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Analysis of soil respiration and the influencing factors in soybean fields under
conservation tillage
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ZHOU Hang-Fei, MA Zhong-Lian, LI Bang-Jiang

(College of Agronomy and Biotechnology, Southwest University; Key Laboratory of Eco-environments of the Three Gorges
Reservoir Region, Ministry of Education; Engineering Research Center of South Upland Agriculture, Ministry of Education,
Chongqing 400716, China)

Abstract The effects of conservation tillage on soil respiration in dry croplands were investigated in the southwest purple hilly
region. The LI6400-09 respiratory chamber was used in the experiment conducted in the experimental field of Southwest University,
Beibei, Chongqing. The respiration, hydrothermal and biotic factors of soil were measured and analyzed during soybean growth
period in a wheat-maize-soybean triple intercropping system. There were six treatments and each treatment replicated three times.
The treatments included traditional tillage (T), ridge tillage (R), traditional tillage + straw mulching (TS), ridge tillage + straw
mulching (RS), traditional tillage + straw mulching + decomposing inoculants (TSD) and ridge tillage + straw mulching +
decomposing inoculants (RSD). The results suggested that soil respiration rate initially increased slowly after planting. It then
increased rapidly at blossoming stage and decreased steadily at maturity of soybean. Differences were noted in soil respiration rate
among different treatments and soil respiration order was T < R < TS < RS < TSD < RSD. Ridge tillage and straw mulching

improved soil respiration in soybean fields. Soil temperature in 10 cm soil layer was in the order of T > TSD > TS and R > RSD > RS.
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0O\ value, a sensitive indicator of soil respiration to temperature, was in the order of TS > TSD > RS = R > T > RSD. Q) increased
under straw mulching, but the opposite occurred under ridge tillage. Soil moisture order in 5 cm soil layer was TSD > RSD > TS >
RS > T > R. Soil respiration and soil moisture had parabolic function relationship, with significant correlation coefficient under R
treatment. Other treatments showed negative correlations, with an extreme significant level under TS treatment. The dominant groups
of soil animals in soybean fields included Collembola, Acarina and Diptera. There was no significant correlation between soil
respiration and soil animals captured by tullgren apparatus and pitfall traps method. When the soil animals numbers captured by two
methods were added together, the correlation coefficient under T was significant (R = 0.901 at P = 0.037).
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Table 1 Treatments descriptions
Code Treatment Specific measures
Traditional tillage Traditional tillage throughout the experimental period
) , 20 cm,
Ridge tillage Ridging before seeding (transplanting) w1trl;dt;:she1ght of 20 cm, and planting crops on the
+ ki
TS Traditional tillage + straw Traditional tillage throughout the experimental period, and mulching with all straw after
mulching harvesting
RS B \
Ridge tillage + straw mulching Ridge tillage throughout the experimental period, and mulching with all straw after harvesting
+ + ,
TSD Traditional tillage + straw mulching Traditional tillage throughout the experimental period, mulching with all straw after
+ decomposing inoculants harvesting, and adding decomposing inoculants
+ + ,
RSD Ridge tillage + straw mulching + Ridge tillage throughout the experimental period, mulching with all straw after harvesting,
decomposing inoculants and adding decomposing inoculants
PVC , ;8
PVC 1 ,3 , 1.4
3 .9 , SPSS 13.0  Excel 2003
1
[20]
b b
A bx
9: 00—11: 00 Y=axe ©)
_,10p 6
Oi=e (6)
1.3.2 _ 2
1Y , gm d,
L16400-09 | 0 7 (€ O
) s 10°C
10 cm
’ ca b
PVC 0~5 cm s
+
1.3.3 2.1
b
) , (7 26 ) ,
0~10 cm , © &)
, «“ ”(tullgren apparatus) , (1o 17 ) (1,
: 1 « » , 62%~84%,
1 b 9 b
“ ”? T R TS RS4 )
18
18] 80% ,
2 b
10% , 1%~10% , ,T R TS RS TSD RSD
1% 3.242 mol'm-s™' 3.434
. . -2 -1 -2, -1 -2, -1
(Shannon-Wiener, H) (Pielou, E) mol'm s~ 3.860 mol'm s~ 4.185 mol'm s
. .. 2. -1 2. -1
(Simpson, C) (Menhinick, D) 4.374 pmol'm™"s 4.948 mol'm “-s™,
(el T<R<TS<RS<TSD<RSD ,
=Y(P:InP) (1) ’ ’
E=H/InS 2) ,
C=Y.(P)* 3)  —0.06%~20.04%
D=InS/InN “) 6.45%~29.75%, + 6.91%~51.86%

. P,:n,-/N, n; i
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Fig. 1 Dynamics of soil respiration rate in soybean field under different treatments
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Fig. 2 Dynamics of soil hydrothermic factor, sampling chamber temperature and air temperature under different treatments
> 10 17 R
1.3~5.6% , , TSD>RSD>TS>
R RS>T>R(  2) R
2 6 (T R TS RS 40% 80% (22
TSD RSD) Qi 234 241 2.69 241 ,
2.53 2.25, . ,I' R TS RS
s TSD RSD 6
- . N . R —0.694(P=0.084
%2 TRAELEEREES T RENX R ( )
Table 2 Relation equations of soil respiration rate and soil 0.806(P=0.028) -0.877 (P=0.010) —0.718(P=0.069)
temperature under different treatments ~0.712(P=0.073) —0.688 (P=0.088)
Treatment a b R? P O .
T 0.344 0.085 0.512 0.000 2.34 , TS
R 0.357 0.083 0.429 0.002 2.41 2.3
TS 0.279 0.099 0.461 0.001 2.69 ’ 7
RS 0.407 0.083 0.405 0.003 2.41 ’
TSD 0.340 0.093 0.537  0.000 2.53 3 296 ’ 14
RSD 0.451 0.081 0.289  0.014 2.25 ’

20 Sample number is 20. 5 ( 3)
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Table 3
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Influence of different treatments on soil animals

Animal group

T(CK)

R

RS

Number Proportion (%) Number Proportion (%) Number  Proportion (%)  Number  Proportion (%)
Collembola 512 72.83 384 67.02 709 68.37 640 65.11
Acarina 70" 9.96 77" 13.44 135" 13.02 206" 20.96
Diptera 56" 7.97 58" 10.12 100 9.64 88" 8.95
Coleoptera 9 1.28 10 1.75 16 1.54 13 1.32
Araneae 4 0.57 5 0.87 6 0.58 5 0.51
9 1.28 8 1.40 8 0.77 7 0.71
Hymenoptera
Chilopoda 7 1.00 13 2.27 28 2.70 11 1.12
. . 24 3.41 8 1.40 17 1.64 4 0.41
Line caecilians
Unidirectional 2 0.28 1 0.17 4 0.39 2 0.20
caecilians
Leeches 0 0.00 1 0.17 1 0.10 0 0.00
Diplopoda 0 0.00 0 0.00 0 0.00 1 0.10
Isopoda 5 0.71 5 0.87 4 0.39 3 0.31
Orthoptera 4 0.57 3 0.52 9 0.87 3 0.31
Snail 1 0.14 0 0.00 0 0.00 0 0.00
Total 703" 100.00 573" 100.00 1037 100.00 983" 100.00
woE 0.01 * 0.05 ** indicates significant difference at 0.01 level, * indicates significant

difference at 0.05 level.

(4,

F=4

AEALIET TIR M L 145 EAY LR

Table 4 Comparison of soil animals diversity indices of
different treatments

. T(CK) R TS RS
Diversity index
H 1.055 1.178 1.138 1.070
E 0.425 0.474 0.458 0.431
C 0.548 0.479 0.495 0.476
D 0.379 0.391 0.358 0.361
¢ 3,
5 ;
b
( 3b)

B Soil animal number
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Fig. 3 Number of soil animals captured by tullgren apparatus
(a) and pitfall traps (b) methods under different treatments
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