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Effects of atmospheric CO: enrichment and straw return on aggregate organic carbon in black soil

YUE Ya, XUE Haiqing, FENG Qian, MIAO Huan, MIAO Shujie", QTAO Yunfa

(School of Applied Meteorology, Nanjing University of Information Science & Technology, Nanjing 210044, China)

Abstract: The responses of organic carbon distribution in soil aggregates to CO, enrichment and straw return were studied to provide
theoretical evidence for the carbon sequestration and mitigation of black soil. Based on the long—term CO, enrichment experimental
platform located in the black soil region of northeast China, four treatments were set. The treatments were the control (CK), increasing CO,
concentration to 1 259.72 mg+m~(EC), straw returning (ST ), and increasing CO, concentration combined with straw returning (EC+ST).
The results showed that the EC and ST treatments had no significant effect on the total soil organic carbon, whereas the EC+ST treatment

increased total soil organic carbon by 3.09 g-ke™'(P<0.05) . The EC treatment had no significant effect on the proportion of soil aggregates,
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although the fractal dimension(D) increased by 0.06 and the stability of the soil aggregates decreased. Both the ST and EC + ST treatments
increased the proportion of >0.5-1 mm macro—aggregates by 14.98 percentage points and 8.20 percentage points, respectively. In addition,
the ST treatment reduced the proportion of <0.053 mm micro—aggregates by 12.88 percentage points, increased the number of water—
stable aggregates (Ro2s) by 0.14, and the average weight diameter (dyw) was increased by 0.08 mm, furthermore, D decreased by 0.11(P<
0.05), and the stability of soil aggregates was enhanced, whilst the EC+ST treatment increased the proportion of >1 mm macro—aggregates
by 4.07 percentage points, and also increased the dyy by 0.11 mm and increased the stability of soil aggregates. Compared with CK, the EC
and EC + ST treatments increased the soil organic carbon content of <0.053 mm micro—aggregates by 0.66 g+ kg™ and 1.98 g+ kg,
respectively. In addition, the ST treatment increased the >1 mm macro—aggregate content of soil organic carbon by 0.55 g-kg™, whilst >0.25-
0.5 mm macro—aggregates decreased by 1.13 g*kg™'. In addition, the EC + ST treatment reduced > 1 mm macro—aggregates by 3.05 g kg™
(P<0.05). EC treatment also increased the contribution of organic carbon of <0.053 mm micro—aggregates by 9.14 percentage points,
compared to ST treatment, which decreased this by 10.54 percentage points. Furthermore, the organic carbon contribution rate of >0.5-1 mm
macro—aggregates was increased by 14.35 percentage points, and the EC+ST treatment increased the organic carbon contribution rate of
both >1 mm macro—aggregates and >0.5—1 mm macro—aggregates by 3.25 percentage points and 6.74 percentage points,
respectively. Additionally, >0.053-0.25 mm micro—aggregate organic carbon contribution rate was decreased by 5.82 percentage points.
Straw returning could compensate for the adverse effects on the decrease of soil total organic carbon content and the deterioration of aggregate
structure resulting from an increasing CO,concentration. Although the mineralization of straw returning releases CO; into the atmosphere, it is
still a potentially effective measure for increasing the content of organic carbon in black soil, and therefore should be applied in the black soil

region of northeast China. However, the impacts of this CO; released into the atmosphere and the greenhouse effect still need to be further

studied.

Keywords: CO, concentration; straw return; soil aggregate; organic carbon; contribution rate
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Table 1 Stability indexes of soil aggregates

KRS A SR A (Roos) P34 Bt HAR (duw) 3 TE4ERL(D)

Trﬁl\liinl Number of water—stable Avf?rage weight .Fracla-I
aggregates diameter/mm dimension
CK 0.39+0.03b 0.28+0.04b 2.74+0.02ab
EC 0.32+0.01b 0.23+0.01b 2.80+0.01a
ST 0.53+0.05a 0.36+0.03a 2.63+0.04¢
EC+ST 0.51+0.01a 0.39+0.01a 2.69+0.01bc
P i P-Value
CO, 0.054 0.508 0.009
AT <0.001 <0.001 <0.001
COXAHET 0.233 0.038 0.993

T8 AN E/NG PR R A BRE A AR 235 22 57 (P<0.05) . Rl
Note: Different lowercase letters indicate significant differents among
treamtments ( P<0.05). The same below.
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Figure 4 Contribution rate of SOC in different size aggregates
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Table 2 Content of SOC in soil aggregates(g-kg™")

HLFR Treatment >1 mm >0.5~1 mm >0.25~0.5 mm >0.053~0.25 mm <0.053 mm
CK 37.20+1.33b 33.72+0.19a 31.07+0.26ab 29.79+0.42a 26.37+0.62b
EC 40.48+0.33a 33.78+0.22a 30.35+0.62ab 29.45+0.09a 27.030.53b
ST 37.75+0.45h 31.69+0.74b 29.94+0.21b 29.15+0.69a 26.71+0.24b
EC+ST 34.15+0.77¢ 33.59+1.24ab 31.15+0.57a 30.11+0.03a 28.35+0.34a
P1E P-Value
CO, 0.783 0.098 0.479 0.318 0.007
FiFF <0.001 0.114 0.017 0.053 0.169
COXTHEFT 0.001 0.065 0.624 0.973 0.033
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