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Effects of combined microbial fungicide and soybean straw biochar on

nutrients and quality of Brassica napus in black soil of sand ginger

JIANG Zhiyang', ZHOU Yuzhi', CHEN Daokun"’, HUANG Meigin'

(1. School of Earth and Environment, Anhui University of Science and Technology, Huainan 232001, Anhui, China; 2. Xi’ an Center of
Mineral Resources Survey, China Geological Survery, Xi’ an 710100, Shaanxi, China)

Abstract: To clarify the effect of synergistic application of combined functional fungicides and soybean straw biochar on
the black soil of ginger, the black soil of sand ginger was used as the research object, Using in situ pot experiments in the
field, six treatments (BC1, BC2, BC3, MBI, MB2, MB3) based on the conventional fertilizer application were conducted,
and investigated the effects of different treatments on the chemical properties of the black soil of sand ginger, the growth
and the quality of Chinese cabbage. Compared with the control group, the application of biochar alone (BC1, BC2, BC3)
and microbial fungi with biochar (MB1, MB2, MB3) significantly increased the soil organic matter, total nitrogen,
effective phosphorus contents and the content of soluble sugar, soluble protein, and vitamin C of Brassica napus
intheranges of18.98%-64.49%,11.82%-40.00%,23.41%-98.07% and 28.89%-66.37%, 15.25%-46.33%,42.98%-152.76%,
respectively. The growth, resistance to rhizoctonia, and quality of Chinese cabbage showed a tendency of first increasing
and then decreasing with the increase of biochar addition, among which MB2 treatment had the best effect. Soybean
straw biochar with microbial agents synergistically improved soil chemistry and enhanced the quality of Brassica napus,
and microbial agents with a 2.5% biochar addition rate were the most effective within the scope of this experiment.
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1.1 M

b2 B 4T 2022 4 6 H R H R T
R ERE PRI RS RRE, o hEEL, T
RN AR 32 B A RS OA IR R R L 5
MDA . FZHRE 0~20 om HAE, SR A X
XA LRTFCRAE 5 ANEES, Y SIR A fe i U 435
B 500 g FF i FH T R an e , HAR KT, IR &
I S AR AR RS R, L 2 mm
Je I, BN A . IS AR TR pH = 7.95,
HIREE MW, FRDAN 11.04 g kg, &R EEN
0.57 g-kg', A W& &R 34.36 mg- kg, A &
&N 85.02 mg-kg'.

K ARG R A= 4 o 1 o) % 2 B o Ak A R 5
IR G REFT I H AR TR 1 J5 , 7E T4 400 °C &1
N g R A 2 mm B AR S, pH=9.25,
HHUR S8 396.62 g-kg', R G & 7.66 g- kg, 4
s/ 0.76 g kg, &I E & 0.68 g-kg's

TCHE A2 TR 1) R R R TR+ B 2 R T 1) ) 3K
FHEb AR B AR A R A A Fo A RO B A R
REEHE=10 14", A B0 WA 5 2F f AT 1 2=
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1.2 Rt

RIS T 2022 4 6 H 7 B TR Z-
HAEAR IS FE AT

TR (CK, 4R BE UL S 40 kg 667 m™,
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2.1 AELEMNWEELFTEENEMN
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H(BC1.BC2BC3) Fl A1) i T it ikt A 490 T 771) b B
(MB1.MB2.MB3) *f b 22 H + 77 4 1 A [A] (1) 5%
. 5 CK AHEE, A ¥E BC1.BC2.BC3 111 pH
2> B E T 0.06.0.16.0.34, 31X 2 B it K &%
A=) e 2 v 1 4% pH {A ;1 4 ¥ MB1.MB2.
MB3 [ 1= 3% pH {f X} B 4L B BC1.BC2.BC3 43 5
P 0.04.0.29.0.28 , 1% 7% B ot A 00 1 77 A0 9 I 2
FRAIC T3 pH . 5 CK AH L, Bt AE 4 ok Ab HE 20
(BC1.BC2BC3) A= 4 75 e it A= 47 11 771 b 2 20
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YA AN IR R R () 388 o, L 5t A= 4 o A B 4% 97 0 F
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T 18.99%.44.56%+64.49%20.17%- 51.40%H
54.94% , A [F] 4b B 4 e A HL ST S & OK /N IRF R
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A=W it FE D 388 o S TR G Ak A 40 R 7 1) Ak
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22 AEISIEX /B SE KRS

FiE 45 d WOk, e /D B AE K AR AR 36 2
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Table 1 Effect of different treatments on soil chemical properties

h w(ﬁfmﬁ) w(é?ﬁ) w(ﬁ’?‘ﬁl@i) w(ii%l%ﬁ?) '
Treatment P Organic matter content/ Total nitrogen content/ Availabke phosphorus content/  Available potassium content/
(g-kg" (g-kg" (mg-kg" (mg-kg"

CK 7.88£0.02cd  20.33+0.61 ¢ 1.10£0.04 £ 31.14+£0.59 ¢ 93.38+2.19 ¢

BC1 7.94£0.52bc  24.19+0.32d 1.23£0.02 ¢ 38.43£2.01d 85.37+2.42 f

BC2 8.04+0.07 b 29.39+0.52 ¢ 1.37+0.02 d 49.46+0.69 ¢ 119.7542.79 d

BC3 8.224+0.10 a 33.44+0.69 a 1.48+0.02 b 56.14x1.16 b 132.34+3.01 ¢

MBI1 7.90£0.06 cd  24.43+0.97 d 1.42+0.03 ¢ 50.85+2.19 ¢ 144.96£2.51 b

MB2 7.75+0.21 d 30.78+0.28 b 1.5440.02 a 61.68+1.59 a 158.41£2.21 a

MB3 7.94£0.16 bc  31.50+0.59 b 1.4940.03 b 55.69+1.67b 157.74+0.93 a

T = F P G F NS F RS FIAL 2 A 0.05 KT EREE. T,

Note: Data are mean values, and each lowercase letter following data in the same column indicates a significant difference (p < 0.05) between

different treatment groups. The same below.

BC3) Ji Pk & 4 36 i & 10.17.13.29.12.49 cm, F
4 FARR 0 5 B 40 5 B N &S 41.84.50.31.46.81 g, &
FRAKA> BN ZE 5.53.6.61.6.38 cm, I 5573 Sl n 2
2.95.3.50.3.09 cm, B INAS Al &K GRS FF AP 5 4E
K FEAm 3 v T REZH, B v S R B i L R ARG
HH- 58 (2 T 75 L4351 37.80%~69.24% 48.53%
~78.59% +36.88%~63.61% 1 30.53%~54.87% , A~ [
it B2 AR ZE R . IR E KSR E
) 5 TE e A0 ) B 75 (MB1 . MB2 . MB3) Ji5 /)N FA 38
PR B bR B R 32 AR R i 43 ) 3G o &
12.40~14.25 cm. 52.38~55.23 g 6.02~6.78 cm il
3.07~3.89 cm, & & = T % PR 4L, $2 98 Lo Ao
68.02%~93.09% + 85.94%~96.06% « 49.01% ~67.82%
Al 35.84%~72.12% , MB2 k& & % & T MB1
MB3, MB1.MB2.MB3 &b # £[ 7 [a] ¥k & i & 7%
AR B 25, MB1.MB2.MB3 AbFE4H 2 7]
MR g 35 BB 2 2 R, JLOK/NIR T S MB2>
MB3> MBI .

R2 TRIALEI /)N BFEKBF
Table 2 Effects of different treatments on the growth of

Brassica napus

e 351 BpREETURE ERK -5

Treatment Plant Fresh mass Main root  Leaf width/
height/cm per plant/g length/cm  cm

CK 7.38+0.25d  28.17+1.83d 4.04+0.10e 2.26+0.09d

BC1 10.1740.36 ¢~ 41.84+3.98 ¢ 5.53+0.11d 2.95+0.06 ¢

BC2 13.29+0.28 ab 50.31+3.42ab 6.61+0.14 ab 3.50+0.09 b

BC3 12.49+0.60 b  46.81+2.31 bc 6.38+0.18 b 3.09+0.13 ¢
MB1 12.40£0.56 b 52.38+1.77a 6.02+0.15¢ 3.07£0.12 ¢
MB2 1425099 a  55.23+3.66a 6.78+0.13a 3.89+0.14a
MB3 12.75+0.46b  53.48+2.25a 6.39+0.12b 3.58+0.08 b
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2.3 RIS B SRR RIB AR

HI# 3 A%, 5 CK AL, B Aok AR R
5 B0 A 0 R )T Ak B 34 T S RN SRR
il R 2, Lt MB2 Kb A R R R A%, N
20.00% ; 740 BEZH I3 175 45 B0 B E KT CK, Herpo
1% & %03 91 MB2< MB3< MBI< BC2< BCI<
BC3, MB2 Ab P 20 1) #R it 5 7 v 280 R B £E . A
68.57%, . # =T BC1 5 BC3 4b#E.

&3 AEAIERTE ) BRARME IR R
Table 3 Efficacy of different treatments against
Rhizoctonia solani in potted cabbages

b7 aTES T Ta IREEIE S
Treatment Incidence rate/% Disease index ~ Prevention effect/%
CK 60.00+8.16 a 87.50+9.57 a

BC1 32.50+5.00 b 45.00£5.77bc  48.57+6.60 b

BC2 35.00+5.77 b 42.50+12.58 bc  51.42+14.37 ab
BC3 32.50+5.00 b 47.50+9.57 b 45.71£10.94 b
MB1 32.50+5.00 b 40.00+8.16 be 54.28+9.33 ab
MB2 20.00+8.16 ¢ 27.50+15.00 bc  68.57£17.15 a
MB3 27.50+5.00 be 35.00+£5.77bc  59.99+6.59 ab

24 AEILEX /B EABRIEFRR R

4 N AL T /N SEE 4 b o 48 bR A2 4L
M. 5 CK #H L, BC1.BC2.BC3.MB1.MB2.
MB3 [/ [l PR S i g A T
38.72% « 62.39% - 28.89% . 32.62% . 66.37% -
37.48%. /NFASEAIEVER A& & i E 2K
4 MB2> BC2> MB3> MBI> BC3> BCI> CK, 5
CK A Eb , 75 Uit BB 3 ik 8 oK GRS A A= 9
(BC1.BC2.BCIOME/NEAR A EEEA S E L E b
Tt 15.25%32.55% 19.94% , 75 % e AE & filt_E 7
0K GRS FF AR 4 ¢ I Wt A3 A= 40 18 771 (MB1 . MIB2
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R S BCEY RS KRS AT A R IO D 22 JR 5% 7 L/ 1 50 IR (5

XIS R 5T

MBI/ A v I E A S &R E LA 20.52%.
46.33%-29.32%. ULAN, 75 5 i AE JE Al B hn ok
SR A R (BC1.BC2BC3) AT Ik B A FTAE
) 5 TE e A 4 1 75 (OMB1 W MIB2  MB3) i /)N A 3¢
fehRCHEERCK pal R EIN T 42.98%~
111.93%7F1 80.72%~152.76%, H:+#" BC1.BC2.MB1 .
MB2 Z [A]35 & W3 22 5, & 8 H & 20T A
MB2> BC2>MB1> BCl .
F 4 TELEX/DBFREHRI
Table 4 Effect of different treatments on the quality of

Chinese cabbage

s wCAT R wCAEHED  wdEER O
Treatment Soluble sugar Soluble protein ~ Vitamin C

content/(mg-g')  content/(mg-g"') content/(mg-kg™")
CK 8.03+0.05 ¢ 3.40+0.11 d 188.69+8.12 f
BC1 11.14+0.42 b 3.93+0.98 ¢ 269.79+12.19 ¢
BC2 13.04+0.48 a 4.53£0.17 b 399.88+6.63 b
BC3 10.35£0.26 b 4.09+0.12 be 362.18+11.69 cd
MBI1 10.65+0.74 b 4.11+0.13 be 351.32+4.02d
MB2 13.35+0.54 a 4.99+0.35 a 476.72+10.20 a
MB3 11.04+0.56 b 4.4140.15b 386.10+3.99 be

3 iS4l

135 pH H 2 7550 & I E B FE bR, YoE

T IR A RS 7R R AR A RS AN R
FE R SR AT ADoK J5 10 22 J ) pH B B
TR 327 1 0.06.0.16.0.34, X 5% PRI
WL g R — 8, FER BN EY R E & R i
BEE L3, S8 pH BT E . HIEANUR
TR TERS S RN EERR. 5XIEA CK A
tt,BC1.BC2.BC3 4 EEZH F1 MB1.MB2.MB3 42
HE LAV & ERER S, X552 EF"
FAER— 3. T EE A e AR A BE A AL
W P 338 w1t A WL R, 3w DA - 3R R A )
(RIIFI , AT LT A A T 56, ol 2 4 1 71
B OB A AR B 5 T G 0 33 R A A 1 [ A
ML #RA LA HUR S BRI E . AR
EMHERK KB RNEFR LR, 5 CK ML, BCI.,
BC2.BC3 Kb 2H 4338 42 %0 A 250l il 08 & =3
I8 A= 47 it FH) 6 8 it 2 4 K A I S 0 R R R
F 250 BC1 3 U & B AT 6 s MB1.MB2,
MB3 Ab P 2H - 358 42 G A RO R AR B I AR
o B AR it FH B G R S R, H
T 2.5% K 52 A= 40 e TRC It 4 A= 470 1 351 1) 552 il e
Ko X5 FLAMFFEC0E T FARL, 32 2 5 F

N B, AT BRI S W v 0 HR BT A 1 2 AT B
W b P R Tl 2R S R DR A A D R T R
BHRES, 5, WREREH RIS A%
PR 7E T R B I SRR R A L R R 3R AR R
FR R NT Sr FEAAATE  MTTT A 458 R G
BRAS LR ORI R Y 28 =, AT RE R AR I 2 4L
SERIL B T R R B A BB AR IR
RO AEH IR [F RFRE 19 B 5™, AR S P & A
(A3 PR B 6 1t T R Y AR P Al

Jiti FH K SRS AT AW A A= W 77 ) i R
TN ASEAERR AT AR I o R AR . /AT
R, VT3 B R A ) R BB R RS AR R AR
KA FERB S, 5 CK Mt , BC1.BC2.
BC3 441 F1 MB1.MB2.MB3 4k 3 20 5 A [F] F4 i
AR T /N S BORR T S 08 | FRLRR B R R AR
KE, X 580 N8 R —20. JR AT RE 2 0
KRG FT AR o 38 3o 388 n - 358 b A 0 B 7% 1) 9% 40
SR AR 3E R ) 403 1 ok v RH 2 AR PR AR A, T T A R
F A B RE A U AR R I AE S R RAR
WA VE 2, 3 BIAE A ROF F g (T i 7R o0
o, 13 TR A5 AR AR (A K L T THD ) S R R AR
B, AHEFLEE RR I AE BRI 2.5% K
TR AT AP (MB2) Ab /IS (S bk 5 B PR B
AR AN B S v T LA AR B

e A, R P Al A 40 w700 T it A 90 7 R % BE A A
b B ATRAR 75 A 93 2R, HL = i IR 2R o Rk vk
MoRE E R RS EAEE N Y R
TAE 1908 280, FE MG B R R B 2 R AT 1
PR A — AR (0 A AE PR BT, R B E AR AR KA
B, M $00 81095 TR 142 % , B ARG /DN 1 SR AR s 1)
R, T, 5% AL, it K GRS AT AR R
IR TR A 9 e T T Ak 2 0 T ) % Ak B 2 ) I
ERE T /NAETEEEA AIE LR C
B, X R T P R A R AR AR
WIBEFR H BAA , AT LA R 0 - s B P R 7R
BB, MO MRAR R R I SRS, S K RS
P TRJ 7490, 55 3 B B Ak R W e 0 75 B4R E , 1E TG
REEM M. BWARRET, BINEYRERN
2.5%F 5 /IN S5 (1 R V  OA B e s TS N AR
Y &N S%ET, /INASRMGEAER C T RIAEIR
o IX 5 AW T AE R MR AE AR R, AR
W T C It 2.5% 25 9% B 70N 3 S 1 AT ek 0 D 4
AR C HREWIB RS, AW RIRTH R EE . 4
R, AW R AT B IR AN R LR U N E R
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