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Effects of arbuscular mycorrhizal fungi and biochar on the
fertility of continuous watermelon cropping soil
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Abstract: [Background] As a soil modifier, biochar can improve soil fertility, promote arbuscular
mycorrhizal (AM) fungal colonization, plant growth and development. [Objective] To evaluate the effects
of AM fungi inoculation with adding biochar on the fertility of continuous cropping soil, and the growth of
watermelon plants. [Methods] A pot experiment was conducted with watermelon continuous cropping soil
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as the substrate for planting ‘Yuanjia’ watermelon (Citrullus lanatus) grafted on the root stock
‘Quannengtiejia’ pumpkin (Cucurbita maximaxC. moschata). A total of 8 treatments were designed with
the inoculation with or without AM fungi (Glomus versiforme), being added 0%, 1%, 2% and 4% biochar.
The soil physical and chemical properties, soil enzyme activities, soil microbial quantity and the plant
growth were measured. [Results] G. versiforme inoculation with biochar addition could significantly
promote the formation of large soil aggregates and the mineralization of soil organic matter; stabilize soil
pH; increase the number of soil bacteria and actinomycetes, and reduce the number of fungi; increase the
activities of soil invertase, hydrogen peroxide enzyme and urease; activate soil mineral nutrients, and
ultimately promote the growth and development of watermelon plants. Among them, the effect of
inoculating G. versiforme and applying 2%—4% biochar combination is the best. There were interactions
between AM fungi and biochar, which improved the continuous cropping soil pH, saturated water content
and porosity, reduced the soil bulk density, favorable for the formation of large particles aggregate of soil,
increased the soil enzyme activities and improved the rhizosphere soil microbial composition.
[Conclusion] The combination of AM fungi and 2%—4% biochar can significantly improve the fertility of
continuous cropping soil.
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Table 1 Effects of AM fungi and biochar on physical and chemical properties of continuous watermelon cropping soil

Lb EC (uS/cm) pH +3Ess SFLBREE WAFLE B L URSIE @y

Treatments Compaction  Total porosity Aeration Soil saturated
(g/cm®) (%) porosity (%) water content (%)

CK 809.002.52a 6.57+0.07g 1.41#0.10a  62.47+9.50g 22.16+7.14f 12.33+0.45f

1% C 677.33+4.91b 6.70+0.02f 1.37+¢0.18b  63.58+3.41e 23.95%9.21¢ 15.03+0.58e

2% C 470.67+1.86¢c 7.13+0.03cd 1.33+0.14c  64.64+2.22c 24.85+5.52a 19.07+0.24b

4% C 425.33+7.13d 7.22+0.05hc 1.29+0.21de  65.63+5.80ab 24.414551b 17.90+0.20cd

Gv 743.67+6.57¢ 6.86+0.04e 1.4+0.15ab  62.65+6.71f 22.50+2.84e 14.77+0.18e

1% C+Gv 637.67+2.4.0f 7.00+0.04d 1.34+0.17c  64.35+2.13d 23.51+2.27d 17.20+0.26d

2% C+Gv 428.00+4.04f 7.31+0.02b 1.31+0.16cd  65.57+4.45b 25.05+3.29a 20.43+0.60a

4% C+Gv 394.67+1.76g 7.44+0.04a 1.28+0.15e  65.74+1.19a 24.55+2.42b 18.73+0.18hc

F (AMF) 79.83" 36.58" 28.22" 2144 453" 1.04™

F (Biochar) 109.92" 154.20” 153.19” 54.30" 39.33" 44,05

F (BiocharxAMF)  0.87™ 5.68" 0.35™ 1.91™ 27.23" 8.12"

T FSVEERE EEARNFRAE 5%K Y L2557 03 *F**: P<0.05 Al P<0.01 K2R EH; ns: ZRALE. CK: X,
1% C: AWIFHRININE S 1%; 2% C: AR BIRMER 2%; 4% C: AEYIFARAIEN 4%; Gv: H:F AM B, T,
Note: Different letters indicate significant difference at 0.05 level. *, ** means that P<0.05 and P<0.01 are significantly different, ns means

that the difference is not significant. CK: Control; 1% C: The amount of biochar added is 1%; 2% C: The amount of biochar added is 2%;
4% C: The amount of biochar added is 4%; Gv: AM fungi inoculation. The same as below.
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Table 2 Effects of AM fungi and biochar on aggregates of continuous watermelon cropping soil

oSzl TR TR &
Treatments Soil stable aggregate contents (%)

>2 mm 1-2 mm 0.5-1.0 mm 0.25-0.5 mm <0.25 mm
CK 16.40+1.22¢ 12.93+0.24¢ 20.20+0.42b 20.13+0.18a 29.67+1.25a
1% C 19.40+0.12d 15.73+0.52d 19.67+0.90b 16.73+0.48bc 27.27+0.64ab
2% C 23.87+0.18c 19.07+0.77hc 15.60+0.31c 16.20+0.69c 24.73+0.53b
4%C 26.53+1.12b 20.80+0.92b 19.13+0.37b 13.00+0.20¢f 19.73+0.24cd
Gv 18.73+0.77de 14.40+1.22de 23.13+1.83a 18.00+0.76b 25.13+1.62b
1% C+Gv 23.20+1.31c 17.87+0.29c 24.47+0.07a 12.53+0.35f 21.27+1.16¢
2% C+Gv 28.07+0.53ab 24.27+0.24a 14.53+0.18c 15.67+0.29cd 16.87+0.47de
4% C+Gv 30.27+0.77a 22.93+0.2% 15.33+0.75¢ 14.27+0.87de 16.47+1.22e
F (AMF) 7439”7 10.67" 0.14™ 1.45™ 29.98™
F (Biochar) 140.34” 22.65 3.11° 412" 16.79"
F (BiocharxAMF) 0.45™ 321 11.64” 935" 1.96™

23 AM HEEFMEYI RN AEFELER.
. HTRIENEMN

msk 3 fn, BEEAY BRI, +
B A O RS F IR TR AT it
R 2060 IR R, 163 16.29 g/kg, A
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21%; Hhh AM ELR St A= 0 5 e BAR R +
RS RSP S RN R R R R A

Wy 5 e S 0 et A S T SRS I UL, AR
it FH Ry 290 - e i, O 58.20 glkg, [A]
— RO TR R R AM BB S
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e S A B IR T AR AL PR, i
AR, UL CK I sl 3
A S B A 400 S0 e S O Sk P9 185 o v AN D
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Jiti 2t kg Aol S AL RIS B 5 e A e
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Table 3 Effects of AM fungi and biochar on soil N, P and K contents in continuous watermelon cropping soil

AbF £ B P el A
Treatments Total N (g/kg) Total P (mg/kg) Available P (mg/kg) Total K (g/kg) Available K (mg/kg)
CK 5.82+0.67e 1 554.98+8.89b 52.27+0.23g 46.18+1.19b 106.80+0.53g
1% C 12.03+1.69cd 1584.8+9.89b 61.13+0.26¢ 55.11+1.30a 120.67+0.47¢c
2% C 16.29+1.34ab 1812.31+53.22a 74.10+0.15b 58.20+0.87a 137.63+0.69a
4% C 13.58+1.69abc 1 876.00+70.96a 76.27+0.43a 55.91+1.85a 139.93+0.35b
Gv 9.31+0.67de 1 089.25+14.20d 49.300.69h 39.60+0.30c 99.97+0.77h
1% C+Gv 12.8+1.16hcd 979.40+51.84d 57.23+0.43f 47.91+0.13b 112.20+0.25¢
2% C+Gv 17.07+1.03a 1 000.91+81.80d 65.40+1.06d 47.03+1.5b 127.73+0.45f
4% C+Gv 13.97+0.67abc 1 235.21+10.91c 70.20+0.26¢ 48.20+1.50b 133.20+0.26d
F (AMF) 3.60™ 358.86" 213.33" 51.80" 504.20"

F (Biochar) 28.20" 13.217 763.03" 16517 1855.43"

F (BiocharxAMF) 0.73™ 456 11.85" 0.82" 4.48"
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Table 4 Effects of AM fungi and biomass carbon on contents of Ca, Mg, Cu and organic matter in continuous watermelon

cropping soil

Treatments Ca (g/kg) Mg (g/kg) Cu (mg/kg) Organic matter (mg/kg)
CK 7.61+0.74c 5.46%0.23b 22.28+1.02¢ 18.27+1.13de
1% C 9.04+0.30b 5.72+0.11b 25.59+1.08bc 24.48+0.86¢
2% C 9.22+0.02b 5.83+0.20b 28.25+0.43ab 29.4620.82ab
4% C 10.31+0.29a 6.48+0.07a 29.66+1.32a 31.05+0.60a
Gv 4.63+0.21e 4.38+0.09cd 22.3520.28¢ 15.68+0.90e
1% C+Gv 5.47+0.10de 3.92+0.07d 24.13+0.78c¢ 20.0620.33d
2% C+Gv 5.89+0.09d 4.12+0.10d 24.33+1.17¢c 24.94+1.53c
4% C+Gv 6.87+0.09c 4.72+0.28¢c 23.92+1.16¢ 27.08+1.27bc
F (AMF) 222.95™ 191.617 11.46" 30.33"

F (Biochar) 20.717 951" 6.04” 59.33"

F (BiocharxAMF) 0.33™ 2.23™ 2.49™ 0.40™
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Table 5 Effects of AM fungi and biochar on enzyme activities in continuous watermelon cropping soil

RbBH Treatment TEEMERE Inveretase [k Urease 11 AL S Catalase
(mg/(g-24 h)) (mg/(g-24 h)) (mL/(g-20 min))

CK 9.90+0.3% 0.07+0.02g 1.600.07g

1% C 12.44+0.58d 0.08+0.01ef 1.67+0.04e

2% C 15.46+0.82¢ 0.10+0.02hc 1.74+0.04b

4% C 21.76+0.84a 0.10+0.01cd 1.72+0.06c

Gv 13.21:+0.35d 0.07+0.02fg 1.65+0.02f

1% C+Gv 15.84+1.15¢ 0.09+0.01de 1.69+0.04d

2% C+Gv 19.62:+0.18b 0.12+0.06a 1.75+0.05a

4% C+Gv 23.71+0.53a 0.110.01ab 1.74+0.05ab

F (AMF) 48.40" 29.97" 10.29™

F (Biochar) 109.63" 84.25" 46.73"

F (BiocharxAMF) 0.93" 0.81"™ 5.87"

*6 FAMNEFLRFD SEEEEXE S

Table 6 Correlation analysis between soil nutrients and soil enzyme activities in continuous watermelon cropping

AbFH £ & TR e R AL EC pH
Treatments Total N Total P Awvailable P Total K Available K Organic matter

TR 0.70™ -0.07™ 073 0.19™ 0.72° 0.67™ -0.91" 0.95"
Inveretase

IR it 0.74" -0.13®  0.69™ 0.17™ 0.71" 0.62" -0.90" 0.94™
Urease

S A S 0.97" -0.02® 0.82 0.42"™ 0.82" 0.76" -0.96" 0.93”
Catalase

x7 AM EEFEYI SR A NEELIRHEY S RN

Table 7 Effects of AM fungi and biochar on microbial content in continuous watermelon cropping soil

AbFE Treatments ELE Fungi (x10° CFU/g) 4 Bacteria (x10° CFU/qg) Jil4R B Actinomycetes (x10° CFU/g)
CK 7.27£0.13a 4.80+0.17e 1.76+0.23ef
1% C 6.40+0.19bc 6.07+0.32d 2.40+0.13d
2% C 5.53+0.17d 7.93+0.29bc 3.12+0.23c
4% C 5.27+0.13de 7.47+0.17bc 4.12+0.12ab
Gv 6.67+0.15b 5.87+0.49d 2.02+0.17de
1% C+Gv 6.20£0.08c 7.20£0.31c 2.94+0.11c
2% C+Gv 5.20+0.13de 8.93+0.19a 3.74+0.16b
4% C+Gv 5.07£0.12¢ 8.13+0.27ab 4.60£0.13a
F (AMF) 66.34" 558.79" 135.39"

F (Biochar) 422.73" 1116.19” 669.03"

F (BiocharxAMF) 5.33" 6.63" 358"
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0.25-0.5 mm [ IR AAAX &5, sk F 2R 4
P B a, DT AT LA 4B 1k 3 s, 4+
LB IR A Gk, BERRIR AR, +

#8 AM HEMEMFURIEER 4L KHFE
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Table 8 Effect of AM fungi and biochar on growth of continuous cropping watermelon seedlings

i P E Sl Hh bt ML e AM HLF (R YL

Treatments Plant height Stem diameter Shoot fresh weight Root fresh weight ~ AM fungi colonization rate
(cm) (mm) (9 (9 (%)

CK 72.6+3.0e 7.03+0.17f 30.1620.76¢ 8.30+0.30f 7.7+0.3d

1% C 87.3+3.4d 7.19+0.09¢f 32.48+0.75¢ 9.42+0.27e 8.0+0.6d

2% C 111.4+3.8¢ 7.92+0.18cd 37.78+1.27cd 11.60+0.40¢c 8.7+0.3d

4% C 99.0+2.3d 7.81+0.12cd 37.78+1.39cd 11.26+0.28cd 8.7+0.9d

Gv 98.6+2.7d 7.64+0.19de 35.86+1.01d 10.46+0.30d 59.7+0.3¢

1% C+Gv 123.5+4.6hc 8.22+0.09hc 40.7620.70bc 12.50+0.21b 61.3+0.9hc

2% C+Gv 138.9+5.3a 9.40+0.16a 45.30+1.59 14.12+0.27a 65.7+0.7a

4% C+Gv 129.3+7.1ab 8.62:+0.22b 42.56+1.08ab 13.24+0.32b 62.7+0.3b

F (AMF) 180.02" 28.16™ 69.58" 100.79"™ 261.16"

F (Biochar) 56.24" 9.86" 23.61" 40.36" 1.99™

F (BiocharxAMF) 0.54™ 2.94™ 1.05™ 1.32" 6.44"
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