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Effects of Biochar on Soil Properties and Alfalfa Growth and Nutrient Uptake in Desertified Land in Beijing
Suburb

ZHENG Rui-lun', WANG Ning—ning', SUN Guo—xin? XIE Zu-bin®, PANG Zhuo', WANG Qing-hai', WU Ju—ying"

(1.Beijing Research & Development Center for Grasses and Environment, Beijing Academy of Agriculture and Forestry Sciences, Beijing
100097, China; 2.Research Center for Eco—Environment Sciences, Chinese Academy of Sciences, Beijing 100085, China; 3.Institute of Soil
Science, Chinese Academy of Sciences, Nanjing 210008, China )

Abstract : Biochar has potential to improve soil properties and enhance plant growth. A field experiment was conducted to investigate the ef—
fects of biochar additions(14 t-hm™) on soil properties and alfalfa growth and nutrient uptake in desertified land in Beijing suburb. Four
treatments were designed, including bare land (BL), bare land amended with biochar (BLB ), alfalfa without(A) and with biochar addition
(AB). Results showed that biochar additions significantly decreased soil bulk density by 11.5%~11.6%, but increased soil pH by 0.1~0.2
units, field capacity by 9.1%~10.3%, and soil total porosity by 7.6%~11.3%. Soil water content was 13.9% higher in BLB treatment than in
BL treatment ( P<0.05 ). Compared to no hiochar treatment, biochar additions also increased contents of total nitrogen (TN ), organic carbon
(0C), available nitrogen, available phosphorus, available potassium, and available zinc by 10.3%~25.8%, 52.8%~71.7%, 12.7%~23.5%,
141.7%~233.3%, 47.7%~81.1%, and 94.2%~95.2%, respectively, while decreased available iron by up to 29.1%. Cation exchange capac—
ity(CEC), and available calcium, magnesium, manganese and boron concentrations were not significantly affected by hiochar amendment.

Alfalfa did not show significant impacts on soil pH, soil bulk density, total porosity, field capacity, CEC and available nitrogen, calcium,
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magnesium, zinc, and boron, but decreased soil water content, TN concentration, available phosphorus and potassium, while increased avail—

able iron and manganese. Biochar addition enhanced dry biomass, water content, nitrogen, phosphorus, potassium, calcium, magnesium,
iron, zinc, manganese, and boron contents of alfalfa shoot by 91.1%, 3.6%, 110.0%, 130.9%, 200.4%, 82.6%, 44.8%, 89.5%, 102.7%,

99.5% and 104.7%, respectively. These results suggest that a combination of biochar amendment and alfalfa planting could improve soil

physicochemical properties, enhance phytoavailability of soil nutrients, and restore vegetation for desertified land in Beijing suburb.

Keywords: biochar; alfalfa; desertified land; bulk density; field capacity; organic carbon; nitrogen; phytoavailability
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Table 1 Some physical and chemical properties of tested soil and biochar

WH ou TOC/ TN/ CEC/ WA AU SR, AR/ BARUEE/ DTPA-Fe/  DTPA-Zn/  DTPA-Mn/  H,0-B/
; P mgeg?  mgrg’ emol-kg! mg-kg!  mgekg? mg-kg mg-g” mg-g” mg- kg™ mg-kg™! mg- kg™ mg kg™
+4E 83 6.1 0.65 15.8 39.7 4.0 120 15.1 0.37 5.7 0.34 7.9 0.30

MR 9.5 648 20.9 254 290 605 26 112 4.4 0.74 2.6 9.4 29.7 4.0
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Table 2 Effects of biochar addition and alfalfa planting on physical and chemical properties of soil

WiH pH  CEC/cmol-kg?  &H/g-em™  BILBE/% BEILEE/% HWEFKE/% FKE/% TN/mg-g" TOC/mg-g”
A e B 83 15.8 1.4 42.8 29.3 21.3 12.2 0.65 6.1
Bt 84 158 13 41.1 282 222 10.7 0.59 6.5
WINEY i 84 15.2 1.2 46.1 28.3 233 13.9 0.82 9.4
HiE 85 15.8 12 477 28.6 235 10.0 0.72 10.5
’I%ﬁ(3> & ns £ £ ns kok ns ek ek
T ETE (P) ns ns ns ns ns ns Aok * ns
BxP ns ns ns ns ns ns * ns ns

T o s DR A (B BURIAE 7 (P)7E P<0.05,P<0.01,P<0.001 KR 500 25 B AR 3, ns R M B HAR A

*o Tl

Note:*,** and *** indicate significant effects of biochar(B) and/or alfalfa planting(P) treatments at levels of P<0.05, P<0.01, and P<0.001, respective—

ly; ns indicates no significant effect(£>0.05 ). The same below.
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Table 3 Effects of biochar addition and alfalfa planting treatments on concentrations of available nutrients in soil

I H N/mg-kg™ P/mg kg™ K/mg-kg™ Ca/mg-g™ Mg/mg-g"  Fe/mg-kg'  Zn/mg-kg' Mn/mg-kg”  B/mg-kg™
AER s #it 39.7 4.0 120 15.1 0.37 5.7 0.34 7.9 0.30
=R 38.9 3.0 119 14.5 0.38 6.6 0.35 9.3 0.33
WmEY e it 44.7 13.3 217 13.6 0.36 4.0 0.66 8.5 0.33
s 49.0 9.7 177 13.8 0.33 5.5 0.66 11.8 0.39
ﬂ{%ﬁz(B) * sk EEE ns ns EES EEES ns ns
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12 120 ¢
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L 08F 7 & 80t b a
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iz 41
N b
 04f T 40 +
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HORIR NG PR R A B E) 22 57 8. (P<0.05) . T[]

Different lowercase letters indicate significant differences(P<0.05) between different treatments. The same below
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Figure 1 Effects of biochar addition on shoot biomass(dry weight )( A ) and water content(B) of alfalfa
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Figure 2 Effects of biochar addition on concentrations of nutrients in alfalfa shoot
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Figure 3 Effects of biochar addition on total amount of nutrients accumulated in alfalfa shoot
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