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northeast region of China. In order to slow down the erosion and degradation of black soil farmland and improve farmland
fertility, new soil management practices need to be developed. ~Method In this study, woody peat and bentonite were added to a
typical eroded and degraded black land. The saturated hydraulic conductivity, air permeability and relative gas diffusion, water
holding capacity, organic carbon content and crop yield were evaluated by the combination of indoor simulation and field in-situ
observation. Result The results showed that: under indoor conditions, (1) adding 2% or 4% woody peat decreased the saturated
hydraulic conductivity by 14.3% or increased it by 9.9%, increased the air permeability by 18.9% or 4.1%, increased the relative
gas diffusion by 15.5% or 6.6%, increased the organic carbon content by 39.4% or 71.5%, and increased the yield of potted maize
by 2.0 times or 1.9 times respectively; (2) adding 1% bentonite decreased the saturated hydraulic conductivity, air permeability
and relative gas diffusion by 63.2%, 55.3% and 7.6%, and increased the organic carbon content and yield of potted maize by 1.0%
and 1.1 times, respectively; (3) adding 2% or 4% woody peat and 1% bentonite decreased the saturated hydraulic conductivity by
65.8% or 73.1%, decreased the air permeability by 33.2% or 32.8%, increased the relative gas diffusion by 0.2% or 4.7%,
increased the organic carbon content by 37.8% or 70.6%, and increased the yield of potted maize by 1.9 times or 1.5 times. The
saturated hydraulic conductivity, relative gas diffusion, organic carbon content and soybean yield increased by 75.0%, 32.0%,
36.1% and 43.2% respectively, and the air permeability decreased by 45.2% when woody peat was added to the eroded farmland.
Also, the saturated hydraulic conductivity, air permeability and relative gas diffusion decreased by 39.1%, 44.4% and 44.0%
respectively, while the organic carbon content and soybean yield increased by 3.6% and 4.2%, respectively, when bentonite was
added to the eroded farmland. Even though there was no significant difference in organic carbon content and soybean yield; the
soil saturated hydraulic conductivity, relative gas diffusion, organic carbon content and soybean yield increased by 134.4%,
28.0%, 36.0% and 26.3% respectively, and the air permeability decreased by 38.2% when woody peat and bentonite was added to
the eroded farmland. The addition of woody peat and bentonite could improve the water holding capacity of black land soils, and
bentonite can retard the decomposition of organic carbon.  Conclusion In general, the mixed addition of woody peat and
bentonite has the best effect, which can effectively improve the soil aeration permeability, water holding capacity, organic carbon
content and crop yield, and also help to accumulate organic carbon in the soil. It is an effective measure to rapidly improve the
degraded black soil.

Key words: Saturated hydraulic conductivity; Air permeability; Relative gas diffusion; Water holding capacity; Organic matter
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Table 1 Soil bulk density, organic carbon content and particle size distribution of eroded and degraded farmland under different addition patterns

o i ML
R Clay Silt Sand
Bulk density Organic carbon
Addition patterns (<0.002 mm ) (0.002~0.05 mm ) (0.05~2 mm)
/ (grem™) / (gkg")
/%
CK 1.62+0.05a 12.10+£0.26b 38.7+8.7a 46.4+4.4a 14.9+4.5a
WP 1.28£0.06¢ 16.47+0.12a 46.5+3.2a 50.4+2.3a 32+24c
BE 1.45+0.07b 12.54+0.46b 439+1.2a 47.3%0.9a 8.8+ 1.7b
WPB 1.38£0.01bc 16.46+0.37a 42.4+0.2a 48.1*1.1a 9.5+0.9b

e FFIARFR R R 225X F B EKFE (P<0.05). CK: ZSEAXM; WP: WAIKRAYes; BE: WNZig+,; WPB: HK
A Ye s APENE 1, FIE . Note: Different letters in the same column indicated a significant difference at 0.05 level. CK: blank control;

WP: adding woody peat; BE: adding bentonite; WPB: adding woody peat and bentonite. The same below.
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K1 BN — 24 T R G KR (K, RIS (K) ML Y R (Dy/Dy) K52

Fig. 1 Effects of addition patterns on saturated hydraulic conductivity ( K; ), air permeability ( K, ) and relative gas diffusion ( D,/D, ) under the

one-dimensional condition
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Fig. 2 Effects of addition patterns on saturated hydraulic conductivity ( K ),

air permeability ( K, ) and relative gas diffusion ( Dy/D, ) in situ

IR X R TR h 2B 1k S HHIE & Bl S S H AT

Table 2 Effects of addition patterns on fitting parameters of the soil-water characteristic curve of eroded degraded black soil

wmEE R Gardner £{%! Gardner model
Addition patterns S8 A Parameter 4 Z¥1 B Parameter B R?
CK 0.160 0.355 0.98**
WP1 0.164 0.321 0.99%*
WP2 0.169 0.307 0.97**
B 0.175 0.336 0.99**
WPI1B 0.195 0.327 0.99**
WP2B 0.200 0.328 0.99**
** P<0.01.
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Table 3 Effects of addition patterns on fitting parameters of the
soil-water characteristic curve of eroded degraded farmland

1SN

Gardner #5%! Gardner model

Addition 244 SR B
RZ
patterns Parameter 4 Parameter B
CK 0.102 0.223 0.96**
WP 0.107 0.230 0.96%*
BE 0.108 0.230 0.93**
WPB 0.107 0.224 0.96**
** P<0.01.
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Fig. 3 Changes of organic carbon in eroded degraded black soil
under different addition patterns
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Table 4 Effect of addition patterns on corn yield of potted

BN 7= |- ARG bR R FERLER
Addition Plant height Aboveground fresh weight Aboveground dry weight Grain weight Grain number
patterns /em / (gplant™) / (gplant™) / (gplant™) / (plant™)
CK 139.254+0.88b 204.29+14.48b 63.27£2.07¢ 15.53£8.69¢ 50+21c
WP1 149.75+3.01a 269.54+26.75a 93.29+4.35a 47.35+3.73a 196+ 13a
WP2 147.00+0.71a 255.64%£16.09a 79.28+4.61b 44.53+£9.06a 188+ 58a
B 144.00+1.41ab 211.124+9.12b 65.51£2.19¢ 32.23+6.19b 106+8b
WPI1B 147.75+3.01a 276.04£30.18a 87.18+0.78ab 44.67%5.15a 207+31a
WP2B 148.50+5.30a 260.03+11.41a 88.821+4.29a 39.05t6.54ab 158+39a
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Table 5 Effect of addition patterns on soybean yield of field farmland

Hb b
AR
Aboveground fresh weight
Addition patterns

Ho b E

Aboveground dry weight

FPRLE FPRA

Grain weight Grain number

/ (gm?) / (gm?) / (gm?) /(m?)
CK 1514.04£130.23b 456.56£26.71b 181.02+12.31¢c 1070£93b
WP 2182.461+96.65a 645.93+28.12a 259.194+21.88a 1420+204a
BE 1680.08 £227.29b 488.27£25.79b 188.65+26.21c 11574+156b
WPB 2095.361+92.85a 614.34+73.26a 228.561+36.76b 13174202ab
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