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Effects of plant residues and nitrogen forms on microbial biomass and mineral

nitrogen of soil in the Loess Plateau

WANG Chunyang, ZHOU Jianbin* , DONG Yanjie, CHEN Xingli, LI Jing
College of Resources and Environment, Northwest A & F University, Yangling, Shaanxi 712100, China

Abstract; Both the quality and quantity of plant residues returned into the soil ecosystems in the gully and valley region of
the Loess Plateau have been substantially changed with the returning of croplands to forests and grasslands since 1990 in
Northwestern China. However, no study has reported if soil carbon (C) or nitrogen (N) has been increased after one
decade of such a land use change. An important mechanism to understand these changes is to know if and how soil microbial
biomass C and N (SMBC, SMBN) and mineral N have been altered in this region. We conducted a time course incubation
experiment to study the effects of external addition of the sole plant residue and the dual residue plus inorganic nitrogen
fertilizer on these three parameters to a Loess soil ( similar to Ustochnept in the US or Calcic cambisol in FAO system)
under laboratory conditions. Six local plant residues ( Astragalus adsurgens Pall. , Caragana Korshinskii Kom. , Robinia
pseudoacacia L. , Salix psammophila Stipa bungeana Trin. and Ulmus pumila L. , which were taken from the Loess Plateau
with an average of 15.08 —50.67 C/N ratio, as either a sole source (2.5 g organic C/kg DW soil) or with two inorganic
N of (NH,),S0, and KNO, (0.1 gN/kg DW soil) , were mixed into 400 g dry soils (2 mm sieved) and incubated at (25 +
3)C. A total of twenty-one treatments were designed with three replicates for each treatment. Both SMBC and SMBN in the
incubated soils were analyzed at 0, 1, 7, 14, 28, 84 and 112 d, whilst mineral N was analyzed at 0, 0.5, 1, 3,5, 7,
14, 21, 35, 70, 84, 98d and 112 d after the incubation. The moisture of incubated soils was maintained at 70% field

water holding capacity by adding water once every two days. In general, the addition of the sole plant residue significantly
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increased the contents of SMBC and SMBN. The increasing rates of SMBC and SMBN were higher when the plant residues
with low C/N ratios (e. g., A. adsurgens, C. Korshinskii,) than those with a higher C/N ratio (R. pseudoacacia, Salix
psammophila, Stipa bungeana). The dual addition of plant residue and N fertilizer, either as NH," -N or NO, -N, also
increased the contents of SMBC and SMBN, and the increasing rate was significant higher under the NH," -N treatment, but
not under the NH, -N treatment, compared to the sole plant residue treatment. Our results thus indicated that
microorganisms in this Losses soil may prefer to use NH,’ -N rather than NO, -N. In addition, the addition of plant residues
with higher C/N ratios increased the immobilization of mineral N in the soil, and there was a positively significant
relationship between the immobilized N and the C/N ratio in the plant residues. As a consequence, to adjust the processes
of soil C and N transformations, our results suggested that both the characteristics of C and N in plant residues and the
inorganic form of N fertilizer that applied to the soil should be considered for a better vegetation restoration in the gully and

valley region in the Loess Plateau.

Key Words: the Loess Plateau; plant residues; soil microbial biomass carbon & nitrogen; C/N ratios

TERE R — A VU, AR B . IR A A K IR BT W E SRR, AR
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1.1 Rmhtet

A+ K AR Y R IE )T 2008 4E 10 AR B o ERMERK LRI HFR B 200 5 PR R g w2l e
S F AR ELIRLAVE 14 km &b 7538 1 5% ( E110°21'—110°23 , N38°46'—38°51") , 4E E- 4R B 8. 4°C , &
TR 169 d, FHFET R 437.9 mm PR THREE 1.8, B M AL T RHhIX . SREE 0—20 em HIEHE S ATHAE
YIS, TIERRCHER L, REFE N THED TR L. TAEREE BART, 2 mm 8 H, 15
AR APk 4. 87g/kg, 2R 0. 57 g/kg, FHAS A 16. 2 mg/kg, AR 1.9 mg/kg, pH 7. 92, HA B
2.56 mg/kg, Kk 14.7% ( <0.001mm) MUk S8 51.1%

RET 6 FOAFMY K RTEY) , H P TR TR AL, EAR GRS FD, A E R EMYT
E. XY L o AR 2 RIS SRR I GEARS R F M, B AR AR Mih |
#or. REGUES, BARNTEE 60CHT . Kt T A YR A i i 75 (0. 5—1. 0 mm) f5 45 . WEHE
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Table 1 The main chemical properties of the plant residues used

445 No ) B 2R N

Plant residues TC/(g/kg) TN/ (g/kg) ratios
A #iBt Ulmus pumila L. 422.58 25.36 16. 66
B H|#i Robinia pseudoacacia L. 437.73 14.92 29.33
C #7 4% Caragana Korshinskii Kom. 466. 85 30.95 15.08
D YOHI Salix psammophila 488.22 10.77 45.33
E KL Stipa bungeana Trin. 499. 46 9.86 50. 67
F Y HTHE Astragalus adsurgens Pall. 427.93 27.01 15.84

1.2 3Rl

RIBBRAHEE, N R RS MY RE (6 F) , Hh AR BELHI &SR ((NH,),S0,)
ASR(KNO,) , FHEH N 0. 1 gN/kg T4 MR EWRIIA RN 2.5 ¢ Al ke T+ RAESIRR
FE, 21 M (A A IINEZE A IRE Y A BRI BB E R 3 K,

FEREFFRE I IR, K ARt 2 mm 5 T LA AZRIB /K 28K HERKER 70% ,FisE 5= — 4, LA
PRE T IETE . SRIGFREUNS T 400 ¢ RT L MBS LR TR &b, AR MY R Y50 5 R
LFIREBIIMA L3, FARE B BIEREE T (25 £3) CREHIFIER, AR 0.1.7.14 28 .84 112
d AN 3R A P A IBURE , 02 S A B R B R 9709 0.0, 5.1.3.5.7.14.,21 35,7084 .98
112 d BUREIE HI0 RS A S B, EREET, 52 d UEREH TS A1 LS KEANRE.
1.3 e Ritaa gy vk

TSR E AT ENE , HIEAREY S T R RS RO S ERAEMTENE . HEMEYE
ARG EAERRET B 0.5mol/L K,S0, B (K- 4:1) , HEBMAEYRR RS BUBEMA
BRI RS B E RN RN 0.45) 183 ; T3 itk & AR FE BB Ak
HHEA] Y P 4 BR R A TOC 43 #7143 ( Phoenix8000 ) i 52 ; + 3% # R A& & (NH," -N Hl NO; -N) 3R A 0. Smol/L
K,S0, 57k +- teh 4:1 248, k% 0. Sh, {31447 (BRAN + LUEBBE ) i
1.4 St

3% F Excel 2003 7l SAS #f (8. 0 JiAS ) XA IGBAR AT AL 38 R Ge it 04T , H SR I BA IR B 7 25 /Wi Eu
7[RI AL 8] (25 5
2 EREHN
2.1 RREYREY LR RIEEX T8 Y2 ik m

HE la TLUEH , RIFMAER REAEYREY G, BERS TR LEREYERES &, ARE
YIVRTE WAL ERAR L, YD ATRE AL B + S M Bk S BRI R TTIREISE 7 R B2, N 7 REIE R4 WS
FHEAHE, BAE 7 KE 84 XEFEWHBEKFE(P <0.01), F5EF7R50 45 5 w5 T IH AL -2 3%
39.2 mg/kg; ik A VE WITERE IR 56 28 RBIZS R BE & FRUITH USMYE B REW (P <0.05) , KB
WERHARE . Hp 4 FHRABEDEELSHH T EMEYERRSEEZRYARE,

AZMEYAEY RN EA LG, STALEA L, BN T HEMEYRRNS 8, HARAZE
X LI BRI RAETEE R (8 1b, 1o) . MARSAMEYRAEDG, NEFRNE 7 KBIZHR+
P YRR S B S TAUGE RS AL (E 1b) o S{UR Y I8 7% Y A AR i, i 4 8 AU & i
YIATE AL IR TR Y B S BAEE SR 7 RIA R R M 0, BL7ES 28 K2 Sk il B E K (P
<0.01) , Bl FELE RIS R B E AR AL B 31. 5 mg/kg, VOITIESE AL BE + 3B W B AR &
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BIEREIRIOGE 7 KFIEE 28 RIGH B & T HALAE WAL H (P <0.01),

LAY R T W) AL BEAR LU EL, [ e PR S A S Y AT V)5 & A0 3 LR Y Bk & BRI IR )
557 KA 28 RITEANFREREI(E Le) o BIFEIREERN LM E YRR & BP0 HOUE A Y %
PAbPE 18.3 mg/kg, VPFTHEALEE L3R Y) BRR & BRI SR IARITIRE B05R 7 K25 84 RIBE R T HAh
Y RTE WAL TR, 7658 7 RZEFRIKZBIRAK(P <0.01),

ANRFEERR Z M A, SRR R MAE W B R AE RS IR A5 28 RIS TS AL, H BRI
LIRS BE K- (P <0.05) o BEFRIRIR AW, 25 AUACH 1) 13 B W) B T LU A S UL B vy
10.3 mg/kg,

R L AT RUE Y, BEE PO A v M A L B i, LSRR M Bk S BAESE 7 R E(E B I PR
(EE AN
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Fig. 1 Effects of plant residues and nitrogen forms on soil microbial biomass carbon during the incubation
A #i# Ulmus pumila 1; B: §i|#8 Robinia pseudoacacia L. ; C: ¥y 4% Caragana Korshinskii Kom. ; D: ¥PH)l Salix psammophila; E: K £ EE Stipa
bungeana Trin. ;F . YPFTHE Astragalus adsurgens Pall.

2.2 AFEHEYEED RAZTEEN L3 Y B AR

B & 2a AT LAE W, MY RS Y G TR A IR G 56 7 RBIG R &L M AEY R A B E
HTARMAREYSTIR(P <0.05) , HES 7 REFEK, BIEFRERMIR TR 7.4 mg/kg, RRIHEYA
AL, BRAr 4 3 IR AE VB AR SRR T LR 5 5E 7 KRB — MM ES, HA Y 7% Y b FEAE 56
7RG 28 RIAHVEAE; YT RERE WAL LB R A S THMAEYLEE, N5E 7T RESH 84 Rk B
EIKF(P<0.05), HAESH 7T REREK, FHH 27.9 mg/kg,
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R 2b & 2¢ ATLVE Y, SRAR LB L, R AR A FEY GBS T LRMEDER
&, EARRREEX HEMAEYERWEZRAR . HAESAMEYREEYE (& 2b) , TR ER
FRMEFRIE T REIGRYBE R TS ANLE (P <0.05), HTEH 7 RERRK, V¥4 27. 6
mg/kgo TEIGIRIABIT UG ISR 7 KANEE 28 X, WDITHES VA W AL BR AN 3R A Wy Rk B 38 = T HAt A A
WAL (P <0.01),

Rl A S R REY G, TRMEYE RN IRIE 7 RESRY B E & TIOUGEH S 7L
(P<0.05) 7655 7 REF®BAK, VN 27. 4 mg/kg, BIEEIRERIT 2257 A Prig/ho MR TR XK IT 45 215 84
R, PITHEAL T A Y B R T HAN B, AR5 7 REF I BE K (P <0.01) . BIHEFRERNT,
Bty 25 AT W) AL TR 1 LS B R = T U AT RE SR VR AL AL , oA AR IR T0 I T IE A Wy b 3

AREERZEX LRMAEMBRTER —E R RIER. ERIFNEE 28 X, EHESAN LRy
BRTFHREHEAEESRMLE 4.3 mg/kg, HIXBE KT (P <0.05) o fEHAMMA R BRI % MAE
YrERHIR N ARIE BEKF-(P>0.05)
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Fig. 2 Effects of plant residues and nitrogen forms on soil microbial biomass nitrogen during the incubation
A #i# Ulmus pumila 1; B: §i|#8 Robinia pseudoacacia L. ; C: ¥y 4% Caragana Korshinskii Kom. ; D: ¥PH)l Salix psammophila; E: K £ EE Stipa
bungeana Trin. ;F . YPFTHE Astragalus adsurgens Pall.

2.3 FIRMEIE B E LA 80 RS AR
] 3a AT LA , ORI TS 05 , B VR AL T S L RS, 96 s L o B R,
VLT B BT . VRATFR AT M (C/N = 15. 1) L300 TR 25 A6 6 A B 35 30 0 34075 F T 0 9
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HE, ELFEE 35 R I 1E] 9 SR 3 RS AR N S S ITIE R (C/N =15.8) , WEEFREE 7 KBNS
T RS RS B S T IR E X AL E , B R 4 A LU IR = 100. 4 me/kg s i3 (C/N =16.7 ) FHIH
BL(C/N =29.3) AT T30 S A BITE R IR 70 RANEE 112 K x4 b (C/N =45.3)
R TEFL(C/N =50.7) 7% AL 2 3080 RS RAE B SR 1 R AR T oA R F A 1R

R B2 R JR Y 0 R e P, 39 PSR B B R P A5 0 AR 0 9 9 b 28 ) AN TR i AS ) (B
3b) o BHIATARIRVEYIR LI SRR I B R P B R T UM B S WAL B, B3 R 45 TR A ik A
K75 46.4 mg/kg) o YPITHEALEE +3RH TR RN IBIRIE 35 RENGHR IR TIUR S S RALH, B 57 A%
S5 R AU #E S RALEE 60. 0 mg/kg, ZZRIBIRA(P <0.01) o A IR T3R0S RMIHFRIXETIT 16
JE 5 70 RELEH R TAUEE SR . TR IR 2 5 R e A B 3R RS R & BE R
IR ] IR AR T U B S AL B

A&l 3¢ AT LA, R AP A SRS , NEE IR I058 7 R B, It & D ITRER & 4,
e S R R T U A A5 AL B, 7 5 SR A 45 R S T AU S R AL B 41. 4 mg/kg 71 55. 9
mg/kg (P <0.01) st JvE ) + 30 RS RMIE IR 70 RENGHE TOUMAH S RACH; AR DA =
FR B R RS A S BN R ARIT RS 5 5 REGHIYRT RS AL, Bl IR 4R
WP 3AHZE 19. 7 mg/kgo

ARBERFZX LR REA S BEA BEFNR, B NHFRIE , F—J87% Y205 B & 1A FE
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Fig. 3 Effects of plant residues and nitrogen forms on soil mineral nitrogen during the incubation
A: #i# Ulmus pumila L; B §|#8 Robinia pseudoacacia L. ; C: ¥y 4 Caragana Korshinskii Kom. ; D ¥P#) Salix psammophila; E: K F£ 55 Stipa
bungeana Trin. ;F; YPFTHE Astragalus adsurgens Pall.
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SARGE, LBV RSASENERYIXREKF (P <0.05) , EMA—Z - MERLHE > HERLHE > TR
R, BERFHENER, EAAFRESEARZN LY BARASBREFER/MER . MARAE -5
AR A AR B R R A 117. 6 mg/ke, BIEEFREERBB/N T 68.9 me/kg, HSRAHER L
By AR YR B A AL H s Ik 73. 0 mg/ke, BIREFREE AT 22 2 A BTN (R 55.4 mg/kg) o

3 itig

3.1 MAHEYREYIHESARLAHARS T DEMEYRR AR

ABFEI, BIEYREY G BN T HEM YRR RS R, X4 R SR —5 ",
X 5 Y R IE o LR R T R B RIE YR R A M BT A K. EARIEYRE X +
B ER A S EREWAE, AR AR Y, ik 5 (BRAL 15.08) YHTHE(15. 84) Ab3E 3%
WAV Bk A S BIER IR 0 — & I3 NS T i A TR B (k& L 16. 66) (RIFE (29. 33) ¥ HI
(45.33) MK TEE(50.67) . ULEAMYIAEDH C/N LEHIFR H#E HIEMAEYER ASBEERWEE
JFEZ—,

FE R RE YA RE, B2 T LIRMAEYER RS R, SRIFMAZE AR EY KT EAE
L, [FBT SN P A R A HE I A Bk A EMNIE RS | RESHRYBER TXHRE(P<0.05),H
FESE T RECK, 32 E R A i AR T R 4 TR iRt T R 8 MERIE IR TR, B A T 5
AW AR EEE , AT S A ik R R

AT PRSI 5% AT EE R 08 7% ) (BR AL 15.84—16.66) J5 , 1IED AR S EERE RGNS
7T RIFLGGAGHG AN 5 T AR & HAR XS 85 B RUAR DM AIC P2 B PR % 4 (29. 33—50. 67 ) 4028 + 388 TS A
SRIEHFRRIFHRENEE 7 RIS 84 REARFIFAZ, BEEREM M. 1By RSANENESHEY
IR L B SIS (r = —0.660) , 5 Rowell ™ & BF 5T 25 AR X SIMABRE HE K A%
JERETE R B, S M TR AE IO TR A R [ R A A
3.2 AFESEERSRHEDRLE N LB ER AR TR S EHWAFE

RMREH, EAAFIESEAEN HEMAEYRR AR REASEYE BENYMIER, K3RiE
AR TIEMAEY R RA S TS AL MBS, 5 28 REFBBEKF(P<0.05), XA]
b5 HIEME MR SR RS R A X,

AR, AL T RS AT EN B ERTHASEALE(P<0.05) , X 5%SAMA L
HER AR R 2 (RUIE R Y E R s B MR R AR ) A 57 BB SR AR, i FE A S R AR 2
AU LIRS RA S BERZERBEE /), s im0 € m & 13y B A2 36. 7 mg/kg, BIEFREW
I ZE(E N 13.6 mg/kg, X AT RE-SHE IR IR G B AR 0 B35 e M [ 8 428 e B SRt B Bk 567

TREK  HEFEE L HEX AR E ERP N FERARE ., X XIRHERE R AR
R R IR 7K SR BUR SE A IR B I RR 2 AP gE e, B 1 0 DR XK (R A0 R 9% W R vt - e
YEik REV RAR S ENZWAEHRMNZSR, B, 75X — b XA YK E hE B e, 5 B E%
B FIAE U8 B P Bk R L ReE , AV R RO X R BORIRE M R AR R E IR R B
s AR IR E YRR
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