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Effects of biochar on selected soil chemical properties and on wheat and

millet yield
CHEN Xinxiang' ,HE Xusheng' , GENG Zengchao'** ,ZHANG Wen', GAO Haiying'*>

1 College of Resources and Environment, Northwest Agriculture and Forestry University, Ministry of Agriculture Key Laboratory of Plant Nutrition and Agri-
environment in Northwest China, Yangling 712100, China
2 Marketing Department , Stanley Fertilizer Stock CO., LTD, Linshu 276700, China

Abstract; Because of its physical, chemical, and biological stability, biochar could have a significant role in increasing
soil C storage, improving soil fertility and crop yield, and maintaining the balance of the soil ecosystem. However,
experimental results are variable and dependent on the experimental set-up, soil properties, and fertilizer application rates.
We conducted a pot experiment to study the influence of biochar and mineral fertilizer application rates on soil quality. The
biochar used in this study was prepared by pyrolyzing pruned apple tree branches at 450 °C. Two soil types were used in the
study : loess soil and alluvial soil. These two soils are commonly cultivated in the Guanzhong district of Shaanxi Province.
The effect of biochar application on wheat and millet productivity ( both yield and above-ground biomass) was also observed.
Wheat was planted in the pots first. After wheat harvest, millet was sown. Biochar was applied at five rates before planting
each of the crops: BO (0 t/hm*) , B5S (5 t/hm*), B10 (10 t/hm’), B15 (15 t/hm’) and B20 (20 t/hm’). Mineral
fertilizers were applied basally at the rates of 225 kg N/hm*, 180 kg P,0,/hm*, and 150 kg K,O/hm*. Soil pH, cation
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exchange content (CEC) , organic C concentration, and available nutrient concentrations were determined in the laboratory.
Crop biomass and yield were also determined. Differences among the soil quality indices, among crop biomass, and among
crop yields were analyzed by analysis of variance and multiple comparisons.The results showed that compared to the control
treatment, biochar application increased the pH of the alluvial soil after millet harvest. The soil pH of the loess soil tended
to increase as the biochar application increased; however, the increases were not significant. Biochar application increased
the CEC of alluvial soil by 1.5% to 58.2%. The increases tended to be larger after wheat harvest than after millet harvest.
Organic C concentrations increased in both soils as the biochar application rate increased. The increases, which ranged from
31.1% to 272.2%, tended to be larger after millet harvest than after wheat harvest. The increases were also larger in the
alluvial soil than in the loess soil. Amendment with biochar increased mineral N concentrations in both soils by 6% to
112. 8%, available P concentrations in alluvial soil by 3.8% to 38.5% and available K concentrations in alluvial soil by
6. 1% to 47.2%. Biochar amendment increased N uptake by wheat and millet on loess soil ; however, the effect of biochar
on crop P and K uptake was inconsistent. Biochar amendment also had inconsistent effects on biomass production and yield
of both wheat and millet. The maximum biochar application rate (20 t/hm’) resulted in a slight decrease in wheat and
millet growth. In conclusion, biochar amendment improved soil chemical properties and increased available nutrient
concentrations to some extent; however, biochar amendment had negative or insignificant effects on crop yield. The effects
of biochar application were related to the fertility of the soil and to the crop type. Specifically, biochar had greater effect on
the low fertility soil than on the high fertility soil. The benefits of biochar on the low fertility soil increased as the biochar

application rate increased.
Key Words: biochar; loess soil; alluvial soil; soil chemical properties; wheat; millet; yield
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Table 1 Elementary chemical properties of soil in the pot experiment

T pH HHLR B PERN L A Wik 2H i Mechanical analysis/ %
Sail (H,0) OM TN AP AK

? /(g/kg) /(g/kg) /(mgkg)  /(mg/kg) VAL Sand ik Silt AL Clay
B+ Loess soil 7.77 9.58 0.76 49.95 1524.07 61.74 32.09 6.17
B L Alluvial soil 8.46 4.17 0.56 4.99 64.74 86.45 11.02 2.53

OM . A HL Organic matter; TN ; 2% Total nitrogen ; AP R Available phosphorus ; AK ;: A Available potassium

F2 HIKEMRERUFERNTESE

Table 2 Elementary chemical properties and element contents of biochar

. CEC o H N 0 S s HLUKSE Ash
P / (cemol/kg) /% /% /% /% TK/ % TP/ % Content /%
8.73 6.63 81.13 2.36 0.69 13.15 11.01 2.64 2.67

CEC: fHE T3¢t/ Cation exchange content; TP ; 4% Total phosphorus; TK ; 4= Total potassium

1.2 AR

Fifp 44 5 ANE T B A B3¢ 24 2 it F 43504 BO (0 t/hm®) \B5 (5 t/hm®) \B10 (10 t/hm®) B15
(15 t/hm*) F1 B20 (20 t/hm*) , % 5 WRER A MEE AR 5 ke, BRAED A ESN, 240 & B B
HE (o33 R R Wi — 85 BRRRET ) SVE AT , L B A1 225 kg N, 180 kg P, 0,150 kg K, 0,
TR T 80T 5 AR YR RO R SRR ) R e

LRI FAT R 31T 2010 4F 10 A 17 HE 2011 4E 5 F 20 HEbE/NE | 45 H 20 #k,2011 4E 6
H 15 HZE 2011 4 8 H 23 HFHEIEE T, S A0 A 25 ¥k, PIFPRE/NZZ BTt Oy E O il — B8 7, /N 22
WOk A= SR 40 A 0.10,20,30,40 v/hm?, 78 BE T O3k i A 9 e R 43510 0.15.30,45.,60
v/hm?, FEVEY A 1 3 R AR I XS AR AR EOR B IE K, DA AR IE H AR R R B s .
1.3 I FEhR B ik

YEY) G WORS FH S T RESY T AR 2250 8T T, 20 e AT S 8 TEIRAR T 90 CRE
30 min 65 CHLZHE SRR, THEHL FAA it o i, HLT R 000 DU 57 B 8R4

A A R R D % R K /RE R 25:1 A CEC 2RI ZBREN- K IEOE Y e R A AR
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T AT AR IR R RO e, o, 8 pH {ER K £ 1 2,501 R AR-FR L CEC R
- KB RE 1 s A DB R FH A IR - 2 4 TR B0 A A s 77 TS EUR FH 1 mol/ L KCL IR 4238 01 431 A3 2 NOS-N
I NHS-N J5sR =38 Z F0 5 %08 Olsen 35 5 AL 1 mol/L NH,OAc 12 #E- K IEEEE " |

FEYIRE S (REAR/Bh ) « FHIRBRIR - SUEUK I A&, B 2505 40 i 2 A e B BB T L ik K E e T
FMEAN 2P KB,
1.4 Bk

REEE R DPS v7.05 Goit k17 B K 2 5 22 734 (One-way ANOVA) , 2 LR /N 35 25 5+
R(LSD) , W E MK E M 0.05, H Excel 2007 7EIA
2 #RE5SH
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Table 3 Effects of biochar on soil chemical properties

. /NF Wheat BETF Millet
Soil pH CEC HHLER/ (g/kg) pH CEC AP/ (g/kg)
(H,0) /(cemol/kg)  Soil organic carbon (H,0) /(emol/kg) Soil organic carbon

Bt BO 8.64+0.18a 1.65+0.09d 3.17+0.29d 8.65+0.22b 2.61£0.05¢ 4.72+0.53d

Alluvial soil B5 8.650.11a 1.78+0.05d 4.59+0.43¢ 9.11+0.18a 2.65+0.05¢ 7.74+0.86¢
B10 8.670.06a 2.25+0.19¢ 5.64+0.32b 9.11+0.03a 2.71+0.03b 11.31£2.94b
B15 8.7120.13a 2.46+0.09h 8.04:£0.64a 9.15+0.03a 2.77+0.05b 12.79+0.79b
B20 8.7220.03a 2.61+0.08a 8.4020.73a 9.21+0.05a 2.85+0.04a 17.57+3.42a

A BO 8.04+0.40a 5.17+0.39a 4.97+0.13¢ 8.6820.05a 5.36+0.13a 6.63£0.37¢

Loess soil B5 8.1020.16a 5.22+0.07a 7.36+0.45b 8.7220.05a 5.36+0.39a 8.69=0.11b
B10 8.16+0.02a 5.26+0.52a 7.54+0.05h 8.70+0.17a 5.45+0.13a 10.02+0.06b
B15 8.1820.05a 5.54+0.05a 8.22+0.43ab 8.6720.04a 5.45+0.26a 13.02+0.67a
B20 8.4420.19a 5.59+0.33a 8.88+0.65a 8.68+0.08a 5.54+0.39a 14.80+1.38a

Zrf B0 B5 . B10.B15 1 B20 43 IR A Y% 24 40 05,1015 t/hm®H1 20 v/hm? , R RI/NG FEEERIR P<0.05 225 035 MK “ 27 )5

T A9 B e b e 22

2.1.2  HWpm H ISR AT R

U 4 FrR i A B, W SRR SRS R A B A W e P A o Sk R, et 2R
BERERE N L HEXT NOS FI NHy AMEES A ROt A 5E TR R IR 00, A R0l A 308 & 1 AU B AR O Y
AW b AW R R N 7R B R RSB A PR R T B 2 R . X R AR Y AT
PR B R B PR B DR R G BT R A (D ) TR AE ™ B AN K2, AT - 0 A A A 000
FeorptoR . i T BOR BRACYE A, BCE Yoo 3770 B W R IO FAS 25, RAARSSOBDRE 7 T — 20 T T

FENREE TS
F4 HEREYRTIEERFS N
Table 4 Effects of biochar on soil available nutrients content
INFE Wheat BEF Millet
/(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg)

Bt BO 10.24+0.95¢ 23.45+0.40d 72.82+10.55d 5.46+1.40b 15.43+2.12¢ 64.21+5.31¢
Alluvial soil B5 12.08+0.78h 24.34+0.82cd 82.20+6.99¢d 7.06+0.95a 17.60+3.34hbe 68.10+7.45bc

B10 12.42+1.52b 25.20+1.17be 85.32+6.54bc 7.86+0.60a 20.28+3.60ab 70.68+5.79abc

B15 12.95+1.17b 26.23+1.93ab 95.67+8.05b 7.92+0.78a 20.75+0.25ab 74.57+1.77ab

B20 16.21+1.57a 27.55+1.23a 107.20+6.42a 8.18+0.39a 21.37+0.32a 75.21+3.69a
b o BO 32.81+0.05bc 77.28+3.20a  1303.84+0.05a 6.37+0.35b 44.08+1.28a 720.98+11.55a
Loess soil B5 27.99+4.21¢ 84.74+11.58a 1313.70+0.05a 6.75+0.53b 45.60+2.63a 720.98+8.08a

B10 41.68+15.84hc 85.03+0.05a  1323.56+8.37a 7.84+2.22ab 48.31+0.40a 761.80+11.55a

B15 52.37+11.25ab 86.09+4.77a  1338.35+17.4a 8.11+£0.09ab 48.12+1.75a 778.13+£0.05a

B20 69.81+5.40a 86.43+6.06a  1372.86+9.76a 10.89+2.44a 48.50+2.56a 778.13+13.86a

2.2 AW B R RIS R S

221 WX EY M AR W A R R

W 1R EF AR AR AR A Y BRI S (BRI AE BS (B10 1 B15 ¢ BO R E N T
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Fig.1 Effects of biochar on dry weight of wheat and millet
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Fig.2 Effects of biochar on yield of wheat and millet
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Table 5 Effects of biochar on nutrient content of crop plant

e /NFE Wheat BET Millet
Soil 2% TN W TP 24 TK 2R TN AW TP 28 TK
/(g/kg) /(g/kg) /(g/kg) /(g/kg) /(g/kg) /(g/kg)
L BO 8.25+1.70a 1.59:0.24a 16.24:£0.54¢ 3.74x1.14¢ 1.330.61a 10.24£1.19¢
Alluvial soil B5 9.24x0.76a 1.86+0.37a 19.80+0.94b 4.940.20b 1.35+0.25a 10.200.90c
B10 7.89=1.19a 1.95£0.29a 20.18+1.21ab 4.46=0.80bc 1.25£0.25a 10.33£0.79¢
BI5 9.65+4.12a 1.80+0.13a 21.76+0.82a 4.48+0.72bc 1.57+0.37a 11.98:0.70b
B20 6.8320.32a 1.77£0.02a 21.73+2.06a 6.08:£0.64a 1.72£0.29a 14.61x1.47a
Hit BO 14.21%1.27a 2.84:0.02a 29.00+4.33a 3.69+0.18b 1.5520.05a 20.24+0.70a
Loess soil BS 13.58+1.13a 2.27£0.21a 32.75+2.50a 4.46x1.57ab 1.15£0.05¢ 19.51x1.85a
BI0  14.25:0.66a 3.08+0.76a 30.362.23a 4.47x0.05ab 1.430.04b 20.98+2.07a
BIS 15.76+1.44a 3.13£0.24a 30.49+1.06a 4.70=1.25ab 1.46:+0.05b 19.55+0.42a
B20  13.59:0.03a 2.75+0.27a 29.99+1.26a 6.70+0.33a 1.460.05b 19.07+0.66a

(2) MR AVEYIRPRL H 37 3 & B 2

Nz 6 FroR  JH A s *?*Eﬁé‘“iﬁ%ﬁﬂii%*fﬁ%i@ﬁ%%% TR AN A 2 3 R
Fo , FPRLIE O i AT AR /NS 2 B i o R B T I B 1 2 T S B vy, LA A B AT S s B
Ak BRI 22 S A W2

®6 MERAEYRIEMITHIRS S ENHM

Table 6 Effects of biochar on nutrient content of crop seeds

o /NFZ Wheat JBEF Millet
Soil 2R TN 4T TP 480 TK 2R TN 2 TP 44 TK
/(g/kg) /(g/kg) /(g/kg) /(g/kg) /(g/kg) /(g/kg)

B L BO 26.22+0.26¢ 3.68+0.21¢ 2.27+0.19a 13.23+1.43¢ 2.48+0.18ab 2.0120.53a

Alluvial soil B5 27.26+0.80b 4.12+1.10b 2.23+0.12a 14.34£0.42bc 2.10+0.04b 2.2420.54a
B10 26.37£0.43¢ 4.03+0.14b 2.24%0.12a 13.91£1.03¢ 2.11+0.13b 2.0720.35a
BI5 28.8920.11a 4.55+0.15a 2.32+0.12a 15.48+0.77ab 2.61£0.29ab 1.32£0.15a
B20 29.00£0.10a 4.39+0.15a 2.33+0.12a 16.37£1.10a 2.69+0.66a 2.0220.91a

A B0 21.02+0.05b 4.04+0.46a 2.28+0.01a 14.23+0.71a 3.69+0.28a 2.95+0.17¢

Loess soil B5 23.68+5.16ab 4.39+0.12a 2.29+0.02a 14.68+0.05a 3.3620.62a 2.8320.38¢
B10 28.39+0.43a 4.03+0.58a 2.39+0.19a 15.40+2.24a 3.61£0.05a 3.06+0.05bc
B15 28.16+0.79ab 4.04£0.05a 2.41£0.17a 14.89£0.05a 3.6920.73a 3.49+0.18ab
B20 - 4.22+0.05a 2.25+0.05a 16.72+0.22a 3.53+0.10a 3.60+0.01a

(3) AW RAHEY T3 53 IS Y 52 e

7 W i A A G 8 b ZRE ) R R W e 3t AR R A RN 2 IR AT e A T AR
T BE T A /N S WA R A A PR R] A S B TE W 2
3 itig
31 AEWRS B E R

AR it A ok pH (BB, i A T35 BR T 3G hop AR 1 BE 2 18 pH (H Ak, XHAAL S pH B 52
HAREE X ST FTA R A —, FE R T RE R R4S 39 pH (B, A IR K 4 i ml vk h 3
+, e BE B ANAE I TOKIE AR A IR RS I R, B BT ZE ok Ab B 48 pH (RO R
AR, R 2 — Tﬁ‘é%ﬂ-‘ﬁﬁﬂtﬁﬁﬁﬁ?’\ % A A PR, - BELE v PR RE VRS ; D7 — U7 I AT SRR AR -
CEC B/, G2 vh 25 e B/ NI B IR B0 A R TR A B il g i — 2P 9T
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Table 7 Effects of biochar on uptake of nutrients by crops

e /NFE Wheat BEF Millet
Soil AN P A K AN W p K
/(g/ ) /(g/#) /(g/#) /(g/#) /(g/ ) /(g/#)

Bt B0 0.62+0.10a 0.11+0.01ab 0.73+0.10a 0.43+0.11a 0.10+0.03b 0.57+0.14a

Alluvial soil BS 0.62+0.22a 0.12+0.02ab 0.77+0.04a 0.51+0.21a 0.11+0.02b 0.61+0.22a
B10 0.65+0.08a 0.14+0.02a 0.81+0.07a 0.52+0.23a 0.13+0.05ab 0.67+0.09a
B15 0.62+0.10a 0.12+0.03ab 0.81+0.08a 0.55+0.01a 0.18+0.04a 0.83+0.01a
B20 0.52+0.04a 0.10+0.01b 0.75+0.07a 0.57+0.13a 0.12+0.05ab 0.84+0.23a

Wt BO 0.88+0.07b 0.17+0.01a 1.37+0.05b 0.47+0.04b 0.16+0.01a 1.400.05a

Loess soil B5 1.12£0.10a 0.20+0.02a 1.64+0.20a 0.60+0.14ab 0.15+0.02a 1.65+0.01a
B10 1.192£0.03a 0.22+0.04a 1.48+0.11ab 0.60+0.10ab 0.17+0.02a 1.55+0.32a
B15 1.15£0.03a 0.20+0.02a 1.43+0.03ab 0.57+0.09ab 0.16+0.01a 1.58+0.12a
B20 - 0.18+0.02a 1.24+0.05b 0.78+0.05a 0.17+0.05a 1.60+0.01a

+ 48 CEC J: iy iz 1N ) W EE 2845 , vT B S e - 8 R R 25 mT 8 ¥ 55 43 (R BB T, I 3 A A L
BT BURN 2 T 67 P AT 28 B e 1 RN DR, 9 A A 4 A B R W 3 CEC, AW H R T A
AL LGSR 4 $906) PHES T AWM RE 11 S E 3 cECT . T CEC BB B S TR A LR SR
HPRL G G, PRI A IS AR Yk B 32 A DL AR AT A L CEC, X A AL 5T 488 v 1 18 4 5 i A X
5, EEFMEMRIEY G, BE T2 CEC B3R T/NEZ 2R v ig 2 K i AR W ok 5 -+ S8R B4R FH B[] 4 428
K FE A s AR MIVE T, Az ) ¢ 3 10 RT3 43k 0 B SR AR TR J B 35 | 173 26 R 32 2 B B P L e g
CEC 34K, i K 15 CEC,

AT it FH AR 4 o b 00 b S ML B, LG B A e HH s % 3G BT, BB R A s e T
WA SR E TR AR A ALK, iT AR A B S DU A LT B A R 1T
FR A J A (8 BB 5 W S A T3 it A A kS 30 3 R S AR 0 - A BILISR A i 0 A LR 7
M S, EESMEN YR, R — L8 72 A Lk & 3 & T/ E 2 N ZREY) - 586 MLk
TR TR g, R — 5 0] BE R A B AR B T AR AN R P B AR s 53— 7 i, AR Wk i AR e P
e B A RE A, e BEUG A W 22— SER AN A e ORI RERRE T R Y
32 AWiS RIEFR AR ER

A= Wy Je ELAT B KA LR T B i A 39S T LA B 22 Rl et DT 2 R R R A SR A PERE Y (H I 3R 4
Je— PP PRI ARE Y X NH, (NO; WRBFHE FHE R ) AR it FH 26 ) e b 3 1 n 4™ RS R & 1, L3
Wi Bt A= 9 7 P ek OB P B4 A X S RN PSRRI A R . BRI AR T LIS A AL P
K Mg fl Ca #2"> (HASIK K FH A= P 4 8 TR AL E A2 POK & i (EXH S s 3 JR R T
e 9200 & R H 5 ik 2k il A B 5, BT AR B B A7 — 2 37 43 B a] 1 S B RH 4 & 1 AT
J3 i HLHL R v A W B 35 4, AN R T R M 3R a0 i X A T S A S R AN
3.3 AWk SRR AP RO O &R
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