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Effects of long-term application of straw biochar
on soil nutrient and crop growth

YANG Li', WANG Jinsong”, DONG Erwei*, LIU Qiuxia’
(1. Organizational and Personnel Department, Shanxi Agricultural University, Taiyuan, Shanxi 030031, China;

2. College of Resources and Environment, Shanxi Agricultural University, Taiyuan, Shanxi 030031, China)

Abstract; Long-term field experiments were carried out from 2011 to 2020 with four treatments of without fer-
tilizer (CK), without fertilizer plus biochar only ( CK+B), nitrogen, phosphorus, and potassium fertilizer
(NPK) , and NPK fertilizer plus biochar (NPK+B). Maize and sorghum were rotated. This experiment was con-
ducted to study the influences of organic carbon continuous application with 5 years and 10 years on soil organic
matter, total N, available P and available K contant, as well as soil sucrase, urease, alkaline phosphatase, and
catalase enzyme activities in 0~20 cm soil layer, along with changes in biomass, nutrient accumulation and yield.
The result showed that; (1) Compared with CK, CK+B enhanced soil organic matter by 46.3% and 61.2% after
biochar applying 5 and 10 years, respectively; meanwhile they were increased by 67.8% and 77.7% induced by
NPK+B relative to NPK, respectively. 10—year biochar application resulted in a higher soil total N content when

fertilizer was withdrawn, whereas no difference was noticed under conditions of fertilization. Soil available K con-
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tents were enhanced significantly by 86.4% and 46.6% for CK+B and NPK+B, compared with CK and NPK, re-

spectively. (2) Biochar applying continuous for 10 years significantly increased the activities of sucrase by 11.4% ~

11.9% and alkaline phosphatase by 7.9% ~16.2%, but had no effect on soil urease, catalase, and available P.

(3) The positive effect of biochar on accumulative P and K uptake both at heading and maturity was observed, but

there was no effect on N accumulative uptake at the maturity after 10—year’ s application. Biochar did not enhance

grain yield irrespective fertilization treatment. Obviously, long-term application of straw biochar promoted soil organ-

ic matter and soil available K significantly whereas there were relative low influences on soil total N and available P.

Biochar application improved the uptake both P and K. Therefore, when biochar was applied, N should be supplied

to maintain crop growth, and decrease K dose.

Keywords: straw biochar; long term application; soil nutrient content; crop nutrient absorption; crop yield
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Fig.1 Effects of biochar on contents of soil organic matter, total N, available P, and available K
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Table 1  Effects of biochar on soil enzyme activities of sucrase, urease, alkaline phosphatase, and catalase

TR R JoR e A B T o A o AL SRR
b3 Sucrase activity Urease activity Alkaline phosphatase activity Catalase activity
Treatment /(mg-g'-d") /(mg gt d") /(mg-g!-dh) /(mL - g™")
2015 2020 2015 2020 2015 2020 2015 2020
CK 18.65+0.08b  25.05+0.16¢ 2.47+0.04a  2.64+0.11a 1.10£0.07a 1.17+0.02¢ 2.11+0.07a 1.87+0.01a
NPK 28.82x1.41ab 32.69+1.00b 2.56+0.10a  2.91+0.16a 1.18+0.01a 1.27+0.02b 1.90+0.14a 1.85+0.01ab

CK+B 27.88+0.83ab 27.91+0.46¢ 2.16+0.37a 2.97+0.07a 1.10+0.05a 1.36+0.02a 2.06+0.12a 1.87+0.01a
NPK+B 29.63+4.39a  36.57+1.28a 2.47+0.05a 2.82+0.11a 1.18+0.01a 1.37+0.00a 2.11+0.02a 1.82+0.00b
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Note: Different lowercase letters behind the data at same column represent significant differences among treatments at P<0.05. The same as below.
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Table 2  Correlation coefficient between soil nutrient content and enzyme activities and crop yield
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ﬁfﬁfﬂf‘:ﬁ 0.503 " 0.252ns 0.489* 0.148ns 0.585* " 0411** 0.400ns -0.309ns
Crop yield

T A SRR ARG R IEH R KT (P<0.01) AL KT (P<0.05) ,ns ZoRBEA KR,

Note: * * and * indicate significant correlation at P<0.01 and P<0.05 respectivley, ns indicates no correlation.
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Table 3  Effects of biochar on accumulative shoot N, P and K uptake at heading and maturity stage from 2011 to 2020
b3 A Heading stage R Maturity stage
Treatment N P K N P K
CK 591.9+0.7¢ 115.8+1.2d 1081.4+1.1d 964.8+11.0b 197.5+0.5d 964.4+15.2d
NPK 1529.5+5.1b 202.2+2.9h 1717.8+1.3b 2014.9+17.0a 302.6+1.2b 1553.1+8.9b
CK+B 610.1+5.1¢ 143.4+1.2¢ 1287.1+2.6¢ 954.3+8.0b 224.7+0.5¢ 1067.9+2.7¢
NPK+B 1598.2+11.2a 221.6+3.4a 2094.9+1.8a 2036.0+29.2a 331.3+11.0a 1642.7+11.0a
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Fig.4 Relationship between shoot nutrient accumulation and grain yield at different growth stages of crops
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