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Effects of additional mycorrhizal fungi and mixed minerals in
vermicompost substrate on the growth of watermelon seedlings

XIA Siyao, WANG Chong” , WANG Xinyu, XUE Rui, LIU Mengli
(China Agricultural University College of Resources and Environmental Science/Beijing Key Laboratory of

Biodiversity and Organic Agriculture, Beijing 100193, China)

Abstract A microcosm experiment was conducted to investigate the effects of mycorrhizal fungi and mixed minerals in
vermicompost substrate on watermelon seedling growth. Pot experiment was carried out in greenhouse of China
Agricultural University from 16 October to 27 November 2018. Four treatments were designed as follows: CK
(inoculating sterilized mycorrhizal fungi), AM C(inoculating mycorrhizal fungi), KW (adding mixed minerals and
inoculating sterilized mycorrhizal fungi), AM + KW (adding mixed minerals and inoculating mycorrhizal fungi). After
harvesting, the basal nutrient content, biomass, chlorophyll content and root growth index of watermelon seedlings
were determined. The results indicated that the addition of mixed minerals in vermicompost decreased the bulk density
by 42.18% ., while significantly increased the total nitrogen and available phosphorus (P<C0.05), which promoted
plant’s uptake of Ca, Fe and Mg in root by 60.97% .21.21% and 84.52% , respectively. Adding mycorrhizal fungi
and mixed minerals to the vermicompost significantly increased the gibberellin content of watermelon seedlings (P<C
0. 05) and improved the root fresh weight (P<C0.001). In summary, adding mixed minerals and inoculating mycorrhizal
fungi to vermicompost could improve the root growth and the nutrient uptake in the watermelon seedlings, thus
promoted the biomass of watermelon seedlings.
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Table 1 Effects of different treatments on the root growth of watermelon seedlings
JOEL R TR/ g T/ g R /em RZ W/ cm? AR/ cm?
Treatment Root biomass Root biomass Root length Root surface area Root volume
CK 8.24-0.56 ¢ 1.140.11 b 246.81419.81 ¢ 16.5941. 05 c 0.0940 b
AM 8.8240. 31 be” 1.0540.07 b* 285.31£21.70 be 18.90=£1. 20 be 0.1040.01 b
KW 13.20+£0.44 a™ 1.83+0.16 a 472.80473.64 a 31.46+4.82 a 0.1740.03 a
AM-+KW 10.0140.51 b* 1.2140.07 b™ 408.57445. 81 ab™ 26.84+2.54 ab 0.154+0.01 a

T« 7 AN 5] <7 B 3 7s Ab BR8] 22 57 19 30k 25 53 KT 0,05, CIK M 5] 3 v e A K B8 T AR 0 5 AML 3 7% W 051 36 oy 2 0 18 AR L 1, KW 3R
7% W 5 5 i [ B A T AR L R B INIR A AMA KW 3 7R8 76 M 151 3 b 5] I 3eAh i AR O RO IR & 071 . 25 57 B 3 K43

A s *x% P<Z0, 0015 %% P<Z0.01; x P<C0.05, K[,

Note: In each column, values followed by different small letters indicated significant difference at 0. 05 levels. CK represents the

vermicompost inoculated with sterilized mycorrhizal fungi; AM represents vermicompost inoculated with mycorrhizal fungi; KW

represents vermicompost inoculated with sterilized mycorrhizal fungi and mixed minerals; AM+ KW represents sterilized inoculated

with mycorrhizal fungi and mixed minerals. Significant levels are: xxx P<(0,001; %* P<C0.01; * P<C0.05. The same below.
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Table 2 Effects of different treatments on nutrient absorption in roots of watermelon seedlings
mg/plant
Ak 3
Ca Fe K Mg
Treatment
CK 15.45+0.89 b 0.6640.08 ab 14.48+0.33 a 3.23£0.13 b
AM 14.44+1.61 b 0.43£0.14 b 18.76+£4.75 a 2.71£0.33 b
KwW 24.8741.46 a™ 0.80£0.10 a” 21.1046.38 a 5.96+£1.40 a"
AM-+KW 16.44+1.42 b 0.86=+0.04 a 14.1940.46 a 3.34+0.07 b
ik 3
Na P Zn
Treatment
CK 0.5240.09 a 4.64+0.13 b 1.0040.14 a
AM 0.3740.05 a 4,11£0.61 b”" 0.90£0.07 a
KW 2.16+£1.37 a 7.34+1.13 a 1.0040.36 a
AM-+KW 0.6140.19 a 4.3340.33 b 0.90%0.18 a
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Table 3 Effects of different treatments on shoot growth of watermelon seedlings

KRR/ % . _ M FETE /g
b 7 L PR /cm ZEH/em My b AR /g .

Germination Shoot
Treatment Plant height Stem diameter Shoot biomass

percentage biomass
CK 69.5042. 36 a 11.47+0.46 a 0.0940 a 29.2742.24 ¢ 2.6340.17 ¢
AM 68.50+3.20 a 11.11%0.68 a 0.1540.05 a 28.66+3.17 ¢ 2.50%0.28 ¢
KW 71.5042.87a 12.27+0.36 a 0.1240 a 49.49+1.80 a* 4,8240.31 a™
AM+KW 68.50+%3.20 a 11.93740.56 a* 0.1340.02 a 41.08+2.41b 3.954+0.22 b
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Table 4 Effects of different treatments on hormone levels in shoot of watermelon seedlings ng/g
b3 HRER n51 W £ 1R Jid % % ESP/ S
Treatment GA3 1AA ABA ZR
CK 5.214+0.12 b 27.37£0.75 b 81.14+2.31 ¢ 8.04+0.23 ¢
AM 4.964+0.07 b 28.10+1.07 b 87.70+2.64 be’ 8.97+0.23 b™
KW 5.304+0.10 b* 35.32+£1.01 a™ 92.81+£2.64 ab™ 9.45+0.23 b
AM-+KW 6.01+£0.22 a* 34.37£0.92 a 97.93+1.88 a 10.3540.37 a

2.3 EMEREEMEIMEST YXerHG2EER (P<<0.00) . & & (P<0.0) LI A3 wE(P<
A 0.ODKEHE.MNEET 1.5%.2.9% M 1.5%,
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Table 5 Effects of different treatments on chemical properties of matrix
A A R/
b . B3R/ (uS/em)  AHLIE/(g/kg) 4 N/(g/kg) (mg/kg) (mg/kg)
Treatment P EC Organic matter  Total nitrogen Available Exchangeable
phosphorus potassium
CK 7.40+0.02b 165.8041.66a 111.11+2.92a 10.7240.34 a 252.67+2.28 ab 8.32+0.42 ab
AM 7.44+0.05b 162.2841.14 ab 108.3143.41 a 10.37£0.39 ab 257.75+1.48 a 9.67£1.07 a
KW 7.444£0.02b 159.504k1.84 b 96.43+2.09 b 9.1040.29 ¢ 238.16+6.64 b*" 6.99+0.06 be™*
AM+KW  7.4740.01 b 161.85+1.22 ab 97.88+3.21 b 9.36+0.34 bec 241.62+7.04 ab 5.794+0.43 ¢
2.3.2 AR LM R AEFEMZER(P<0.001) K T 42. 18% . If
R0 4 R B 7E ik 45 2SR s iR & 0 L LA i 451 25 v A IR A 0 1 DA S H b TR AR TR A
K HEFh TR AR L TR AT DA R IR 2 BT 0 7 B, U B AL DL i o A LB B DL KRR KR 22 R B
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R 6 N [E) AL TE X E T BE 5 M Y B I
Table 6 Effects of different treatments on the physical structure of matrix
, kLI / Y
4k 7 A/ (g/cm’) SALBRE/ % WA ILER/ Y .
i o ) Water-holding
Treatment Bulk densit Total porosity Ventilation porosity )
porosity
CK 0.64740.02 a 61.394+1.30 a 2.654+0.56 b 58.7540.99 a
AM 0.6140.02 a 62.8610.66 a 4.7141.40 ab 58.14+1.73 a
KW 0.3740.03 b™ 62.89+3.62 a 8.74+1.76 a 54.1542.80 a
AM-+KW 0.3740.02 b 64.67+1.94 a 6.09+2.65 ab 58.58+2.39 a
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Table 7 Effects of matrix physicochemical properties on seedling biomass and root growth

> BT p H> JE ol LB RE (5R 7D

Yy & i E B R A
gLt Seedling biomass Shoot Root
T
Physical- fiff T TH fif T E
chemical Pillai Pr(— I Shoot biomass Shoot biomass Root biomass Root Bomass
properties (Weight) (Dry) (Weight) (Dry)
AIC Pr(>F) AIC Pr(>F) AIC Pr(>F) AIC Pr(>F)
ABA 0.87245 0.2388  55.559  0.146 6 —26.599 0.14136 10.4454 0.8252 —41.262 0.4340
SOM 0.898 47 0.1928  38.398  0.546 3 —34.288 0.24057 9.9983 0.9443 —47.377 0.936 6
TN 0.618 57 0.617 4  42.388  0.3862 —29.076 0.167 38 9.9617 0.9713 —46.974 0.8303
P 0.86598 0.250 1  39.100 0.5102 —38.808 0.33934 9.9725 0.9614 —46.332 0.7412
K 0.147 13 0.978 4  52.306  0.1833 —15.891 0.069 70+ 9.9519 0.9855 —46.995 0.834 1
R 0.49379 0.7562  58.758  0.1182 —18.687 0.083 62+ 12.2545 0.6336 —45.731 0.681 6
pH 0.773 51 0.4017  52.092 0.1860 —17.018 0.07500+ 10.042 1 0.9237 —45.537 0.665 1
BALBR 0.798 16 0.3629  49.758  0.2193 —18.248 0.081 25+ 10.5458 0.808 6 —47.354 0.926 4
WMATFLEE 0.746 15 0.443 3 49.757  0.2193 —18.249 0.081 26+ 10.5457 0.808 6 —47.354 0.926 4
FKFLBE  0.447 50 0.799 7  49.757  0.2193 —18.248 0.081 25+ 10.5458 0.808 6 —47.354 0.926 4
T A WREERK WMRILE
VT Root growth Root morphology
Physical- K M HRIAH
chemical Pillai Pr(>F) Root length Root Surface Area Root Volume
properties
AIC Pr(>F) AIC Pr(>F) AIC Pr(>F)
ABA 0. 585 00 0.392 3 146. 46 0.419 5 —108. 24 0.2950 58. 580 0.376 5
SOM 0.560 85 0.422 7 142. 35 0.621 9 —115.92 0.567 4 53. 040 0.634 1
TN 0.521 65 0.472 4 143. 68 0.540 6 —114. 40 0.489 3 54. 351 0.548 5
P 0.674 28 0.2827 152. 31 0.265 0 —111.37 0.376 8 60. 334 0.327 5
K 0.235 16 0.820 7 142,72 0.597 2 —115. 86 0.564 0 53.233 0.617 7
Vgt 0.502 56 0.496 7 140. 55 0.797 6 —118.62 0.805 7 51.217 0.822 4
pH 0.184 70 0.873 0 143.83 0.532 4 —114.91 0.513 6 54,143 0.560 3
BALBR 0.659 65 0.300 2 141. 10 0.729 0 —117.89 0.716 6 51. 649 0.760 5
WA AL 0.090 63 0.955 0 141.10 0.729 0 —117. 89 0.716 6 51. 649 0.760 5
. 2 bartlett Kr I8 40T » 25 5 B 2K SE43 3 Ky ¢ wxx P<C0.001; %% P<<0.01; * P<<0.05;% « "P>>0. 05,

Note: By bartlett test analysis, the significant levels of the differences were as follows:

wxx P<C0. 0013 %x P<C0.013 » P<C0.05;% «

”P>0. 05.
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Fig. 1 Correlation analysis of effects of different treatments on growth and matrix index of watermelon seedlings
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