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Effects of subsoiling and straw return on soil respiration and soil organic carbon balance in black soil of
northeast China

LIU Ping—qi, ZHANG Meng—xuan, WANG Li-gang, WANG Ying—chun”

(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences , Beijing 100081, China)

Abstract: Measures of subsoiling combined with straw return to the field in black soil of Northeast China that have no clear influence on
the characteristics of soil respiration and the uncertainty of organic soil carbon balance. Qinggang County, Suihua City, a typical black soil
area in the northeast was studied. In—situ monitoring experiments in large areas of the field were conducted, researching the effects of differ-
ent subsoiling depths (subsoiling 25 cm, subsoiling 35 ¢cm) combined with different straw returning (stalk returned to the field, straw not re-
turned to the field) on soil respiration (including root respiration) and soil organic carbon balance. Results demonstrated that soil respira-
tion was characterized by "Rising first, then decreasing", and the respiration rate peaked from mid—July to early August. The contribution

of soil cumulative respiration to total respiration varied during each growth period. Among them, spring maize soil respiration contributed
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the most to total respiration during jointing and silking, accounting for 35.3%~41.2% and 25.9%~31.9%, respectively. Compared with farm-

ers’ customary measure (without subsoil and straw return; FP), subsoiling combined with straw return to the field improved soil respiration
rate and significantly increased soil respiration accumulation by 53.2%~108.0% (P<0.05). Organic carbon in the soil was insufficient for
the needs of farmers using customary measure (without subsoil and straw return; FP) when the soil organic carbon balance was —647 kg C -
hm™. The soil organic carbon balance of the separate subsoiling measure (T1) was expressed as carbon expenditure, which is 102.3% high-
er than FP, and organic carbon losses were the largest. Separate straw returning measure (T2), subsoiling 25 cm+straw return measure (T3)
and subsoiling 35 cm+straw return measure(T4) all effectively sequestered organic carbon, and the soil organic carbon balance was all pos-
itive, which increased by 448.5%, 477.7%, and 448.9% of the soil organic carbon income respectively compared with FP; subsoil and straw
return to the field and two methods combined could increase corn yield by 13.8%~22.4% significantly (P<0.05), reaching a high yield level

of 12 t-hm™. Subsoiling combined with straw return can effectively increase soil activity and increase crop yield. It is a recommended field

management technology for the improvement of black soil power and organic carbon storage in Northeast China.

Keywords : black soil; subsoiling; straw returning; soil respiration; soil organic carbon balance
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Table 1 Basic soil physical and chemical properties
T R ERAAK AL P WA
Soil depth/cm Soil bulk density/g-em™  Soil moisture content/% SOC/mg- kg TN/mg-ke' AN/mg-ke! pH
0~20 1.34 17.4 25.6 34 282.8 6.5
20~40 1.25 18.4 17.1 1.3 112.8 7.0
40~60 1.37 15.7 10.4 0.8 67.9 7.3
60~80 1.41 15.5 8.3 0.5 37.0 7.5
80~100 1.41 15.5 7.7 0.5 23.6 7.5

*2 AE4LIE A B EEETE

Table 2 Field management measures in different treatments

Qb3 LUK [R5 34 i
Treatments Concrete measures in field
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Figure 1 Precipitation in field and change in soil temperature and

humidity of different measures
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Figure 2 Changes of soil respiration rate under different measures
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Table 3 Mean value of soil respiration rate at different growth stages (pumol-m™-s™)

- IR 3K Soil respiration rate

A F I Growth stages

CK FP Tl T2 T3 T4
T 1] Seedling stage 1.32ab 0.93b 1.31ab 1.53ab 1.79ab 2.18a
P Jointing stage 2.59h 1.77b 2.66b 2.87ab 2.62b 4.16a
it 224 Silking stage 1.68a 1.41a 2.23a 2.24a 191a 291a
WEH NI Filling and mature stage 0.62¢ 0.72¢ 1.25ab 0.87hc 1.32a 1.18ab
A HENP IR R I (] Peak of soil respiration rate 3.71a 2.21a 3.82a 3.35a 3.57a 4.55a
A H W] Whole growth period 1.60b 1.18b 1.77ab 1.88ab 1.98ab 2.58a

T AN JA)/ING PR A PR 25 S i

Note: Different lowercase letters indicate significant differences amang treatments.

R4 TEFERERS TR SBEXRR QWE

Table 4 Relationship between soil respiration rate and soil temperature and humidity and Q1o value

LSRR LSRR AR RO

b S 5 RS KRR TR

Treﬁﬁms Relationships between soil respiration and soil temperature Relationships between soil respiration and soil humidity
5 %07 2 Functions R P Qo TR PR %L Functions R P
CK y=0.325 17" 0.413 0.019 2.14 y=-0.009x"+0.551 3x-6.547 9 0.017 0.443
FP y=0.250 1" 0.511 0.009 2.14 y=-0.003x"+0.226 2x-2.779 8 0.307 0.197
T1 y=0.203 4" * 0.671 0.001 2.96 y=—0.003 8x*+0.266 2x—2.580 7 0.571 0.026
T2 y=0.555 3" 0.430 0.018 1.83 y=—0.002 1x*+0.136 5x-0.243 7 0.034 0.858
T3 y=0.967 1> 0.289 0.079 1.43 y=—0.004 8x*+0.280 3x—1.739 4 0.219 0.295
T4 y=0.602 37" ** 0.486 0.014 2.04 y=—0.004 5x*+0.305 9x-2.355 4 0.094 0.625
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