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Evaluating tillage practices impacts on soil organic carbon based on least limiting

water range
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1 Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130102, China
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Abstract; The least limiting water range (LLWR) is the range in soil water content within which limitations to plant growth
associated with water potential, aeration and mechanical resistance to root penetration are minimal. It has been proposed as
an index of the structural quality of soils for crop growth. In many studies, soil CO, evolution rates are well explained by
changes in soil temperature and moisture using a (), equation. Even though soil temperature is one of the most important
factors influencing soil respiration, tillage-based differences in soil CO, evolution are not fully explained by changes in soil
temperature because differences in soil temperature under different tillage practices are generally small and not significant

compared with much larger seasonal temperature fluctuations. Conversely, differences in soil moisture content under
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different tillage systems are more often reported to be large enough to influence soil CO, evolution rates. This is probably
related to the fact that soil structure, which is changed by tillage practices, partially determines soil moisture content. Even
though bulk density and penetration resistance are commonly used measures of soil structure, they do not describe its
interactions with moisture. A multi-factor parameter might better represent the complex relationships that exist between soil
structure and moisture. The LLWR, which integrates several soil physical parameters, has been proposed as an index of soil
structural quality. The LLWR is the range of volumetric soil water contents ( ¢cm’/cm’) within a soil where biological
processes are not limited by soil water or O, availability. Although the concepts of LLWR have been applied to processes in
plants, they have rarely been applied to microbial processes such as C mineralization and soil organic carbon (SOC). The
purpose of this study is to evaluate the effect of tillage on SOC based on the least limiting water range. Soil samples were
collected from a tillage trial established in Dehui County, Jilin Province, Northeast China, in fall 2001. Under different
tillage practices (no tillage, NT and moldboard plow, MP) with two rotations ( corn-soybean and continuous corn) , LLWR
was calculated using weighted average and stratification methods. The results showed that compared with MP, NT
significantly increased the SOC content in the top 0—5 c¢m of soil under the corn-soybean rotation and continuous corn
system by 15.2% and 11.5% , respectively (P<0.05). The values of LLWR under different tillage and rotation practices
ranged from 0. 148 t0 0. 166 ¢cm’/cm’ using the weighted average method, and were lower under NT than MP. The LLWR
under different tillage and rotation practices ranged from 0. 130 to 0. 173 em’/cm’ using the stratification method. LLWR in
the 0—35 cm soil layer were significantly lower under NT than MP ( P<0.05) , whereas the difference in the 5—30 cm layer
was not significant (P>0.05). The LLWR was higher under the corn-soybean rotation than under the continuous corn
system in each of the 0—30 cm layers. Because the LLWR can evaluate the impacts of different tillage practices on SOC,
LLWR calculated using the weighted average method can generally reflect the impact of different tillage practices, especially
crop rotation practices on SOC, while LLWR calculated from the stratification method more clearly indicated differences in

SOC sequestration between the soil surface and subsurface.

Key Words: least limiting water range ; weighted average ; stratification; soil organic carbon; no tillage
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A A2 FBREI . Yoo 5720 Fl Medeiros %51 Tl i 2 LLWR Z5485R + HELE 4 I B A3 4 , & BUHAT BY T
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I LLWR YE AR AR, AN [R5 2 OMBCE Y M43 )22 T8 H B9 LLWR SRXT EL PR AS R BF1E Oy =X

http ; //www. ecologica. cn



2678 A E = 33 %

XA LRI RE B A R AR A X HE— 2 T AR R AR SRR il SR & R B NS e S 2 |
1 #Rl5RFZE
1.1 BRI

WG IX A, T A B TR YD T £ (44°12' N, 125°33" E) i E R B 4 b o BRSOl A= 25 0F 55 B 28+
AN ARIE /R FE A IR0 X HER RO 2 MR 4 TR £ 0—20 em )2 pH {HFE 6.5 247, I{EIX
G TR T R KRB Z X, AR 4. 4 °C, AR 520 mm, HEEEHHE6.7.8 =4 A, ik
B IX - HEE AL R LR B

RIGLE T 2001 49 7, i/ X BHE T SO B S HE, DL R #EE D 2, iR/ XCR BRI R IX 4
AN BN BT, B EME T = e (NT) BREI(MP) (ZBE(RT) , FACFRZL N EK-K G4
PE(C-S) LUK T KGENE (C-C) AL, B/ NX TR 5.2 mx20 m, ANFEFEGEHAE X, Brf ik
PRFEFT 4S5BT | BRAK BIAL B AN e AL BRAS AP RS 25 THLFE . (1) Sibab B R HEATHE Fh A A 4F AL 30 +
e ATVESR B S bR ( EOK-RERAE T ok K GRFFR FKGEME T FRFEFF 3 55 T b3, A b ¥ T
FEFFE1 100% 2R H ) o R IR G AE LA 5] KPR L KINZE3000 ) #F , #ERLETHRSR A Y)TT,
FEARHFS M2 5% B W FTHE B IF I8 Rl R AR 2 A, — IR SE AL, (2) BREIALBE, B bR 41 7 X
TNHERKFIRIF KRS FT 100% 38 H S S T80 (B 2h £ 20 R L8 20 em) , FFIEI T8 3&F | ok ke
ZBYENY, (3) ZBAEALER, BRAEFIRT 6 A O 2c A7 BEA T Hp RIS 22 A1 GRS B T AS PRI 35 - 48, 2295 16 em,
ZEFE 75 om AT 35 T2 MR L, 2009 4 FOR-KGAVE/NX I Y ZRFEVED 2 K E, FREME/NX Y

K H AT (N VE R AR FE AR, — 3 A 150 kg/hm?, TREAE (P ) FIER AL (K) B 753 R s VE S J5S A Jiti
N A3 50 45,5 F1180 kg/hm? , K& M HUiti i AEASIE AR AR (N P K) (4t FH 453514 40 .60 kg/hm’
180 kg/hm® , LAGEACTE S AR 1 Fios

*1 AEMEFX THERRER
Table 1 Applied fertilizers under different tillage practices

FR-KEHAE EAREME
. il ihs corn-soybean rotation ( C-S) continuous corn ( C-C)
ML iA) B
IR Fertilizing amount FEH BN
Fertilization time ) 1tk Tk
/(kg/hm*) No tillage( NT) Moldboard plow No tillage( NT) Moldboard plow
o tillage (MP) o tillage (MP)
JEME(2009 4E5 H 1 H) A 40 40 100 100
Base fertilizer p3ifut 60 60 45.5 45.5
B 80 80 80 80
BAL(2009 4£7 A 10 H) Ae 0 0 50 50
Additional fertilizer WEAE 0 0 0 0
BAL 0 0 0 0

1.2 BEACREE

- HERE R T 2009 AERKIE 43 BIECEA NT MP AR BE A T K- K SRR RN B R EME /N R R B+
BT (CEAR 2. 64 em MIETF D) B, /N B h s O 28R B, SR A S T4, SRR 9 0—5.5—10
10—20 #120—30 cm, HHGEREE] 30 om , SRIGHERAETRIENG AU 4 B, 2 ilibcsE . B4R /INX R
7TWREL KRREN 7 AEEAERIRG RS RS R S0 S PRI /AR L E 105 °C R
BT ARAEHET 5 BN AR FCR AR BT LR, RIS AT DR T £ 15 o, BERAIR
Al LA LR AR  BFBE 5 100 H 57, T E 20 M ( FlashEA1112 | ThermoFinnigan , Ttaly ) #ll 5 3 25k | iz
A ANERIRER T LU ED R SOC B, B 12 ADMRESBCE 1 A K £ M bs Y T (GSS-1) 4T
bsE R, L3RG R & i (CLAY, % ) (BRI RAWAE et 4rm ™ . R kit soc
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fifti
1.3 LLWR &k
1.3.1 JInACFHk
Yoo Hl Wander' ™ X115 LLWR B9 3047 T A TSR A9 UE, X 1 3 AR % vk W i 240 (0 B /N K 4%
Er R 38 A Y A RN A B AR A T 1 DR 2R A M Y 45T R A R A A ) PR R AR
ERA S — A, 7R N P, 3982 WG AN 32 7K 43 ] A FH 1 8 A 398 1R SRR A s i, IR o 1 phy 138
K3 T 2 R - S0 g i 28 31, Rk o R il 4l i+ e o kA
LLWR T8 AK AT .
Inf=—-4.15+0. 69InCLAY+0. 401nSOC+0. 27InDb+( =0. 55+0. 11InCLAY +0. 021nSOC+0. 10InDb) Ing (1)
InSR=-3.67-0. 14CLAY+0.77SOC+( =0.48-0. 12CLAY+0. 21S0C ) In6+(3. 85+0. 10CLAY ) InDb  (2)

. Db
Total ty=1-— 3
otal porosity 7D (3)

R, 0 2 A S KE (em®/em®) |, CLAY 8 0—30 cm + 2Kk & B 09 IACESAME (% ), BARE K
CLAY 7 0—30 cm [ MABCEYIE = [ CLAY (0—5 em) x5+ CLAY (5—10 em) X5+ CLAY (10—20 cm) x10+
CLAY (20—30 ¢m) x10]+30;SOC 4 0—30 em + )2 3G HUAR & & A MBCEE (% ) , BARR %k SoC 78
0—30 cm HIIIACFE21E = [ SOC(0—5 em) x5+ SOC(5—10 em) x5+ SOC(10—20 cm) x10+ SOC(20—30 cm)
x10]+30;Db 52 0—30 em TIEAEAMACEE (g/em® ) , BARSEE:y Db 1E 0—30 em BYIMMALF-141{E = [ Db
(0—5 em) X5+ Db(5—10 em) x5+ Db(10—20 cm) x10+ Db(20—30 em) x10]+30, ¢ J=ILFE J1 ( MPa) , SR
(Soil resistance ) e/~ T IEAEEE (MPa) , A5 7K & (Field capacity,6, ) ( @ =0.01 MPa) "> F125# s ( Wilting
point,8, ) ( @ =1.5 MPa) " kb AR S /K it 0, R0, i1 HHOK B AR (1) TH3 15 . LR
BEMZ A RE (2) HR TR SR=2 MPa B AR &K & (6,,) ,SR=2 MPa j& 308 B slON VE Y A= 4 BRI
RIS Y e LI (afp) 4 10% B+ IR B K R (6, ) = HHE AL -0. 11 +HERFL
B AR (3) AR, PD  HIEHE TN 2.65 g/em’ . AR Wu UV TR K 0, 6, ER
T LLWR {1 FBRAE, 6, F1 6, &4 T BRAE, FHA/NME BRI LB T FRE, 75 5 LLWR,
1.3.2 )2k

KRB E A S IMBCE AR R, 22 507 T &4 AMEAE HIBCE- YA, 245 200 i 45 &
SOC FK kL 1
1.4 Bdaobr

K H Excel 2003 1 SPSS 11. 5 By PR b 35 22 R F 7 22400 Th 9 LSD K, S & PR 5K 7
90.05, K Origin 7.5 FAAER
2 BEREHH
2.1 AREPHEIT XS SOC #5200

B2 SOC & XA [ E A AVE T 2ma b 2 A ARTE (1) o EK-REAAET  NT 5 MP AH LG &34
T3R)Z0—5 em 19 SOC i (P<0.05) , WhnEik ] T 15.2% , Mi7E F )2 5—30 em b LRk E 43 510k > T
8.1% 5.3% .6.5% , H7E 5—20 cm B}k F| 2257 B K (P<0.05) , FKIEMETF ,NT b MP B 238 T 0—
5 em 12 11.5% ) SOC &1 (P<0.05) , 1M 7E 5—10 cm +JZ NT 5 MP #H SOC & B #5807 7.9% (P<
0.05),10—20 ecm +J2 NT SOC &t MP 2> 3.1% ,20—30 em )2 NT £ SOC & WK T MP, NT 43
1215 Mg/hm*( 2928 0—10 em W) S8t SOC g i 78 FOR- K G FRAER FRIEME NIt MP 30T 3. 4%
M3.2% (F£2), SR, 78 2497Mg/hm*( ZJ° 0—20 cm BRFE) F13790 Mg/hm*( Z)°8 0—30 em W) S fE T
R TH B (F2)
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TR A
Soil organic carbon content/(g/kg)
13 14 15 16 17 18 19 20 21 13 14 15 16 17 18 19 20 21
T T T T T T T 1 T T T T T T T T T 1
g 10 + —— HOH 10 F }_._)}_O_{/
I
&
< 15t 15 L
!_5'
w
20 - o 20 + O
®
® _
H 25t —m— Gk FOK-RERAE NT C-8 25 L —n— it TREME NT C-C
—o— FKEl FOk-KEHAE MP C-S —o— KB k3% MP C-C
30 - 30 |-
E1 AEHEMBIEFRXT SOC FEMNEL
Fig.1 Variation of SOC content induced by different tillage and rotation practices
x2 AEAHMELETERE SOC fHE
Table 2 SOC storages on an equivalent mass under different tillage practices
A AHEZ A 1215 Mg C/hm? 2497 Mg C/hm? 3790 Mg C/hm?
Rotation Tillage
FR-KERAE C-S Tk 20.6a 41.4a 59.9a
Gk 21.3a 40.9a 58.2a
FKEAE C-C ki 21.7A 43.2A 63.0A
Gk 22.4A 41.8A 61.8A

L 1215 2497 3790 Mg 43 54E 4 10 em 20 em 30 em HBESR T J5 LA SOC At i 58— B it ; R P — ) S RAR IR 3R R A A8 1 X
IAFEBH LB 22 R A B (NG FHREFROR TOR-REA A, RE TR TOKIEM) (P<0.05)

2.2 IACEEETHAE R LLWR

M3 AT LUE H,0—30 em £ )2 SOC & & AR R & i B A FHHE RS E I U T ¥ il g 22 7
(P>0.05) , 1 - e EAEARR AL BEA FACAE I =0T RN T 3 PE2E 55 (P<0.05) , B E K- KR 5 AE R
A AT FORIEAE MR A R VR U AR R A WA R 25 B 3E (P>0.05) .
T AT Y 8 A [E R AR 7 28R B9 LLWR 2B/ T 0. 148—0. 166 em®/em® Z[A], JRAEGHHET
AN} LLWR B4 BE 0 (P>0.05) {H NT F&{K T LLWR {8, 8 /E FZEA/E R AR T 2.5% 1 3. 4% , {4
e —4E e B E U M T LLWR (P<0.05) , H NT #1 MP F £oK-KE3/E/NX ) LLWR #5585 T
TR, S 1 9. 4% F18. 5% (P<0.05) , AT LA H LLWR BUE X T 484 r XAk A b U

®3 FEMEMBEAXTH LLWR TEFNBESE T ERE S8 N YH)

Table 3 LLWR, soil organic carbon, soil bulk density and clay content under different tillage and rotation systems ( weighted average value)

- SN A BB TR E Rk i
KR B LRl R . . RS LLWR
Rotati Tl Soil Organic Carbon Soil Bulk Density Clay Content 7 Y 3)
otation 11lage “m- >
# /(g/kg) /(g/em®) /% e/ em
FKR-KGHAE C-S K 15.79a 1.19¢ 35.69a 0. 166a
G bk 15.88a 1.23be 35.84a 0.162a
FOREAE C-C K 16.17a 1.27ab 36.06a 0.153b
G bk 16.60a 1.31a 36.58a 0.148b

AR AR RIFIFEFE 0. 05 BFAKT L&A BEEES

2.3 SR LLWR
ANE A JZ 0 LLWR 7EE 25, LLWR {H/r T 0. 130—0. 173 em®/em® 2Z[8], 30 [ LGSR InACE #1f +H-

http ; //www. ecologica. cn
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HAY LLWR 22500k, BHET U & E)ZE 0—S em 9 LLWR {8 (P<0.05) , BiFh 48 /E 70T NT AbFAY
0—5 em [ LLWR {E43 5% MP 1K 16. 8% (4E1F) Al 18. 5% (34F) (P<0.05) ; H NT fEWI R4S 1F )5 U F iy
LLWR E#R Bl 25 - SR L3 i A2 K, st Ap e 77 =X &, JEig /e NT i6 52 MP A3, K- K B4R/ T 0—30
em £ JZH0 LLWR 3755 T F KRR HAE 5—30 em IHAH22 5 @ E KT (P<0.05) (%4)

F4 FEBHEMBRIEFXTH LLWR(em’/em®) (41ZE(H)

Table 4 LLWR under different tillage and rotation systems (cm®/cm?®) (stratification value)

. Fok-KRELAE C-S Foki#EME C-C
R Depth/cm - -
ek NT BKEH MP HHE NT BE MP
0—s5 0.133b 0.155a 0.130b 0.154a
5—10 0.156a 0.156a 0.143b 0.143b
10—20 0.170a 0.169a 0.147b 0.147b
20—30 0.173a 0.173a 0.162b 0.161b

AT B R 7E 0.05 B A AF 1% b B L5
3 g
3.1 AFEBHED X SOC Bys2R

ANFIHHELALEE SOC FEA R L2 R L i FAE R 25, 5 MP M E, NT /9 SOC B B AE &2 0—5
em B4, R AT RESE NT F5FH# 35 T3 B0 T KUK Bl 15 SOC ZBAEFL R, NT 4bFEXT SOC () B
PEFX R T H IR 2 A A s b E g iz 4R ™ 2 EBAE S A i NT vl ffi SoC 7E HIEREE
o HT NT BHEM R AT 55 B0 /b 1 MR AR ER A A0yl 1 300 B A, s TR LIk Y A
Rfit il SOC /KRB HE R U4 H . 5—30 em SOC & i NT ik T MP, JUJ& K8 NT 4 K B 3h 1 5 {15
SOC fERIZBAEM R, AW AMURIR T2 ,5—30 cm + 2 RMER BB A ME S em LT 1A
HUSTRFERRZE AL B B T % fE T~ SOC A4 )24 . Yang il Kaym] , Franzluebbers' ! 1 Piovanelli Z51°¢) %5
FeH, BT NT RZFRAMBLR M SOC & & & TR, TEEE M SOC s R Bk soC & &%
FRIBE, WADIIE TR E HEK A B DL AR il A 5 1% 1 3981 S0t S B A sE B 3 i soC 1 &
WU RRE A BT ONT X e AT B A U B RGE Y L R RIS SOC ik 0—
10 em NT KT MP, 1l 0—20 ¢m .0—30 em NT /NTF MP WHE T NT $33E£ )2 SOC S, T RZE S 75
PAAZE, Yang 451 7R 38 E RTINS AHERR, + b 8 AR AU BHE IR I th & 3L, NT B Rl SoC & =4 Fr 1
Tt AEIFEA BE BN 0—30 em SOC fifii, NT Fl MP FFf AL HE 0—30 cm SOC fiff 75 H AL 78 Fh %A
PR,
3.2 T LLWR P ARIBHE 7 20 SOC 52

A PR AE 7 20T R FHINBCE S T3 A NT BB LLWR $#7NF MP 424 Yoo F1 Wander' '’
FIBFIEEE IS, AT AR LLWR {15681 - 825 A0 BRI T 38 A= 3% 4 B a0 200 0 7K o0 R0k , i e vl DAAS S NT
Eb MP b3 + 25X SOC B AL ¥ BR /B FH B K, 3% 55 Lapen %51 (2518 W) . Medeiros %' 5 ) NT
~ LLWR {EAR FAEGHHE , NT 8 i ks I35 B 1T SOC B9 4k, LLWR $5{E /49 R /N AT RLBUIAS W] #F 1
F X SOC W ERE ST, B, fE AR SCr R al LU NT # MP g% [ 2 B8 2 ik K IL, T ok-K T 5 E
LLWR & F FOREAE, BeIF Hh FORENE L FOR-R G VERE R AE J15m . HRIE43Z LLWR Y450 ,0—5 cm K-
KGEAEMFRKESET NT B E/NT MP, o LIS H NT 5 MP AbFR 34955 T 0—5 em £ )2 3817 [# i B
1M 5—30 cm [ LLWR ZEAN[FERHEREFRAE 70T R NT KT MP A95ES, 7T LIAS H 5—30 em NT 5 MP #f
e SOC S aid/b T, 3K B 5 A SCHT i /3 B v NT 330382 SOC & &34 m, W 3R 2 & & 7 S g5 R — 2.
Franzluebbers 85" L1 5 MUBHE T 30 (LAEFH HL b , b fi PR FP 25 SR 9 F NT 423 1% SOC 1) + 48
PIFERRE ST, Tstedt 252 DR, AERERAE P03 P 5 38 v] 1) B K R 2 1h - S 4 A AR Ak e D 5 | TR RE AT 4
T VRS T e 4 b | 42 by fE— R B T SRR RREIBHET 20T LLWR IBCF
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(E B 22 S A R R T IR A A B R E 22 5 432 LLWR HBL2E 55 09 R R 143 LLWR
i} SOC il He 25 1 454 A (B RIAZAE A 2 1 - 2 AR AR AR ™) AR SCd S Rl O X 1 e 2 o 45 4 ey 2
PRI AR A6 5 35 g i R AR AR Ak E T T 8K A AR Ak ik — AR Ak SOC A2 masE i LLWR 431
ok,

H A2 53 25 A 9 LLWR AJ LIS ,0—5 em LLWR /2530 LLWR JIAECE- 218 H 21 5
FAEZ SRR T IACE R B RS T 0—5 cm SOC 5 HAh 4 2822 5, ST 4 E % A 15
PR EMZES ., DA LLWR W77 AR 5L T InACE Y35 1155 1, WA SO al LA H R B IR 35 32
THAH Y LLWR o] RLEULR) S A [RIBEVE T 2R 2 e VR O 20 388k 2 0% [ Bk 58 ), i SR H 4y 2 ik H
B LLWR A] B2 5 4 ) S WA ] 4 J2 1 [ a1 100
4 ZEig

8a [ AR K45 L W NT 4b 3 SOC FEAERZ 0—5 em ¥AH B EH I (P<0.05) [BFE T )25 55
/B NT 0—10 em B SOC fifE KT MP, fi7E 0—30 cm NT # MP - B4 8 s &, FHInACE 1
AR LLWR AT LAEOWAY S 0—30 em 8RB [ i 77, M43 /23315309 LLWR 7] g 23 B34 A9 Js it
%2R SIS
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