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Effects of the combined application of biochar and chemical fertilizer on fertility and

microbial characteristics of purple soil and yield and quality of oilseed rape
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Abstract: The aim of this study was to investigate the effects of the combined application of biochar and chemi-
cal fertilizer on fertility and microbial characteristics of ‘purple soil” (an Entisol in USDA taxonomy) and yield
and quality of oilseed rape, so as to provide a theoretical basis for formulating an optimal combination of bio-
char and chemical fertilizer in Southwest China. The treatments included: B, F, (no biochar+reduced fertiliza-

tion), ByF, (no biochar + traditional fertilization), B,F, (low biochar + reduced fertilization), B,F, (low
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biochar— traditional fertilization), B, F, Chigh biochar+ reduced fertilization), and B,F, (high biochar -+ tradi-
tional fertilization), arranged in a split-plot design. It was found that soil pH, cation exchange capacity
(CEC), total nitrogen (TN), total carbon (TC) and total potassium (TK) increased significantly under B, and
B,, compared with values for By, while no significant difference was detected between F, and F,. Biochar appli-
cation promoted diversity of soil microorganisms with increased Shannon’s index (H), Simpson index (D) and
abundance index of carbon source utilization (S), and improved the overall utilization ability of carbohydrates,
amino acids, carboxylic acids, polymers and phenolic compounds. Yield of oilseed increased significantly with
application of biochar. Contents of erucic acid, glucosinolates and linolenic acid decreased, while levels of oleic
acid and yellowness increased with application of biochar under F,. Redundancy analysis showed that factors in-
fluencing oilseed quality included, in order of significance, TK, TC, TN, total phosphorus (TP), CEC and
soil pH, among which TK, TC, TN and TP affected oilseed quality significantly (P<C0. 05). In conclusion,
the combined application of biochar and chemical fertilizer significantly improved the fertility status of soil, in-
creased the activity of soil microorganisms, and promoted the microbial utilization of carbon sources. The opti-

mal application of biochar was 35 t *+ ha™'.

Biochar at this rate effectively offset the nutrient deficiency after the
reduction of fertilizer, and improved the yield and quality of oilseed rape.

Key words: biochar; reduced fertilization; soil microorganisms; oilseed rape; redundancy analysis
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YT 2016 4 10 H % 2017 4F 5 AEE PR KFHFRE (29749 N,106°25" E)hifh A7, ik + 1R
LR AT EEFNPEEO L RET 0~20cm WEZE, B EEARKTIREDL 2 mm FHRGHSEH.
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dundancy analysis, RDA) &,k ] General Linear Model #F47 B8 & X H 2 4 2% 4387, 5K Duncan’s B &t %
BT ZH L,

2 HZREHGH
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43R 7.00.6.91.7.20.7.13) (P<C0.05), 545 H (BO A, CEC WAF¥38 i 1 A~ 57 (P<<0. 05), X 84
PR, S AE Yk (BOAHEA SRS U B, S ARBOR B A (P<<0.05) . W HZa a5 Rk E AW w it
5 &I NS J1 48 bR (BR 20 Hh) 349 535 A0 ¢ AN [l AR IE A6 B2 0k 4 AL L 4 B0 5 2 5% el s 3] 2 35 /K1 L T R 3 19 22
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Table 1 Effects of different treatments on soil fertility

it JE W g 2R £ R FH 5 - 28 4 1 pH
Fertilizer Biochar  Total C (g+ kg™') Total N (g + kg™ ') Total P (g + kg™ ') Total K (g + kg™!) CEC (cmol » kg™ 1)

F Bo 8.32+0.17c 0.70£0.01d 0.51740.01ab 17.79+0.57c 23.1640.09e 6.60+0.02¢c

By 50. 6040, 48b 1.6540. 05¢ 0.4940.02b 22.53+1.37b 23.8140.26bc  7.0040.03b

B, 65.7741.57a 1.9140.04b 0.50£0.01ab 18.31£0. 26¢ 24.2940.01la 7.20%£0.01a

F, Bo 8.10+0. 16¢ 0.83+0.02d 0.5140. 00ab 17.49+1.09¢ 23.2840.06de 6.6640.02c

By 50.69+1.54b 1.7440. 04c 0.4940.01b 26.9040.47a 23.5840.06cd  6.9140.04b

B, 66.43+1.02a 2.10£0. 08a 0.5440.02a 24.45%0. 77ab 24.1540.11ab  7.1340.02a
£ ¥ ¢ Biochar * * NS * * *
LB Fertilizer NS * NS * NS NS
He gk X AL HE Biochar X fertilizer NS NS NS * NS *

T : M)A F /NG F 1% 78 Duncan £ # AN R AL BITE P<<0. 05 /K22 5 W 3 B3R R T2 (H AR METR s » FIRTE 0. 05 KTV 2R WE NS K
MESFABE. FTH.

Note: Different small letters within one column mean significant difference of Duncan multiple range test among different treatments at 5% level.
Data are expressed as means+SE; * , significant differences at the 0. 05 probability levels; NS, no significant difference (P>>0.05). The same be-

low.
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HEIRE (D) EFEARB(SO BB ERT B W LIEBUED R R 278 F, 1 H. DS ¥REHE LY 5 iR
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Fig. 1 Soil microbial diversity indices under different treatments
AN FHE 7R Duncan 2 8 HLBAE 0. 05 /K F 22573 53 . Different small letters mean significant difference of Duncan multiple range test among

different treatments at 5% level.
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Table 2 Utilization intensity of six carbon sources by soil microbial community under different treatments

Jiti AL A RS EZR JI7ES EEAIrES REWAE Jie 2 iy 1 2%
Fertilizer Biochar Carbohydrate Amino acids Carboxylic acids Polymer Amines Phenolic compounds
F, B, 0.5540.07¢ 0.7140.06b 0.75-+0.02b 0.7940.08b 0.3840.67¢ 0. 4440. 60b
B 0.7840.09ab  0.9940.04a 1.02+0.10a 0.90-+0.07ab 0.67-0.03b 0.7540. 04a
B 0. 86=0. 09a 0.9540. 10a 1.0240.07a 1.1340.05a 0.9140. 10a 0.68=40. 06ab
F, By 0.6340.04bc  0.7240.05b 0.89-40.06ab  0.9540.11ab 0.7940.03ab  0.46+0.10b
B, 0.84+0.06ab  0.9640.05a 1.0140.08a 1.1140.05a 0.6320.09b 0.5540. 07ab
By 0.91+0. 04a 0.9020. 05ab 1.0420.09a 1.13220. 04a 0.6320. 08b 0.7120. 11a
A=) %¢ Biochar * * * * * *
FBAE Fertilizer NS NS NS NS NS NS

A W) e X ALAE Biochar X fertilizer NS NS NS NS * NS
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P55 MR £ G X000 SRR o072 2 2EL A R 2 10D L B2 B R 3 (3 3 PR A
AT Sk L By AR 5 T B, R B, AT PRI SORFRE (LA Ty KT B B AT 8
S5 E E I 55 B M AT 8.9 ~17. 0% (P<0.05) 6 F. IFRAT B H M. I
2455 % SR 52 S DR 6 B R D06 5506 R 0 20 5 DR 3 D A G 0 .4
BORE P 90 53R 7 R 5 LS BN 0 59 5 ELE 5 MoK 9 5 R A
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Table 3 Effects of different treatments on qualities and yield of rape

it N L7/FS il H A HOHF R <R /RGER /BT
Fertilizer Biochar Oil (%) Protein (%) Yellowness (%) Yield per plant (g) Biomass per plant (g)

F By 30.4440. 74a 28.4640.57a 45.974+1.09c 6.35+0.31b 44,24+2.57a

B, 31.4942.27a 28.9140. 69a 50. 06+ 1. 20b 7.57£0.14a 44,88+3.71a

B, 30.2141.68a 29.644+1.82a 53.79+3.92a 5.60+0.02b 37.16=%1. 20a

Fy Bo 29.9542. 28a 28.0640. 62a 34.8740.32d 3.92+0.47c 34.5947.47a

B, 29.184+1. 20a 30.194+3. 64a 32.3240.32d 5.8840.51b 38.42+1.15a

B, 28.0242.00a 28.0470. 35a 31.6841.90d 4.41+£0. 44c 35. 6844, 16a
44 5 Biochar NS NS NS x NS
AL Fertilizer NS NS * * %
H: W) i X ABHE Biochar X fertilizer NS NS * * NS

R4 TEALE X0 ST RLRE B BR 4H 53 B9 %2 0

Table 4 Effects of different treatments on fatty acid compsition of rape seed (%)

it HE EX7/b/d IFR iiNEd TR R o 1l R MR T AR R R fifl g 12

Fertilizer Biochar Erucic Glucosinolates  Linolenic High oleic Oleic Linoleic Palmitic Stearic
acid acid acid acid acid acid acid

Fy By 5.09+ 30. 774 6. 15+ 75. 434+ 63. 164 16. 59+ 4,704+ 0.52+

0.31b 0.09a 0.07b 1. 30b 0. 70c¢ 0.67a 0. 04a 0.13a

B, 4,43+ 26,59+ 5.50+ 78. 36+ 64. 65+ 16. 21+ 4,54+ 0.37+

0.22c 0.41b 0. 28¢ 1. 44a 0. 17bc 0.57a 0. 20a 0. 08a

B, 3.32+ 26,25+ 6.08+ 75. 63+ 65. 54+ 16. 99+ 4,70+ 0.28+

0.29d 1.18b 0.08b 0.79b 1.47ab 1. 15a 0.22a 0.13a

F, By 3.21=+ 25. 894 6.19+ 74,754 66. 444 16. 87+ 4,75+ 0.404+

0. 54d 0.76b 0.12b 1.58b 0.89a 0. 65a 0. 06a 0.12a

6.39+ 30. 08+ 6. 70+ 75. 87+ 60. 19+ 16.99+ 4,71+ 0.35+

b 0. 14a 0. 85a 0.09a 1.03b 0.31d 1.59a 0. 10a 0. 08a

3.70+ 29.92+ 6.89+ 74,32+ 63. 05+ 17. 43+ 4,93+ 0.39+

b 0. 04d 1. 35a 0.05a 1.39b 0.31c 1. 69a 0. 30a 0. 28a
H: 5% Biochar * NS * * * NS NS NS
ALK} Fertilizer NS NS * * * NS NS NS

H W X BEEL Biochar X fertilizer * * * NS * NS NS NS
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13.0%535. 0% Bt FH 13.4%05 14. 7%, S R BUR 2 B, > B, > B, B8 3 0 %W RR R & i, B, M R AL
BT B, (P<<0.05) . MRWTRAL b i = iR iR & & R 3 bk, B, X mih e A i R etk . 5 11 (B
FALE BT 3. 8 %0 s R WIBE & AL Wy i i 3 2380 L R IRBEAE 2. 40 ~3.8% . H B, 5 B, M2 7
F.ORWLARRBE R EY RS F, KFRCIEE R H L5 F M VE ST, A% 0 A 57 IR 5 i
T EAE B, AbIK W (H (P<C0. 05) , AU R IR 1 75 B8 45 1 TH(P<C0. 05) , [R] s i yif1 2 6 20 o 4 35 g 4
HFEH . A 220 W g Rk F L 2805 T 52 20 0952 ) [ 38 KON AE ] . B 4 32 20 28 ok 55 10 AT [ B AR 2007 19 5%
M) 17 7o 700 TR A0 A B 5 26 W o B — 3 1) B A0 6T I TR 5 19 5 i) 32k 81 b 25 /KO- 5 I JRR TR 15 9l R ) 2 A ) B A2 31
Wy e ACNE Be — 35 22 HAE I B 35 52 0 (P<<0. 05) .
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(B K6 36 P oA 3 BTEk (P<<0. 05) IR EE R+ 5 L]
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B 5 A B A B a5 R G TSI JRR R U] 37 3] 4 L 4
N A RSy IR S AL LB SRl = 7 W o ol = D ~ i o2 (61 297 o
Jig 5 M A e L4 0 E 2 R OG5 B T IR A b B2 b S S
Mz ‘ﬂim@ﬁ‘i%%iﬁ?%%%fﬁEW% i @ﬁ;%iﬁﬂ@fz Fig.2 Redundancy analysis (RDA) of rape seed quality and
G355 A B A A R R GORE OC 5 T BORE BE ) 32 L e rh

A
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t ke A B - 1= ik N <
fry A B A 5 LI 1 B £ TC.TNLTP 1 TK 4 £ 4T 25 2B R 28, TC, TN,
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