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Location No. of data set Average yield change Average® No. of positive and negative trends”
(Mg ha ' per year) yield (Mgha™')
Positive Negative
Rice
IGP2 6 ~0.002 6.04 2 (0) 4(2)
IGP3 6 ~0.044 5.00 2(1) 4(2)
IGP4 9 ~0.056 3.69 4(0) 5(4)
IGP5 4 0.007 3.22 2 (0) 2(0)
Non-IGP 7 0.022 411 4(1) 3(0)
China 4 ~0.036 6.43 2 (0) 2(0)
Total 36 -0.023 4.63 16 (2) 20 (8)
Wheat
1GP2 6 0.090 4.70 6 (1) 0
IGP3 6 ~0.002 3.82 3(1) 3 (0)
IGP4 8 ~0.036 291 1(0) 7 (1)
IGP5 3 0.044 3.14 3 (0) 0
Non-IGP 7 0.000 2.73 3 (1) 4(1)
China 3 ~0.040 3.82 1 (0) 2(0)
Total 33 0.007 3.47 17 (3) 16 (2)
System”
IGP2 6 0.070 10.69 3(h) 3(1)
IGP3 6 ~0.042 8.81 2(2) 4(2)
IGP4 8 ~0.101 7.06 1(0) 7 (3)
IGP5 3 0.050 7.39 2 (0) 1(0)
Non-IGP 7 0.023 6.84 5(0) 2(0)
China 3 -0.092 12.39 0 3(0)
Total 33 -0.019 8.50 13 (3) 20 (6)

* Average yield for the entire duration of the experiment as given in Table 1.
® Numbers in parentheses indicate the number of LTEs with time trends that are statistically significant at the 5% level.
€ Rice-rice-wheat systems are included in IGP4, IGPS5 and China.
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Possible causes of yield decline in various LTEs

LTEs Causes of yield decline

Bhairahwa 1 Delay in sowing (wheat); decline
in soil N, available P, K and Zn

Bhairahwa 2 Delay in sowing (wheat); decline
in soil C, available P and K

Karnal 1 Decline in soil K

Ludhiana 1 Decrease in solar radiation; in

crease in minimum temperature,
decline in soil C. N. and K

Pantnagar 1 Decline in soil C and N
Pantnagar 4 Decline 1n soil available P and K
Pusa Decline in soil K and available Zn
Tarahara Decline in soil available P and K

Ladha et al, 2001, Field Crops Research
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meq/100g

Sample, depth

Fresh litter, O-1 cm
Org. layer, 1-21 cm
Min. soil, 21-36 cm

Min. soil, 36-60 cm

Total to 60 cm

Subsample

Total
Total
Total
Coarse C
Clay + silt
Total
Soil <0.5 mm
Coarse C
Clay + silt
Nodules >0.5 mm

Carbon (g m™?)

Nitrogen (g m™)

Organic P (g m ™)

65 1.6 0.02
6,930 315 124%F
5,145 239 T
2,835 116 4.9
2,310 123 2.8
5,799 295 9.6
3,274 246 6.2

696 118 1.4
2,518 128 4.8
2,525 49 3.4

17;939 850 22.10

Tiessen et al., 1994, Nature
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Figure 1. Relations between soil organic matter (SOM) concentrations and grain yield without fertilizer addition for on-
farm trials (Yield-CK) in 5 major irrigated cereal-based cropping systems in China. (a) winter wheat in north China (n=354);
(b) summer maize in north China (n=425) (c) early rice in south of China (n=697); (d) late rice in south of China (n=688); (e) single
rice in Yangtze River Basin (n=2474). Solid and dashed lines in this figure indicate median and mean yield, respectively. The box
boundaries indicate upper and lower quartiles, the whisker caps indicate 90th and 10th percentiles, and the circles indicate the 95th

and 5th percentiles.
Fan et al., 2013, PIOS one

Pan et al., 2009, Agriculture, Ecosystems and Environment
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» Aggregatetsizet+density(Elliott, 1991 ,Agriculture, Ecosystems and Environment)
» POM (Cambardella and Elliott, 1992, Soil Sci. Soc. Am. J)
» aggregate+POM (Cambardella and Elliott, 1993, Soil Sci. Soc. Am. J)

» Labile Carbon+CMI(Lefroy and Blair, 1993, Plant & Soil; Blair and Lefroy, 1995,
Australian journal of agricultural research)

» fPOM/oPOM (Golchin et al., 1994, Australian Journal of Soil Research)
» aggregate+fPOM+iPOM (Jastrow, 1996, SBB)
» Six et al., 1998, Soil Science Society of America Journal

» Six et al., 2002, Soil Science Society of America Journal



EFEAR

> B H T
> R4
> ERE A
g X




R m: BERTHEBEXE
HIBRGIE: %£106°26°, 1b4E30°26°
. 266.3m

IR LRI A
TiZER. g akEL
MIESIE: KB-PhE

woal'
§ {  RmEHE: 1989, 1991 ERTFE
Bl T 3 .
ST 4 TmmE 183°C

FEFIE: 1105.4mm

=R 41E 5 PR 313 o7 s 3 EE



b

e }.-.\xh.

e B
Pee




REE T EHA=

chemical fertilizer in rice season

chemical fertilizer in wheat season

pen rice
treatment (kg/ha) (kg/ha) manure  straw
N P,0; K,O N P,05 K,O (t/ha) (t/ha)
CK 0 0 0 0 0 0 0 0
N 135(150) 0 0 150 0 0 0 0
NP 135(150) 60(75) 0 150 60(75) 0 0 0
NK 135(150) 0 60(75) 150 0 60(75) 0 0
PK 0 60(75) 60(75) 0 60(75) 60(75) 0 0
NPK 135(150) 60(75) 60(75) 150 60(75) 60(75) 0 0
S 0 0 0 0 0 0 0(22.5) 7.5(0)
NPKM 135(150) 60(75) 60(75) 150 60(75) 60(75) 22.5 0
P(NK)¢S 135(150) 60(75) 60(75) 150 60(75) 60(75) 0(22.5) 7.5(0)
(NPK), sS 202(225)  90(112.5) 112.5(90) 225 112.5(90) 112.5(90) 0(22.5) 7.5(0)
NPKS 135(150) 60(75) 60(75) 150 60(75) 60(75) 0 7.5

* M and S denote pen manure and rice straw respectively

* Fertilizer rate from rice season of 1991 to wheat season of 1996 is recorded as numbers within parentheses

while since then as numbers outside
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KEFEEFHTL INEFEEFHTL
WS 1512 Annual change of rice yield Annual change of wheat yield
ID Treatment
kg/hm?2 % P kg/hm?2 % P
1 CK -34.6 -0.98 0.150 -11.8 -0.91 0.248
2 N -31.7 -0.62 0.322 -48.6 -3.12 0.001*
3 NP 7.0 0.11 0.839 -10.3 -0.41 0.540
4 NK 3.4 -0.06 0.926 72.7 -4.70 0.000*
5 PK 2.6 -0.06 0.905 -23.1 -1.49 0.093
6 NPK 44.8 0.65 0.180 23.5 0.78 0.169
7 S -11.2 -0.25 0.697 -26.6 -2.05 0.014*
8 NPKS 34.2 0.47 0.347 -10.7 -0.35 0.437
9 P(NK)ciS 1.3 -0.02 0.972 8.9 0.28 0.643
10 (NPK); 55 9.2 -0.14 0.843 26.7 0.85 0.275

—_—
—

NPKM 9.2 0.14 0.803 -4.8 -0.16 0.794
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+IEAENK S = SOC (g/kg) 1375 & DB (g/cm3) + MGG = Stock (t/ha)

JUSEE
Treatment 1991- 2009- 0 1991-  2009- 0 1991-  2009- o
1995 2013 A /o 1995 2013 A /o 1995 2013 A /o
CK 114 11.7 0.23 2.0 1.38° 142 0.04 291 314 330 1.58 5.0
N 13.1  13.1  0.07 0.6 141 138 -0.03 -2.13 36.8 362 -0.58 -1.6

NP 13.1 147 162 124 139 136 -0.03 -2.17 362 398 3.60 10.0
NK 132 141 0.93 7.1 1.36 132 -0.04 -294 358 372 140 3.9
PK 126 13.7 1.08 8.6 1.36  1.37 0.01 0.74 342 374 3.20 9.4
NPK 130 143 133 103 137 137 000 000 356 392 365 103

S 132 148 157 119 131 127 -0.04 -3.07 344 373 2091 8.4
NPKS 13.7 167 291 212 136 126 -0.11 -7.72 374 418 443 11.8
P(NK)¢S 125 142 165 131 138 136 -0.02 -145 344 384 396 115

(NPK),sS 13.1 160 286 21.8 133 132 -001 -0.75 349 422 730 209
NPKM 129 144 154 120 139 131 -008 -576 358 378 198 5.5
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>333mM i R : & 51.91-3.65g/kg, 115.4%-24.8%; NPK>NK, N, NP>PK>CK
>60mMME IR : 0.61-0.93mg/kg, 114.9%-5.9%; NP>NPK>N, NK>PK>CK

A 7772 Blair, 1995; Vieira et al., 2007



5 FMA WK G & L A BB X A

S5 AEATPLEK 333 BOC-333 (g/kg)

5.0

4.0 -

3.0 1

2.0 1

1.0 A

0.0

@
O
®, 0 o
¢ ]
® @ .l.l.b
® ( ]
o ) y = 0.0256x+1. 7881
B
®
& —86—00 09 T
10 12 14 16 18

+EE BB SOC content (g/kg)

5% AEATHLER 60 EOC-60 (g/ks)

1.2

1.0+

0.8 -

0.6 -

0.4 -

0.2 -

0.0

® o
.. ® ® ®
® .‘. ® @
%o 0
P y = 0, 0030x+0. 5550
K7 = 0,000
2

& & —6 6 06 0 & T
10 12 14 16 18

T EE BB SOC content (g/kg)

20



K kAest § & LB HUK 69

25

20

15
12. 56033

10

Wk AR POC (g/kg)

NPEN

=

P(NE)C1S
(NPK)1.58

AFE Treatment

AT 7772 Cambardella, 1992; Vieira et al., 2007



rHEAVRE LY ALY XA

Soil carbon (%)

-3

A 14C of SOM (%)

24
20} x |
15
m
x
%®
10" x .
A »
s "
5 x o
7 A
m,o ‘
A _
AR X 7 =045
O
X X
0 A% T T T
0 15 30 45 60
Non-crystalline minerals (%)
A
2004 MBX % 5
Yo, R* =083
0 excluding 4,100 kyr sitg
-200 -
-400 -
A
-800 -
A

T |
0 15 30

[
45 80
Non-crystalline minerals (%)

76

®F i Tt W) F A LK 1] A7 46 11 AH
KM, FAHLTURR BRIk B it
Faog P B Y e (Torn, 1997,
Nature )

®Wiseman (2005, EJSS) 7 # 1t [
thESeRh LN, ERERE ALY e
T iz B ALK R E . Kl
KA w4t LT, JESE
P A 5 AN 2 8] i AH BAE
F AT 82 f £ AR HLH
OKleberfR M T ) T =, AEdMBEk
RAEAL Y A A E B T
HEH HLK B A e P

O L ERR YT, 21.5%+8.6[1H
ML STk B gi &, H 2
ALY HR S EH M4 &
R AE A HL ik 45 2 R $7 ( Lalonde,
2012, Nature) .



KA R & L5 IR A LBk 6% v

. HHAPIK (g/kg) AN (g/kg) PRABAE MUK (g/kg)
M SD CV M SD CV M SD CV
CK 9.5 0.3 2.9 0272  0.021 7.7 3.71 0.42 11.2

N 11.5 0.7 6.5 0.328  0.033 9.9 4.34 0.28 6.3
NP 12.1 0.7 5.4 0257  0.009 3.6 5.81 0.57 9.9
NK 11.9 0.5 4.6 0276  0.026 9.3 6.02 0.24 4.0
PK 11.5 0.3 2.6 0264  0.017 6.5 4.66 0.46 9.8
NPK 12.6 0.6 4.6 0292  0.026 9.0 5.00 0.01 0.2

S 11.6 0.5 4.2 0263  0.020 7.5 451 0.25 55
NPKS 13.8 0.8 5.6 0.288  0.028 9.8 5.65 0.37 6.6
P(NK)S 12.3 0.3 2.6 0320 0.014 4.3 5.56 0.24 4.3
(NPK), sS 14.3 0.8 5.6 0.317  0.027 8.5 6.01 0.29 4.9
NPKM 12.1 1.1 9.0 0292  0.030 10.4 5.24 0.42 8.0

ME 7777 B it, 1999



BB G & LA U B X R

L+ HHEEE (g/ke)

ELHEHESE (g/ke)

18

16 A

14 -

12 4

10

18

16 A

14 -

12 -

10

y = 0.9286x + 3.4042
R*=0.8309, P<0.001

10 12 14
HHAE NS & (e/ke)

16

y =1.0636x +9.247
R2=0.4184, P<0.001

0.0

2.0 4.0 6.0

TEEAENEET R (2/ke)

8.0

HAF K E (g/ke)

16

-
»

=
N

=
o

v =1.0207x + 6.8723
R2 = 03921, P<0.001 o0
o0
0.0 2.0 4.0 6.0 8.0
B AR S B (g/ke)



EFEAR

i3

> XN
>R
> Z




% FrA& EALH 89 4% A4E A

1.0
FAC
0.5 -
O-LF_S( GLF_C
0.0 4 MOM_Cst pl ~
MOM_C
o-LF_CN
;\3 -0.5 ~
=2
()]
o -1.0 1
urc
-1.5 1
-2.0 4 OL_Cst
-2.5 T T T T
-1.5 -1.0 -0.5 0.0 0.5 1.0

RDA1 (17%)

Gruneberg, 2013, Forest Ecology and

Mannoement



KB RARR 6948 ) RARAE L3 B 2% F 694F A

Table 1
Agricultural management effects on total soil organic C(TOC) and microaggregate-within-macroaggregate C (mM-C) stocks.
Soil type Location Soil classification Texture/dominant Management Depth Change in TOQ Contribution | Reference
clay mineralogy change {cm) (gCm?) of mM-C (%)*
Mollisol Sidney, NE (USA) Pachic Haplustoll Loam/2:1" CT to NT 0-20 431 + 14 91+ 6 Denef et al. (2004)
Aridisol Penaflor, Spain Xerollic calciorthid Loam/2:1 CT to NT 0-20 465 + 49 49 + 20 Alvaro-Fuentes
et al. (2009)
Entisol/Alfisol  Davis, CA (USA) Typic Xerothent/ Silt loam/Silty RWC to RWL*® 0-15 267 =12 108 + 33 Kong et al. (2005)
Mollic Haploxeralf  clay loam/2:1
Davis, CA (USA) Typic Xerothent/ Silt loam/2:1 RWL to OMT* 0-15 323 + 24 61+ 30 Kong et al. (2005)
Mollic Haploxeralf
Davis, CA (USA) Typic Xerothent/ Silt loam/2:1 CMT to OMT* 0-15 512 + 24 NS Kong et al. {2005)
Mollic Haploxeralf
Alfisol Wooster, OH (USA)  Typic Fragiudalf Silt loam/2:1 CT to NT 0-20 2050 + 121 75 + 4° Six et al. (unpublished)
Lexington, KY (USA) Typic Paleudalf Silt/mixed CT to NT (O N) 0-20 617 £+ 95 8147 Chung et al. (2008)
2:1&1:1 CT to NT (84 N) 0-20 607 + 72 82+9 Chung et al. (2008)
CT to NT (84 N) 0-20 968 + 104 93+ 8 Denef et al. (2004)
CT to NT (168 N) 0-20 678 + 85 109 + 13 Chung et al. (2008)
CT to NT (336 N) 0-20 745 + 179 112 + 32 Chung et al. (2008)
Lexington, KY (USA) Typic Paleudalf Silt/mixed ONtw 168 N 0-20 385 + 53 NS Chung et al. (2008)
2:1&1:1 (CT only)
Lexington, KY (USA) Typic Paleudalf Silt/mixed ONtw 168 N 0-20 446 =+ 85 49 4 12°¢ Chung et al. (2008)
2:1&1:1 (NT only)
Ultisol Horseshoe Bend, GA Rhodic Sandy loam/1:1 CTto NT 0-20 578 + 91 95 + 12 Simpson et al. (2004)
(USA) Kanhapludult
Oxisol Passo Fundo (Brazil) Typic Haplorthox Clay/1:1 CT to NT 0-20 382 + 134 99+ 9 Denef et al. (2004)
| ————————

Six et al, 2014, SBB
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