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Effect of different crop rotation systems and continuous fallow on soil
microbial biomass carbon and nitrogen under different fertilizer treatments

LIANG Bin', ZHOU Jian-Bin', YANG Xue-Yun', AI Na'

(1. College of Resources and Environmental Sciences, Northwest A & F University, Yangling 712100, China;
2. State Key Laboratory for Soil Erosion and Dryland Farming on the Loess Plateau, Yangling 712100, China)

Abstract  Crop rotation affects the amount and quality of crop residue returned into the soil. In this study, a 17-year long-term field
experiment was conducted to study the effect of different crop rotation systems [continuous fallow(CF), wheat and summer fallow
(WF), and wheat and maize rotation (WM)] under various fertilization treatments on the contents of soil microbial biomass carbon
(SMBC), soil microbial biomass nitrogen (SMBN), soluble organic carbon (SOC) and soluble organic nitrogen (SON). Compared
with WF rotation, WM rotation increases SMBC, SMBN, SOC, SON, total organic carbon (TOC) and total nitrogen (TN) contents in
the 0~10 cm layer soil, but this is not so obvious in the 10~20 cm soil layer. CF also significantly increases SMBC, SMBN, SOC,
SON, TOC and TN contents in the 0~10 cm soil layer in comparison with treatments without fertilizer (CK) or with chemical fertil-
izer (NPK) under both WF and WM rotations. The effect of different fertilizer treatments on the level of SMBC, SMBN, SOC and
SON is in the following order: MNPK>NPK>CK. Crop rotation systems and fertilizer treatments have insignificant effect on
SMBC/TOC and SMBN/TN ratios in the soil.
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T ERUE YRR . AR RIEA AL . AR
IGERIA 72— 3 20 R4, EWNAMIFFEE g R
RO TR AE R AE N A . AR
AL TP T A/ iFgE ), IR R, H ey
ik . A RS A R AL AL R DR TR w0 R
IR GG %Y R . Bk, H3EfUEYrat i
T IR AT BOBE B 2 (R T T IR B R S L it
JIES S % i xot = M S R i U, W R Ak - AR [
A AR A2 SR, A B R A A X A A P B T
A O o T

(5] 4= B =, 3R [ RH 0 b X RS G 22 b
FRAFREUT —4F 1 2 MR AW RE T B, A
[vi) oA A T 13 30 - S A A WL BB AR R A
), AH & F AN [ o il Bt e b B i . A"
S 5 B AR ST A DU o A B A B A R
WU 5N — RN FR R AR H, ok - KA -
INERAERMEK - T - /NEREREREREG T
0~5 cm )2 HIEEFUAEY K . AW S E. AR
FE B 5 R R 2 B I T 17 AR
ENRIS SO F IR S, BFE T %X UL 48 /N
- HEKEME. &NE - IR METE 3 FORTE
FpkE il B LA R . AR RS R
b . R HCR, B LS8 8 BRI EE X 1 e

S (R AE DG ATLEE
1 MRE5F*
1.1 ARMEER

PR+ HOR [ E R - LR T SRR R g K
SO b R b A B P A 2 XSk R R
J& Al B PE R KU, TR 524 m, AEERR
13 °C, 4EHFEKE 632 mm HFHAERLE 7. 8. 9
A, 47K 1 400 mm, &F5 5., HHEERONE
+2 W, aht)E . Iz ET 1990
A, G T R IR 2 g A B b MR N A HIL R
1092 g-kg', &% 083 g kg, BfEA 61.32
mg - kg, HEBHE 9.57 mg - kg, HRLH 191.2
mg - kg™', pH 8.62.

1.2 HERIEET

KM A A0 A 1 24 AN BT, AHIFTE 43 B 1E L
INAE — FOKRFCAEFN/NZZ — ORI Ak 2 v 8 5% B (AN it
HE, CK) ., &4 (NPK) . A8+ JLAE(MNPK) 3
AAEEE, A B MEFEKRAEATHE, AR, CFAb
B, 3 7 Aabs, Hrh R RIRE, I pER
5, BRIE S SRR, N E A KIS B N 165
kg -hm™, P,0s557.6 kg-hm™2, K,0 68.5 kg-hm™,
A LA it A T R bt P 2 4% 5 R T A A A

MNPK /b3 v it 5 NPK AR FEAR A, 15 70%k I
T SRR ), Ak A A JBE B 35 T /0N 22 3% il i — v it
Ao TE/NE — FREFEAEL I T, F F K/l 3
7£ NPK Fll MNPK Ab P N 187.5 kg - hm™,
P,0s5 24.6 kg - hm™, K,0 77.8 kg - hm™, CK AbHUR
AR, NX AR 196 m? (14 mx14 m), RrRERFG
AR AZ RN 5 3 4550y, fEN 3 IREHE .
1.3 HmE&E

AT /AN (2006 4 12 A BA)) . KT
(2007 4 4 H Ay, #ESRI(GS Ao a)). Woikfs 6
AN F AR AL BN E 0~10 cm FT 10~20 cm
P2 RERZ L5, F/NK UL m BUR A FE,
RS E R REWRARAUNG S, i 2 mm B,
SR B RS W 4y, — 43 AT F T 4
PRALME T, 75— RAEAE 4 CUKEE, HF 11
AL TEA ALK . AAZE Y R . A IE
14 WMEMEHSAE

TR Y R . AN R S BE 2R IR R

AR AEOKL 401), RUE)E U A MLAR
TOC-5050 43 A A3, 4= 20 FH ol it AR 4 4 Ak L 7
WUl e MR . R DL T 2R R
RGP RRA TG ERZZEDIBRLL kpe T key 1551,
Horp kpe=0.45"9 ) kpy=0.54171,

FHERTEEA P . AW A 0.5 mol - L
K,SO, 1242 +FEOK F-H 4 0 1), BRI A 0.45 pm 1§
S ook U8 5, UE W R AT B MR A HL Bk (SOC) H
TOC-5050 ZrHrAiE, vl B (TSN) H At A ik
B AR H L I U 5 A R R Bh A M (G
FE, TR AT A AL A(SON) A AT PR S A 5
WIRSAZE

K AR 2 5 28 50 ks B AS ) b 31 2 ) 1) 22 5,
RS W, W — kA LSD kil 2 & K,
05 25000 M Z2 8 FUASAE SAST. L R Rk Ay, A
I3 HifE EXCEL2003 H kAT .

2 FBRE55H
2.1 THEHEXNTIEENHREESRSENZM
M2 1 Al 5, 2 17 4ERE S R — 55 e it T /1
# — T KA 0~10 cm + 2 LK (TOC) F1 4 & (TN)
SRR T/ANE - R4, CK. NPK il MNPK 3 4b
PR A HLRR % 2 A 4 R 4 51 12.99% . 23.50%
M 31.50%, iKW EKN-o 2RSSR 5 R
6.06% . 29.73%F1 22.67%, B CK b, HAdkbFE 351k
K. T 10~20 cm + )2, B MNPK AbBH/NA -
IRINAPREHIEE T+ TOC, TN SR B E R T/NE
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Tab.1 Contents of TOC, TN, SOC and SON in the different crop rotation systems and fertilizer treatments
)2 S CK NPK MNPK PR
Soil layer Ttem KR NE-Ek AE-{RIE -k AE-{kIE k- fok  Continuous
(om) Wheat-fallow Wheat-maize Wheat-fallow ~Wheat-maize Wheat-fallow Wheat-maize fallow
0~10 TOC (g * kgfl) 7.16e 8.09d 8.68d 10.72¢ 13.84b 18.20a 11.29¢
TN (g - kg™ 0.99d 1.05d 1.11d 1.44c¢ 1.72b 2.11a 1.50¢
SOC (mg - kg™ 46.68f 48.24f 66.95¢ 73.85d 111.96b 141.13a 92.26¢
SON (mg * kg™") 4.65d 5.84c¢ 6.09¢c 7.18b 11.20a 12.06a 8.02b
10~20 TOC (g - kg™ 6.91d 6.35d 7.82¢ 7.68¢c 13.38a 11.40b 7.87¢
TN (g - kg™ 0.95d 0.89d 1.04c 1.07¢ 1.54a 1.38b 1.02¢
SOC (mg - kg ™) 40.40¢ 36.72¢ 52.35b 50.25b 83.64a 80.62a 51.92b
SON (mg - kg™ 4.84cd 4.10d 5.13¢ 5.98b 7.82a 7.54a 5.51bc

[FIATAS Rl /NE 748 LSD K 367 0.05 /K- | 24 5% 1.3, n=3.The different small letters in the same row show significant difference at P=0.05

level according to LSD test.

— FORERAESL, A5 NE R G T 9 R ) R A
8 TOC. TN & iRk B K,
PEFEAEP(CF) 14 0~10 cm % 10~20 cm 12 1
HE TOC H1 TN ()& i B 35 i TR /NAZ - 1K
BAEF/NE - RIRALTR, 0~10 cm + )2 13 TOC F1
TN 9 & &t 2 3 & it NPK ARIERT/NZ — KRR
AbF, 5 NPK ARHE /N — FOKRERAE T 1 0~10
cm J 10~20 cm ) TOC #1 TN Fi L% 2% 5. 8
FeAb B TOC A1 TN 75 & B K F MNPK 4h#,
22 FESIEXTEFTREER. RSENEN
5N - IR IR B I BEAR HE, CK. NPK Al
MNPK 3 FP¥EIERG T /N — FKRERAELLEE 0~10
cm 1 )2 SOC & &t 43 3G 1 3.34% . 10.31%F1 26.05%,
B CK Ak 3 v (14 184 i % 358 f2 2 /K P-4, NPK FI MNPK
Ab BRI B R 35K 25 K OF . CKORT NPK B7 R4 2
N - FREHE 13 0~10 cm )2 SON & i
FET/NE - IKINALBE, i MNPK AbHH/NE - &
KACAEA A 1)Z SON it H/INZ — IR IR AL 3 TG b 2
225t AR[E B AEHS b A EE, 0~10 em A1 10~20 cm +
JZ SOC. SON % = {k#4 MNPK> NPK> CK, [
INAZE — RIRRIEE S 10~20 em 1 )2 CK I NPK 2 Ji]
SON i 22 55 AR IR & /KA, oAt 4k 2 5 1 2 (7]
()22 5 35938 1B 2K .
PEFEALHE 0~10 cm £ )2 SOC 1 SON & i g 3%
F T CK WA R R i B2 A NPK B AR it i) /N & -
PR PR B2, 1 2 35 I MINPKC A B Hp 3 o o
il B2 . 78 10~20 cm 12485 kb SOC F1 SON 7
fF CK AbH, 5 NPK $AEA R TC % 25 57, (A
FART MNPK b3,
23 TEFENTEREYERSENT I
HEE 2 ATAL fE/NE I, CK A /NG - &
KEAEE/NE - IRKINMIEE SMBC S8 HZEAK, B

TE/NZ BT IAIBOGR G /N 22 — FORERAEPT B 2
0~10 cm 12 SMBC % 4it; NPK il MNPK Jifii JE 4 it
TNE - EARRAERMAE/NERE AT 0~10 cm )2
SMBC & g3, /NF2 445 W7 ¥ 59 43 51 ok
41.26% . 19.09%7#1 9.23%. T 10~20 cm +J2, B CK
SRR NG - FORFEAER/NAE - KIF 158 SMBC
TR PR AN, H A 5 AT TR A TR Ao R e
148 SMBC % it 22 R ik B E K. AR AR
A, MNPK AbH SMBC & & & 3 & T CK il NPK
AhEE L SORHEAEXT BEAH HE, NPK AHLfE 0~10 cm Al
10~20 cm )2 SMBC & ftu A s fin .

ANFEIEHAEE (R 2), BRASERIERT T /N - Ik
AL BE/NAZ 15 1] SMBC 75 it B 1 0148 T BRI 1,
HAth 45 Ab B B A /N B4R, 0~10 em 1)z SMBC
BB TR, b MNPK 55 HE R i 9 A A o 2
I NPK AR /NEE — FORFSAE 7 AR
SMBC & & & M T,

KIAHZ S AL R 145 0~10 cm +)2 SMBC 14
R E T CKNPK b, {HAIKF MNPK 4Zb3E; Fifi
A KB R T, EiALRE 43 SMBC & B A FEAK
A, D DR AR
24 MEFENTEMEVERSENZME

MR 3 AL, 5/NEE - IRIRBIAE SR e, 45
FE S /N — FOREEAESE 0~10 em 12/ N4
HH SMBN &5 BT, 1M 10~20 cm + )2,
B CK B: 45t T~ /NE - R4 AE 7 Xl SMBN %
I RS, At AR R PR R R X
8 SMBN &Htfysem ol #2257 . AW 2L,
0~10 cm 122 SMBN & & & T 10~20 em -2,
ANFE B AEHS A . 0~10 cm, 10~20 cm + /2 SMBN
S F I & BT - MNPK>NPK>CK, B 10~
20 ecm 1 )2/ - KN CK Al NPK Z R 25 51 i
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Tab.2 Contents of soil microbial biomass carbon in the different crop rotation systems and fertilizer treatments ~ mg * kg™’
N 4o CK NPK MNPK e
Soil layer ot NE-FKIN K- Bk INEE PRI N - Ek NE -~ {ki /N - Ek  Continuous
(cm) Wheat-fallow Wheat-maize Wheat-fallow  Wheat-maize Wheat-fallow  Wheat-maize fallow
0~10 T Third-leaf 321.9Ac 315.1ABc 346.4Ac 351.7Bc 585.5Bb 679.8Ba 695.3Aa
#7738 Shooting 240.0ABd 407.5Ac 424.5Ac 479.9Ac 724.5Aab 752.2Aa 573.6Abc
W 3K J5 Harvested 119.4Bd 240.0Bc 203.7Bcd 344.9Bb 425.4Ca 463.4Ba 368.4Bab
- Average 227.1d 320.8¢c 324.9¢ 392.2¢ 578.4b 631.8a 545.8b
10~20 Ti 4 Third-leaf 225.0Ac 208.8Ac 251.9Abc 250.3Abc 374.9Aa 346.5Aab 255.5Abc
#1971 Shooting  212.3Ac 164.3Ac 294.9Abc 258.5Abc 460.4Aa 390.6Aab  232.4Ac
W3k J5 Harvested 158.5Bb 132.9Ab 253.0Aab 206.9Aab 327.8Aa 230.9Bab 150.7Ab
V- Average 198.6de 168.7¢ 266.6¢ 238.6cd 387.7a 322.6b 212.9de

KGR A Z MR, NG T E R AT 2 00 I, A5 5% LSD K KvE 0.05 K 1% 5 %, n=3, [, The differences
among different stages are shown by capital letters in the same treatment; differences among different treatments are shown by small letters in the
same stage. The significant differences at P=0.05 are shown by different letters in the table. The same below.

®3 FRERERMMHETNETIEREDERNSE

Tab.3 Contents of soil microbial biomass nitrogen in the different crop rotation systems and fertilizer treatments mg * kg™
+ )2 e CK NPK MNPK By
Soil layer Treatment INEE IR N - K INEE IR N - Ok /NE - IR /N - Fiok  Continuous
(cm) Wheat-fallow Wheat-maize Wheat-fallow Wheat-maize Wheat-fallow Wheat-maize fallow
0~10 4] Third-leaf 42.10Ab 37.52Bb 40.06Bb 43.03Cb 87.81Ba 89.57Ba 75.66Ba
53 Shooting 43.27Af 51.70Ae 54.15Ae 65.73ABd 113.49Aa 105.68Ab 86.46Ac
W Filling 43.41Ad 40.10Bd 48.63ABd 58.29Bc 83.77Bb 100.13ABa 81.57ABb
Wik f5 Harvested 28.12Be 48.21ABcd 41.13Bd 70.68Ab 76.93Bb 97.65ABa  53.97Cc
-1 Average 39.22f 44.40e 45.99¢ 59.43d 90.50b 98.26a 74.42¢
10~20 T ] Third-leaf 29.79ABb 27.18Ab 33.58ABb 30.91ABb 47.97ABa 45.05ABa 29.18Ab
151 Shooting 33.65Ab 24.50ABc 36.76Ab 35.55Ab 52.20Aa 53.37Aa 29.06Abc
WEIR I Filling 24.85Bcd 22.51Bd 29.15Bbce 25.33Bcd 35.11Bab 35.57Ba 22.27Bd
3k Ji Harvested 31.39ABc 26.81ABc 33.18ABc 39.55Ab 44.79ABab  49.05ABa 28.42Ac
- Average 29.92bc 25.26d 33.17b 32.84b 45.02a 45.76a 27.22cd

FEHh, A AbIE > 8] 25 T35 B E K.

AR B HAA H, R [RBS IR RS R /N2 - IR IR Ak
P38 SMBN & i ZAE /NS IR B K, T
AINZE WO B 33 — A i BE -8 SMIBN 5 a5t AH X 4%
ik ANRFEIERE G T /N — R AVE PR i B 1 8
SMBN % & AR A7 T AR, A[A) 38 SMBN % &
TE AR XA, /N2 ORI AR X A e

EFEAEFE 0~10 em )2 SMBN S B 5T CK
Al NPK Ab3 R H/NE — IRIRFIINE — FRFCAERIIE
Wil EE, {HAKF MNPK Ab B W3 R R S EE; 10~20
cm + 2B 5EAL BE SMBN 7 i 55 CK AR T P Fp A A
Tl BEARZE A K, &K F NPK Al MNPK K5 AR5 it
(R PR R AR AR BE o $B AL FE 0~10 cm +)Z SMBN &
AL 10~20 cm )2 A 0 0E B 2 T A it AT
Ab PR, 3 54 B A K AL FE R B EIR S A K
2.5 TEMEYER. RS5TEHMGARFIRR

REAHEHXR

T A W ik i o A MILBR ) BT 43 B SURR R AR )

RS AR RAESE,, FEbR/R 3 i ak + 3 fgk
AR, A 4 B B A A e w4 e B 1
AR Z, FONREE—AHE, RS ko 7e i F 4
Xof g w6 AN [ AG MIL TR 5 o 1) AT AT B
— LRI, - SRR W R RE A8 A S A b S -
R PR RIS B i ot - SR A g e U0 AR gE SR (R
4), HEXKHAELDZRS 0~20 cm +JZ SMBC/TOC
B HE ] 76 2.03%~4.10% 2 [8], SMBN/TN {8 [H &
2.64%~5.25%; J5 Z -t £ B, 0~10 cm 1 2
SMBC/TOC., SMBN/TN ##KF 10~20 cm 12
SMBC/TOC . SMBN/TN. 1% AE % jife F1 Ff A2 il B o
SMBC/TOC Fl SMBN/TN . {H TG i 35 5 i .

MR 5 AL, HIERCEY R . AT EAMUY
AR . SRR, W HS SRS LK
Aot 2 B E B DGR . IR Y k.
RS EHEA PR . SRS 8T EHX, U
BU & B H U E Y Rk . A S sl .
WeE R . AS DIEREEA YR . A SRR
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Tab.4 Ratios between SMBC and TOC, SMBN and TN in different crop systems and fertilizations %
L2 . CK NPK MNPK P
Soil layer Ttem INEE KA N - oK INEE KIS NEE - Bk INEE —IKRIH /hEE - £k Continuous
(cm) Wheat-fallow Wheat-maize Wheat-fallow Wheat-maize Wheat-fallow Wheat-maize fallow
0~10 SMBC/TOC 2.89+0.22 3.21+0.38 2.69+0.54 2.60+0.22 3.01+0.48 2.99+0.41 4.10+0.22
SMBN/TN 4.04+0.21 4.23+0.09 4.14+0.43 3.96+0.41 5.25+0.09 4.59+0.07 5.09+0.21
10~20 SMBC/TOC 2.22+0.24 2.03+0.26 2.60+0.26 2.54+0.23 2.84+0.30 2.68+0.03 2.04+0.25
SMBN/TN 3.16%0.15 2.84+0.12 3.18+0.05 3.09+0.20 2.89+0.19 3.20+0.37 2.64+0.20
F5 TEMEVENR. ASES5FENK. SEARATBEENK. ESEHEXELH
Tab.5 Correlation coefficients between the SMBC, SMBN, and TOC, TN, SOC, and SON in the soils at the
different crop rotation systems and fertilizations
HitH R R LA YR A
Item Soil microbial biomass C (y) Soil microbial biomass N (y)
TOC (x) y=0.031x—-40.68, r=0.849**, n=14 y=0.005x-9.933, r=0.873**, n=14
TN (x) y=0.317x-128.2, r=0.890**, n=14 y=0.059x-26.22, r=0.916**, n=14
SOC (x) y=4.514x+29.84, 1=0.761#*, n=42 1=0.694x+0.624, 1=0.856**, n=56
SON (x) y=53.85x—45.57, r=0.818**, n=42 y=8.602x-9.897, r=0.783**, n=56

R RIK 0.01 W B E A, r HARSE R B, n WEEAZ R . ** means significance at P<0.01, r is the correlation coefficient, 7 is the sample size.

FHIE, S T H3EmA YRk . A5 15 SoC i
SON [ &% KR, —Jr1H, SOC 1 SON J&flE#ft
=P ALY, 5 —JriE, SOC il SON
WRMAEYA R UA R ERY R . AR
B AT A WL R AT 10%~40% 119 2 53 REAS B 1%
Y SRR
3 itie

AR, AFERERE T /NE - FRGEL
A MU RN A A& i 3 T/ INAZ — IRIR R ] B,
XS ARIIFTR AR —5 "4, Acosta-Martinez %
RN, 5N — IRINFAE A E, K -
KR - N2 AR B oK - 2R - /NZZ Se A i B 1 45
0~5 cm +JZ SMBC .SMBN 5 55, M7E 5~15 cm
TR ER AT LR, S5/ - IR, A
FRNEHE T /NAZ - FOKRBAE R ER S T 0~10 em 1=
JZ/NZ A B SMBC Fil SMBN 358 ity /NEE -
FOKERAE R RS T AR IERS G 0~10 cm +)Z
SOC I SON (¥ Fr i, v WLAERFGE M DX, 34 A 5
EAR LS T HIEA R & &, B T AR
BN BRI L A W Rk . R T VA LK
R, 3 ML S PR 21 43 3 S i i vl
REJR IR — 5 /NE - IRINAHEL, /NEE - FORBEAEDT
X EAEM L AEY IR 5RAIK . AR RFIR R 0
2 LA I TR ERRE R A AL T, $iE
A MU S, SR TR A A A2,
TR/ - R DRI IR )RR B2 AR A ) O (R R 2R
HAHR R, H8mEw sl Stk

BT . AR AR

Acosta-Martinez U 9T & B, $EFE 15 AL
14 0~5 cm 12 SMBC., SMBN 5 & H Rl /9y 4k
PRI 1.4~3 1. ABFREY], PHELEET 17 4
JEAT4 % 0~10 cm +JZ SMBC., SMBN &, Hif
T EHEE LK . %, SOC. SON %, #E¥isb
P A LT B LR M A i 3 0 X — Ab B
KR AZ B ARG S0 T, BAEA Ry Rk
U8 4 3847 56 o 10 BH 8 - 5 D X 2 A 3 Bl
s, A B SRVE IR S, oA BB AR .

SRS FEAR Eb, A it IR Bk S it £k A A BR /N 2
— IR RN — FOKRFR AT RE BIREAR T 158 0~10
em T2 ALK . 2% . SMBC. SMBN, SOC,
SON W&, EAMIBFR RV, SRARPHE 15
L, BEVE M R 75% AR R 89% Y Bk
KO (HARIE 557G HUAE BE A A 35 Fb o ) EE R
0~10 cm 12 13 SMBC. SMBN. 134 HLH%.
4%, SOC. SON && W&, 10~20 cm +3E4&
T2 8 bR B 38 0t £ 3k 8 K o X R R AR 5
AHUER G, 45 Bgerh e AP, fEdk T
- S W 3 B RN S A 0 S5 A, R e
it MBI RE TR A, A 8 A R R
HETE R A AL T . Rl DR R R AR B R, SR AR
HE 5 A HLIE FC A it P RS it 2 b7 1k 3R Ak, $2 +
BN T 09 A S it -

AW R, INE - FREEAE I X T4 1)
Tk T E Z AL, F I, 0~10 em 12
13 SMBC. SMBN. +HEA LK. ©% . SOC,
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