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Analysis of soil respiration and influencing factors in maize farmland under

different tillage patterns in hilly area in Southwest China
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Abstract; In order to investigate the effects of different tillage patterns on soil respiration in dry cropping farmland in purple
hilly region in southwest China, the LI6400- 09 respiratory chamber was adopted in the experiment conducted in the
experimental field in Southwest University in Beibei District of Chongqing. The soil respiration rate and the soil hydrothermal
and biotic factors were measured during the growth period of maize in the triple intercropping system of wheat/maize/
soybean. There were six treatments including T ( traditional tillage), R (ridge tillage), TS (traditional tillage + straw
mulching) , RS (ridge tillage + straw mulching) , TSD (traditional tillage + straw mulching + decomposing inoculants) ,

and RSD (ridge tillage + straw mulching + decomposing inoculants) , which were replicated for three times. The results
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indicated that the soil respiration rate was firstly increased and then decreased during the whole growth period of maize, with

?s7". There were significant differences of soil respiration rate among different

the variation range of 1.011—5.575 pwmol m”
treatments , which could be ranked as RSD>TSD>TS>RS>T>R. Ridge tillage reduced soil respiration in maize farmland,
whereas straw mulching treatment was opposite. The treatment of straw mulching added with decomposing inoculants resulted
in the highest soil respiration rate because of the high activity of microbial. The soil temperature in 10 cm layer was ranked
as R>T>RSD>TSD>RS>TS. It was higher under ridge tillage than under straw mulching, while that under the treatment of
straw mulching added with decomposing inoculants was in between the two above. The sensitive indicator of soil temperature
(Q,,) was ranked as TS>TSD>RS=R>T>RSD. Ridge tillage and straw mulching treatments enhanced the sensitivity of soil
temperature, but the influence of adding decomposing inoculants was uncertain. A high ;) meant that the decrease of soil
temperature would lead to a big reduction in soil respiration. The straw mulching treatment could lower soil temperature and
thus helped to reduce emissions of carbon dioxide. The soil moisture in 5 cm layer was ranked as TSD>TS>RS>RSD>R>T.
The response threshold of soil moisture was sorted as R<T<RS<RSD<TS<TSD, which varied within 11. 98%—13.11%.
The response threshold was improved by straw mulching but it was relatively low under ridge tillage. In a sense, under the
condition of certain soil moisture, the soil respiration would be inhibited prematurely under ridge tillage. The dominant
groups of soil animals in maize field were Collembola, Acarina and Diptera. Compared to the control, ridge tillage reduced
the number of soil animals, but straw mulching increased it and improved the index of soil animal diversity. This indicated
that soil tillage patterns had great impact on soil animals. Soil respiration was only related with the animals above soil
surface. The more was the amount of animals being active above soil surface, the stronger was the soil respiration. In all the
treatments, the correlation coefficient of R was the highest (r=1.000, P=0.017) , followed by TS (r=0.915, P=0.029).
However there was no remarkable relationship between soil animals and soil respiration under traditional tillage. The
farmland system showed a carbon sequestration during the whole growth period of maize and the net carbon sink was
679.244—723.764 ¢(C)/m’. Compared with the control, ridge tillage and straw mulching treatments increased carbon
sequestration by as much as 2.91%—6.55%. It was concluded that conservation tillage paterns of ridge planting and straw

mulching could improve the carbon sink in maize farmland ecosystem.

Key Words: hilly area in southwest China; tillage pattern; maize farmland; soil respiration; soil temperature; soil

moisture ; soil animal
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Table 1 Treatment descriptions
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TSD A+ S+ AT ) BRI WL GBI, PR AR FT 22 At 0 o 2 2 0T A I AT U 79
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Fig.1 The comparison of soil respiration rate in the same time of different treatment

P AN TR] /N S 3035 A [ A2b 3 ] 22 5 3 ] 1 357K 7 (P<0.05)

T.¥AE Traditional farming; R 281k Ridge tillage; TS: AR + 78 35 Traditional tillage + straw mulching; RS. ZENE+ 78 5 Ridge tillage + straw
mulching;TSD;¥W+§§E&i+$§*¥i§f\_]ﬁ%ﬁu Traditional tillage + straw mulching+ decomposing inoculanls;RSD;E’f’ﬁ+;§ﬁ+*§*¥i§f\_]‘p‘§ﬁu Ridge tillage

+ straw mulching+ decomposing inoculants
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Fig.2 The comparison of soil respiration rate in the same treatment of different time
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Fig.3 The soil temperature between different treatment in maize growth season
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Table 2 Relation equation of soil respiration rate and soil temperature

TR R

by ERES
b5 ) ) ) . . HUB R0,
Treatments The temperature sensitive

indicator of soil respiration

FE T Traditional tillage 0.344 0.085 20 0.512 0.000 2.34
ZE{E R Ridge tillage 0.357 0.083 20 0.429 0.002 2.41
SN 4+ 7 2 <
q:ﬂ: _Em tI‘% . 0.279 0.099 20 0.461 0.001 2.69
Traditional tillage + straw mulching
TN+ T2 RS
j:ﬂ: ﬁm s . 0.407 0.083 20 0.405 0.003 2.41
Ridge tillage + straw mulching
S+ 2 5 + RS AT B 7R TSD
Traditional tillage + straw mulching+ 0.340 0.093 20 0.537 0.000 2.53
decomposing inoculants
ZEAE+ B IR +REAT HUB ) RSD
Ridge tillage + straw mulching+ 0.451 0.081 20 0.289 0.014 2.25

decomposing inoculants

KR 4 A 15 HBARSN A s [a] AR 1k -
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Fig.4 The soil moisture between different treatment in maize growth season
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Table 3 Number of soil animals and proportion
AR+ 55 TS EVE+7E 55 RS
FAE T(CK) ZMER TR B L
B N Traditional till Ridee till Traditional tillage + Ridge tillage +
EULES raciiional ifaee 10ge fiage straw mulching straw mulching
Soil animals species — —~ — -~
Bt/ A LE A/ % Bt/ A Lt/ % Bt/ A Bl % Bk /A B/ %
Number Proportion Number Proportion Number Proportion Number Proportion
#EH Elastic tail 394 64.80 368 65.95 490 55.30 752 71.01
1% H Acarina 118 19.41 95 17.03 187 21.11 168 15.86
XA H Diptera 70 11.51 57 10.22 90 10.16 66 6.23
#43W H Coleopteran 5 0.82 8 1.43 16 1.81 12 1.13
0 H Thysanoptera 1 0.16 0 0.00 0 0.00 0 0.00
Wik H Araneae 4 0.66 4 0.72 8 0.90 3 0.28
;5220 5| Hymenoptera 1 0.16 8 1.43 3 0.34 2 0.19
WA H Scolopendromorpha 2 0.33 3 0.54 4 0.45 9 0.85
2R 15} Enchytraeidae 11 1.81 4 0.72 20 2.26 30 2.83
] #5 H Unidirectional
FAEIBIH Unidirectiona 0 0.00 0 0.00 0 0.00 2 0.19
mesh earthworm
H % Blind spider 1 0.16 1 0.18 1 0.11 1 0.09
J& /£ 44 Chilopoda Gang 1 0.16 7 1.25 7 0.79 1 0.09
% )2 H Isopoda 0 0.00 0 0.00 2 0.23 4 0.38
H# H Orthoptera 0 0.00 3 0.54 4 0.45 8 0.76
152 Snail 0 0.00 0 0.00 4 0.45 0 0.00
&1t Total 608 100.00 558 100.00 886 100.00 1059 100.00
4 LEDMESHERNLE
Table 4 Comparison of soil animals diversity index
N " EAE+ 55 TS ZEfE+7E 55 RS
SRR FAET(CK) AR AR Sl AL
. . . . . . Traditional tillage + Ridge tillage +
Diversity index Traditional tillage Ridge tillage . .
straw mulching straw mulching
Shannon-Wiener H 1.054 1.012 1.216 1.124
Pielou E 0.440 0.394 0.474 0.469
Simpson C 0.471 0.534 0.362 0.476
Menhinick D 0.374 0.344 0.353 0.379
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Fig.5 Number of soil animals by tullgren apparatus
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Table 5 Estimation of net carbon storage in farmland ecosystem under different treatments
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