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Abstract. The twospotted spider mite (TSSM), Tetranychus urticae Koch is one of the most important pests on greenhouses/high tunnels 
worldwide. We evaluated effects of Chinese chive grown under the wooden structure which supports the bags used of strawberry grown, in two 
high tunnels from November 2016 to January 2017. TSSM mobile forms and number of eggs were counted on strawberry leaves. Five plants were 
randomly chosen on each plot. TSSM populations on strawberry leaves were assessed with magnifying glass (10 ×). Reductions were observed on 
three of eight assessments on TSSM mobile forms. On one date was observed reductions on mean number of TSSM eggs. Cumulate mite days overall 
data of TSSM mobile forms from two high tunnels reveals a reduction with intercrop. On the other hand, number of eggs was not altered. Results 
suggest that Chinese chive intercropped can reduce TSSM populations on strawberry high tunnels. 

Keywords: Chinese chive; Companion planting; Fragaria × ananassa; Twospotted spider mite; Suspended strawberry.

Efeito do cultivo consorciado de Allium tuberosum Rottler ex Sprengel (Amaryllidaceae) em 
populações de Tetranychus urticae Koch (Acari: Tetranychidae) em morangueiro 

Resumo. O ácaro-rajado, Tetranychus urticae Koch, é uma das mais importantes pragas em casas de vegetação no mundo. Foi avaliado o efeito do 
consórcio de cebolinha chinesa, cultivada sob as estruturas de madeira que suportam as sacolas para o cultivo de morangueiro (sistema suspenso), em 
duas casas de vegetação, entre novembro de 2016 e janeiro de 2017. Formas móveis e ovos de ácaros foram contabilizados em folhas de morangueiro. 
Para as avaliações, cinco plantas foram aleatoriamente selecionadas em cada parcela. Populações de ácaro-rajado em folhas de morangueiro foram 
avaliadas com lupa de bolso, com 10 x de aumento. Reduções foram observadas em três de oito avaliações de formas móveis de ácaro-rajado. Foram 
observadas reduções no número de ovos em uma avaliação. Tomando em consideração os dados de ácaros acumulados por dia, foi observado que o 
consórcio reduziu em 54% a população de ácaros. Por outro lado, o número de ovos não foi alterado. 

Palavras-chave: Ácaro-rajado; Cebolinha Chinesa; Fragaria × ananassa; Plantas companheiras; Sistema suspenso.

trawberry (Fragaria × ananassa), a perennial plant 
belonging to Rosaceae, has high sensorial characteristics 
and is considered a functional fruit because of its high 

concentrations of bioactive compounds, such as phenols, 
flavonoids, and vitamin C (Cerezo et al. 2010; Basu et al. 2014). 
The Brazilian production is estimated at 128,000 tons, in an area 
of 3573 ha, and main producing States are Minas Gerais, Paraná, 
Rio Grande do Sul, São Paulo, and Espírito Santo (EMATER-MG 
2012). In Parana State, strawberry production is around 20000 
tons, in an area of 679 ha (Andrade 2015), and main producing 
municipalities are São José dos Pinhais, Jaboti, Araucária, 
and Pinhalão (SEAB/EMATER-PR 2012). Strawberry growers 
are increasing using cultivation in bags suspended by wooden 
structures in high tunnels. 

The twospotted spider mite (TSSM), Tetranychus urticae Koch 
(Acari: Tetranychidae), is one of the most important pests in 

greenhouses/high tunnels and field-grown strawberries. Its 
development and population growth increase under higher 
temperatures and low moisture (Zhang 2003). Plants under high 
tunnel environment are partially protected from rain, therefore 
more susceptible to TSSM outbreaks, making its control even 
more difficult. Then, finding new approaches for TSSM control 
are a critical need. 

An appropriate use of vegetation could lead to pest reductions as 
an alternative to chemical control. A successful example of its use 
is the push-pull system: desmodium, Desmodium uncinatum 
(Jacq.) DC (Fabaceae), planted between maize, Zea mays L. 
(Poaceae), crops, repels pests, and attracts natural enemies; on 
the other hand, napier grass, Pennisetum purpureum Schum. 
(Poaceae), planted around that intercropping (maize and 
desmodium) attracts adults of pests for lay their eggs (Khan 
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et al. 2014). Therefore, studies on repelling plants are very 
important. 

Basil, Ocimum minimum L. (Lamiaceae), coriander, 
Coriandrum sativum L. (Apiaceae), or citronella grass, 
Cymbopogon sp. Spreng. (Poaceae) repels the hemipteran 
Bemisia tabaci (Gennadius) in olfactometer tests and on 
intercropping (citronella as mulching), on tomato, Solanum 
lycopersicum L. (Solanaceae), crops (Carvalho et al. 2017). In 
Botswana open field experiments, basil, garlic, Allium sativum L. 
(Amaryllidaceae), and marigold, Tagetes patula L. (Asteraceae), 
intercropping reduced Brevicoryne brassicae L. populations 
on kale (Tiroesele & Matshela, 2015). Studies reveal that 
intercropping also reduces mite populations on plants. Onion, 
Allium cepa L. (Amaryllidaceae) as intercrop plant reduces 
Tetranychus evansi Baker and Pritchard (Acari: Tetranychidae) 
populations on tomato leaves (Mtambo & Zeledon 2000). In 
study on field and greenhouse in Brazil, TSSM populations on 
strawberry leaves were reduced by garlic intercropping (Hata et 
al. 2016). In summary, these studies show that aromatic plants 
have potential to be included as intercropped plant for pest 
control.

Chinese chive, Allium tuberosum Rottler ex Sprengel 
(Amaryllidaceae), is a commonly used plant in Oriental (Chinese, 
Japanese and Korean) cuisine and their leaves and/or stalks are 
consumed raw or in cooked dishes (Pandey et al. 2014). Leaves of 
Chinese chive release a strong odor, develop well under shaded 
environments, and do not demand great management.

Our hypothesis is that Chinese chive volatile organic compounds 
released by its leaves reduce TSSM populations on strawberry 
leaves. Hence, we evaluated TSSM populations on strawberry 
leaves on two situations: spontaneous plants under the wooden 
structures of strawberry cultivation (control) and Chinese chive 
grown on the ground, under the structures “undercropping”.

Material and methods 

Experiments were performed in Marialva County, Paraná State, 
Brazil, on two high tunnels: high tunnel one: 23º 29’ 09.15’’ S, 
51º 45’ 57.45” W, 568 m a.s.l., and high tunnel two: 23°27’53.9”S 
51°48’02.7”W, 614 m a.s.l.), distant 4.2 km between each other, 
in suspended strawberry system. Strawberry plants (Albion cv.) 
for both areas were planted in March 2015 and were grown on 
bags with 1.2 m length and 0.3 m width. Seven strawberry plants 
were cultivated per bag. Structures of the suspended system 
were made of wood, with 1.0 m of height above ground. Crops 
management was performed according to the standard technical 
recommendations, with adaptations to the cultivation in bags 
(Ronque 1998; Galina et al. 2013).

Treatments were control (spontaneous vegetation in the grown 
below the bags) and Chinese chive grown on the ground, below 
the structures (one row of Chinese chive grown under each two 
lines of cultivation) “undercropping” (Figure 1). Planting of 
Chinese chive was in March 2016. Plots consisted of two bags 
(14 strawberry plants per plot).

TSSM mobile forms (nymphs and adults) and number of eggs 
were counted on strawberry leaves. Five plants were randomly 
chosen in each plot. Observations were performed using a 10 × 
magnifying glass (1 cm2). Three observations were made on the 
abaxial surface, in the central area of young leaflets, on each of 
five chosen plants. The same experimental design was set up in 
two high tunnels. Assessments were realized on November 21; 
December 13 and 27, 2016; and January 15, 2017. 

Treatments were replicated eight times in completely randomized 
design. The cumulative effect of the mite feeding was evaluated 
by a cumulative number of mites per day (CMD) index. This 
formula is recommended to compare the accumulated treatment 
effects (Costello 2011). CMD index was calculated with the 

Figure 1. Chinese chive cultivated as undercrop in a high-tunnel strawberry (Albion cv.) production.
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formula: ∑ {[0.5 * (An + An+1)]/D} where, A n: Number of mites on 
sample ‘’n”; An+1: Number of mites on next sample period (n+1); 
D: Number of days between sample “n” and sample “n+1”.

To verify the assumptions for the analysis of variance, tests of 
the variance homogeneity and normality were performed. If 
assumptions were accepted, analysis of variance was performed 
and means were compared by Tukey’s test (α = 0.05). BioEstat 
5.0 (Ayres 2007) and SASM-Agri (Canteri et al. 2001) software 
were used.

Results and discussion

Reductions of mobile forms of TSSM were observed on three 
of eight assessments: on November 21 (high tunnel one: F = 
6.77; p < 0.05; high tunnel two: F = 5.60; p < 0.05), and on 
December 27 (high tunnel two: F = 11.12; p < 0.05) and one of 
eight observations reductions on mean number of TSSM eggs 
were observed on November 21 (high tunnel two: F = 5.86; p < 
0.05) (Table 1 and 2).

Reductions in TSSM mobile forms populations were observed in 
both areas. In high tunnel one, significant reductions of mobile 
forms were observed in one assessment (74.80%, on Nov 21). 
In high tunnel two, significant reductions of mobile forms were 
observed in two assessments (reductions of 100 and 89.60% on 
November 21 and December 27, respectively). Reductions of the 

number of eggs were observed only on November 21 (100%). 
The CMD data shows that undercrop reduced TSSM population 
in high tunnel two (80% reduction). 

The overall CMD data from two high tunnels reveals a significant 
reduction (F = 7.85; p < 0.05) of 54.23% (Figure 2). Analysis 
of the overall number of eggs data from the two high tunnels 
reveals that treatments did not differ between each other. 

Previous studies included Chinese chive as intercropping plants 
for plant diseases and nematode control, obtaining promising 
results. Intercropping of this plant has been tested against 
Pseudomonas solanacearum on tomatoes (Yu 1999), Fusarium 
oxysporum f. sp. cubense on banana Musa spp. (Musaceae) 
(Zhang et al. 2013), and root-knot nematode on tomatoes (Huang 
et al. 2016). The use of garlic, other Amaryllidaceae plant, 
as intercropping plant reduced TSSM populations by 65% in 
strawberry leaves in a previous study in field (Hata et al. 2016). 

Chinese chive main volatile organic compounds (VOCs) 
were identified as dimethyl disulfide (DMDS) and dimethyl 
trisulfide (DMTS) (Yabuki et al. 2010), which probably caused 
TSSM reductions in our study. However, TSSM mobile forms 
populations were reduced on 38% of observations in the present 
study. This suggests that insufficient VOCs concentrations were 
released by Chinese chive plants. Hence, before widespread 
recommendation of Chinese chive undercropping approach 

Table 1. Mean numbers (±SD) of Tetranychus urticae mobile forms per cm2 on leaves of strawberry (Albion cv.) planted in high 
tunnels, in undercropping with Chinese chive, 2016/17. Marialva, Paraná, Brazil, from November, 2016 to January, 2017.

High tunnel one

Treatments Nov 21 Dec 13 Dec 27 Jan 15 CMD

Control 2.50 ± 1.76 a 0.38 ± 0.52 a 0.25 ± 0.51 a 0.00 ± 0.00 a 0.57 ± 0.44 a

Undercrop 0.63 ± 0.92 b 0.88 ± 0.64 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.41 ± 0.38 a

C.V. (%) 93.42 93.20 261.86 0.00 80.85

F value 6.77 2.97 2.33 0.00 0.66

High tunnel two

Treatments Nov 21 Dec 13 Dec 27 Jan 15 CMD

Control 1.00 ± 1.20 a 0.00 ± 0.00 a 1.25 ± 0.89 a 0.13 ± 0.35 a 0.60 ± 0.40 a

Undercrop 0.00 ± 0.00 b 0.00 ± 0.00 a 0.13 ± 0.35 b 0.50 ± 0.76 a 0.12 ± 0.23 b

C.V. (%) 169.03 0.00 98.15 188.83 67.83

F value 5.60 0.00 11.12 1.62 14.97
Means ± SD within a column followed by the same letter are not significantly different by Tukey test: P>0.05. C.V.= Coefficient 
of Variation

Table 2. Mean numbers (±SD) of Tetranychus urticae eggs per cm2 on leaves of strawberry (Albion cv.) planted in high tunnels, in 
undercropping with Chinese chive, 2016/17. Marialva, Paraná, Brazil, from November, 2016 to January, 2017.

High tunnel one

Treatments Nov 21 Dec 13 Dec 27 Jan 15

Control 4.75 ± 5.77 a 0.00 ± 0.00 a 0.63 ± 1.19 a 0.00 ± 0.00 a

Undercrop 1.75 ± 2.19 a 0.75 ± 1.04 a 0.50 ± 0.93 a 0.00 ± 0.00 a

C.V. (%) 134.37 195.18 189.31 0.00

F value 1.89 4.20 0.05 0.00

High tunnel two

Treatments Nov 21 Dec 13 Dec 27 Jan 15

Control 2.38 ± 2.77 a 0.38 ± 0.74 a 0.88 ± 1.13 a 0.00 ± 0.00 a

Undercrop 0.00 ± 0.00 b 1.00 ± 1.52 a 1.38 ± 1.85 a 1.00 ± 2.07 a

C.V. (%) 165.19 173.31 135.95 292.77

F value 5.86 1.10 0.43 1.87
Means ± SD within a column followed by the same letter are not significantly different by Tukey test: P>0.05. C.V.= Coefficient 
of Variation
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we recommend that future studies could investigate if a higher 
Chinese chive planting density would provide more consistent 
TSSM reductions in strawberry leaves. 

Farmers reported that Chinese chive is a perennial plant that 
supports shading and develops well below the structures that 
support the bags. In addition, Chinese chive leaves remain 
green through almost the entire period of a year in tropical 
conditions (Pandey et al. 2014). Then, those aromatic plants 
are continuously releasing VOCs by its leaves what may provide 
persistent protection for strawberry plants.
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