+
MBN 5 DOC ,MBC/MBN TN ,SOC .DON PJFFE7EM i /Y 1IEAH 5 (P<0.01) , % B DON+MBN 5 + i A/ ¢
FEY), BHR,DON 5 MBC MBN #1752 (W IEAH M (P<0.05) |, [HIZRAHIC R B/, 43910 0.605 F10.716,
DON JZAE P A AE P BB A B AR, 1 MBN (9 =22 R o R 8 T SR e s AR 5 9 i, Je 13
HTE R IR AL, A e R IR AR A S AR, R T LLfERT DON+MBN H DON MBN g
B -3 A AR AR L

4 Lt

(1) & 4 BB KPS BRAR XN [ T AR 38 24 0 i 2R I il P A L R B 0—5 em BE R T
5—20cm(P<0.05) , Hrpr ARk A, FUR AT, T AA SRR e/ . AR TR A - 3960 A W it s £ 1k ik
R EEAYFZ I, X AR A EE I A B AR, FERE R A 0ok AR v A AR A 25 Ak v A
XoF - SRS 2 RN B AR FH SR A R Tl B AR 0 1 R

(2) AEIFEAMT MBC+DOC F MBC \DOC HLA~F5 5 B fiE F e T 38 i Ak 1Y A %P, MBN+DON B fz i
- HEEHEEUE , MBC+DOC \ MBN+DON B REAEUER 1) Sz WA Bl Pk 52 %oF - 498 A 0 et R R R S
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