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T ARG+ (00 7R [ (MS+FP) AN F KR AT+ A B+ (0 2R 1 (MS+THFP)3E 8 NI, FFRZE NI FRIRE , HITR WA By
R BSOS BRI R ARG A 5 DL . 25500 5 CK ARBAH L, BT /b BRE 7R 90 d 1 180 d ) 4K A
Rk S H R AR E B, Hrh MS 4b3ER SR 180 d B R HIZRMAR & R 3% 90 d WA FIREIL, B2 # L+ MS+TH 4t
B REIRE 180 d I, AREAFERINAYAAE L EA WU & B CK ALFHE ERE 7.47% ~ 10.97%, TH+FP A TS FFRINA AL H (5
MS+TH+FP &M B A HURR & e CK AbTHLE B4R 25 4.65% ~ 11.83%., FHOCMHT iR, BB MR M 5 Ma DLk B A 5
AR . KIBIRAA RN B PR &8 0 ST R D ARG, S A R R Fh R WA A DL & B i stk R B 1
o TR AR, A LT R KA ENA B, K352 180 d i, FP AN MS+TH Ab3 i H R A et B 2
flAb T, B CK ABMHHRTE 16.55% F1 15.25%, ol s+ AR a5 M i % .
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Effects and Mechanisms of Biomass Materials on Water-stable Aggregates of Heavy Clay Soil
YANG Chihao'?, WANG Xiuping®, YAO Rongjiang', LIU Guangming'"

(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China; 2 University of Chinese Academy of Sciences,
Beijing 100049; 3 Institutes of Coastal Agriculture, Hebei Academy of Agriculture and Forestry Sciences, Tangshan, Hebei
063299, China)

Abstract: To investigate effects of biomass materials on soil water-stable aggregates and screen optimal methods to improve the
structure of heavy clay soil, in this study, heavy clay farmland in Jinhu County was used as the research object, eight treatments
were set up: non-applied materials (CK), maize straw (MS), Trichoderma harzianum (TH), enzymatic hydrolysis fish protein (FP),
Trichoderma harzianum + enzymatic hydrolysis fish protein (TH+FP), maize straw + Trichoderma harzianum (MS+TH), maize
straw + enzymatic hydrolysis fish protein (MS+FP) and maize straw + Trichoderma harzianum + enzymatic hydrolysis fish
protein (MS+TH+FP), then an indoor culture experiment was carried out to explore effects of different biomass material
combinations on the composition of soil water-stable aggregates and their potential mechanisms. Compared to CK,
macroaggregate contents and aggregate stabilities significantly increased at both 90 d and 180 d under all other treatments.
Macroaggregate content of MS decreased at 180 d compared to 90 d, and was significantly lower than that under MS+TH. After
180 d of cultivation, total organic carbon content of all treatments with straw addition was significantly higher by 7.47% to
10.97% compared to CK. Moreover, organic carbon contents of macroaggregates under TH+FP and all treatments with straw
addition(except for MS+TH+FP) were significantly higher by 4.65% to 11.83% compared to CK. Correlation analysis indicated
that aggregate stability showed a significant positive correlation with the contents of total organic carbon and organic carbon in
different levels of aggregates, contributions of organic carbon in macroaggregates to total organic carbon content, and a

significant negative correlation with the contribution of organic carbon in microaggregates and clay and silt to total organic
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carbon content. Redundancy analysis indicated that organic carbon had a significant impact on the size distribution and stability

of aggregates. After 180 d of cultivation, FP and MS+TH exhibited significantly higher aggregate stability compared to other

treatments, showing increases of 16.55% and 15.25% respectively, compared to CK. These treatments are therefore preferred

options for improving the aggregate structure of heavy clay soil.

Key words: Heavy clay soil; Biomass materials; Water-stable aggregates; Organic carbon of aggregates
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Fig.1 Changes of macroaggregates (A), microaggregates (B), clay and silt (C) contents, and MWD (D) under application of biomass materials
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2.2 TESBYEKEREE RIS INEE Y R
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BIMA= Dy kG, AN A 2 - 38 S AR 7 i
EREEGEE 1, P<0.05), BiFRE 45d0f, MS+TH,
MS+TH+FP b3 %) S HLAR & w4 CK A3 7351 i
EARED 7.63% F 7.32%; HiFRZ 90 d Al 180 d B,
FEFFR TG A FE(MS . MS+TH. MS+FP il MS+
TH+FP) (1 S A HLAK & S48 CK AL 8 5 4 =
9.68% ~ 14.76% Fl 7.47% ~ 10.97%, TifERA RS

JEIN, CRSFFENTA AL B(TH, FP, TH+FP)/Y
S LIRS CK AR TE W E A8k, tk, A8
FEFFASINSZ A T 45 b B A HLAR I AR 1L

AN Ak 3 4 3 25 A% AT SR AR LA 7 i 25 S b
¥ (32, P<0.05), RiFZE 45 d B, MS+TH 4bBEAY
KA B HLBR & B4 CK AL B 5 8.20%; F4
FFAS I T4 Zb 3 (MS \MS+TH .MS+FP 1 MS+TH+FP)
%) T G AT SRARA WL B B 348 CKAR P il 2 4 v
B2 & 90 d B5F, MS., MS+FP. MS+TH+FP b J# )k

1 BLBEBELFEREFNENIBENKRS 2 (@/ke)

Table I Contents of total organic carbon under different treatments at various cultivation times
b3 45d 90 d 180d

CK 9.83 + 0.46 becdaA 8.47+0.43 cB 8.57+0.13 dB
MS 10.47 £ 0.26 abA 9.29 £ 0.23 abB 9.29 £ 0.55 abcB

TH 9.79 £ 0.37 cdA 8.68 +0.16 cB 8.25+0.12dB
FP 9.51+0.39 dA 8.62+0.11¢cB 8.72 £ 0.20 bedB
TH+FP 9.66 £ 0.15 dA 8.86 +0.23 beB 8.66 +0.48 cdB
MS+TH 10.58 £ 0.52 aA 9.39+0.16 aB 9.33+0.28 abB
MS+FP 10.33 £ 0.40 abcA 9.71 £0.10 aAB 9.21 + 0.54 abcB

MS+TH+FP 10.55+£0.38 aA 9.72 £ 0.56 aAB 9.51+0.33 aB

T RAPRISIAR/NG FRE3R R — 5 3R )N AR A B A 22 578 P<0.05 KR, [RIFTARIRE P REROR IR — AL BE R AR 5

FRIHA] )22 S AE P<0.05 /K- 2%

F2 BAELEEFEEOHREBINKRS E(g/ke)

Table 2 Contents of organic carbon in different levels of aggregates under different treatments at various cultivation times

A1 5 4 Qb 45d 90d 180d
PNGIE T CK 1037022 b 10.05 + 0.05 ab 9.89£0.16 ¢
MS 11.05+£0.41 ab 10.30 £ 0.30 ab 10.44 £0.38b
TH 10.39+0.22b 10.09 £ 0.74 ab 9.80+0.14 ¢
FP 10.74 + 0.40 ab 9.92+0.03b 9.82+0.23 ¢
TH+FP 1047 +0.12b 10.13+£0.19 ab 10.38£0.06 b
MS+TH 11.22+0.67a 10.78 £ 0.65 a 1035+0.22b
MS+FP 10.84  0.06 ab 10.52 + 0.61 ab 11.06+0.21a
MS+TH+FP 11.01 £ 0.65 ab 10.73+0.25 a 10.05 + 0.42 be
TE-2N CK 11.48+0.63d 10.92 £0.45 ¢ 11.73 £ 0.55 ab
MS 12.67+029 a 11.68 + 0.05 ab 11.89 + 0.48 ab
TH 11.88 + 0.58 bed 11.06 + 0.72 be 11.75 £ 0.40 ab
FP 11.84 +0.05 cd 11.38 + 0.36 abc 12.13+ 037 a
TH+FP 12.03 £ 0.19 bed 11.34 £ 0.45 abc 11.23+£0.54b
MS+TH 12.15 + 0.26 abc 11.42 + 0.46 abc 1230+ 021 a
MS+FP 12.24 £ 0.10 abc 11.83+£0.36a 11.85 +0.03 ab
MS+TH+FP 12.46 £0.19 ab 11.85+0.14 a 12.04 £ 0.68 a
Bk kL CK 7.08=0.20 a 6.69 + 0.49 ab 6.45 £0.48 be
MS 7.69+022a 732+049a 7.13+0.37 ab
TH 7.24+0.50 a 6.97+0.03 a 720+0.10a
FP 7.12+042a 6.02+021b 6.44 +0.27 be
TH+FP 7.17+0.06 2 7.49+0.62 a 6.00+0.18 ¢
MS+TH 7.53+024a 6.97+0.53 a 7.48 +0.64 a
MS+FP 737+052a 7.49+0.62 a 739+059a
MS+TH+FP 7.61+0.49a 730+0.85a 735+032a

T R RIGIAF/NG F0:3RR Al — 55 3R i [ FURLZ T AN [R] 4b BRI (9 22 5278 P<0.05 /K- .35
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Fig. 2 SOC contributions in macroaggregates (A), microaggregates (B), clay and silt (C) to total SOC under biomass material
application conditions
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Fig. 3 Redundancy analyses (A) and pearson correlation coefficients (B) between distribution and stability of aggregates with various indicators
of organic carbon
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