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Abstract: [ Objectives ] Apple replanting disease (ARD) is a major factor that restricts the sustainable
development of apple industry. In this research, biochar and organic fertilizer were simultaneously used to
improve the resistance of apple seedlings to replanting disease, expecting to provide a theoretical support for the
prevention and control of ARD for the renewal of aged orchards. [ Methods ] A pot experiment was carried out
to study the effects of biochar, organic fertilizer, and their combined application on the apple seedlings and soil
environment suffered from ARD. The seedlings of Malus hupehensis Rehd. were planted in pots with apple
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replant soil. The experiment included 5 treatments, which were no biochar nor organic fertilizer (CK), 2% biochar
(B), 2% organic fertilizer (OF), 2% biochar + 2% organic fertilizer (BOF) and methyl bromide sterilization (F).
The biomass, root respiration rate and indicators of Malus hupehensis Rehd. seedlings were measured by
conventional method. The number of microorganism, fungal group structure and the Fusarium oxysporum
numbers were detected by Illumina high-throughput sequencing technology on Miseq platform and a real-time
quantitative PCR detection system. [ Results ] Compared with the control, the treatment B, OF, and BOF all
significantly enhanced the plant height, ground diameter, fresh and dry weight. B, OF, and BOF treatments
increased the root respiration rate significantly, which were 1.3, 1.2 and 1.5 times of that in control, respectively.
The treatments of B, OF, and BOF increased the root total length, root surface area, root volume significantly,
with the highest in BOF treatment, they were 2.3, 4.8 and 3.4 times of those in control. The three treatments also
increased the soil enzyme activates, with the best effect in BOF, in which the soil urease, invertase and
phosphatase activities were 2.1, 2.9 and 2.9 times of those in control. The three treatments ameliorated the soil
fungal community structure in different degrees. BOF significantly improved the soil fungi richness and diversity,
which were significantly different from other three treatments. Compared with the control, the combined
application of biochar with organic fertilizer and methyl bromide sterilization reduced the gene copy numbers of
Fusarium oxysporum, which explained that the harmful fungi number decreased significantly in replanting
soils. [ Conclusions ] The combined application of biochar and organic fertilizer shows better result to improve
the condition in apple replant soil than the solely application of biochar or organic fertilizer. The combined
application improved the Malus hupehensis Rehd. seedlings biomass, root respiration rate, soil enzyme activity,
reduced the Fusarium oxysporum gene copy numbers, and optimized the soil fungi community. Therefore, the
combined application of biochar and organic fertilizer is a better practice to prevent and control the ARD in
replanting soil.
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Table 1 Effects of biochar combined with organic fertilizer on Malus hupehensis Rehd. seedling growth

Jb3 B (cm) 4% (mm) BT (g) TH (g)
Treatment Plant height Ground diameter Fresh weight Dry weight
CK 22.8+1.8d 3.11+£03¢ 82+0.6c 26+£02d
F 427+20a 5.68+05a 255+42a 85+1.0a
OF 304+15¢ 4.10+02b 15.1+05b 47+05¢
B 29.1+2.1¢ 4.00+02b 186+1.1b 50£1.1b
BOF 356+1.0b 427+03b 198+1.4b 65+0.8b

i (Note) : CK—Xf/# Control; F—H %¢ K Fumigate with methyl bromide; OF—¥#s/Ill 2% A HLE Adding 2% organic fertilizer;
B8N 2% A=Wk Adding 2% biochar; BOF—2% A:=¥% + 2% A HUIEE A H Adding 2% biochar and 2% organic fertilizer. [RIFEH 5 A
[Rl/ING S R A BRE] 22 57 1 3 Values followed by different letters in a column represent significant difference among treatments (P < 0.05).
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Fig.1 Effects of biochar combined with organic fertilizer
on the respiration of seedling roots
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letters above the bars indicate significant differences among treatments
(P<0.05)]
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Table 2 Root indexes as affected by combined application of biochar and organic fertilizer

Qb3 SR (cm) FTEF (cm?) HA% (mm) AFR (cm?) RAEL
Treatment Total root length Surface area Diameter Root volume Tips per seedling
CK 917+ 197 ¢ 157+20e¢ 0.55+£0.06b 22+03¢c 5304 +709 b
F 2222+341a 728 +189a 1.05+0.20 a 19.5+89a 13556 £ 4586 a
B 1651 +389 ab 448 £ 10 be 0.80 £ 0.20 ab 10.0+23b 12947 + 5216 ab
OF 1418 £213 be 352+38cd 0.81+0.20 ab 7.2+23bc 10395 £ 3617 ab
BOF 2097 +£403 a 527+£115b 0.90+0.02a 106 £5.6b 15074 £ 4685 a

I (Note ) : CK—XJfift Control; F—IRH!4EKTE Fumigate with methyl bromide; OF—#5/il 2% A HLIL Adding 2% organic fertilizer;
B—NIN 2% A: 45 Adding 2% biochar; BOF—2% E¥ i + 2% FHUIEEE & fH Adding 2% biochar + 2% organic fertilizer. [F]5) 445 ANIR]
FHRFRAb IR 22 5 i 3 Values followed by different letters in a column indicate significant differences among treatments (P < 0.05).
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Fig. 2 Effects of biochar combined with organic fertilizer on the soil enzyme activities
[{# (Note) : J5#E AR FREFR/R AL B 22 57 2 3 (P < 0.05)
Different letters above the bars indicate significant differences among treatments (P < 0.05).]
R3 HYRESHINELENIRERREFEEMSHMEREY
Table 3 Soil fungal OUTs’ abundance and diversity indexes under biochar combined with organic fertilizer
Qb Treatment OUT 4% OUT No. Ace Chao Simpson Shannon
CK 660 1405 1066 0.17 3.23
F 510 896 742 0.19 2.97
OF 736 1158 1175 0.089 3.77
B 799 1470 1188 0.057 3.96
BOF 885 1528 1307 0.030 4.41

¥ (Note): CK—XfHfControl; F—J5 H 4% K # Fumigate with methyl bromide; OF—¥RN2% A HLAL 2% organic fertilizer; B—RMN
2% W5k 2%biochar; BOF—2% =¥/ + 2% B HUALEA (8 H] 2% biochar + 2% organic fertilizer.
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