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Bamboo char for soil fertility improvement and nutrient uptake, yield,

and quality in Brassica chinensis

MA Jiawei', HU Yangyong', YE Zhengqian', WANG Xudong', WU Dongtao',
SHAN Shengdao'?, WANG Hailong'

(1. Zhejiang Provincial Key Laboratory of Carbon Cycling in Forest Ecosystems and Carbon Sequestration, School of
Environmental and Resource Science, Zhejiang A & F University, Lin’an 311300, Zhejiang, China; 2. Jiaxing
Vocational and Technical College, Jiaxing 314036, Zhejiang, China)

Abstract: To study the effects of bamboo char on soil fertility improvement and on nutrient uptake, yield,
and quality in Brassica chinensis, a field trial was conducted with four treatments: 1)control (no fertilizer); 2)
compound fertilizer (N:P,05:K,0 = 15:15:15)2 000 kg -hm™; 3)bamboo char, 2 250 kg-hm™; and 4)a
combination of bamboo char (2 250 kg-hm™) and the compound fertilizer (2 000 kg-hm™). The treatments
were arranged in a randomized block design with three replications. Plant shoots and soil samples in each plot
were collected at harvest. Soil pH and soil organic carbon content in the bamboo char treatment were
significantly (P <<0.05) higher than those in the compound fertilizer treatment. There were no significant
differences between the concentrations of soil available N, P, and K among the treatments. Plant shoot yield
and vitamin C concentration were significantly (P<<0.05) higher than the compound fertilizer treatment. [Ch,
1 fig. 4 tab. 20 ref. ]
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HE W ¢ S P W TR R R fR T R SR P SRR SR TR AR T R B — T B AR Z AL R, B R R 5T
I TE5H, A LY S A S R RE M AR RGO R AR R B A R R
B R 2R AR . ARMOl A R R AR R R R FE I ANRE AT L REOC . A @ A SRR T LU i B
JRAEM B¢, REATE L ST A A 2 A R IR IR ST AR Wy O P IO ) A BRI AL AL Y T R AR, Al B
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HAEEE X CAUTEERY . Y5 n] LRyl R B R8s, (bt 37 70 i, e &
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WRF K TRMESROUERS, AL R A, SR E SR T AR, R e R R Chan AETY
WS S BAE W) T AR e RS AI TSR, 5 TE ML o] DA A o (A BT R B, ARk
it A et nl DA SO A W0 R T R, MR e i R FET, X AR GR R BERIR AT ST, e
JE R HLR IR 2 R . 7 A TR SR A BE SR B b . ALHER P E R R R R 2 AT X R
fo i e , K eI, TR, U L0 DB M A DL o, A HLRR AR 2R LR IR M, 52+
EORNERE ST, dkmiZ i Ed p e A= i i, AKX IF RIS I A Wy o ok DI RT ST, B E AR YR
Tt o - A LB B = 9 P FZSOR 3 RR B xR 97 20 WAL e JB A8 2
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1.1 ke

PRI AE WV LAR MR 22D 58 S AT o ML X B0 4R 39 m, HOl A 2R U, AR AR
16.4 °C, 4 F-¥ HIRETEC 1 847.3 h, - FHRE/KE 1 628.6 mm, 24FEToFEH] 237.0 d. fial -1 Ry 214
SRR . BRBE pH 5.88, BkfE &N 86.8 mg-kg™, AW 12.0 mg-kg, HEAH 125.0 mg kg™, £
Blak 10.6 g-kg™', HLALIE N & 5 I8 (N:P,Os: K. 0=15:15:15) . HEAEWym Aroc,  B AT 7 a1 Bkt
il 4s, HIEEAMF Y KifE 2.0 mm, RO pH 9.41, L AEY) i Fi o 28 56 5 8 3% Brassica chinensis ,
LA R 2R 3R AL . i E = F, HREBEM G, — 84 8T DOcH) B
1.2 Rt
121 ¥ 1 #RaFRAK, BEREAGFa(RERE) KK% 4 DA L 1R
E) s AbFE 2 SR HE, BELAE, FHH 2 000 kg-hm?; AbFE 3 R RAnEAT A, FHE R 2 250 kg-hm?; Ak
B4 R p AL IEBC G, & AT % 2 250 kg-hm™, ARJIE 2 000 kg-hm?, X5 Al 9 m*-/hXT, 3
WHESE, FHLXAHES] . i IR T 5 SRR A AT VE LA A o TEREEY S 30 5 BI#E (20 em) At 3
F 2011457 4 11 H#EF, 8 A 13 Hlak, ] B4 B H RLA 248 B L 04T o

FEMIRAE S HE . AT WG, AR/ N, BT 10 em, WOR T 34 B8 (AT 3643 )
PRI 0T A, AR A 52 o JBORE TG AR B N DX SR T AR . RIS, R ) DX B AL SR IR 3% M A
20 BRAE AE P RE S, FREEDTE I E MR I, AR K, AEHAE 105 CRTE, 75 TR, &
i, FHE TR AR, if 20 B, RAF, BUEFRICEAITIGE M. Dy B B EERE A LI S
MEBE KRG BTE, S ETR™ ST REGD/NRBEHZ EFE(0~20 cm), HAKT
&, B, SEfEE .

P R0 2 B 3R AL 25 BT O AT AR S IR - UK (HoSO,-HL00) TH A, 2R FH
Y HOR I e 2R, PURE e 2k, JOASGEE TR E A . 5 S T4 FH R G i SR A 0
IR R C R 2, - AR, IR Cu i J50% 2 20 o

SRR I E Ty s R pH (B K 1.0:2.5 $2I0, FREE VAN A s A PR FH S AR R Ak
AR 5 5 R SRR Tt 4 IO U 5 A 80l ok JT 3 AL 5 - 6 B2 (NHLF-HCL) 32 $2- 50 3 4T Lb 275
SE 5 AU SR S R B R B - SO TR
1.2.2 X3 2. # st 235 pH A8 % i (£ R3S ) S X 20 mR P A A 4 e i 45 5 358 pH (1Y
VERR, 7 B3R KR HNHRIE AL b, TP R SCE 24T 50 2058 pH (B 520 1Y 5286 o B R0 1 5 4h 25 1 £
B (a2 mm B ), AW S KT BT RO, 1%, 2%, 4%, 8%, 12%, 16% LGl dEAT i, 4
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K 1.0:2.5 InzEtiK, 1R FeP- 2 h J5 e BRos pH (E /Y2216 .
1.3 HIEHH

R 5 #HE SK F Microsoft Excel 2003 il SPSS 18.0 #F 47 £ #6 Ab B, #4iE 4o i1 R F XD & 8 B W 22 1k
(DMRT) #1758 3153 #r (P<0.05) .
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15 52 5 (P>0.05) s A5 5 ML it (4 3 .l
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pH {FL 0 e F A 5 7 0 B AR 56 244 O e
BN B T iy, e pH (S BT 5 4 1Y B 1 R E A 45 2 pH 89 %ok

oo (' D) o BL R 2 B AR AE AT Figure 1 Change of red soil pH affected by bamboo char application
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Table 1  Effect of different treatments on soil chemical properties

4k B pH f& DR R/ (mg-kg) AL (mg-kg!) AN (mg-kg™) A LB/ (g-kg™)
A1 5.82a 4947 ¢ 12.07 b 70.00 ¢ 553D
b 2 515¢ 67.20 a 2275 a 85.83 b 575b
A 3 5.99 a 47.25 ¢ 1207 b 80.00 b 8.19 a
Ak 4 553 b 58.97 b 20.58 a 97.50 a 8.78 a

Y] i) —F/NG PR A [ 2R AR BRI 22 5 3k 0.05 B35 K

FERHE T, REEFRMMEYE R ETHEEEE REOEN . R KRR, AR &
REMR. WNEVATLIE L, A FA Ok e i R A ] o S0 B (3 DAL, EfeiE (A2 2
FIAL R 4) K8 35§21 3 i Al e e o, R WA ML it A B B v s b TR A, T
JeL JU) A AR A RO A A A T B T PR AT e (AR BE 3) SR IR (AR B 1) JCHA s 2 S . (HE SRR T SR AT A EE
I ST A — Ak B A0 b SR AR KPR B SRR A

54 pH EA AL B AR, TERPAE T AT, X IR CRE 1) F08A it A7 e (Ab B 3) %k + 34 2wt /K
THERBEA R, A IE X4 g A R VR I o BT SR, AR IS Y 2 A Ak BE A A R
OB TR 1A S SRAT LA L, R RO A R R R B AR R, DA Tt AE £ ]
o BUTFIRMOHIT, HA A Ak B S AR > KRR R TR, R e L AR RE R A TS T
TIERR, AT B L BRSO f B

TGP LB B R AR R —, B DA LSRR RIS EE . K AB RS SR
e R A A . SCRR A PITE S A BT SMOR I, Bt A HE (AR B 2) 50 B (A B 1) 22 )5 HLAK B
PR 22, TN INAT 5 2 A b PR (AL BE 3 FIALBE 4) AT 0, e A BE 4 6% 394 BLak T i
Oy, PO RSN 58.7% , ik R MINEN A Wy ¢ RT LA PRE 4R g AR I
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PR IRAT B T B PR, TN R A R B R A . AR 2 AT AR SR
(REEE DAL, AFACFSRE R F R E 3 &, Hop, DIREIIE (B 2)8OCR ie B3, RS T
13.6 175 AbB 4 Ykz, 2w 12.2 4%, X AR5 U 3t 38 57 73 /K 5 ) 2 B gk 27K F- (86.9 mg kg™ ) A
Ko BHUEAT A (Ab B 3) AT — PR, BRSO 101.3%, ULATEIZIREE AT, AT RS IR R T R
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Table 2 Effect of different treatments on plant growth and vegetable quality of Brassica chinensis

Ak 7 fif 1/ (kg - hm™) B i fem 4 3 Cl(mg-kg™) W (g-kg™)
JbFg 1 636.7 d 6.90 ¢ 28.09 ¢ 123 a
b 2 92977 a 17.63 b 30.50 ¢ 11.5a
A3 3 12817 ¢ 7.58 ¢ 75.08 a 11.8a
AL FE 4 8402.0 b 18.44 a 4141b 95b

BLI  [A] — B /NG S RN ) 327 4k B W) 22 5k 0.05 225K

M2 ATRIA . SRR DAREL, S 7o (A B 3) 36875 S bk i A9 e 2E A AN R (8 n9.8% )
Mk A A I R, I ELAGRE 5547 5% BE 5 it P Xk g 10 42 26 A o Ol R 3 (A B4
AN T b B AR W) 77 25 A9 A AR i, 0] 7 St B A LR PR T o AN R B 2 18] 77 22 4k A K C it 7y
BOP A TR BASAL, BT AR 2 AN AE PR 0 25 4R e 1 T SR MR AE AR R C RN, DI R Lt (A B 3)
WERAEAERC B o B, X IR AL B D FE @ 1.67 A5 HUORAT R SR IEBCIE (b B 4),  HEx) I
BN 47.4% , FHLCACHE B m 35.8% . S XTIEAHLL, SR AL AL FER AR 3R C B SO AL .

SRR AR B 1) AH L, H Al 4% A B R 3 JRORE o 2 B A A TR R B R R, R A e 55 A B e it
(Kb 3 4) T 3 I b B 03 B Ak, LUXT IR (AL 2R 1) R [ 22.8%, KB R
2.3 AREAEXE IS RABH 00

F 3 TR e ASRIAR BEXEE SR B FR 0 W™ A48 TR o 50 B B D AR, i e b
MR AR . B, BRI, ESR R BB (LB 3) WIFEAR 1A AR R B I B, T R
i B8 43 501 Ry 22.8% (2 57 i %, P<<0.05)F1 12.1%, X 4R JCHI W52 o A7 55 10 I e it (Ab 3 4 ) i 4 Ak
A PR B R, SXEES R, MRTELURGE LA PR, SR PR A 225

MAEY TR 5 WSO ol U e ARSI P AR A R A%, X5 RIS RBHE A . AR Ak
B[] (R O 7 RS SRR A 22 5, T EUN XRS5 S R, LIS (AL BE 2 RnAb BE 4) 2 R
AR IR MR, DUARHE Bt (b B 2) e o S IR (AR B 1) AR B, A B B9 7 25 R0 B I s e
A T P A R A B T 22 5 (P<<0.05) . AT R S AL I it (Ab B 4) 1 4% 55 43 WA 1K
TACHE it , FErh i 22 Sk B0 2, X UL AT ARt FH 0 B2 e k3 R 0 F A BT — S B e 2EAE o
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Table 3 Effect of different treatments on plant nutrients uptake

s R EEIR A (g ke ™) Fr oy Wit/ (kg-hm™)
2R B gl ER e el
L1 21.17 b 3.63 ed 22,50 ¢ 126 b 0.22 ¢ 1.35d
Lb 2 2 3521 a 553a 38.87 b 42.10 a 6.93 a 51.07 a
b3 3 1634 ¢ 3.19d 2253 ¢ 2.33b 0.46 ¢ 328 ¢
LT 4 39.08 a 5.16 ab 4370 a 36.72 a 491 b 4136 b

Y] e Ji) — S0 /NG PR A [ 2 s Ak BRI 28 5 3% 0.05 (B35 K
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24 WX

B AR IR 20 5 8 St A R MR AR 5 4 pH (AL BUR A . A AL L BEACET . A HLRR AT A G 0)
Br, SR 4 R, W4 Pl 5307 RS SRR A AR A AR B IR A SE (R
5 0.889, 0.922 #10.741), 5 £HEn pH {H 4 0 3% 7HH ¢ (R*=-0.855) . 4L C 54 4% pH A HLik
B F R IEA S (R? 5] 2 0.608 A1 0.657), 5 LHEHUSIR AR, (H¥A IR BI G B3 (P {H
$>0.05) i J5UE -5 - AT S AR 2 UG (RP=-0.724) , S HLIK 12 0 35 A o6 (R°=-0.577), #i
PR IR SR (R, 2. )5 R AR AR S Y AR S I B R K
55 pH AR IR B 3% Ti o6 o WA IR, SR R L BB S R R AL AR R 0 B R AR R
AT AL S5 ROV ) ik SR A S 5 R

x4 AEBERZBEHEXTTER

Table 4  Correlation analysis between the different parameters

Ti H s 4% C i SR 2R X gl
pH -0.855%* 0.608%* 0.421 -0.827%* -0.873%** -0.759%*
RUirE 0.889%%* -0.531 -0.299 0.804+* 0.879%%* 0.760%%*
H R 0.9227%%* -0.415 -0.515 0.861%** 0.908%** 0.845%%*
A 0.741%%* 0.075 —0.724%%* 0.706* 0.585% 0.758%%*
A HLEK 0.114 0.657* -0.577%* 0.118 -0.103 0.265

P : 70 =0.708 3 *¥r=0.576,

3 #wHitw

Ay e AT O R T, X SR R O, AR e — AR, N e 4 aT DL R
C gtk e At , 488 18 pH ™, AV E S F R RRILEILA, I+ 38 750
DA, R A i S A5 T A M R A RE AR BB R, o) BH S T MR B AR T S AR AR SR A fE
71, PRHET RPN R R, R R S A TR SR Ay, R ERME T, A 85 AT T R 3R
YK, AROET EEA. B SRR OCRIEIN . [IBE, AR (0L PR 4 R B W B VR P ek O - g
A ) AP B3RS, Graber 25 R B A R F & TIMAE YR, REARREEYE,
SRAE YRR HUE I RE T o

ARWFGE R . AT i e 3 pH E VR /NS R A 5¢, 38 pH A R AT e A 2 16 38 i i BH
THE, SR ULBAAT A Bl R R ME LT HEA R N AR ST, AR K AT R R /N (2 250 kg-hm?)
Xt e 8 pH (M RCR R B3, ER, WA s i 4b B (bR 3 R 4) S RN T A HLER R
OB, TR SR AR AR AR A, X AT RESE R A S AT AR B BT R R R, it Ak AR 03 i i
PE A, PR RAEYAR R TG S, BN TR R W .

L% IR R DA B, BEINAT A i i S B AR, Y Grossman S8 TRSEAE R — 3, RUIEL )
AR A48 1t e T B = M = o (LR SR DAY e 55 A S At 5 50 S PR 7 AR R el 2B ) e IR
R AN R E SR, A o o %k e B L b vk o R e T MR RO IR VE T, REAS 4E
KR TR RN, I, AERHEBR T AP TR R R MG . XA SRR, 78 I ) 4 KT
T, W —E e, RS A YR o] D = s XA T2 R IR R IR S

XiF T A HEAE F7 AR A AU, AR AR S AR BT LA TG R i - T R IR R, DA R AR AR K T
Ko TEAKIGH, IR A XS R AL TR R AN R, T R AR ) 0 8 SRR o R Ak B AR AR T
TR AERAIR A, FRESRMESR & RC, Rl R A&, O D%, 2
Fr AR TR AR Y 2 AL HE . FEAAT IR AL R R RN R R s A B AT A IR 2 A4
Wb PR, 5K 2 SHEBF R AE Y X K Zea mays F5 5y R K B, 64 KYE 5 (pH 8.0) |, AW
JEASH T RN kRS A K RS 1A, HEEE TRMAEREE, AR EE RNk,
SR (S 60 d) A= 4o %t TORAERR TR MR, B R B A (R R, BRI T e 2
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Ko WIEHRHAIRBL, FR R AR R RO S S R BT SR 0 2 R A A
S UL IIAS I S A, A K2 SR il 2, it AL E X 5 2 i AR R AR R 3%

HEAT A AR AEAE R C R P BCICR B3, (HIE IR AR S B R R, X RT BB I D 7
T IEBA AR AR T AR AR R AR RNIE Jy, DTS MEUAR 490 068 5 23 (WSO T, 2 T 52 W A A
PR BRSPS RS B X SR . REFMFA K MRS R IR, 38 5005 R bk R ok
BTN ORI B R E A OC, ATRERRTEALIESZ M T, AR PREE K, TERT AR R AR

LR BRI, Arpenl LURE SO T AR E JR ARG, HOIMTE e/ =i, R d e 174 C i
BOR GArbris i, TERC AN BRI 3 b, AT S R A KA R AR T, 5 A BT I T AR
Jot, AlRFBSEPRIGCRIOCR o Tt n s, e PR LA ML TR o R, R B EAE R H Y,
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