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CK 0.5% CBC 1% CBC 2% CBC 0.5% S-CBC 1% S-CBC 2% S-CBC
Bl AELEMNEHERBZN
Fig.1 The effect of different treatments on the overall growth of wheat seedlings
x1 FARLETNEHERELSEE
Table 1 The root morphology of wheat seedling under different treatments
I SR SR/ em M3 B A% /mm BRI/ mm? AT/ mm®
Treatments Total roots number Total length Average diameter Total surface area Total volume
CK 300.50£1.50e 39.40£0.95¢ 0.094-0.02a 186.604-3.58d 8.1040.12¢
0.5% CBC 431.0045.50d 53.7041.40bc 0.10£0.01a 221.10+2.43c 10.9040.13¢
1% CBC 436.5049.00d 54.30%=4.51bc 0.11£0.02a 226.80+6.45¢ 11.6040.02¢
2% CBC 652.00£7.00b 65.50+0.29ab 0.1140.02a 317.10+4.44b 15.9040.67b
0.5% S-CBC 695.00+5.00a 75.90+4.68a 0.134+0.03a 369.00+6.24a 23.80+1.42a
1% S-CBC 472.0043.00c 72.20%3.00a 0.114-0.01a 317.40+1.88b 18.404+0.23b
2% S-CBC 421.5043.50d 49.9041.72bc 0.114-0.01a 251.30+£1.17¢ 16.104+0.43b

1 Note : A [F/NG FHEFOR Al — 8 bR AR R AL L Al f77E 22 5 (P<0.05) . FAl, Different letters indicate significant difference among treat-

ments in the same item at 0.05 level. The same as below.
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Fig.2 The root vitality of wheat seedlings
under different treatments
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Table 2 Wheat growth at ripen stage under different

treatments
= o
G e
Treatments Wheat height weight weight
CK 59.75+1.25b 1.73%+0.03¢ 4.5940.70d
0.5% CBC 70.25+1.25a 2.23740.04b 5.12+0.12bc
1% CBC 70.75+1.24a 2.284+0.03ab 5.41+0.03ab
2% CBC 67.004-1.68a 2.44+0.04ab 5.38+0.01abc
0.5% S-CBC  68.50+1.04a 2.65+0.03a 5.5940.09a
1% S-CBC 66.75+1.75a 2.60+0.40a 5.554-0.06a
2% S-CBC 72.75+1.37a 2.41+0.05ab 5.0740.05¢
2.2 FRmEWRI L5 pH R IR RER R

I 3A W, 5 CKAH [, 138 pH Bl A= W o it
ARG ARG N, CBC AP R 438 pH #2755 0.13~
0.31 4547, 11 S-CBC AbHE T 38 pH 3 fin T 0.84~
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Fig.3 Soil pH (A) ,exchangeable acid (B),exchangeable H*(C),exchangeable AI’*(D) under different treatments
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Fig.4 The content of exchangeable ions Ca*(A),Mg*(B),K*'(C),Na*(D) and cation
exchange capacity (E) in soil under different treatments
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Table 3 Soil organic matter and available nutrients under different treatments

4k 2 A/ (mg/kg) HAE/(mg/kg) Tlfift 2/ (mg/kg) AHHL/ (g/kg)
Treatments Avail P Avail K Alk hydrolyzable N OM
CK 26.5440.62¢ 0.06=0.00f 97.8641.44c 23.5140.23f
0.5% CBC 31.032£0.55d 0.1340.01ef 100.05£1.27be 28.840.52de
1% CBC 33.4320.72cd 0.20%0.01e 104.71£1.92abce 34.64+0.58bc
2% CBC 36.2540.68bc 0.44+0.02d 108.081.87a 39.47+2.06a
0.5% S-CBC 33.56£0.92cd 0.84+0.02c 99.1341.09bc 26.46£1.01ef
1% S-CBC 37.44+0.95b 1.79220.04b 101.82+1.44abc 31.590.56cd
2% S-CBC 42.89+0.87a 3.56+0.02a 105.71£1.76ab 37.26£0.42ab
x4 ARLETHEREHEHRSE

Table 4 The changes of soil active aluminum forms under different treatments

mg/kg

KbBE Treatments

PR Ex-Al

FIEA Hy-Al

RS Col-Al

JBFEFRER Al-HA

SR ZAL

CK 81.48+3.85a 95.82+3.52¢ 847.29+3.85b 1262.4+13.19a 2287.0415.35a
0.5% CBC 50.50+1.62b 92.57+£3.92¢ 839.63+13.39b 1245.74+15.55ab 2 229.4420.28ab
1% CBC 32.15+0.77¢ 101.25+44.34bc 847.74+15.62b 1230.3+17.43abc 2211.5429.55ab
2% CBC 10.7114+1.82d 116.034-3.84ab 858.69+12.77b 1222.2-+3.08abc 2207.6418.40ab
0.5% S-CBC 3.78+1.60de 98.29+3.06bc 888.19410.91ab 1201.0£15.81bc 2191.2+7.19b
1% S-CBC ND 109.594-4.55bc¢ 892.65+5.94ab 1185.3£8.05¢ 2187.544.39b
2% S-CBC ND 130.5944.05a 932.83+19.26a 1097.6+8.93d 2161.04+27.30b
1 :ND F£/R KK H . Note: ND:Not detected.
®5 AEAETHLEERSETL
Table 5 The changes of soil silicon forms under different treatments mg/kg
Ab 3 AR HIEEDS LISTER IS TR
Treatments Avail OM bound Fe-Mn oxides bound Noncry
CK 40.20+4.73e 139.4048.75d 57.202.19% 5064.90+49.51b
0.5% CBC 43.10+3.12¢ 164.7045.53cd 63.502.63de 5106.40+81.73b
1% CBC 46.90+5.39de 176.80415.07cd 69.7042.98cd 5141.00+43.34b
2% CBC 65.20+1.48cd 189.004-4.30bc 74.60+=1.44cd 5240.60+29.56b
0.5% S-CBC 77.00£5.42¢ 197.1044.17bc 78.40%=1.49bc 5171.20%62.20b
1% S-CBC 158.204-2.34b 228.60+£5.98b 87.80+2.73b 5309.10£97.92ab
2% S-CBC 291.50+6.51a 372.30+12.18a 135.5043.82a 5561.80+39.16a

Yo BN T /N MRS FR AL AR i, 2L 20

S-CBC Ab 3 30O B b 3, FLAR 3R 25 FIOFF L 43531
BCKHEIN T 66.29% .41.63% F151.50%

P L6 1] UL, /N2 R AR 1) 0 0 A ZEAR , L
it S-CBC X /)N 22 MR8 80 I s 1 0 o) 5 SR AR T
CBC, P4 2% S-CBC Ab B A RUR Fe |, 388 CK Ab PR %
K7 3.12 g/kgo /INZZZEMFURPRL G AR 5 40 A S5 AR

T 5 /(g/kg) Silicon content

FRARAL, XL 206 S-CBC Ak 7 A4 i B4R B W X2, o

S CK AL BRIEAR T 51.72% #157.89% .
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Fig.5 Silicon content in different parts
of wheat under different treatments
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Fig. 6 Aluminum content in different parts
of wheat under different treatments
2R (£ 6) . X T Chaol #5441 Shannon $5 %%,
120 S-CBC 4k B i 15 1 -F B B A0 22 4 4 d i (P<<
0.05) , 4% CK #&  T 33.60%% F111.08% , HAx %%
Ab PR TE] U TG 3 25 5 . X T Simpson $5%K, 226 CBC
AEFRAN1YG S-CBC AR % i T 226 S-CBC 4b B
(P<<0.05), HA& CKAM BB AN T 0.3% #10.5% , Hidx
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Table 6 The soil bacterial community diversity indexes

under different treatments

piseil Chao 1484 AL Simpson #5 4t
Treatments Chao 1 index Shannon index  Simpson index
CK 15154-18ab 7.76+0.005b  0.9864-0.000ab
0.5% CBC 1624+125ab 7.95+0.063b  0.9874-0.000ab
1% CBC 1488+77b 8.01+£0.130b  0.9884-0.001ab
2% CBC 1558+126ab 8.07£0.033ab  0.989+0.000a
0.5% S-CBC 1793433ab 8.12+£0.059ab  0.9884-0.000ab
1% S-CBC 2024+130a 8.62£0.091a 0.991+0.001a
2% S-CBC 1 871469ab 8.12+£0.248ab  0.981+0.004b
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Effects of potassium silicate-modified biochar on speciation of
aluminum and silicon in soil , growth and yield of wheat

LONG Qiaoling,ZHU Jun, TAN Wenfeng, LIN Shan, FU Qingling, HU Hongqing

College of Resource and Environment ,Huazhong Agricultural University, Wuhan 430070, China

Abstract Acidic soil was used to study the effects of potassium silicate-modified biochar on the spe-
ciation of aluminum (Al) in soil and the growth of crops.7 treatments including CK (no biochar) , 0.5%
raw biochar (0.5% unmodified biochar, 0.5% CBC), 1% raw biochar (1% CBC) , 2% raw biochar (2%
CBC), 0.5% potassium silicate-modified biochar (0.5% S-CBC), 1% potassium silicate modified biochar
(1% S-CBC) ,and 2% potassium silicate modified biochar (2% S-CBC) were set up for pot experiments
to plant wheat and measure soil properties, with 4 replicates per treatment. The results showed that the ef-
fect of S-CBC on promoting the growth of wheat was higher than that of raw biochar. The root vitality of
wheat seedlings treated with 0.5% S-CBC significantly increased by 103.0%. The single-spike weight of
wheat treated with 0.5% S-CBC significantly increased by 8.61% compared to that with 2% CBC.S-CBC
treatment significantly reduced the content of aluminum in wheat plants and increased the absorption of sili-
con by roots of wheat. The addition of biochar significantly decreased the content of exchangeable acids in
s0il.0.5% S-CBC treatment decreased the content of exchangeable acid by 29.17% and promoted the con-
version of active aluminum to inactive state compared to 2% CBC treatment, indicating that the effect of S-
CBC is significantly stronger than that of CBC. Biochar increased exchangeable base cations in soil, and
0.5% S-CBC treatment increased exchangeable K™ by 87.96% compared to 2% CBC treatment.Biochar in-
creased microbial activity in soil and changed the composition of bacterial community , with soil pH and ex-
changeable AI’" (Ex-Al’") identified as key factors affecting the richness of microbial community.Overall,
the addition of S-CBC improved soil fertility , alleviated soil acidity, increased microbial activity in soil , and
thus promoted the growth of wheat. The best effect was achieved with the addition of 0.5% S-CBC to the
soil tested.

Keywords potassium silicate-modified biochar; acidic soil; aluminum speciation ; microbial commu-

nity ; wheat; root; growth
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