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Inoculation with an Arbuscular Mycorrhizal Fungus and Intercropping with
Pepper Can Improve Soil Quality and Watermelon Crop Performance

in a System Previously Managed by Monoculture

P.P. Sheng, R.J. Liu and M. Li

Institute of Mycorrhizal Biotechnology, Qingdao Agricultural University, Qingdao, China

Abstract: Long periods of crop monoculture often reduce soil quality in terms of its chemical and physical
properties but also in terms of microbial diversity and community structure. A factorial experiment was
conducted to investigate the effects intercropping watermelon and pepper and inoculation with the arbuscular
mycorrhizal (AM) fungus Glomus versiforme (Karsten) Berch in a commercial greenhouse system that had been
subjected to watermelon monoculture for the previous 5 years. The four treatments were: watermelon
monoculture with and without AM fungus inoculation and watermelon/pepper intercropping with and without
AM fungus inoculation. Although the effects were not statistically significant, numbers of bacteria and
actinomycetes tended to increase and numbers of fungi tended to decrease with intercropping and AM fungus
inoculation. Soil saccharase activity was highest with intercropping and polyphenol oxidase activity was
highest with intercropping + AM fungus inoculation, but urease activity was unaffected by the treatments. Soil
electrical conductivity values were reduced by intercropping and by AM fungus inoculation. Both
intercropping and AM fungus inoculation increased the percentage of water-stable soil aggregates. The
concentration of Cl  in soil was significantly reduced by intercropping and AM fungus inoculation and the-

concentration of Mg  was lowest without intercropping but with AM fungus inoculation. Both intercropping2+

and AM fungus inoculation increased maximal leaf area and stem thickness. Overall, the results indicate that
intercropping with pepper and inoculation with the AM fungus G. versiforme can improve soil quality and plant
performance in systems previously subjected to continuous watermelon monoculture. 
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INTRODUCTION resulting from watermelon monoculture was partly

Vegetable crops in general and watermelon in bean, corn/fava bean and wheat/maize, the diversity of the
particular are usually grown under a continuous rhizosphere bacterial community was increased and the
monoculture regime in China. With long monocultures, rhizosphere bacterial community composition was
crops tend to grow poorly, in part because of the increase changed [3]. In corn/faba beans and corn/chickpea
in diseases caused by soil-borne pathogens. The increase systems, the diversity of rhizosphere microorganisms was
in these diseases may be partly related to the decline in greater than in monoculture [4]. 
soil microbial diversity and to the increase in soil-borne Like intercropping, arbuscular mycorrhizal (AM)
pathogenic fungi [1]. fungi can also affect the microbial community [5, 6],

To correct problems generated by monoculture, many improve soil quality [7]. Other research demonstrated that
researchers have been studying how the soil environment AM fungi can increase the stability of soil structure and
and microbial community are affected by interplanting. In remediate polluted soil [8]. Because AM fungi can
a watermelon/rice intercropping system, for example, colonize most of the crops referred to in the previous
Fusarium oxysporum decreased, the composition of the paragraph, we hypothesized that AM fungi could help
microbial community changed and the “replant disease” explain the benefits of intercropping. 

controlled [2]. In intercropping systems with wheat/fava
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In China, watermelon is usually grown in monoculture inoculation) were replicated three times and the replicates
in plastic-covered commercial greenhouses. The overall were arranged randomly in the greenhouse. Each replicate
goal of the research described here was to provide a occupied about 12 m and included 40 plants. The
theoretical and technical basis for overcoming replant between row spacing was 40 cm, the within row spacing
problems in protected vegetable production. The specific was 75 cm and each plant were attached to an iron wire for
objective was to evaluate the influence of AM fungus support.
inoculation and intercropping with pepper in a watermelon The plants were managed according to standard
system previously managed as a monoculture. farming practices for the region except that the rate of

fertilizer application was reduced by 50% and irrigation
MATERIALS AND METHODS was reduced by 30%. Before transplanting, the soil in the

Greenhouse and Initial Soil Status: An experiment was and compound fertilizer (N-P-K: 21-8-11) was applied at
carried out from April to July 2011 in a commercial 15000 kg and 150 kg per ha, respectively. After they were
greenhouse that had been used for watermelon transplanted, the seedlings were irrigated to maintain soil
monoculture for the previous 5 years. The greenhouse water content between 65 and 75% of field maximum
was located in Qingdao, Shandong, China (36°20'N, moisture capacity. After watermelon fruits were thinned to
120°31'E). As determined by standard analytical methods one per plant, plants were irrigated and treated with 150 kg
[9], the soil had the following characteristics at the start of of compound fertilizer (N-P-K: 21-8-11) per ha. When the
the experiment: pH 6.9, organic matter content 28.1%, plants were mature, (NH ) HPO  and K SO  were added,
available nitrogen 129.8 mgkg , total nitrogen 17.5%, both at 150 kg per ha. Irrigation was stopped 10 days1

available phosphorus 165.7 mgkg  and available before harvest. Pests and diseases were controlled by1

potassium 345.8 mgkg . conventional methods throughout the experiment. 1

Plants and AM Fungus: Seeds of watermelon [Citrullus Measurement of Plant Growth: Plant vine length, maximal
lanatus (Thunb) Mansf. cultivar Yinong Xinhongbao] leaf area, stem diameter and single watermelon weight
and pepper (Capsicum frutescens Linn, cultivar were measured with standard methods.
Shouguang) were used. The planting medium was a
sterilized mixture of peat, vermiculite and pearlite. Soil Physical and Chemical Properties: At the end of the
Inoculum of the mycorrhizal fungus Glomus versiforme experiment, five soil samples (0-30 cm depth) collected
(Karsten) Berch consisted of spores, hyphae and from each replicate were combined to form one composite
colonized root segments collected from clover plants that 2000 cm -sample per replicate. Each soil sample was
had been inoculated with the fungus 3 months earlier. divided into two portions. One portion was air-dried for

Experimental Design and Management: The experiment the second portion was not air dried and was used for
had two levels of each of two factors: intercropping analysis of soil microorganisms and enzymes. The
(watermelon alone vs. watermelon with pepper) and AM percentage of water-stable soil aggregates was
fungus (with or without G. versiforme inoculation). Seed determined as described by Yan [10]. Briefly, a 40-g
of watermelon and pepper were sown in trays(50 holes per sample of air-dried soil was spread evenly over the top of
tray); the planting medium had been previously nested sieves (2, 1, 0.5 and 0.25-mm openings) and was
inoculated or not inoculated with 500 cm  of G. versiforme wet sieved for 10 min by hand. The soil retained on each3

inoculum containing about 5000 IPU was added per tray. sieve was oven dried at 70 °C for 72 h and weighed. The
On March 15, the trays were placed in the greenhouse in percentage of water-stable aggregates was calculated by
randomized blocks with three replicates.  The  greenhouse dividing the mass of the oven-dried water-stable fraction
used natural sunlight and the temperature ranged between (i.e. the fraction retained on the sieves) by the original
26 and 18°C. After 30 days, seedlings with three leaves sample mass [11]. Soil pH and electrical conductivity (EC)
were removed from the trays and transplanted into the were measured in a 1:5 (w/v) aqueous solution [9]. Atomic
greenhouse  soil.  The  four  combinations  of  factors absorption spectrophotometry was used to quantify Ca ,
(two levels of interplanting × two levels of AM fungus Mg ,  Na  and K  in the water extracts. Cl was determined

2

greenhouse was deeply ploughed and organic fertilizer

4 2 4 2 4

3

the analysis of soil physical and chemical properties and

2+

2+ + + -
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by   electrometric   titration   with   AgNO   using a from each pot was placed in a flask with 100 mL of distilled3

specific  ion  electrode  and  SO   was  determined  with water and a 10-fold dilution series (10 , 10 , 10 , 10  and4
2-

a  turbidimetric  method  in   which   sulfate  was 10 ) was prepared. Sample aliquots that had been diluted
converted into a BaSO suspension under controlled 10 -10  for bacteria, 10 -10  for fungi and 10 -10  for4

conditions [12]. actinomycetes were spread onto Petri dishes containing

Soil Enzyme Activities and Soil Microbial Community: 5 days at 28°C for fungi and 7 days at 28°C for
The second portion soil was passed through a 2-mm sieve actinomycetes, colonies were counted and numbers per
and adjusted to 50% water-holding capacity. Following gram of dry soil were calculated.
incubation  of  the  second  portion  at 25°C  for 2 weeks
(to allow for uniform rewetting and stabilization of Statistical Analysis: All data were subjected to a two-
microbial activity after the initial disturbances), the factor analysis of variance (ANOVA) that tested for the
composition and the size of the soil microbial community main effects of interplanting and AM fungus inoculation
were determined. Soil enzyme activities were assayed as and  the  interaction.  If  the  interaction  was  significant
described by Guan [13]. All enzyme activities were (P < 0.05), means were separated with the LSD test.
determined from air-dried samples in triplicate. For
determination of saccharase activity, 5 g of soil was RESULTS
placed  in  a  50-mL  flask with 5 mL of phosphate buffer
(pH 5.5)  and  15  mL  of  an  80 g L  sucrose solution. Abundance of Soil Microorganisms: Although not1

The samples were incubated at 37°C for 24 h. After the significantly affected by the main effects (intercropping or
solutions were filtered, 1 mL was placed in a 50-mL AM fungus inoculation) or their interaction (P > 0.05),
volumetric flask followed by 3 mL of 3, 5-dinitrosalicylic numbers of bacteria and actinomycetes tended to be
acid and the flask was placed in boiling water for 5 min. higher and those of fungi tended to be lower with
The solution was measured at a wavelength of 508 nm intercropping alone and with intercropping + AM fungus
with a spectrophotometer. Saccharase activity was (Fig. 1). 
expressed as mg of glucose g d .1 1

Urease activity was determined using urea as the Soil Enzyme Activities: Saccharase activity was greater
substrate.  Soil  (5  g)  was  placed  in a 50-mL flask with with intercropping than without (Table 1). Polyphenol
0.5 mL of toluene. After 15 min, 10 mL of phosphate buffer oxidase activity was significantly affected by the
(pH 6.7) and 10 mL of a 100 g  L    urea   solution   were interaction of intercropping and AM fungal inoculation;1

added to the flask. After 24 h at 37 °C,  the  solutions polyphenol oxidase activity was highest with
were filtered through quantitative filter paper. A 3-mL intercropping + AM fungus, intermediate with
volume of the filtered solution was put into a 50-mL intercropping alone and lowest without intercropping
volumetric flask and the released ammonium was regardless of AM fungus inoculation (Table 1). No other
measured at a wavelength  of   578   nm  using a effect was statistically significant.
spectrophotometer. The urease activity was expressed as
mg of NH -N g d . Ion Concentration in Soil: The concentration of Cl  in soil3

1 1

For polyphenol oxidase activity, 10 mL of 1% was significantly reduced by intercropping and AM
pyrogallol  was  added to 0.5 g of soil. After 2 h at 30 °C, fungus inoculation (Table 2). The concentration of Mg
4 mL of phosphate buffer (pH 4.5) and 35 mL of ether were was significantly affected by the interaction between
added and pyrogallic acid was measured at a wavelength intercropping and AM fungus inoculation; the
of 430 nm using a spectrophotometer. The polyphenol concentration of Mg  was highest without intercropping
oxidase activity was expressed as mg of pyrogallic acid or AM fungus and was lowest without intercropping +
g h . AM fungus (Table 2). No other effects on soil ions were1 1

Beef extract peptone medium, Martin medium and statistically significant.
Gause's No. 1 medium were used to culture bacteria, fungi
and  actinomycetes,  respectively  and  the  standard Soil Electrical Conductivity: Soil electrical conductivity
plate-counting technique was used to quantify these was significantly reduced by intercropping (P = 0.03) and
microorganisms in the soil [10]. A 10-g subsample of soil AM  fungus inoculation (P = 0.03) and the interaction was

2 3 4 5

6

4 6 1 3 3 5

the appropriate medium. After 2 days at 37 °C for bacteria,

-
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Table 1: Soil enzyme activities as affected by intercropping and AM fungus inoculation. P values from the two-way ANOVA are shown at the bottom of table.
Other effects were not statistically significant. For polyphenol oxidase activity, means followed by different letters are different according to an LSD
test.

Treatment Urease (mg g  d ) Saccharase (mg g  d ) Polyphenol oxidase (mg g  2 h )1 1 1 1 1 1

Watermelon/pepper 0.30±0.009 34.47±2.113 0.70±0.011 b
Watermelon/pepper +AM fungus 0.37±0.015 42.07±1.332 0.76±0.012 a
Watermelon 0.23±0.013 25.47±3.001 0.67±0.006 c
Watermelon +AM fungus 0.28±0.016 31.7±2.364 0.68±0.012 c
P value Intercropping 0.0775 0.0449 0.206
AM fungi 0.1051 0.0627 0.3174
Intercropping×AM fungi 0.248 0.618 0.0147

Table 2: Ion concentration in soil as affected by intercropping and AM fungus inoculation in a greenhouse soil that had been continuously replanted with
watermelon for 5 years. P values from the two-way ANOVA are shown at the bottom of table. For Mg concentration, means followed by different2+

letters are different according to an LSD test. 

Ion concentration in soil (g/kg)
--------------------------------------------------------------------------------------------------------------------------------------------

Treatment NO Cl SO Ca Mg K Na3 4
- - 2- 2+ 2+ + +

Watermelon/pepper 0.35±0.013 0.09±0.002 0.12±0.010 0.19±0.008 0.05±0.006 b 0.08±0.006 0.21±0.005
Watermelon/pepper +AM fungus 0.31±0.007 0.08±0.004 0.10±0.004 0.18±0.004 0.04±0.002 c 0.07±0.004 0.19±0.010
Watermelon 0.36±0.005 0.09±0.002 0.12±0.007 0.20±0.008 0.06±0.002 a 0.08±0.007 0.22±0.003
Watermelon +AM fungus 0.34±0.008 0.08±0.009 0.11±0.003 0.19±0.002 0.03±0.002 d 0.07±0.002 0.21±0.010
P value Intercropping 0.228 0.026 0.295 0.122 0.989 0.230 0.268
AM fungi 0.190 0.012 0.074 0.132 0.321 0.250 0.172
Intercropping×AM fungi 0.108 0.956 0.668 0.488 0.001 0.218 0.491

Table 3: Water-stable soil aggregates and soil pH as affected by intercropping and AM fungus inoculation in a greenhouse soil that had been continuously
replanted with watermelon for 5 years. For water-stable soil aggregates, P values from the two-way ANOVA are shown at the bottom of table. 

Water-stable soil aggregates (%)
---------------------------------------------------------------------------------------------------------------------------

Treatment pH > 5 mm 5-2 mm 2-1 mm 1-0.5 mm 0.5-0.25 mm

Watermelon/pepper 6.64 2.21±0.042 4.07±1.727 3.80±0.045 4.24±0.032 8.21±0.093
Watermelon/pepper +AM fungus 6.75 2.41±0.036 5.25±0.070 3.95±0.038 4.27±0.040 8.44±0.084
Watermelon 6.53 2.11±0.021 4.96±0.070 3.73±0.040 4.10±0.015 8.07±0.136
Watermelon +AM fungus 6.65 2.33±0.031 5.03±0.047 3.87±0.032 4.19±0.042 8.34±0.031
P value Intercropping 0.028 0.015 0.657 0.035 0.279 0.044
AM fungi 0.025 0.036 0.464 0.067 0.147 0.092
Intercropping×AM fungi 0.814 0.801 0.300 0.725 0.212 0.761

Table 4: Properties of watermelon plants and fruit as affected by intercropping and AM fungus inoculation in a greenhouse soil that had been continuously
replanted with watermelon for 5 years. P values from the two-way ANOVA are shown at the bottom of table. 

Treatments Plant vine length (m) Maximal leaf area (cm ) Stem Single watermelon weight (kg)2

Watermelon/pepper 2.20±0.132 260.8±3.67 1.7±0.17 4.88±0.134
Watermelon/pepper +AM fungus 2.33±0.189 265.6±3.67 1.8±0.10 5.21±0.163
Watermelon 2.21±0.079 248.0±5.00 1.4±0.10 4.24±0.071
Watermelon +AM fungus 2.24±0.053 253.2±5.29 1.5±0.10 4.38±0.123
P value Intercropping 0.568 0.013 0.001 0.079
AM fungi 0.359 0.033 0.003 0.234
Intercropping×AM fungi 0.494 0.922 0.995 0.248
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Fig. 1: Numbers of bacteria, actinomycetes and fungi as significantly affected by intercropping, AM fungus
affected by intercropping (watermelon alone or inoculation, or their interaction (Table 3). 
watermelon + pepper) and AM fungus
inoculation (± Glomus versiforme). The Vegetative  and   Fruit   Properties   of  Watermelon:
experiment was conducted in a greenhouse soil Plant vine length and single water melon weight were not
that had been continuously replanted with significantly affected by the main factors or their
watermelon for 5 years. W = watermelon alone. interaction (Table 4). The Maximum leaf area per plant and
W/P = watermelon interplanted with pepper. stem diameter were significantly affected by intercropping
+AMF = inoculated with G. versiforme. The and   AMF    fungus   inoculation;   values   for   all  three
interaction between interplanting and AM parameters were greater with intercropping than without
fungus inoculation and the main effects were not and were greater with AM fungus inoculation than
statistically significant (P > 0.05). without (Table 4).
Note: Number of bacteria (×10 ), number of6

actinomycete (×10 ), number of fungi (×10 ) DICUSSION5 3

Fig. 2: Soil electrical conductivity as affected by monoculture, watermelon/rice dry-cultivation
intercropping   (watermelon  alone or intercropping increased the number of rhizosphere
watermelon + pepper) and AM fungus bacteria and actinomycetes and reduced the numbers of
inoculation (± Glomus versiforme). The Fusarium oxysporum and other fungi. We suspect that
experiment was conducted in a greenhouse soil intercropping changed the microbial community because
that had been continuously replanted with of changes in rhizosphere exudates. In our experiment,
watermelon for 5 years. W = watermelon alone. inoculation with the AM fungus G. versiforme also
W/P = watermelon interplanted with pepper. tended to increase numbers of bacteria and actinomycetes
+AMF = inoculated with G. versiforme. and decrease numbers of fungi, perhaps because of

not significant (Fig. 2). Compared to the treatment without carbon products that are used as energy and carbon
interplanting and without AM fungus inoculation, the sources for many microorganisms in the mycorrhizosphere
treatment with interplanting alone, with interplanting + [16].
AM fungus and without interplanting + AM fungus Urease, saccharase, polyphenol oxidase and other
reduced EC values by 13%, 26% and 14%, respectively soil enzymes are important for organic matter
(Fig. 2). decomposition and nutrient cycling [17, 18]. Previous

Water-Stable Aggregates and Soil pH: Intercropping positively correlated with the activities of urease [19] and
significantly affected the percentage of water-stable soil that AM fungi did not affect polyphenol oxidase activity

aggregates for aggregates > 5 mm, 2-1 mm and 0.5-0.25 mm
(Table 4). AM fungus inoculation significantly affected
the percentage of water stable soil aggregates for
aggregates > 5 mm. No other effects were statistically
significant. Overall, the percentage of water stable
aggregates tended to be highest with intercropping + AM
fungus (Table 3). 

Soil pH ranged from 6.53 to 6.75 and was not

By decomposing and mineralizing organic substrates,
soil microorganisms greatly affect soil nutrient content
and soil quality [14]. Although the effect was not
statistically significant, intercropping of watermelon with
pepper tended to increase number of soil bacteria and
actinomycetes but reduce the number of fungi. This is in
agreement with those obtained by Su et al. [2], who
reported that, in a soil previously subjected to watermelon

mycorrhizal root exudates [15]. AM hyphae produce

research indicated that AM fungal communities were
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in soils with citrus seedlings [11]. In the current study, 2. Su,   S.M.,   L.X.   Ren,   Z.H.   Huo,   X.M.   Yang,
saccharase activity was highest with intercropping and Q.W.  Huang,  Y.C.  Xu,  J.  Zhou and Q.R. Shen,
polyphenol oxidase activity was highest with 2008. Effects of intercropping watermelon with rain
intercropping + AM fungus inoculation but urease fed rice on fusarium wilt and the microflora in the
activity was unaffected by the treatments. rhizosphere  soil.  Sci.  Agric.   Sin.,  41(3):  704-712.

EC values in the current study were reduced by (in Chinese)
intercropping and by AM fungus inoculation. We 3. Song,  Y.N., M. Petra, F.S. Zhang, X.G. Bao and L. Li,
consider these effects beneficial because high levels of 2006. Effect of  intercropping  on  bacterial community
salts in soil, as indicated by high EC values, can reduce composition in rhizoshpere of wheat (Triticum
plant growth [20, 21]. The reductions in EC were aestivum L.), maize(Zea mays L.) and faba bean (Vicia
consistent with the reductions in Cl  and Mg faba L.).  Acta Ecol. Sin.. 26(7): 2268-2274. (in- 2+

concentrations in soil. Chinese)
A high percentage of water-stable aggregates is an 4. Chai,   Q.,   P.   Huang   and   G.B.   Huang,  2005.

important component of good soil structure and Effect of intercropping on soil microbial and enzyme
inoculation with AM fungi frequently increased the activity in the rhizosphere. Acta Prataculturae Sin.,
percentage of water-stable aggregates in the current 14(5): 105-110. (in Chinese)
study. Previous research also demonstrated that AM  5. Abdel Fattah, G.M. and Y.M.  Shabana,  2002.
fungi increase the formation of water-stable soil Efficacy of the arbuscular mycorrhizal fungus Glomus
aggregates [22-25]. That intercropping can increase the clarum in protection of cowpea plants against root
percentage of water-stable soil aggregates and improve rot pathogen Rhizoctonia Solani. J. Plant Dis.
soil structure was also confirmed in the current study. Protect. ,109(2): 207- 215.

It was found that the intercropping of watermelon 6. Zhu, H.H., Q. Yao, H.H. Li and S.Z. Yang, 2004.
with pepper or inoculating with G. versiforme improved Inhibition of ralstonia solanacearum by AM fungus
the growth of watermelon in a soil that had been Glomus versiforme and their effect on phenols in
continuously cropped with watermelon for 5 years. In a root. Microbiology, 31(1): 15.
previous study, inoculation with AM fungi increased the  7. Li, Y., Y.L. Chen, M. Li, X.G. Lin and R.J. Liu, 2012.
growth, yield and soluble sugar content of “Jingxin Effects of arbuscular mycorrhizal fungi communities
one”watermelon [26].Although the effects were not on soil quality and the growth of cucumber seedlings
statistically significant, watermelon yield tended to be in a greenhouse soil of continuously planting
increased in the current study by intercropping and by cucumber. Pedosphere, 22(1): 79-87.
AM fungus inoculation. 8. Turk,   M.A.,   T.A.   Assaf,   K.M.   Hameed  and

In conclusion, our results indicated that, for soils A.M. Al-Tawaha, 2006. Significance of Mycorrhizae.
previously subjected to long periods of watermelon World Journal of Agricultural Sciences, 2(1): 16-20.
monoculture, intercropping watermelon and pepper and 9. Faithfull, N.T., 2002. Methods in Agricultural
inoculating with the AM fungus G. versiforme can Chemical Analysis: A Practical Handbook. CABI
improve many soil and crop properties. Publishing, Wallingford.
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