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Paddy soil quality assessnent under rice-ryegrass rotation systan in red soil

region of mid-subtropics

WANG Hua', HUANG Yu"?", YANG Bo-Su’°, HUANG Huang', ZHANG Fen®  (1.Research Institute o
Ecology, H u'nan A gricultural U niversity, Changsha 410128, China; 3. Science and Technology D epariment o H u'nan Province, Changsha
410001, China; 2. Central South Forestry U niversity, Changsha 410004, China; 4. A cadenicAffairsOffice, H u'nan A gricultural U niversity,
Changsha 410128, China). Acta Ecologica Sinica, 2005, 25(12): 3271 3281

Abstract: Five different rotation systems, V iz early rice-late rice-ryegrass (L oliun multif lorum), early rice-late rice-ryegrass
- early rice-late ricew inter fallow, early rice-late rice-3/4ryegrassl 1/4Chinesemilk vetch (A stragalus sinicus), early rice-
late rice-Chinesemilk vetch and early rice-late ricew inter fallow, w ere established in red il region of mid-subtropics Five
rotation models effects on il characteristics were evaluated by measuring different physico-chenical, microbiological,
biochemical parameters and il animal The results show ed that, compared w ith conventional cropping system, rice (Oryza
sativa) -ryegrass rotation systens mproved paddy il physico-chemical and biological properties aswell as increased il
animal Soil functions and il quality assessnent show ed that, il functions, viz accommodatew ater entry (AW E), resist

surface structure degradation (RSS), sustain fieldcrop quality and productivity (SCQP) and il quality index (Q 1) were all
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higher under early rice-late rice-3/4ryegrassl 1/4Chinese milk vetch, early rice-late rice-ryegrass and early rice-late rice-
Chinesemiilk vetch than under early rice-late ricew inter fallow, the assessnent values being greater under early rice-late rice-
3/4ryegrassll 1/4Chinese milk vetch; facilitate water movement and availability (FWMA ) was equal anong five rotation
models The resultsalso show ed that, highly correlations betw een il quality index (SQ 1), =il degeneration index (D 1) and
biological index of fertility (B IF) were al detected, suggeating these three methodsw ere all feasible to assess paddy il
quality in this study area In addition, =il degeneration index (D 1) al suggested that, compared to thew aster land in this
study area, paddy field increased to varying degree under all rice-ryegrass rotation systems and decreased slightly under
conventional cropping system in the present study. Therewere al® positive correlations betw een earthwom abundance of
paddy oil and il quality index (SQ1), il degeneration index (D 1), biological index of fertility (BIF), indicating
earthwom abundance can be used as indicator of paddy il quality in this study area

Key words rice-ryegrass rotation systam; ryegrass paddy il quality assessnent; il function; red il region
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Table 1 W eights of oil functionsand indicators in il quality assessnent
Soil function ! 2
1Huneton -y eight Indicator of level 1 W eight Indicator of level 1 W eight
A ccommodate 0.25 W ater-stable m icroaggregate 0.40
water entry (AW E) Bulk density 0. 40
Earthwoms 0.20
, 0.25 Capillary moisture content 0.40
Facilitate w ater Total porosity 0.25
movement and .
availability (FWMA ) C Total organic C 0.25
Earthwoms 0.10
0.25 W ater-stable microaggregate 0.40
Resist surface structure C Total organic C 0. 40
degradation (RSD) c
M icrobial 0.20 0.40
croblal processes M icrobial biomass-C
N
0.40
M icrobial biomassN
. capillary 0.20
moisture content
0.25 CEC 0.20
Sustain fieldcrop )
quality and productivity C Total organic C 0.20
(scQP) pH 0.10
C
M i ial 0.10 0. 40
icrobial processes M icrobial biomass-C
N
0.40
M icrobial biomassN
. capillary 0.20
moisture content
N Total N 0.10
N HydrolyzableN 0.10
P A vailable P 0.10
Electrical conductivity 0.10
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2

Table 2 Relative mportance of soil properties in the soil quality index

Soil property W eight Soil functions effected

C Total organic C 0. 2125 A ccommodate w ater entry
, Facilitate w ater movement and availability
Resist surface structure degradation
Sustain fieldcrop quality and productivity

W ater-stable 0. 200 A coommodate w ater entry
microaggregate Resist surface structure degradation
0. 1150 ) Facilitate w ater movement and availability
Capillary moisture content Resist surface structure degradation
Sustain fieldcrop quality and productivity
Bulk density 0. 1000 A coommodatew ater entry
Earthwoms 0. 0750 A coommodatew ater entry
) Facilitatew ater movenent and availability
Total porosity 0. 0625 , Facilitate w ater movement and availability
CEC 0. 0500 Sustain fieldcrop quality and productivity
CM icrobial biomass-C 0. 0300 Resist surface structure degradation
Sustain fieldcrop quality and productivity
N M icrobial biomassN 0. 0300 Resist surface structure degradation
Sustain fieldcrop quality and productivity
N TotalN 0. 0250 Sustain fieldcrop quality and productivity
N HydrolyzableN 0. 0250 Sustain fieldcrop quality and productivity
P Available P 0. 0250 Sustain fieldcrop quality and productivity
Electrical conductivity 0. 0250 Sustain fieldcrop quality and productivity
pH 0. 0250 Sustain fieldcrop quality and productivity
Total 1. 000
3 .

Table 3 Threshold Iimitsand standard scor ing function (SSF) for soil quality indicators

Indicator SSF LT? uTe LB? uB? 0?2 Source
Bulk density (g/m?3) 3 1.0 2.0 1.5 H ussain(®!
A ggregate stability (%) 1 5 20 10 Glover(*2!
capillary moisture content (%) 2 15 90 30 60 45 Karlen!?t 221
Total porosity (%) 2 20 80 40 60 50 Glover!¥?]
N TotalN (g/kg) 1 0.5 3.0 1.5 (23]
N HydrolyzableN (mg/kg) 2 50 300 100 200 150 (23]
P Available P (mg/kg) 2 5 150 15 30 100 (24]
Electrical conductivity (dS/m) 2 0.25 2.0 0.5 1.75 1.0 Inith(®!
pH 2 4.5 9.5 6.5 7.7 5.3 Karlen!? 22
CEC (amol/kg) 1 3 20 10 Glover!2]
C Total organic C 1 5 30 15 Hussain!?!
CM icrobial biomass-C (mg/kg) 1 100 500 300 Glover!*?!
N M icrobial biomassN (mg/kg) 1 20 70 50 Glover!*?!
Earthwoms (ind /m?) 1 20 100 50 W erner!?!
LT LT lower threshold;, LB LB lower baseling UB UB upper baseling UT UT upper
threshold; O O optimal; * (18,191
2
2.1

[27, 28]

[29]
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35.42%  32.29% -

(p< 0.01)
4
Table 4 Soil physical properties
> 0.25mm
Bulk density Total Non-capillary Capillary Porosity ratio Capillary moisture > 0.25mm
(g/am?) porosity (%) porosity (%) porosity (%) y content (%) W ater-stable
microaggregate
A 1.12a 58.64 a 17.13 a 41.51 a 0.41a 53.54 a 23.19a
(0.11) (3.28) (1.02) (3. 96) (0.052) (4.02) (1.86)
B 1.15a 56.87 a 13.96 a 42.91 a 0.33a 48.33 a 19.01 ab
(0.13) (3.17) (0. 98) (2.68) (0.021) (3.18) (1.23)
c 1.05a 60.28 a 20.83 a 39.45a 0.53 a 55.26 a 23.74 a
(0.10) (2.59) (1.212) (3.18) (0.037) (3.65) (1.64)
D 1.14a 57.39 a 15.09 a 42.30 a 0.36a 51.64 a 20.93 ab
(0. 13) (2.45) (1.12) (3.83) (0.028) (2.89) (2.01)
£ 1.19a 56.17 a 12.40 a 43.77 a 0.28 a 45.29 a 17.53 b
(0. 15) (2.31) (0. 86) (3.04) (0. 019) (3.01) (1.41)
Standard deviation in parentheses 5% V alues in the sane

oolumnsw ith different letters are significantly different at the 5% level

2.2
- N P K N P K ( 9,
[9] [7]
P K el 5 .- -
, - pH , ,
(9] - pH
CEC , T I - - CEC
5.03% 3.69% (p> 0.05) - ,
5
Table 5 Soil chamical properties
N P P K K N CEC

TotalN pH Total P A vailable P Total K Available K HydrolyzableN (@nol/kg) Electrical conductivity

(9/kg) (9/kg) (mg/kg) (9/kg) (mg/kg) (mg/kg) 9 (ds/m)
A 1.80 a 6.16 a 0.60 a 14.74 a 18.34 a 91.35a 134.64 a 14.63 a 0.79 a

(0.13) (0.38) (0. 049) (1.13) (1.77) (7.96) (11.33) (1.29) (0.089)
B 1.78 a 6.27 a 0.61 a 12.91 a 17.92 a 74.26 a 123.05 a 14.38 a 0.65a

(0.15) (0. 29) (0.037) (1. 20) (1.42) (8.13) (13. 09) (1.56) (0.073)
c 1.85a 6.24 a 0.71a 15.95 a 18.73 a 101.67 a 141. 19a 14.82 a 0.88 a

(0.112) (0. 44) (0. 051) (1.33) (1.53) (10.02) (9. 86) (1.37) (0. 067)
D 1.82a 6.19 a 0.64 a 14.17 a 18.17 a 88.77 a 157.81 a 14.55 a 0.74 a

(0. 16) (0.31) (0.043) (1.09) (1. 69) (6.39) (12. 45) (1.13) (0.091)
E 1.69 a 6.31a 0.54 a 9.63b 17.31a 59.44 b 97.33 b 14.11 a 0.57 a

(0.12) (0. 30) (0. 029) (0. 86) (1. 46) (4.87) (8.37) (1.27) (0. 048)

Standard deviation in parentheses 5% V alues in the sane

columnsw ith different letters are significantly different at the 5% level
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2.3
2.3.1 C )
[30,31]
- c ( 6 132]
597 1148 g/m?,
[17 35 37] 6 - CN P
(p< 0.01), - ,
C C(R?= 0.6729,p< 0.01) N N (R®= 0.5938, p< 0.01)
P P(R?*= 0.6314,p< 0.01) , [38,34]
[17, 34, 36] _
(p< 0.01), - 1% (Cmic  Corg)
) , , C C
) [17.34,36] (Cm ic Corg) )
(qCO 2) ,
[34,36] 5 - , - , Cc
6 C
Table 6 M icrobial bianass, total organic C and basal respiration
C N P
:I- icrobial g/l icrobial :\)A icrobial | C. B:?‘,lsa|‘ (Cmic Corg) (qC02)
T reatment iomassC iomassN iomassP Total organic regiration M icrobial M etabolic
(mg/kg dry (mg/kg dry (mg/kg dry C (g/kg) (ug CO2-C/(g dry Lotient Lotient
weight i) weight i)  weight il) weight il h)) q q
A 629 a 71 a 22 a 24.79 a 0.52 a 2.54 ab 0.83a
(123) (14) (4) (1.67) (0.12) (0.14) (0.021)
B 523 bab 48 b 16 ab 23.87 a 0.41b 2.19ab 0.78 a
(107) (8) (©)] (1.43) (0.078) (0.112) (0.022)
c 698 a 83 a 26 a 25.45 a 0.57 a 2.74 a 0.82a
(141) (11) (4 (1.53) (0.13) (0.17) (0.031)
D 593 a 59 a 2la 24.31 a 0.46 a 2.46 ab 0.77 a
(118) 9 (5) (1.61) (0.089) (0.13) (0.024)
E 402 b 32b 12b 21.36a 0.35b 1.88b 0.87 a
(102) (5) (3) (1.34) (0.081) (0. 086) (0. 031)
Standard deviation in parentheses 5% V alues in the sane
oolumnsw ith different letters are significantly different at the 5% level
2.3.2 [34 37]
[37].
N [34 36]. [34].
) s [38] 5 -
_— (7, (p<0.01
p< 0.05), m - CN P

[17,34]

[6]
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’ [39 41] 7
, - - I - - (p< 0.01)
2 3, ( ) -
(p< 0.01 p< 0.05)
7
Table 7 Enzymeactivitiesand animal of wnils
(DH) (UR) (PR) (cA) AP)
(ul TPF/(g dry (mgNHs3/(gdry  (tmolNHs/(g dry (umol KM nOa/ (ug P-nitrophenol/ Earthwom's
T reatment w eight il w eight soil w eight soil (g dry weight (g dry weight (ind /m?)
24n)) 24h)) h)) il h)) il h))
A 363.0 a 0.92a 1.83 ab 80.3a 65.1 ab 42 ac
(42.3) (0.13) (0.18) (6.7) (8.1) (6)
B 320. 4 ab 0.75 ab 1.56 b 56.5b 47.6 b 17 bc
(29. 6) (0.11) (0.17) (4.3) (3.7 (4)
c 387.2a 0.99 a 2.18a 92.7a 79.7 a 56 a
(50. 1) (0. 15) (0.21) (8.1) (9.3) (8)
D 351.8 a 0.88 a 1.72 ab 74.4 a 56. 4 ab 3lac
(29. 8) (0. 10) (0.19) (6.4) (4. 6) (4)
£ 271.7b 0.61b 1.34b 40.7 b 38.3b 9 bc
(24.7) (0. 079) (0. 14) (5.6) (4.5) (3)
Standard deviation in parentheses 5% V alues in the sane
oolumnsw ith different letters are significantly different at the 5% level
2.4
2.4.1 1 1 L AWE RS SCOP3
- - Il - - - - 3 , AWM A 5
( 0.5); - - - - - RSD SCOP
( )
, - I (0.6275) = - - (0.6275) > - -
(0.6150)> - - - - - (0. 5150) > - - (0. 5000)
09 AWE FWMA B RSSD B scQp O sor
08 0.6275 0.6275
2 = = 0615
07 by B = =
= = = =
g0 H [ 0.515 = [ = []
805 H N = =
g3 | /\
-
®o02 [ %§
jﬁ( 0.1 | %%
| N
0 1 4& L 1 = ]
A B C D
1
Fig 1 Soil function and il quality index (SQ1) under different cropping systams
2.4.2 (SD I, o0il degeneration index) A dejuwvon & Ekanade'®! ,

( ),
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SDI = z ((Xi- X')/X") x 100% /n
,SD | X X
) ) SD | 14
8 (Xi- X)) /X"
Table 8 Valuesof (Xi- X'i)/X'iunder different cropping systans
Item A B C D E
Bulk density 0. 09677 0. 07258 0. 1532 0. 08065 0. 04032
CEC 0. 07891 0. 06047 0. 09292 0. 07301 0. 04056
C Total organic C 0.1172 0. 07571 0. 1469 0. 09554 - 0.03740
N TotalN 0.1304 0. 1056 0.1491 0.1180 0. 04969
P Total P - 0.04762 - 0.03175 0. 1270 0. 01587 - 0.1429
K Total K 0. 1122 0. 08672 0. 1358 0. 1019 0. 04973
N HydrolyzableN 0.9700 0. 6400 0. 7945 0. 8818 0. 2972
P A vailable 0.1453 0. 003108 0.2393 0.1010 - 0.2518
K A vailable K 1. 2049 0.7924 1. 4540 1. 1427 0. 4347
C M icrobial biomassC 0. 09582 - 0.08885 0. 2160 0. 03310 - 0.2997
N M icrobial biomassN 0. 6512 0.1163 0. 9302 0.3721 - 0.2558
P M icrobial biomass-P 1. 2000 0. 6000 1. 6000 1. 1000 0. 2000
UR 0. 01099 - 0.1758 0. 08791 - 0.03297 - 0.3297
PR 0.1227 - 0.04294 0.3374 0. 05522 - 0.1779
8 , ( 2
) , 2 , 4
, - - I
, (sp1) (sQ1) (R*= 0.8537, p< 0.05) )
2.4.3 B IF: biological index of fertility) 431,
BIF= (1.5x DH + CA)/2
,DH ,CA 5 BIF( 3)
{50 - 46.17% 3 50 - 46.17%
5 40 - 34.92% _§ 40 - 34.92%
29.569 3 29.56%
2% 2 15.81% 58200 15.81%
= g e 0L
o B 3
S 9 2.73% S of -2.73%
:,15 -10 I I | I_l | & -10 - - - - ,_I |
A B C D E A B c D E
2 3
Fig 2 Soil degeneration index (SD1) under different cropping Fig 3 Soil biological index of fertility (BIF) under different

systams

cropping systems

(SD 1) (y= 0.0043x- 0.9998,R°= 0.9993, p< 0.01)

0. 858, p< 0.05)
2.4.4 sSQI SDI BIF

BIF)

(SQ1) (y= 632.1x- 76.145 R?=

SQI (y= 0.0031x+ 0. 4818,
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R2= 0.8245,p< 0.05) SD | (y= 0.0097x- 0.0519,R%= 0.9362,p< 0.01) BIF (y= 2.2193x+ 219.78,R?= 0.9243,p< 0.01)
p y p y p

[41]

)  SCOP( )3 - - I - - -
- 3 , FPWM A ( , ) 5 ;- -
o5 - - RS SCOP
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