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350C
3
5 mm
1
1.1 3 1
« 5 »
F1 ERMBIEREBAMER
Table 1 Basic properties of studied media before being mixed
pH(H,0) EC(H,0)
(uS/em) (g/em?’) (%) (g/kg) (mg/kg) (mg/kg) (g/kg)
5.30 238.5 0.20 72.87 17.31 1195.6 13.9 0.52
5.12 687.0 0.18 83.99 17.24 959.0 371.0 1.86
6.15 31.9 0.16 83.43 0.21 4.2 1.8 0.73
7.71 123.2 0.19 61.16 2.30 2.8 0.0 0.15
7.84 210.0 0.17 43.85 31.20 509.6 1650.7 5.16
6.68 59.7 0.12 57.56 2.64 36.4 26.0 0.52
8.21 317.0 0.23 67.86 12.82 264.6 6398.4 11.61
1.2 A3 313 A4 2:4) 301
14 (B1 6:4
B2 )
4 (A1l 6:0 A2 4:2 2
®2 BEERKFREL%)
Table 2 Proportions of experimental seedling substrates (percentage by volume)
+ @G + @G
BIA1 60 0 40 B2A4 20 40 40
B1A2 40 20 40 B3Al 60 0 40
BI1A3 30 30 40 B3A2 40 20 40
Bl1A4 20 40 40 B3A3 30 30 40
B2A1 60 0 40 B3A4 20 40 40
B2A2 40 20 40 CK1 60 0 40
B2A3 30 30 40 CK2 0 60 40
2015 8 11 1.3
2015 8 24 pH EC
55°C 30°C « ) ( ) 1:10 30 min
8 29 ) 30 min pH
72 H,S04-H,0,
1 3 9 3
9 11 9:00 -
2015 10  NHAc - (211
1 2015 11 (221
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[21]
Excel
(One way ANOVA)
0.7 (Duncan)
SPAD )
2.1
10 2.1.1 3
105°C 15 min
60°C = /
30% (B2A3)
WINRHIZ02003b CKI1(P<0.05) 40% 60%
(B2A1 B2A2)
CK1(P<0.05) 3
= / 4+ / )X (23] (B2A1)
H,S04-H,0, (0.144 g/cm’) (3.04%) (0.05)
(BIA1) (B3A1)
*3 FREIFEREEERBYIE MK (B EE
Table 3  Physical properties of studied grown media (before nursery)
(g/em’) (%) (%) (%)
CK1 0.220 a 4.19f 7243 a 76.62 d 0.06 h
CK2 0.216 ab 1534 a 63.34 ef 78.68 ab 0.24a
B1Al 0.186 de 6.96 ¢ 63.20 ef 70.16 ¢ 0.11 ef
B1A2 0.175 fg 11.42¢ 64.42 cdef 76.84 cd 0.18d
BI1A3 0.183 ef 13.86 ab 63.69 def 77.55 bed 0.22 be
Bl1A4 0.189 cde 13.40b 66.85 ¢ 79.25 a 0.20c
B2Al 0.144 h 3.04 f 64.88 cdef 68.42 f 0.05h
B2A2 0.166 g 3.89 f 66.22 cd 70.11 ¢ 0.06 h
B2A3 0.194 cde 719 ¢ 72.05a 79.24 a 0.10 fg
B2A4 0.196 cd 8.89d 69.41b 78.30 abc 0.13 e
B3Al 0.198 ¢ 572e 64.70 cdef 70.42 ¢ 0.09g
B3A2 0.190 cde 10.54 ¢ 66.49 ¢ 77.03 cd 0.16 d
B3A3 0.197 ¢ 14.00 ab 62.65 f 76.65 d 0.22b
B3A4 0.209 b 14.06 ab 65.45 cde 79.51a 0.21 be
P<0.05 Duncan n=3
2.1.2 4 CKl1 pH EC
CK2 pH > >
5.25~6.53 ( 4
40% (B3A2) pH CK1 CK2
7.5 EC 65 ~ 530 uS/cm CK1 CK2(P<0.05)
60% B2Al1 EC (0.6 g/kg)
CK1(159.7 pS/cm) 3
pH EC CK1

3 CK2(P<0.05)
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x4 ARREBE EEREFER(E &R

Table 4 Chemical properties of studied grown media (before nursery)

(Igf(l)) (HSE/Sm) (g/kg) (g/kg) (g/kg) (g/kg) (g/kg) (g/kg)
CK1 525 159.71i 11.80 de 14.90 hi 13.03 f 0.69 a 0.09 f 0.65¢
CK2 528 5255a 12.25d 16.05h 10.68 g 0.60 b 032e 0.83¢g
BlAl 7.89b 164.9 1 17.70 a 34.61d 19.16 b 028 ¢ 1.03 ¢ 4.88 d
B1A2 743 ¢ 3755e 15.60 b 22.75 f 14.48 de 0.50d 0.67d 379e
B1A3 717e 388.0 de 13.65¢ 20.82 ¢ 13.97 def 0.54 ¢ 0.73 d 3.68¢
BlA4 6.81f 4275¢ 14.25¢ 13.851 13.86 def 0.57 ¢ 0.58d 279 f
B2A1 6.53 ¢ 65.7 523h 9.50 k 14.83 cd 0.01 i 0.07 f 091 ¢g
B2A2 6.52¢ 2555h 8.76 g 11.70 j 14.76 cde 0.40 f 0.19 ef 0.89 g
B2A3 6.13h 349.0 f 10.93 ef 9.13 k 14.21 def 0.46 ¢ 0.28 ef 1.04 ¢
B2A4 5.881i 400.0 d 12.31d 11.92 13.49 ef 0.50d 032e 097 ¢
B3Al 834a 3140 ¢g 10.63 f 58.70 a 20.51a 0.13 h 339a 11.37a
B3A2 7.85b 382.5 de 9.55¢ 47.00 b 15.03 cd 045 ¢ 1.45b 6.85b
B3A3 739¢ 461.5b 11.10 ef 28.95¢ 13.04 f 0.50d 137b 6.04 ¢
B3A4 7.29d 467.0b 11.72 de 40.21¢ 1595 ¢ 0.54 ¢ 1.15¢ 4.62d
3 19 20%
(B1A4 B2A4 B3A4)
CK1 (P<0.05) 20% 30%
CK1(P<0.05) 49
40% (B2A2)
2.2
2.2.1 1 3 CK1(P<0.05)
( 19 )
30% (B1A3) 20% CK1 SPAD (
30% (CK1) 49 ) (B1(A3 ~ A4)
(P>0.05) 40% 60% B2(A2 ~ A4)) SPAD
80% CK1
2.2.2 20% 30%
() CK1(P<0.05)
100
P ab ab ab _i_ be P
90 -
cd cde od
g de B % & de —I—
¥ 80 ¢
3
70 -
60 L L L L L L L L L L L L . I
CKl CK2 BIAl BIA2 BIA3 BlA4 B2Al B2A2 B2A3 B2A4 B3Al B3A2 B3A3 B3A4
JbFR
( P<0.05 Duncan )

1 KEREHEC b B BBl w R A 0

Fig. 1 Effects of different nursery media on emergence rate of pepper seedlings
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x5 ARIERIEERE XSRS EMEKIEIE
Table 5 Effects of different nursery media on shoots development characteristics of pepper seedlings
19 49
SPAD SPAD
(mm) (cm) (em’) (mm) (cm) (em’)
CKl1 0.92 de 5.76 ef 333 ef 36.49a 1.03 e 6.33h 3.60 g 26.97d
CK2 1.15a 8.49a 777 a 27.87b 1.37¢ 10.63 de 11.45¢ 2390 f
BIAl 0.80 f 4.83 gh 1.93h 2328 h 1.02 ef 740 ¢g 7.51f 2443 ef
B1A2 0.99 cd 595¢ 3.80 de 26.79 cd 1.27d 11.33 cd 18.93 ¢ 2443 ef
BIA3 0.99 cd 6.49 cd 4.68 ¢ 26.13 de 1.27d 11.83 be 21.02b 2837 ¢
B1A4 1.13 ab 7.53b 7.40 a 27.21 be 1.54b 13.67 a 2534 a 29.13 ¢
B2A1 0.78 £ 4.14h 0.73 1 2523 fg 093¢ 4231 1.60 h 1647 g
B2A2 0.94 de 6.05¢ 2.97 fg 27.11 be 1.03 e 753 ¢g 11.26¢ 32.07b
B2A3 1.02 cd 6.62 cd 433 cd 27.53 be 1.33 cd 10.50 e 18.54 ¢ 3453 a
B2A4 1.09 be 7.16 be 4.18 cd 27.20 be 1.66 a 12.33b 17.84 ¢ 29.23 ¢
B3Al 0.88 ef 5.05 fg 1.131 21.981i 0.94 fg 5.83h 451 g 16.07 g
B3A2 0.96 de 6.33 cd 33ef 23.17h 1.34 cd 9.33f 15.33d 24.10 ef
B3A3 1.00 cd 6.57 cd 252¢g 2455¢g 1.49b 10.50 e 15.90d 26.80d
B3A4 1.13 ab 7.63b 5.38b 25.72 ef 1.53b 12.33b 20.61b 2520 e
(Al ~A4) 19 20% 40%
20% (BIA4 BI1A2)
CK1 (P>0.05) B1A2
CK1 (P<0.05) CK1 (P>0.05) ( 49
20%
2.2.3 6 CK1(P<0.05)
(
R 6 A[EIERECLANER BRI B IR R E KB
Table 6 Effects of different nursery media on root growth characteristics of pepper seedlings
19 49

(cm) (mm) (cm?) (cm’) (cm) (mm) (cm?) (cm?)

CK1 139.07 b 0.45 ab 19.57b 0.22b 156.46 f 0.46 ef 2291e 027 h
CK2 157.98 a 0.47 ab 2330 a 0.27a 249.86 ¢ 0.55 bed 43.35b 0.60d
BI1Al 95.87 de 0.45 ab 13.58 de 0.15 ef 212.18d 0.46 ¢ 30.85 cd 035¢g
B1A2 145.55 ab 0.43b 19.56 b 0.21 be 29730 a 0.63 a 58.75a 0.92a
BIA3 86.03 ¢ 0.46 ab 12.41 de 0.14¢g 276.12 ab 0.56 bed 48.70 b 0.68 ¢
B1A4 11532 ¢ 0.50 a 18.22 be 0.23b 286.34 a 0.62 ab 54.74 b 0.84b
B2A1 56.94 f 0.45 ab 7.63f 0.08 i 90.73 h 046 ¢ 11.92f 0.121
B2A2 80.96 ¢ 0.44 ab 11.46 ¢ 0.13h 188.85¢ 0.51 de 30.07 ¢ 0.38 ef
B2A3 109.87 cd 0.45 ab 15.52 cd 0.17d 259.43 be 0.54 cd 4422 b 0.60 d
B2A4 99.35 de 0.45 ab 14.02 de 0.16 ¢ 281.30 ab 0.59 abc 45.59b 0.67 cd
B3Al 58.47f 0.44 ab 8.09 f 0.09 1 112.08 g 0.46 ef 16.29 £ 0.191
B3A2 86.2¢ 0.46 ab 12.52 de 0.15 fg 200.37 de 0.54 cd 3373 ¢ 0.46 ef
B3A3 99.23 de 0.45 ab 13.96 de 0.16 ef 140.89 fg 0.61 ab 27.06 de 0.41 fg
B3A4 94.62 ¢ 0.48 ab 14.51 de 0.18d 198.64 de 0.57 abc 3531¢c 0.50 ¢
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49 ) (20%(A4) 30%(A3)) 20% 20%
CK1 (P<0.05) 36.4%
(P<0.05) 40% (B2A2) 3
40% (B1A2) CK1 (P<0.05) BIA2
2.3 CK1 (P>0.05)
CK1(P<0.05) 3
7 20%
(B1A4) 20% (B2A4)  20% (B3A4) 20% 20%
CKl1
CK1(P<0.05) 54.0% 27.0% 27.0% (P<0.05)
R7 ARIRBHEC bbE B B4 a1 B RAR AN 5 B A9 R2 00
Table 7 Biomass accumulation and distribution of pepper seedlings
19 49
(mg/ ) (mg/ ) (mg/ ) (mg/ )
CK1 24.67 e 7.33 cd 0.30 ef 2556 ¢g 1650 g 0.65a
CK2 4133 a 14.67 a 0.35 def 45.07 f 29.13d 0.67 a
B1A1 12.67h 5.33 ef 0.43 cd 284¢ 11.70 h 0.48 cde
B1A2 18.00 g 7.33 cd 0.44 c 76.43 cd 42.00 a 0.55b
B1A3 27.33d 8.00 cd 0.30 ef 85.33b 33.10¢ 0.37 de
B1A4 38.00b 10.00 b 0.29 ef 10547 a 39.13b 0.37 de
B2A1 7.33] 4.67f 0.64 a 9.97 1 4.73j 0.49 ¢
B2A2 20.00 f 7.33 cd 0.37 cde 4520 f 16.50 g 0.36 de
B2A3 25.00 ¢ 8.00 cd 0.32 ef 77.93 cd 28.40d 0.37 de
B2A4 3133 ¢ 10.00 b 0.32 ef 81.47 be 3383 ¢ 0.43 cd
B3A1 9.331 4.67f 0.53b 17.10h 8.00 i 0.48 ¢
B3A2 18.00 g 5.33 ef 0.30 ef 60.77 ¢ 2146 f 0.36 de
B3A3 24.00 e 6.67 de 0.28 f 62.56 ¢ 21.03 f 034e
B3A4 31.33¢ 8.67 be 0.28 f 72.27d 2523 ¢ 0.35de
2.4 (B1A4) CK1
(P< 0.05)  40% (B1A2) 3
2 20% 40% (B1A4 B1A2) 20% CK1(P<0.05) 20% 30%
(B2A4) CK1 CK1
CK2(P<0.05) (P<0.05) 40% (A2B2)
CK1(P<0.05)
CKl1 (P>0.05) CK1 CK2(P<0.05) 20%
30%
2.5 CK1 CK2(P<0.05)
8
19 20%
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L a
0.08 kS ab
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& 0.06 + de T ,
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= 0.04F g
h
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Fig. 2 Effect of different nursery media on strong seedling index of pepper seedlings
#8 AEIESE LERXM BN EZENEFRTRRREEBRIZ I (ng/HR)
Table 8 Effects of different nursery media on nutrients concentration and accumulation of pepper seedlings
19 49
CK1 0.20 bed 0.04 ¢ 0.73 ef 0.20¢ 0.03¢g 0.55 de
CK2 0.27b 0.15a 1.19 ab 0.33d 0.09 efg 1.15¢
BIA1 0.10 ef 0.03 f 0.65f 0.33d 0.10 ef 0.88 cd
B1A2 0.17 cde 0.04 ¢ 0.70 ef 0.60b 0.25 abc 2270
BIA3 0.27b 0.07d 0.96d 0.60 b 0.15cd 231D
B1A4 033a 0.12 be 126 a 0.83a 0.26 abc 3.03a
B2A1 0.03¢g 0.02 f 0.22h 0.10 f 0.06 fg 0.13 ¢
B2A2 0.20 bed 0.06d 0.64 f 0.50 ¢ 0.03¢g 1.05¢
B2A3 0.23 be 0.07d 0.78 e 0.80 a 0.11 ef 2.15b
B2A4 0.20 bed 0.11¢ 0.92d 0.60b 0.15 de 2.10b
B3Al 0.07 fg 0.07d 048 g 0.13 ef 0.13 ef 1.10¢c
B3A2 0.10 ef 0.11¢c 0.76 ef 0.56 be 030a 236D
B3A3 0.13 def 0.13b 1.01 cd 0.63b 0.22 be 2220
B3A4 0.20 bed 0.15a 1.10 be 0.77 a 0.29 ab 2.62 ab
3
Vaughn  [**
0.1 ~ 0.8 g/cm’ 54% ~ 7 640 uS/cm
96% 10% ~ 30% pH 5.0~70
EC<500 pS/cm(**26 EC 500 pS/cm EC
0.14 ~ 0.22 g/cm’ 68% ~ 79% 2
Chan %

[27]

6.6 ~ 8.2

40%

1.5

pH

pH
pH

[30]
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[20] (5%)
20%
(P<0.05)
CK1 20% 9)
40% Tian %
31]
[34-35]
[32]
33
(48 t/hm®) pH
F9 BHMHBERKEBFRSERSENIESEREXMHE
Table 9 Correlation among physical and chemical properties of media and growth indices of pepper seedlings
19 pH -0.344 ~0.426 -0.541" -0.641" —0.538" —0.129
EC 0.880" 0.715" 0.728" 0.648" 0.388 0.434
0.711" 0.648" 0.665" 0.623" 0.448 0.410
0.133 0.036 0.133 0.040 0.212 -0.058
0.720" 0.739" 0.807" 0.647" 0.762" 0.379
—0.374 -0.204 —0.374 -0.420 —0.433 -0.119
—0.420 —0.245 —0.420 -0.502 —0.428 -0.112
49 pH -0.013 -0.131 -0.013 —0.174 -0.172 -0.081 -0.227
EC 0.811" 0.708" 0.703" 0.688" 0.527 0.814" 0.7017
0.672" 0.601" 0.591" 0.631" 0.486 0.646" 0.654"
0.104 —0.012 0.104 0.120 0.138 0.018 0.133
0.614" 0.555" 0.625" 0.698™ 0.607" 0.602" 0.747"
-0.212 —0.125 -0.212 -0.301 —0.363 -0.101 -0.282
—0.155 ~0.090 -0.155 -0.261 -0.331 -0.071 -0.253
*oowk P<0.05  P<0.01
B1A4) 20% (B2A4)
(20% 30%) B1A4 B2A4
CK1 BIA2
CK1
pH(7.29 ~ 7.39) CK1 B1A2 BIlA4
(6.81 ~17.17) (5.88 ~ 6.13) pH CK1
(2] Pituello CK1 B2A4
[19] BIA2 BIlA4
20% 40% (B1A2
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Effects of Biochar-vinegar Mixed Substrates Instead of Peat
on Pepper Seedling Growth

HU Qingging'?, LI Lianging"*", PAN Genxing'?
(1 Institute of Resources, Ecosystem and Environment for Agriculture, Nanjing Agricultural University, Nanjing 210095, China;
2 Jiangsu Collaborative Innovation Center for Solid Organic Waste Resource Utilization, Nanjing 210095, China)

Abstract: There are more and more concerning on application of biochar in agriculture. Aiming to avoid excessive use of
peat resource and explore its substitute, a pepper seeding experiment in the greenhouse was carried out. Three biochars
(pyrolysised in 350 C, herb residue biochar, sawdust biochar and pig manure biochar as follow) were selected to be mixed with
vinegar residue as the organic substrate, vermiculite and perlite as the inorganic substrate, and then those materials were mixed at
four ratios to study their effects on the growth of pepper seedlings with peat substrate as control. After mixed with vinegar residue
at different ratios, the pH and air filled porosity of biochar substrate became more appropriate for seeding. As a whole, the
treatments containing 20% biochar showed better in height, stem diameter, leaf area, ground biomass of pepper seedlings, the
treatments including 20% and 40% herb residue showed better in root surface and root volume while showed no significant
difference with the control in short term, but better significantly than peat substrate in later period. The seedling index of
treatments (B1A2(herb residue biochar : vinegar residue : vermiculite : perlite=4 : 2 : 3 1), B1A4(herb residue biochar :
vinegar residue : vermiculite : perlite=2 : 4 © 3 I 1), B2A4(sawdust biochar : vinegar residue : vermiculite : perlite =2 : 4 :
3 1 1)) were higher significantly than other treatments. Considering the multiple growth indicators of pepper seedling, the
treatments B1A2 and B1A4 performed best among all treatments. So it is concluded that the two substates can replace peat for the
pepper seedlings growth.

Key words: Biochar; Substrate; Wastes; Vinegar; Pepper seeding
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