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Effects of biochar on soil enzyme activities and millet yield

SHANG Jie, GENG Zeng-chao, CHEN Xin-xiang, ZHANG Wen, ZHAO Jun, WANG Sen, WANG Ya-ping
( College of Natural Resources and Environment , Northwest A&F University , Key Laboratory of Plant Nutrition and
Agri-environment in Northwest China , Ministry of Agriculture, Yangling , Shaanxi, 712100, China)

Abstract: In order to study the effects of biochar on soil enzyme activities and millet yield, setting five treatments
antaining different amounts of biochar, they were BO(0 t*hm~2), B15(15 t-hm~2), B30(30 t-hm~?), B45(45 t-
hm~2) and B60(60 t-hm~2), and a pot cultivation experiment was set up in sandy soil, loam soil and saline soil, re-
spectively. The results showed that soil enzyme activities reached the highest when the amounts of biochar were 45 t*
hm~2, 45 t*hm~ % and 30 t*hm~? in sand, loam and saline soil respectively. The maximal values of total enzyme activity
index in saline, sand and loam soil increased 16.59% , 7.29% , and 4.07% more respectively than the control BO.
This implied the effect of biochar on enzyme activity in saline soil was higher than that in sand, followed by that in loam
soil . Obvious effects in increasing millet yield could be achieved by application of biochar in the sand, whereas no signif-
icant effects could be observed in loam and saline soil. The use of biochar promoted the accumulation of millet biomass in
sand soil, and accumulation of millet biomass in the loam soil was higher than that of saline and sand soil. In conclu-
sion, the application of biochar in the soil could not only promote millet yield and increase soil enzyme activities, but also
improve biological properties of soil.

Keywords: biochar; invertase; catalase; urease; alkaline phosphatase; total enzyme activity index; millet yield
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Table 1 Physical and chemical properties of loam and sand soil in the pot experiment
e " ﬁg}w i %Tf ﬁig]()@; ﬁij}iﬁp JIURLZH I Mechanical analysis/ %
Soil type (H,0) 4 = . . [z b A HkL
gkg™)  Mgkg™)  /mgrkg™)  /(mgrkg™h) Sand Silt Clay
e+ Loam soil 7.77 9.58 0.76 49.95 1524.07 61.74 32.09 6.17
bt Sand soil 8.46 4.17 0.56 4.99 64.74 86.45 11.02 2.53

J:OM: HHLFT Organic matter; TN: 224 Total nitrogen; AP: 444X Available phosphorus; AK: #HAXHF Available potassium; CEC: FHEF28#
8 Cation exchange content; TK: 428 Total potassium; TP: 48 Total phosphorus. T [7i] The same below.
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Table 2 Basic chemical properties of saline soil in the pot experiment

AU e AL KR pH CEC K*
OM/(g-kg™") AP/(mg-kg™") AK/(mg-kg™") /(mg-kg™") (H,0) /(emol( + ) kg™") (cmol-kg™")
8.50 35.99 769.71 5.95 8.72 4.46 3.83

Na*/(cmol*kg™!)  Ca®*/(cmol-kg™!) Cl~/(cmol-kg™") 80,2~ /(emol kg™ 1) 1/2 CO:2~ + HCO; ™ /(emol *kg™!)

26.37 20.73 11.81 2.10 31.78 0.56

Mg * /(emolkg™")

®3 HEYRERUZFERMTREE

Table 3 Chemical properties and element contents of biochar in the pot experiment

pH CEC C H N 0 X B MRSy
(H,0) /(emol+kg™1) /% /% /% /% TK/ % TP/ % Ash content/ %
8.73 6.63 81.13 2.36 0.69 13.15 11.01 2.64 2.67
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Table 4  Effects of biochar on sand soil enzyme activities

FIEFHEPE Soil enzyme activities

Ak HEWHE UER fe iR it P A R
Treatment /(mg CgHpOgog™'+d™')  /(mL0.02 mol*L~'KMnO,-g™")  (mg NH;* —=N-g~'-d™!) /(mg phenol-g'-d"1)
Invertase Catalase Urease Alkaline phosphatase
BO 12.848 + 1.250b 1.614 £0.009a 0.395 +0.024a 0.613 £0.042b
B15 15.465 £ 0.479ab 1.582+0.015a 0.393 +£0.009a 0.640 + 0.024ab
B30 14.312 + 0.442b 1.585+0.116a 0.369 +0.012ab 0.643 £0.011ab
B45 17.332 + 1.362a 1.659 £ 0.028a 0.339 +0.009b 0.686 +0.017a
B60 17.642 + 0.944a 1.644 +£0.025a 0.362 +0.004ab 0.636 £0.013ab

T SR G ARG PR A A B R 25 5 23 (P < 0.05), T IR

Note: The different letters in peer data of same indicator indicate the significant difference at P < 0.05. The same as below.
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Table 5 Effects of biochar on loam soil enzyme activities

+ RV Soil enzyme activities

L OBl AL A W BB R
Treatment /(mg CgHpOg g™ '+d™")  /(mL0.02 mol*L~'"KMnO,*g™")  (mg NH,* —N-g~'+d~") /(mg phenol-g='-d"")
Invertase Catalase Urease Alkaline phosphatase
BO 18.504 + 1.899a 2.250 +0.000a 0.438 +0.015a 0.629+0.115h
BI5 15.203 £ 0.220a 2.238 +0.013ab 0.440 £ 0.006a 0.612+0.016b
B30 15.030 £ 2.479 2.218 £ 0.008hc 0.441 £0.025a 0.614 £0.007b
B45 19.627 £ 0.104a 2.213 £0.013he 0.456 + 0.005a 0.714 £0.005b
B60 16.975 £ 1.3%0a 2.205 + 0.005c 0.444 +0.012a 0.803 £0.028a
F 6 EYmxtih+EERMER RN
Table 6  Effects of biochar on saline soil enzyme activities
+IFERGIEE Soil enzyme activities
Ak TR NI i3 TR
Treatment /(mg CHpOgrg™'+d™")  /(mL0.02 mol-L™'KMnO;-g™')  (mg NH,* = N-g~'-d"") /(mg phenol-g~'+d~")
Invertase Catalase Urease Alkaline phosphatase
BO 17.114 £ 0.338¢ 2.105 £0.031a 0.290 £0.019¢ 0.973 £0.006b
BI5 21.584 +0.754ab 2.103 £0.012a 0.325 £ 0.025he 1.079 £0.043a
B30 24.248 +1.328a 2.105 £ 0.014a 0.368 + 0.025h 1.014 £ 0.047ab
B45 20.124 +0.971bc 2.062 £0.019a 0.377 +0.010ab 0.967 +0.009b
B60 20.741 +1.839h 2.055 £ 0.009a 0.430 + 0.004a 0.938 £0.013b
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Table 7 The total enzyme activity index of soils

F 1A Soil type

ALEE J 9 N

Treatment Wt et #+
Sand soil Toam soil Saline soil

BO 3.841 3.564 3.623
B15 4.027 3.357 4.040
B30 3.895 3.341 4.224
B45 4.121 3.719 3.984
B60 4.115 3.602 4.128
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Fig.2  Effects of biochar on yield of millet
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