ISSN 1000-0933
CN 11-2031/Q

b ___J_I | >

Acta Ecologica Sinica




% £ 75 %R

" (SHENGTAI XUEBAO)
renmmemennns b 312 B 8H 2011 F4 A (FAT)
H X

B RT T HAH RO E LG TARIGE Lo I REE T K, % (2053)
AT R R A A I @R R Y —— B AL, B AR, 2T, 4 (2060)
£RE AR 2ot R IR BR-SEH RIE IR A R e TR, E EFBRE,F (2068)
FHIACE F AR AR A I F F ARl KA, B, R F,%F (2076)
Ao T J A By AN 5 2 5 )X AR T A P i o vveeeemseee e i HEE, Y XL, % (2086)
_]]‘_#(.rrﬁ-,@nj» é;ﬁj{.i}%w}‘ﬂ ................................................... ?E@/ﬁ,fﬁiﬁ%,?ﬁﬂi,% (2096)
UV-B 345t %%*\ﬂép‘r \@%ﬁ‘,g“‘/\ Z,ﬁéﬁ%u ............................ X%ﬁﬁ,%%féf\,ﬂ //J%’% (2106)
FEMETAAELE RPN AT AR e woR,E R fFEEE % (2115)
BINA TG oS B AP e % ﬁ,%‘%ﬁﬁ},ég&ﬁ%,% (2124)
FEEBER k45 A JUFE N B S R vveeeeerrereee [z g %ﬁk/&\ x| 7% 71 & (2132)
F £ %R KR RS A S Bt BT R e EAM, AR, LAH, % (2139)
M E B BB KA E S R B R everevrrmmnnninns oA x| W, ER, £ (2148)
E B HARE AM ZL TG 00 S Al QAT weveeererenrennreti WAL L R WA (2159)
TFA KB TR B 3G 1B A S A G vl B AR IE T G v evrvenrrersnnesnnninnnnn, FLE B L K MW, E (2169)
BRI 5 3E R A M6 S AR P e %%%,if‘ﬁi,m g’% (2178)
A A RRITIRF E Z 6 Hi_PLS M BRI R IR coveerrerre ERCE (2188)
R B A 2 5 B AT AU 8 L BAE AT e BEF I, R (2196)
R 3T R By ot 550 A B R B P A vl e B, AR F L% (2203)
B I IR R R BB T G BB GG AR HOERE,E W, % (2209)
F Z i ST 6 AR A7 4% £ B3k AR G K vt B R BB R KRR T AL e veeee e

....................................................................................... e T,ﬁ}h T}?—j,ﬂ% %,% (2216)
F R A AR AR S AR PE B AL AR o vveeeenemnnere e x| PR OB NEE,E (2227)
T RBIR I T RGBT I RN ARLIRA - veeeeeerememeeeees TR AR, % (2236)
PR T O IR R T IR HE AL P AR T - e e %ﬁﬁﬂﬁ,%@%ﬁ% (2245)
ZHTRE LIEALE BAET Kot B AP B4R 6 B AR B AR AE B HL 3R A AL oo eeeeeenr e

....................................................................................... ;(]J)‘a'.?/% ﬁ,?i&& ,i‘kF (2253)
¥t afek N B RGBS A S A Mt AR F LB R LA e eee e, X]J:j:/gt’f%JE‘azL (2263)
ITH KK WLHX 7T—9 f]Fkﬂ(gé}Jﬁ;%Lj SR e I &,% ;1,%3 j%’% (2272)
LB e 2 B B B A E R B e T EAn, XA, ENE & (228])
FT GIS 8 )7 P 3R K IR T ARAR TR G AT oeemeeeereeeeeeeeeeeees ABFE,E KR, RES,F (2290)
Zit5LRR
IE PR R ARG R B E e R A P e WK1 x|t %’% (2301)
R IREEARAEY ZT L AR e AR %u[u/\;[zj: &, & (2312)
BrHL A BAME IR G HFREESE ooeevererrerne LZH EEE K Fk (2321)
18] i i
AL T BT AP AL B AL X, 3B K BN P veeeeeeenneeennnnn, X, ERE, L FL &% (2331)
DEMEE
PIRETFEAA BT RAGE R BAMAR A rfroeeeeeereernn WM e 4B SUHER,F (2341)

HAFIEARSHE . CN 11-2031/Q * 1981 * m # 16 * 296 * zh * P = ¥70. 00 * 1510 * 33 *2011-04

ECEEECECEEECEECEEEECEEEEE

EEEGE . VG IR ——32 0 0 B PG RIS S T UL, A T R 95 N 9 S By seb o e B 1 R W e e R
T, 228 T R AR R ST TR, T 205 W T & 1 A e
HERME,: PEBAEAE SR ORI L E-mail; xuweihua@ rcees. ac. cn



e 25 2 % 2011,31(8) :2139—2147
Acta Ecologica Sinica

BEISEREXAEEDEZEEEX
TERMEY SR, RS

EAM, BER",BEH, X 2%

(PHALARMBIE R BT 2B, Bevitase  712100)

E o b U B Y AR DA T ) B BB AR o 2 9 AR A B, A A R S R A DL i R AR R AR A R
() P2 7 AR 45 %k SR W ik RSN (B QTR RO TR AL, R T 38 NG IR IR DT R T 5T 1R A 8 i IR X 6 A
[RVAEL ) U8 7 ) B 5 LU R 5 i ko S A W e RO S SRS R RO, S5 SRR I AR [ R 0 9 24 S 5 B iep T
%Eﬁlﬂi%ﬁé%ﬁﬁﬁ% R, DASTE U 3 FhAE R G S LY T P LR E YRR R R T PR T ) A
FAL R TP A v MR S T RN T AR B b T A RS R A AR B, RIS PRI 5 >3 R G B AP
ﬂj{tbm IR PR RS AR R L AROG TN 3 AR VR MR G S IR Y e RS S R A L O AR DG,
W Z PR vE IR G )R TR E YR RS R 2 MR IR, D, 78 8 b m R K S L A 6 BRI R R 26
FYPHETC R A ) 2 R A R A 25 R R B R e
KSR B A A VE Y S EIR G IR R R A

Effects of mixed plant residues from the Loess Plateau on microbial biomass

carbon and nitrogen in soil

WANG Chunyang, ZHOU Jianbin* , XIA Zhimin, LIU Rui
College of Resources and Environment, Northwest A & F University, Yangling, Shaanxi 712100, China

Abstract: Both the quality and quantity of organic materials from plant residues returned into the soil ecosystems in the
gully and valley region of the Loess Plateau have substantially changed after the returning of croplands to forests and
grasslands since 2000 in Northwestern China. However, no study has reported if soil carbon ( C) or nitrogen (N) has been
changed after one decade of plant residues returning to the soil. An important mechanism to understand these changes is to
know if and how the returning of plant residues to the soil could alter soil microbial biomass C and N (SMBC, SMBN) and
mineral N in this region. We conducted a time course (0 to 84 days) incubation experiment to study the effects of external
addition of plant residues either from a single plant species, a mixture of two or three plant species on the soil microbial
biomass carbon and nitrogen (SMBC, SMBN) and mineral N content under (25+3) “C, 70% field water holding capacity,
dark and aerobic laboratory conditions. Aboveground plant residues from six local plant species ( Hippophae rhamnoides
Linn. , Medicago sativa Linn. , Populus simonit Carr. , Robinia pseudoacacia L. , Salix psammophila. and Stipa bungeana
Trin. ), which had C to N ratios from 17.52 to 57. 04, were taken from the Loess Plateau, Shaanxi, China. The soil used
was a Loess soil (similar to Ustochnept in the US or Calcic cambisol in FAO system). Equal amount of plant residues, as
either a single plant species, a mixture of any two or three plant species were added to the soil for a total of 27 treatments
including the non-plant-residue addition as the control. As a general rule, our results showed that the addition of either one

single or two or three mixed plant residues to the soil significantly increased the contents of SMBC and SMBN. Overall, both
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the averaged SMBC and SMBN during incubation were highest in the treatment with the three-plant-species residues, higher
in the treatment with the two-plant-species residues, and lowest in the treatment with the single plant species residue. In
contrast to the SMBC and SMBN, contents of mineral nitrogen in the soil showed a reverse pattern among the three residue
treatments ; the three-plant-species residue > the two-plant-species residue > the single plant species residue addition.
Meanwhile, there was a significantly positive relationship between the SMBC and/or SMBN and the C/N ratio in the one-
plant-species or the two-species residues, but not in the three-plant-species residue. These results might indicate that
SMBC and SMBN contents could have been affected by a range of factors, including incubation conditions ( temperature,
soil water holding capacity, incubation time period, etc. ) and the chemical properties (C and N content, organic
compounds, etc. ) of the residue itself, particularly when the mixed three-plant-species residues were added to the soil.
Our study suggested that both SMBC and SMBN contents could be substantially increased by returning of two or more than
two-plant-species residues into soils, which could then contribute to the enhancement of vegetation restoration and soil

fertility in the Loess Plateau.

Key Words: the Loess Plateau; plant residue; mixture with equivalent weight; soil microbial biomass carbon & nitrogen
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B - et U/ i S i X IR A R RIS IE P 0TGRRSO T e
M A 50 T A IR IXOR [R) R S A 4 VG TR A 6 et i i R e TR A
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PRI, A SCRE B A i J DX LR LRV R ) ) 9 P R A 9 X 42, W98 T AR V& W0 AN IR BE 4 %o 38 4
AR BN TSRS R, B IX A SR AR LA
1 HE5AZE
1.1 Rk

B 3T 2009 4F 3 H R A ERHABEKFIFK 1 AR 5T T AR bl BB R R s T
PR BIRLAVE 14 km LAY 7STE T ( E110°21'—110°23"  N38°46'—38°51") | #§4k 1094—1274m, 4EF-HiR
FE 8. 4°C , JTLFM 169d , ZAETF-IREKE N 437, 4mm , FI TR 1.8, B LA T 2K SREPHZE (0—
15 em) FE, HETHEAEY N Bk, HHERAU B+ RGBT B L -, HFER G AAKT it
2 mm G4, LA AL IR . A HLER 4. 87g/kg, 2R 0. 57 g/ke, IEAE 16.2 mg/ke, BEAE 1.9
mg/kg,pH 7.96 , B 2. 53 mg/kg, KL 14. 6% (<0.001mm) , ByvbRi & 51.1%

FERAE LI AE 5 1 [ BF 76 A0 5 1 IXR R TR R T R RN R A AR W 08 3% ), e vh A K i AR ( Robinia
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pseudoacacia L. ) FI/IN 45 ( Populus simonii Carr. ) , A A V0 i ( Hippophae rhamnoides Linn. ) F1VS I ( Salix
psammophila. ) , EA N E1E (Medicago sativa Linn. ) FIH 5 ( Stipa bungeana Trin. ) o XSS JE 4 43 A7
BTz ERAE A RAFI AT RE AR AR T v 1 i | A X R A b ARy, B R Y
RARHIR A S” AL 2 SRR B R AR 0. 5 kg, BRI S I RAE RE 2R 32 kg, R 1S MG 738 60 C
BT R BRI P R R B (0. 5—1..0 mm) JE . ME R IR AR (R 1),
x1 EMEAEYHEENLERS
Table 1 Concentrations of C and N in plant residues

MY TS o)

%5 No. Plant residues TC(g/ks) TN(&/kg) CN
A HIB Robinia pseudoacacia 1. 396.26 14. 64 27.07
B JNH4% Populus simonii Carr. 384.31 6.96 55.22
C VB Hippophae rhamnoides Linn. 326.41 18.63 17.52
D YPHI Salix psammophila. 379.12 13.67 27.73
E B Medicago sativa Linn. 424.23 11.29 37.57
F KA Stipa bungeana Trin. 402.13 7.05 57.04

1.2 Bl

B EIRTEAR FEAR REA 3 25 6 PR FIF S i, o AR SHER TR GHA EAR S BA S 544 B BT i 4
B 11 RS TR HEAR S B ) PR B 2050 12121 IR AR, R4 A 27 A4 B (R R B A A E 7%
P RE B TR

W L3RI 2 mm G5 04 K RN AZE IR K 2 K H R K & 1 70% , BT 9% 18], IV - 5650 Ui
W, ARG FRBUH 2 F 600 g T 1A 77 AR TR IR &b A= 50k 1% B SRR AR A5 ALY
WY, RS BT A I IRTE D) L AEVE A IR A E A 3 R, B B G R e
F(25+3) CHEE PUFA 7, FEHE IR0 01,7 14 28 56 . 84d 43l HURE 5 + 3 A= Wit e 280 5 o5 7E 0%
F£MY0.0.5.1.3.5.7.14 21 28 42 56 .70 .84d 43l e, e H B0 B SR (SR MEER) &, 3SR
Pt AR 2d DAEE RN TR K A) , PR HE K S A R E
1.3 EFni ATk

e S K TR I, AR R VR S R AR R SR S R RO e Y R
R ZCR AT EZR LY BT 0. Smol/L K, SO, I H#E (K ky 4:1) , HHER A YRR RS B LASEZE A
RIBZEARR R o 2 25 B LAAH A3 55 A R B0 (4 0. 45) 1535 438 a] %5 1 4 20 R FH o 5 1R 40 41k v
EP MR TOC 3743 ( Phoenix8000 ) il 5E ; 34 i 245 &0 ( NH;-N 1 NO3-N) & 0. Smol/L
K,S0, ¥ /K T 1l 4:1 3248, %% 30min, Wi 370571 ( BRAN+LUEBBE )l 52 .
1.4 Sttt

K H Excel 2003 1 SAS # A4 (8. 0 WA ) X iR o 54l i 47 Ab 3 K e 170 B, TR FHERL R 38 75 2553 BT (ome-
way ANOVA) LW BN RIAb 3B i 22 5, T i34k 3 IREE 31,
2 ZEREHH
2.1 AR 54 Fe B HT e A B Rk ) 5 W)

M 1 AT LUE H SRR & P BEAH L, I V5 P35 0 2 4 v T 15 3R ) i E e B s A
AN S A , AR 55 3R B B A AR W e B 1 G G R B 1 U )5 B TR ALK o

S0 REAH B, BB RR RV 5 b ik B A SR AR A B B B R (P<0.05) (Bl 1), AERG IRV
7 REFEK,FHE AT 142. 4 me/kg, SR B EIKT- . G R FRAHETT , 25 58 Wi 47N ; 255 37 45 R T4
XFHEED 41.2 mg/kg, MIAMHT R BEFR5S 7 RAACHRR) 3t Wy & B SRR W R AU L 2 B2
K (r=-0.814,n=6,P=0.049) , SHYFED DA S L B E EHE(r=0.828,n=6,P=0.042) ,
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Fig. 1 Variations of soil microbial biomass carbon in plant residues after incubation
A R Robinia pseudoacacia L. ; B: /N 45 Populus simonii Carr. 5 C: V0 #K Hippophae rhamnoides Linn. 3 D: VP H Salix psammophila; E . & 15

Medicago sativa Linn. ;F . K155 Stipa bungeana Trin. ,

A 11 IR G R PR R P4 P 5 T R E W i il & BEAE SR SR 0058 7 KFNER 28 RIA WL BN, 1A 5 ek
o MWEEFRINES 1 RZE 56 K, IS INTRVE Y 3 Yyt i & S 39 35 = T X IRAL B (P<0. 01) , HLFESES 28
RZEFIRAR, PR X IR 184.9 me/kg, AHICAMHT R 555755 7 R BIERUE Y ik & & 5 & P i A L
50 S EAROC 5595 28 R IR W ik B i S VR W AR AR L A 0 OGS VR S A S AR G
PEA IR WK, B R 2 oA b A Wy ik 7 o5 08 Vi 0 i 1% et B S5 IE ARG

A 110 IRE W 3 FRTE YIS, WRE RIS 14 K25 28 K HemiA: ¥y & s 390 i 3 7 3 (P<
0.01) ,F¥ X HE 231. 6 mg/kg, MEFFRAYEE 7 KE 28 K, MM VOPWIATE T 3 R & YR A Ab #1115
TRy e 1 i LML B AR R B R A R (K1) .

L T LR IR RVE DR A AL B B 3R 45 o1, T KR SR A b R s A VD e He Y £ 3 6
A=Wy S i I A 3 AR E T A 0 A 3 AR IR R S R E R A 8 AIC L R R A
SR S AL B RN, 3 AN B
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2.2 A[FEFEYUE T S R S A P R R

HIPE 2 nT AR S50t BEAR G, B8 I 5 st 32 S 38 4 e 1 5 90 S ) S A e U e AN TR AR B
SN AAG AT e B SR ) LS i U S S TR TS SRS AR

5 HEAH EE, S b U8 v MmUY R R S AR R SR IR S I (] 2) o AEREIRIER T R,
75 Py A F 0 AR e R S 3 R T BRAL B (P<0. 01 ), B RS SR A SR P 2 T X IR 9.6 mg/
kg, FHRMTR] IR 7 KA Y 205 5 R U RO TR L S 3 ORGSR ) B RS
SRFIEMK,

60

50 L —&—CK ——A
—A&—B —x—C
—X%—D —@—E

Soil microbial biomass nitrogen/(mg/kg)

0 14 28 42 56 70 84

Incubation days/d

60 60 -
—6—A+C —B— A+D —A—B+C —— A+C+E —— A+C+F
—X—B+D —K—A+E —@—A+F —A—AD+HE X A+DF
% —B+E B+F C+E 0 r —K—B+CrE —@—B+CHF
C+F —O— D+E D+F —+—B+D+E  —A—B+D+F

Soil microbia biomass nitrogen/(mg/kg)
Soil microbial biomass nitrogen/(mg/kg)

0 £4 58 4{2 é6 7‘0 8‘4 0 i4 28 4:2 é6 7‘0 8‘4
Incubation days/d Incubation days/d
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Fig. 2 Variations of soil microbial biomass nitrogen in plant residues after incubation
A 11 IRG RPIF DS, N IR RS 1 R BEEH, IR A0S e TR IR 3, AR SR
M5 7 RN 28 KT IEHUEY & A & A IR . KiFR5E 28 K, ISR 8 7% W) J 1) S W
R G0 RAL R ) 25 Sk e K X i X I8 24,3 mg/kg, ARG TR, 559558 7 K LMY R RS
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5 ATEDIA L R IEASE (H AR KO 155550 28 R B RUE Y = A & S VR A Wik A b 2 2 6 A
XK, AP ATE D 2R S AR DCHER IR B KT, Ki R g i, H e E M R S 5 IR IR ) Sk B i
AR A B K (K 2)

BN 111 3RA ) 3 FEE DG , NS FRB5E 14 KBNS, IR YR /& R 5w T X iR b
(P<0.01) , HAZER SR AE 14—28 REF A, PR X R 30. 4 mg/kg, MEFFRIER 7 REH 28 K, Ml
B PHIRTE 1S 3 TS IR A 1 B E Y R A S T A B A 22 R R B (' 2)

2.3 OR[EIFEY VA T R b e S R R

A& 3 BT LA Y, 506 BEAH EL 76 A 55 25 00 (B0 I 08 74 90 I 1980 528 207 o I S i/ 335 97— B[]
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Fig. 3 Variations of soil mineral nitrogen in plant residues after incubation
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Yy R S R A IEASE  (HAR I K

A 1:1 RGP RIS IE  NEFRIOEE 1—21 K, L0 BUS A& & — B8R, M5 218 I, 215
FRIIER 70 KLNS , 280 2 FTE YRR & A0 B L™ BOS RS SR P R R, fEREFRAR , 13 S R &
RGP R L A TS SR ) B A R IR AR (FOR IR KT (1 3) .

3 FEMITE YIS 1211 IR A L3, WSRO 1—28 K, el DS 0 S B B LA TR By
B ZJr BRI 42 K, LI BUSA S B R 28 IR B B SR A AN AR MR S S A RIS a0
BRGRAFEEIR(ES)

SRR ] TERSREAN, e B RS B S R TR e A R R R U,
3 iFig
3.1 AFEEYAEIR GRS T IR R AR

ARBEFERY, AR AR D) 0 v P 24 0 5 B 1 U E i i SO &, X 5 AT R T ST 2 R —
B O T USRI TR Y LR T R R A L B AR T SRR R A, L
SR A WA O A LT G R A — R 23, 2 SR e B — AN A PR AT Y Ry
PR AN 5 T B AN T2 PR 3 b o SR X - 490 3 L 55 v 3 s AP A R A 3 R O [ A 4
JTE IR A 5 I T A Wt R R ORI T X — i X A S R G  RSR A S R
& IRE AL A S R G T SIS R RE R S 38 NS B RIS bR IEAR AT i AR, B r
A

HIFFEIRIAS S B, AN [ 8 9 40 G He Xk e i e R OS2 AN R] . MAAS R A B - S 2 i
B RS AR R EE |3 MR RS> IR G > SR Xl BRSNS R RIS , t TR T
PRTE P UR Y 5 STy A AR A [RI RN S A A 0 R R BB R 1 AR IR SR > R T
EIERUEIBR A e

FHIR ST I, 5 S sl Ao ] 5 ) i - SRR A i i | R A 1 3R 1) — I B0 P9 5 R D P i SR
PO 2 S0 R (W) B4 3 AR S, U P B sl PR 0 v M TR B R i U R R A — e R R
I R R R AR B R R R 0 (E 3 RIS MR A AL B SRR W R A SR S IS Y R
B GR EE ] A AR MR I B S TR 3 Al R B JR i R & ), AL o SN A2 24k | R U 7 400 £ e
LR A S B JAVE Y A2 -t 235 ) —E S A 0 4 R P, R T S ) A A e B R
Pt , A7 Wb B — 2L WFFEAN RN 7 ) A~ 2 00 3 o i S A e S - SRl W e R B RS2
3.2 AFHPIA YIRS T T RS

AWIFE R, AEREA BRI SIS R P i e B A B — BT IR AR B, FUAd 272 A5
A TAHRRSE SR 20 R RIJR V& P Ak B L, S J5 24 20 2 S B ACT- 2400 | B0 R 5 490 > P v ) 6 1)
A > =MIEEYIRS 5 R YR oA S R B S R, 02 i T U nE s, AN R A %
Wit/ B AR 8 , S e A A P BRG] b, RS T R h A M IS A ARy
B, AES IR I — BERHUI DY | S0 T 05 -5 P A 9 o O 8 AR 3 i ) e R e S A7 A
A (H L BSRS89 3 R A v MR & )5 i UM ik 5 8] ) A DG PR 18 35K F- , IX AT g
W5 Z AR TR AR B BN A 6
3.3 RFERYI AV IR A PR R U AR TT AR

AHETE R A R IS R 5 BARIR G W IR L Bk 2 B 22 Sl (il TR &
A B SN AZ A A 3 Xk L SR e i R S U B B R R A AR I 25 5, RV A (]
VRPN T IR E Y R R RS i R T R S i X TR R LA O G B A
FIOPHE, BRI A 0 T PR, 7R g T XA TR B ARGE R R AR B A A
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