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Effects of biochar and substitution ratio of peat on the growth of cherry

radish

LIANG Lili"?, ZHONG Luyao’, ZHANG Liao’, HOU Jun', SHU Liangzuo®

(1. College of Agriculture, Yangtze University, Jingzhou 434020, Hubei, China; 2. College of Life Sciences, Taizhou University, Taizhou
318000, Zhejiang, China)

Abstract: In this experiment, 60% peat, 25% perlite and 15% organic fertilizer were used as control (CK), and two kinds
of raw material biochar (rice husk biochar R; corn straw biochar C)and three alternative peat ratios (1/6, 1/3 and 1/2)
were used for a total of six treatments, which were R10(50% peat, 25% perlite, 15% organic fertilizer, 10% rice husk bio-
char), R20(40% peat, 25% perlite, 15% organic fertilizer, 20% rice husk biochar), and R30 (30% peat, 25% perlite, 15%
organic fertilizer, 30% rice husk biochar). C10(50% peat, 25% perlite, 15% organic fertilizer, 10% corn straw biochar),
C20(40% peat, 25% perlite, 15% organic fertilizer, 20% corn straw biochar)and C30(30% peat, 25% perlite, 15% organ-
ic fertilizer, 30% corn straw biochar)were used to explore the effects of different biochar and its alternative peat ratios on
the growth of cherry radish. The results showed that compared with CK, the substrate aeration porosity of rice husk bio-
char and corn straw biochar treatment increased significantly by 85.32%-193.25% and 57.14%-93.65%, respectively, pH
increased by 12.44%- 22.40% and 11.04%- 16.02% , respectively, conductivity increased by 6.61%- 20.66% and
1.65%-16.12%, respectively, the available phosphorus content increased by 128.92%-226.51% and 137.35%-283.13%,
respectively, the available potassium content increased by 16.20%-42.88% and 50.25%-100.00%, respectively. Compared
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with CK, the transpiration rate, soluble sugar and vitamin C content of cherry radish treated with different ratios of rice

husk biochar and 1/6 peat substituted by corn straw biochar were significantly increased, the yield of cherry radish treated
with R10, R20 and R30 was significantly increased by 10.68%-25.54%, the yield of cherry radish treated with C10 was
significantly increased by 29.96%. The results of PCA analysis showed that the pores, pH, conductivity, available potassi-

um and available phosphorus content were the main factors affecting the photosynthetic characteristics and growth charac-

teristics of cherry radish. Rice husk biochar and corn straw biochar with different peat substitution ratios could promote

the root growth of cherry radish by changing the pore condition and nutrient content of the substrate, then increase the

yield of cherry radish, among which rice husk charcoal instead of 1/2 peat and corn straw charcoal instead of 1/6 peat had

the best effect.

Key words: Cherry radish; Biochar; Peat; Matrix ratio; Growth indicator; Photosynthetic property
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RIS AT AR N AR AL bk 2 5, b
Y R TR T e RN B S & Y e s b
B K FEFFAE W $1E 600 °C il T IR SA 24 il
15, B B FE R RHCA R A Al 4 4t FE bt
JRANEE 1 FiR .
1.2 Rt

AR5 S 9 DR 2R, B M AE R < KA
T 572 4= W 7% (rice husk biochar, R) Fll T K A5 AT 24E 4

R1 BEEREVRMEKRBHEYRIBUMER

Table 1 Physicochemical property of rice husk and corn straw biochar

AR H A W w( A% w4t w4
. s pH Electrical conductivity/ Density/ Total nitrogen Total phosphorus  Total potassium
Biochar species B B a 1 N
(mS-cm™) (g-em™) content/(g-kg™") content/(g-kg')  content/(g-kg")
FEFeEM K Rice husk biochar 10.70 0.81 0.17 3.49 137 16.34
FEFF A Corn straw biochar — 9.90 0.94 0.49 5.76 3.75 21.15
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J% (corn stalks biochar, C) ; 3 4= ¥k B AR U6 2% L
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WL EAN 15 em, = 17.5 om, BRI 2 kg, 3L 56
BB, R 3 KA A, G T
2023 4 8—9 HAEMTILA & MBI X se e =
WHEEAT , YGRS A 200 umol-m?-s™, YRR ] 15 &
12 h RN (251D °C, PERK S N A KR E 75
BB, B 2 d R 1 0K, 5532 A R e B A B 7
PERRES D A I B] 4 o SR I E %% TR A o
%2 SNEERARELL

Table 2 Volume ratios of each treatment matrix %

e By B 'ﬁ)rTLHF.E Ié%iﬂ’f%m FORFEFT AL 5
Treatment Peat  Perlite Organic  Rice husk  Corn stover
fertilizer ~ biochar biochar

CK 60 25 15 0 0

R10 50 25 15 10 0

R20 40 25 15 20 0

R30 30 25 15 30 0

C10 50 25 15 0 10

C20 40 25 15 0 20

C30 30 25 15 0 30
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Table 3 Effects of biochar substitution of peat on the
physical properties of the substrate

e A WAL FKILRE B ALRRUE
Bulk density/ Ventilation = Water-holding Total
Treatment 5 . . .
(g-em™) porosity/%  porosity/% porosity/%
CK 0.21+0.00 cd 2.52+0.07e 71.74+1.60a 74.26+1.56 ab
R10 0.19+0.01d 4.67£0.08 ¢ 71.11+2.57a 75.78+2.63 ab
R20 0.18+0.01d 6.44+0.18 b 70.42+1.45a 76.87+1.45 ab
R30 0.17+0.01d  7.39+0.15a 70.26+1.37a 77.65+1.48a
C10 0.25+0.01 bc 4.81+£0.28 ¢ 71.94+2.04a 76.75+2.24 ab
C20 0.27+0.03 ab 4.88+0.13 ¢  70.26+1.63a 75.14+1.65 ab
C30 0.32+0.03a 3.96+0.18d 66.36+1.40b 70.32+1.36 b

TE: R B ARG RER R AR (] 22 R B 2 (p<0.05). FAl.
Note: Different lowercase letters in the same column indicate sig-

nificant difference between treatments (p<0.05).The same below.
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Table 4 Effects of biochar substitution of peat on substrate chemical properties
Ab LR wR AR ZD wOH R wCE R
Treatment H Electrical conductivity/ Alkaline hydrolyzable Available phosphorus Available potassium
(mS-cm™) nitrogen content/(g-kg") content/(g-kg") content/(g-kg")

CK 6.43+0.01 ¢ 2.42+40.02 ¢ 6.60+0.12 a 0.83+0.04 ¢ 6.11+£0.07 £
R10 7.23+0.01 ¢ 2.58+0.02 d 3.44+0.10 b 1.90+0.01 d 7.10+0.01 ¢
R20 7.50+0.01 b 2.76+0.02 b 2.19+0.05 ¢ 2.45+0.04 ¢ 7.97+0.02 d
R30 7.87+0.01 a 2.9240.02 a 1.27+0.07d 2.71+£0.08 b 8.73+0.10 ¢
C10 7.14+0.02 d 2.46+0.03 ¢ 3.67+0.09 b 1.97+0.02 d 9.18+0.12 ¢
C20 7.26+0.01 ¢ 2.67+0.01 ¢ 3.33+0.24 b 2.60+0.01 b 9.89+0.24 b
C30 7.46+0.02 b 2.81+0.02 b 2.56+0.09 ¢ 3.18+0.04 a 12.22+0.34 a

REZEWINT 6.61%~20.66% ; 3 S & & 3 1Y
N7 128.92%~226.51% ; 8 U8 & & B N T
16.20%~42.88% ; Bl fiff 2 &5 & W 3 /> 1 47.88%~
80.76%. 5 CK #Lk,C10.C20 1 C30 Ab# ) pH
SEWINT 11.04%~16.02%; C20 A1 C30 AbFH ) H,
SREETIE T 1.65%~16.12% ; 5k & & 5%
WY 137.35%~283.13% ; S RUHH & W 548 1
50.25%~100.00% ; Bl fift 220 7% £ 0 2 /b T 44.39%~
61.21%. FEMAHSEEYIR SR LG, e PR L
FORFEFF AW 5T 1) pH AR 5 56 550l i 25 3
T 1.26%~5.50%F1 3.37%~4.88%

2.2 EYMRBRERTERE MRAEMIKA G
b 5 Fa e e B AR R L 3 o, PR 3 1
I ERR A SRR R TR AR L S AR AR IR 2 280 32
(& 5. 5 CK A, R10.R20 A1 R30 AbFE ) 3=
WK EZWINT 38.08%~61.17% ; MR 32 M FH & 2%
W T 27.74%~52.56% ; i ARARFIE N T 13.62% ~
33.19%. B & B RREFF AR B AR IR % L A7) (1) 3
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RFIBE ARV R LB 3 e s . 5
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56.93%~64.35% AR K AL ZE N T 30.88%~
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Table 5 Effects of biochar substitution of peat on root traits of cherry radish

e Tk SRR SRR FEIEAR RRHL
Treatment Capital root length/ Total root surface Total root Average diameter/ Number of
cm area/cm’ volume/cm’ mm root tips
CK 13.21+£0.43 ¢ 4.89+0.11 ¢ 2.35+0.12 ab 0.24+0.01 a 56.50+2.33 ¢
R10 18.24+0.37 b 6.10£0.13 b 2.67+0.23 ab 0.25+0.01 a 68.00+2.04 be
R20 18.48+0.44 b 6.39+0.19 b 2.80+0.17 ab 0.25+0.01 a 69.50+3.48 b
R30 21.29+0.37 a 7.46+0.18 a 3.13+0.29 a 0.24+0.01 a 78.50+3.23 a
C10 21.71+0.81 a 7.85+0.11 a 3.15+0.30 a 0.26+0.01 a 83.00+2.74 a
C20 20.73+0.92 a 6.40+0.20 b 3.15+0.29 a 0.27+0.01 a 78.75+2.39 a
C30 11.71£0.28 ¢ 4.49+0.26 ¢ 2.28+0.15b 0.24+0.01 a 52.25+2.78 ¢

60.53% S ARARFAIS W ZE BN T 34.04%.
23 HYRBRRRGEHRE NSRRI
AR A BT FE B R D OG AR MR W R 6
Jlizn. 5 CK AL, R30 Al C10 AbFE 5 Al R
B ETE T 9.72%F1 13.74%:R20.R30.C10 £l
C20 AL F Rl & w1 12.50%+28.13%
9.38%-+17.19%:;R10.R20.R30 4 [ it 7] CO,
BEWINT 14.87%~25.54%,C10 Al C20 47 ) o
[f] CO MR JE 73l 52 THisr 1 11.14%H0 13.16%. 5
CK FHEE, R10.R20.R30 4b H [ 2 i 1 R 2 25 T

T 11.17%~32.09%; C10 4b ¥ 2 & F+ 5 7 34.40%
B o A= AR e LB R0 388 o, A 7 A 0 e Kb 3
) SPAD fH 2 A&, 5 CK AHEE, R20.R30
AbFEY) SPAD H B E RN T 11.37%~18.07%; KK
FEFF A= 9 ¢ 4k B0k F (%) SPAD {H 2 T B 4 3,
{H 8 CK BN, C10.C20 F1 C30 AbFH 5 2 14
T 13.33%~26.25%.
24 HYIRBRERIERE NESFENTE
RpA

A R 5 AR R R LA (1 38 i A R T B v Ak
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Table 6 Effects of biochar substitution of peat on photosynthetic characteristics of cherry radish
e i L SALRE JiL &) CO, MR EE TN AR SPAD {
Treatment Net phot_osynthetic rate/ Stomatal c_on(_luctance/ IntercellulaT CO; concentration/ Transpirat?'on _rate/ SPAD value
(mol-m?-s") (mmol-m*-s™") (pmol -mol™) (mmol-m*-s™")

CK 22.63+0.56 be 0.64+0.01 de 290.07+7.23 d 5.64+0.11 ¢ 44.87+0.80 ¢
R10 23.99+0.45 ab 0.69+0.01 cd 333.21+5.01 be 6.27£0.11 b 47.22+0.87 ¢
R20 24.25+0.39 ab 0.72+0.02 be 364.14+7.50 a 6.50£0.16 b 49.97+0.66 d
R30 24.83+0.65 a 0.82+0.01 a 343.35+£3.96 ab 7.4540.14 a 52.98+0.74 be
C10 25.74+0.63 a 0.70+0.02 be 322.37+7.67 be 7.5840.13 a 56.65+0.55 a
C20 21.83+0.42 cd 0.75£0.02 b 328.23+7.57 be 5.45+0.07 ¢ 54.72+0.74 ab
C30 20.09+0.63 d 0.61£0.01 ¢ 310.36+6.83 cd 4.33+0.08 d 50.85+0.73 cd
& htraemdEEcGE D. 5 CK M, R20.R30  EACLLEI IR0, AR b ISR 4EE R C

Ab TR () B AR 2 i G N T 83.97%
91.60%,C20C30 Ab BRI 7y (1) 445 1 B 430l ol 25
BT 71.37%-75.57%. RSP RGALHT,
FE AW R A TR FE A AE VDo AR RR B b o v 4
A e ecHEELREER. MERETED R

TEIREEINGE 7. 5 CK M, R10.R20 Al
R30 AL B I ERE & & B E N T 14.97%~
37.06% ; 4E A 2 C S E B ZE NN T 18.86% ~
42.01%. 74,5 CK ML, C10.C20 A1 C30 4b#
(R AT 5 1 B & B W B 0 T 37.31%~57.11% ; 4 A=
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Table 7 Effects of biochar substitution of peat on nutrient content of cherry radish

e W(%’i) w4 w4 ' wCRI VAR w(?ﬁq—% ()]
Treatment Total nitrogen Total phosphorus Total potassium Soluble sugars content/ Vitamin C content/
content/(g-kg") content/(g-kg") content/(g-kg") (mg-g" (mg-kg"
CK 2.05+0.02 a 1.22+0.19 a 2.62+0.36 b 3.94+0.10d 61.18+1.12d
R10 1.94+0.05 a 1.3840.13 a 2.85+0.20 b 4.53+0.09 ¢ 72.72+0.71 ¢
R20 1.8240.17 a 1.44+0.07 a 4.82+0.16 a 4.74+0.06 ¢ 78.38+0.55 b
R30 1.9440.05 a 1.504+0.07 a 5.02+0.47 a 5.40+0.06 b 86.88+0.61 a
C10 1.97+0.06 a 1.30+0.01 a 3.46+0.07 b 5.59+0.08 b 80.03+0.57 b
C20 2.03+0.11 a 1.41+0.01 a 4.49+0.22 a 6.19+0.09 a 78.05+1.28 b
C30 2.00+0.05 a 1.53+0.04 a 4.60+0.23 a 5.41£0.11 b 72.03+0.73 ¢

RCEHEEREFEWINT 17.73%~30.81%.

B o A 7 AR Wk B AR R e L AR (0 386 o, MR B
NP PR T R IR B R N R
Yzl in (£ 8). 5 CK #kL,R10.R20 Al R30

ME N EAR SR EE N T 10.68%~25.54% .
8.64%~24.50% « 13.39%~21.76% + 16.00%~48.00% -
13.78%~22.76%. B % F KFEFF A= 90% & ARUe me th
B, Rk N B AERKER AT EE TR 5

AEERPRERR R bR MR T E IR EE TR CK AL, C10 A3 ARk b & bk o
*8 HEWRBRERIMEHE MEEEKNE N
Table 8 Effects of biochar substitution of peat on cherry radish yield traits
Lb 3 s P Py o B HREE 57 & MEAR
Treatment Yield/(kg-hm?) Plant height/mm Fresh leaf mass/g Fresh root mass/g Radish diameter/mm
CK 353.38+16.38 ¢ 57.05+1.33 d 9.56+0.11 d 0.25+0.01 ¢ 32.29+0.53d
R10 391.13+17.04 b 61.98+1.21 ¢ 10.84+0.07 ¢ 0.29+0.02 d 36.74+0.67 ¢
R20 414.72+16.71 b 65.37+£0.92 b 11.30+0.05 be 0.34+0.01 ¢ 38.45+0.57 be
R30 443.65+19.01 a 71.03+1.06 a 11.64+0.11 be 0.3740.01 be 39.64+0.57 b
C10 459.26+16.25 a 73.03+1.23 a 13.37+0.42 a 0.47+0.02 a 41.69+0.40 a
C20 409.44422.40 b 69.92+0.74 a 12.05+0.41 b 0.40+0.01 b 38.57+0.32 b
C30 309.15+14.35d 52.65+0.85 ¢ 8.15+0.25 ¢ 0.24+0.01 ¢ 28.98+0.34 ¢
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R30 L2 RO > L > B FLRR >4 K FLRR > >
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Note: EC. Electrical conductivity; BD. Bulk density; AFP. Ventilated porosity; WHP. Water-holding porosity; TP. Total porosity; AN. Alkaline
hydrolyzable nitrogen content; AP. Available phosphorus content; AK. Available potassium content; RF. Root fresh mass; PH. Plant height; LF. Fresh
mass of leaves; RAF. Fresh mass of cherry radish; RAD. Diameter of cherry radish content; TN. Leaf total nitrogen content; TP. Leaf total phospho-
rus content; TK. Leaf total potassium content; SC. Soluble sugar content; VC. Vitamin C content; P,. Net photosynthetic rate; G.. Stomatal conduc-

tance; C. Intercellular CO,concentration; 7;. Ttranspiration rate.

1 SEERMRSERT MEKIERAMLSEEBIN PCA 2147
Fig. 1 PCA analysis of compound substrate properties and growth indexes (A) and photosynthetic characteristics (B) of
cherry radish
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