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Effects and Evaluation of Biochar on Physical - Chemical
Properties of Coastal Saline Soil and Alfalfa Growth

ZHANG Jinhong'* WU Bo'?  WANG Guoliang'”  JIA Chunlin'”
(1. Shandong Institute of Agricultural Sustainable Development, Ji'nan 250100, China
2. Key Laboratory of East China Urban Agriculture, Ministry of Agriculture and Rural Affairs, Ji'nan 250100, China)

Abstract ; In order to find out the effects of biochar on salt-affected soil physical — chemical properties and
alfalfa growth in the Yellow River Delta, a pot experiment was conducted. Soil nutrients, soil structure,
soil salinity, alfalfa yield and quality were analyzed under different biochar application levels (0, 0.5% ,
1% , 2% , 5% and 10% ). Based on grey correlation method, the biochar application effect was evaluated.
The results showed that after biochar additions, soil organic matter and total nitrogen content were increased
by 16.27% ~ 246.65% and 6.38% ~ 58.51% , respectively, but the changes of total phosphorus,
available phosphorus and total potassium contents were relatively small. Meanwhile, soil bulk density was
decreased significantly, while aggregates more than 0. 25 mm and soil aggregates stability enhanced under
lower biochar rate. Compared with CK, biochar addition treatment reduced soil water-soluble salt contents
by 38.90% ~46.17% , and the contents of Mg**, Cl~, and SO, had significant reductions. The alfalfa
yield was increased by 8. 19% ~43.00% , however, there was no significant difference in quality. With the
increase of biochar application, soil fertility appeared a increasing trend, while aggregate stability showed
an opposite character. Soil salt content and alfalfa yield were decreased first and then increased. Overall,
biochar application improved the salt-affected soil physical — chemical properties and alfalfa growth. And
0.5% biochar addition rate had the best application effect.
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452 S/ em , AHUTE iE(Fit bk, FIR]) 4 18.72 g/kg,
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2.1 TEFHEE

5 CK AL, A=Wy peifi 1 5 4% pH (H4& = T
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FH R, T 25 14 R B R, B1O A 385 ML 4
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Tab.1 Soil nutrient contents in different biochar rate treatments
AL R BAR MER , A HAH
A ks emEewy T PN =5 7B s
b3 pH fH o o/ ek R/ R/ o/ (kg1 it/ (eoke) R/
o 8°Xg 8°Xg 8'Xg

(gkg™") (mg-kg™") (mg-kg™') (mg-kg™") (mg-kg™") (mg-kg™")

K (7.43+  (9.41+ (16.10+ (0.94% (19.03= (1.26+ (7.75+ (0.61+ (19.01= (19.62+ (277.33+
0.02)'  0.08)" 0.12)" 0.01)° 2.9H)™  0.33)*  0.14)*  0.003)" 2.39)" 0.21)* 13.68)"

B0.S (7.52+  (8.91+ (18.72+ (1.00% (27.74= (1.00+ (6.19+ (0.62+ (17.85% (19.67+ (263.33+
' 0.03)°  0.80)*  0.60)° 0.02)' 535" 0.10)* 0.36)" 0.003)" 0.32)" 0.34)* 10.37)"

" (7.53+  (9.83+ (20.77+ (1.04% (25.42+ (1.04+ (6.08+ (0.62+ (19.07= (19.37= (290.33+
0.01)° 1.12)® 0.30)* o.on)  2.37)®  0.06)* 0.27)"  0.005)" 0.31)" 0.41)*  3.84)«

- (771 (9.0 (2404 (1.07x (21.09= (0.98+ (5.29+ (0.60+ (18.87= (19.66= (318.00=+
0.06)*  0.70)*  0.45)°  0.01)° 0.99)™ 0.01)" 0.04)° 0.009)" 0.74)" 0.02)" 12.17)°

B (7.64+  (8.91+ (3597+ (1.23x (21.74= (0.94x (467+ (0.62+ (20.01= (19.15% (398.64+
0.03)® 0.95)* 0.39)"  0.02)" 4.58)™ 0.05)® 0.14)° 0.003)" 0.45)" 0.35)* 17.61)"

810 (7.59+  (9.76+ (55.81+ (1.49x (14.49= (0.84x (4.61+ (0.67+ (23.85z (19.95= (688.00=+
0.03) 0.67)* 0.81)* 0.02)* 2.33)¢ 0.02)" 0.25)° 0.012)* 0.33)* 0.70)* 12.00)"

T 7] — AR ) /NG R FRR S [RIAh B ) 22 53 {2 (P <0. 05 ) , I,
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Tab.2 Soil nutrient grade in different biochar

rate treatments

bS] HHL Eoe AR AR AU
CK 49 4 9% 6 % 3R 1
BO. 5 4 %% 44 6 %% 3% 14
Bl 39 3% 6 % 3% 14
B2 34 3% 6 % 3% 14
B5 29 3% 6 % 2 4 1%
B10 1 3% 6 % 2 4 1%
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Soil bulk density in different biochar rate treatments
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Tab.3 Soil water-stable aggregate contents in different biochar rate treatments %
Gl 3N e %
@Iﬂ ) mm
>2 1~2 0.5~1.0 0.25 ~0.50 0.053 ~0.25 0 ~0.053
CK (17.23 £3.79)" (5.61 £0.62)" (8.35+0.97)" (10.70 £1.36)° (20.41 £0.82)* (37.70 £2.99) ¢
BO. 5 (29.48 +3.92)* (11.59 £2.25)* (16.43 £2.15)*  (14.80 £1.16)™  (12.09 +2.09)° (15.60 £2.13)°
B1 (18.96 £2.19)" (7.77 £1.31)® (14.86 £4.02)  (19.57 £1.16)™  (14.77 £1.24)"* (24.07 £1.03)"
B2 (21.42 +3.09)* (6.21 £1.38)" (12.83+1.87)* (21.09 +1.85)*° (15.01 +£0.44)" (23.44 +1.66)"
B5 (14.51 £0.92)" (9.19 £2.34) (13.73 £1.21)®  (19.89 £3.54)®  (16.35+1.05)*>  (26.33 £2.27)"
BI0O (14.02 £3.18)" (7.40 +0.70)" (10.21 £0.87)®  (11.69+1.03)¢  (18.56 +1.36)%  (38.12+2.73)"
24r 1.0 1.0p
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Fig.2  Soil aggregate stability in different biochar rate treatments
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Fig.3  Soil salt ions contents in different biochar rate treatments

2.3.2 LEHSETIVE
A 7% (BO.5) 4b BRAL CK AR T Ca®*/
K*.Ca’*/Na® Ca’* /Mg’ " HH, #2755 T Mg** /K™ |
Mg’*/Na* Na'/K"' lW{H, &5 CK ML, IR &4
Yy Ab N BH S T RAERE R /B R Ca® " (K™,
Na® Mg** ($£4), 4% B10 4b, BhnA 9% 4, +
e Ca®*/K* . Ca’*/Na®, Ca’"/Mg>* Hb {H 3/,

Mg?* /K* Mg>*/Na* Na*/K* F{H I 52 B AR i 34k,
A AL il e e 3, AN [ B B 1Y) SRR I R K E
/NHyCa®t K Na* Mg*

5 CK ML, & A B C1-/(HCO; +
C027) S0 /(HCO; +CO3™) HLEFEAR, 20t H
AW JG HCO; +CO3 ™ 1 3 i) SERE BE S
B4 % i, €17/ (HCO; +CO27) \.Cl™/S0; ™ il

x4 AREYMRKASLHLENTEESEFREL

Tab.4 Ratios of soil salt ions in different biochar rate treatments

Ca’*/K* Ca’*/Na* Ca®*/Mg** Mg**/K* Mg?*/Na* Na*/K*

Cl=/(HCO; +CO%7) Cl~/S03~ SO}~ /(HCO; +CO037)

e A et Eais) oA A LEAE LUfE AR U fE
CK 2.16 0.36 0.24 9.15 1.54 5.96 3.50 1.29 2.71
BO. 5 1.44 0.24 0.15 9. 64 1. 60 6. 03 1.51 1.10 1.38
Bl 1.77 0.34 0.32 5.52 1. 05 5.25 2.50 1.58 1.58
B2 2.35 0. 44 0. 68 3.45 0. 65 5.32 1. 66 1.72 0.97
B5 2.99 0. 84 1.20 2.50 0.70 3.55 1.38 0.92 1.51
B10 0. 89 0.49 0.54 1. 66 0.92 1.81 1.28 0.70 1.83
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2.4 ETEBEEKSM

2.4.1 =8 BRE ZEME PRI SRR
VIR B - R S T 8.19% ~

43.00% ; ¥4 fin it e &, B AE 7w 2 TR R

B2 bR P mih B A, M 4.19 o/ 7 (R 5).

BO. 5 AbFHE FE B 48 CK FH IR T 27.76% , H:

£S5 AREYMRKAELEHNEEK

Al AbFE 2% A /N, A5 AL B E 250 e L A
GERSEH T ENEES
2.4.2  ShFiEERR

AN [F) A= W ¢ e Ak 3L s LR 1 R MR R U
LYk ok e A Y AR 19.05% ~
19.74% 23.15% ~25.03% .29.73% ~31.89% 2.
], 2258 /NFK6) . S EYHIT , HENTY
R T BIH AL AR A SRR A 1
TR EER

BJTE EMLL FHEMHERSE

Tab.5 Plant height, yield, stem-leaf ratio, dry-fresh ratio and chlorophyll content of alfalfa in different

biochar rate treatments

4bF P/ (g dh ) RS/ em ENa Tttt M4 A it/ (mgeg ™)
CK (2.93+0.22)° (21.72£1.12)° (0.82 %0.00)* (0.25 £0.010)* (2.36 £0.12)°
BO. 5 (3.58 £0.09) (27.75 +0.69)* (0.73 £0.05)* (0.26 +0.016)° (3.00 +£0.03)°
Bl (4.03 £0.33)° (23.36 +0.45)" (0.70 £0.01)* (0.27 £0.031)° (2.49 +£0.24)°
B2 (4.19 £0.09)* (25.24 £1.04) (0.76 £0.05)*° (0.26 +0.003)* (2.46 +0.24)°
B5 (3.85 +0.14) (26.54 £1.08)® (0.78 £0.08)" (0.25 £0.004) " (2.58£0.59)"
B10 (3.17:0.15)"" (24.59 +1.38) ¢ (0.79 £0.05)* (0.28 £0.001)* (2.29£0.06)*
F6 AEEMRASLHENETS MR
Tab. 6 Alfalfa quality in different biochar rate treatments
i CP/% ADF/% NDF/% DDM/ % DMI/% RFV/% NE/(MJ-kg™")
CK (19.42 £0.84)" (23.66+0.41)" (31.50 £0.66)* (70.47 £0.32)* (3.81+0.08)" (208.28 £4.06)* (1.59 £0.01)"
BO. 5 (19.19 £0.56)* (23.15+0.28)* (30.34+0.37)* (70.86 £0.22)" (3.96+0.05)* (217.34£3.20)* (1.61 +£0.01)*
B1 (19.74 £0.28)* (23.25+2.73)* (29.73 £1.43)* (70.79 £2.13)* (4.06+0.20)* (222.31 £10.64)* (1.60+0.07)*
B2 (19.56 £0.27)* (23.32£0.51)" (30.07 £1.29)* (70.74 £0.40)* (4.01 +0.17)* (219.77 £10.79)* (1.60 +0.01)*
B5 (19.17 £0.80)" (25.03 £0.26)" (31.89£0.74)* (69.40 £0.21)* (3.77 +0.09)" (202.65 £4.63)* (1.56 £0.01)"
B10 (19.05£0.95)* (24.01 £0.61)* (30.81 £0.85)* (70.20£0.48)" (3.90+0.11)* (212.37£7.30)" (1.58+0.02)"
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