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Combining application of ammonium persulfate with different forms of
Trichoderma fertilizer alleviates apple replant disease
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Abstract: [ Objectives ] We studied the effects of fertilizer forms and soil conditions on apple replant soil
disease by using Trichoderma fertilizer to provide effective theoretical basis and technical support for alleviating
apple replant disease. [ Methods ] This experiment, using apple rootstock (Malus hupehensis Rehd.) seedlings as
the test material, involved four treatments: replant soil (CK), ammonium persulfate (T1), ammonium persulfate
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plus granular Trichoderma fertilizer (T2), and ammonium persulfate plus powdery Trichoderma fertilizer (T3).
Through high-throughput sequencing of soil microorganisms, quantitative real-time PCR and other technologies,
the effects of each treatment on soil microbial community structure and number of soil harmful fungi were
studied. Physiological characteristics of Malus hupehensis Rehd. seedlings (plant biomass, root respiration rate,
and root protective enzyme activity) were determined. [ Results ] Granular and powdery Trichoderma fertilizers
promoted the growth of Malus hupehensis Rehd. seedlings in different degrees, improved soil microbial
environment, and increased the activities of root protection enzymes and soil enzymes. The promotion effect of
granular fertilizer was better than that of powdery fertilizer. Compared with control, T1 treatment significantly
improved the growth of M. hupehensis Rehd. seedlings, while T2 and T3 treatments showed significantly higher
promoting effects than T1 did. Compared with CK, T1 significantly decreased the activities of sucrase,
phosphatase, catalase and urease, while T2 increased those by 45.41%, 92.85%, 56.32% and 186.67%, T3
increased those by 32.96%, 83.89%, 43.68% and 165.56%, respectively. The root activity and root oxidase
activity of M. hupehensis Rehd. seedlings were in order of T2 > T3 > T1 > CK, those in T2 treatment were 1.41
and 2.80 times respectively higher than those in CK. Real-time fluorescence quantitative results showed that both
ammonium persulfate and Trichoderma fertilizer application could optimize soil microbial environment, increase
the number of soil bacteria, and reduce the number of soil harmful fungus (Fusarium solani). Compared with CK,
the number of soil bacteria was 2.18 and 2.55 times of hat in CK under T2 and T3 treatment, and the number of
soil actinomycetes was 1.71 and 1.53 times under T2 and T3, respectively. Soil high-throughput sequencing data
showed that T2 significantly increased the relative abundance of Trichoderma by 58.8%, decreased the relative
abundance of Alternaria by 92.87%, while T3 decreased the relative abundance of Fusarium by 64.18%.
[ Conclusions ] Ammonium persulfate plus Trichoderma fertilizer could significantly reduce the number of
harmful soil fungi, increase the number of soil bacteria, optimize the soil microbial environment, and promote the
root activities and growth of M. hupehensis Rehd. seedlings. The effect of ammonium persulfate plus with
granular Trichoderma fertilizer is better than that of ammonium persulfate plus powder Trichoderma fertilizer.

Key words: replant disease; Malus hupehensis Rehd; (NH,),S,Oq; Trichoderma fertilizer; fertilizer form;
soil microorganism; soil enzyme
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Table 1 Plant biomass of Malus hupehensis Rehd. under different orchard soil treatments

4bHE Treatment FE i Plant height (cm) 4% Stem diameter (mm) ff Jii i Fresh weight (g/plant) T i Dry weight (g/plant)
CK 62.30+0.98 ¢ 5.58+0.18¢ 32.61+1.32¢ 13.31+£0.60 ¢
T1 79.00+1.50 b 10.18+0.26 b 70.82 +0.36 b 29.35+0.76 b
T2 84.43+0.83a 10.75+0.13 a 76.00 +1.99 a 31.67+1.82a
T3 82.60+1.85a 10.60 +0.23 a 7391+0.77 a 30.55+0.31 ab

I (Note) : CK—i%fE5pd 1% Replanted orchard soil; T1—id HifR# AL FE Applying (NH,),S,0; in soil; T2—id B R Em BURLIR A R AR
Applying (NH,),S,0; and granular Trichoderma fertilizer; T3—id BRERE NN AR A ZE WAL Applying (NH,),S,05 plus powdered Trichoderma
fertilizer; [A)FEH 5 A A T B R R AL FRE] 22 5+ .3 (P < 0.05) Values followed by different letters indicate significant difference among
treatments (P < 0.05).

*2 FELCETIREEEM

Table 2 Soil enzyme activities of different treatments

QbE Treatment it %L %A Uff Catalase (mL/g) WL Phosphatase [mg/(g-d)]  JIRHAE Urease [mg/(g-d)]  HEMF Sucrase [mg/(g-d)]
CK 0.174 £0.002 ¢ 8.792+0.590 b 0.090 +0.003 ¢ 6.778 £ 0.098 ¢
T1 0.160 = 0.002 d 7.612+0.295¢ 0.076 = 0.002 d 6.413 £0.057d
T2 0.272 +£0.006 a 16.955+0.742 a 0.258 £0.001 a 9.856+0.152 a
T3 0.250+0.005 b 16.168 £ 0.511 a 0.239 £ 0.002 b 9.012+0.043 b

# (Note) : CK—i#AEH 133 Replanted orchard soil; T1—d BREREZ AL Applying (NH,),S,0; in soil; T2—id BRERE IOk IR A 25 B AL
Applying (NH,),S,0; and granular Trichoderma fertilizer; T3—iT B FREC NN AR AR E B AL Applying (NH,),S,0; plus powdered Trichoderma
fertilizer; [A)FEHE 5 A A FH} R R AL FRA] 22 5+ 5.3 (P < 0.05) Values followed by different letters indicate significant difference among
treatments (P < 0.05).
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Fig. 1 Protective enzyme activity and respiration rate of root under different treatments
[ (Note) : CK—yAEHpd 13 Replanted orchard soil; T1—id iR EALHE Applying (NH,),S,0; in soil; T2—jf B BR i MIBURLR A 25 1
JIt Applying (NH,).S,0; and granular Trichoderma fertilizer; T3—id SRR E IR AR ATEHIE Applying (NH,),S,0; plus powdered Trichoderma
fertilizer; 1 N[ HREFR A HLH] 22 57 .3 (P < 0.05) Different letters above the bars indicate significant difference among treatments (P <

0.05).]
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Table 3 The quantity of soil microorganisms under
different treatments

e il e T I SRR T DL
Bacteria Actinomyces F. solani copies
Treatment
(% 10° cfu/g) (% 105 cfu/g) (x 10

CK 7.33+0.58¢c 12.67+1.53¢ 0.82+0.02a

T1 433+£0.58d 9.00+1.00d 0.46+0.01b
T2 16.00£1.00b 21.67+0.58a 0.13+£0.01 ¢
T3 18.67+0.58a 19.33+0.58b 0.14+0.03 ¢

¥ (Note) : CK—i#AFESE 1 Replanted orchard soil; T1—id
TRERE AL Applying (NH,),S,0; in soil; T2—id BiERE INPURCR A

#H AL Applying (NH,),S,0, and granular Trichoderma fertilizer;

T3 FRER N AR AR AL Applying (NH,),S,0; plus
powdered Trichoderma fertilizer; [F] 543 J5 A [R) F-F: R A H ] 22
F B (P < 0.05) Values followed by different letters indicate
significant difference among treatments (P < 0.05).
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T3 AbFE B R B A X F i, Hop T3 b3
AR B AT B B E PRI T 64.18%, T2 AbFRIE
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Fig. 2 Relative abundance of soil fungi communities under different treatments
[ (Note) : CK—i#/EHR el 14 Replanted orchard soil; T1—idfiaEALEE Applying (NH,),S,0, in soil; T2—i & FR & i Fkr Ik A 7 1 A
Applying (NH,),S,0; and granular Trichoderma fertilizer; T3—idBRERE NN AR AR EE AL Applying (NH,),S,0; plus powdered Trichoderma fertilizer.]

F4 TRLETHRARZERKFHENFERE (%)

Table 4 Relative abundance of soil fungal communities at genus level under different treatments

Jb 3 Treatment HEMS AR Alternaria W E Fusarium 2¥A%REJE Cladosporium AEJE Trichoderma
CK 9.68+3.25a 9.66 £2.09 a 6.42+244 a 3.30£0.62b
T1 0.99+0.09b 6.72+0.57b 0.64+0.19b 343+0.87b
T2 0.69+£0.08b 8.33£1.98 ab 0.70£0.16 b 524+021a
T3 0.90+0.05b 346+0.24c¢ 0.63+0.17b 474+0.71a

7 (Note) : CK—3%E[E 14 Replanted orchard soil; T1—id B AL FE Applying (NH,),S,0in soil; T2—Z B BRECIN IR A 2 B A
Applying (NH,),S,0, and granular Trichoderma fertilizer; T3—id SRR E MU AR AR BN Applying (NH,),S,0; plus powdered Trichoderma
fertilizer; [R5 EHE 5 ARl 71 R R AL FRIE] 2% 7 3 (P < 0.05) Values followed by different letters indicate significant difference among

treatments (P < 0.05).
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