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Abstract

The present experiment was conducted to evaluate the influence of Lamiaceae
herbs companion planting on growth and secondary metabolites changes in
tomato plants. Furthermore, the free amino acid changes in tomato due to
companion planting were also evaluated using tomato-basil companionship
as a model. Four-week-old seedlings of tomato were grown in a pot contain-
ing autoclaved commercial soil with basil, peppermint and hyssop as a com-
panion plant separately in different density. Four weeks after companion
planting, tomato plants under 1:1 companionship with the herbs showed sig-
nificant increase in dry weights of shoots compared to control. Higher densi-
ty of the herbs on the other hand expressed a growth suppression on tomato
possibly due to nutrient competition. By the LC-MS analysis, shikimic acid
and apigenin were identified as the major secondary compounds found in
tomato plants and 1:1 companionship with basil seemed to have a positive in-
fluence on their content in tomato shoots. On the other hand, in case of pep-
permint and hyssop, the increase was observed in all parts of tomato plants.
In addition, promotion in several free amino acid contents was also observed
in tomato plants with basil companion planting compared to control. Thus,
tomato plants grown with herb companion planting in 1:1 ratio seems to have
a positive impact on growth of tomato. This positive influence might be re-
lated to the increase in some secondary metabolites and changes in the free
amino acids observed in this study.
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1. Introduction

Companion planting is an intercropping practice where two or more plants are
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grown together in a unit area. This practice of crop production is usually asso-
ciated with organic agriculture especially in small scale farms or gardens which
do not utilize much investment or technologies. The popularity of the compa-
nion planting method in garden production system is the result of popular
books [1] [2], newspaper articles and internet websites. The target of companion
planting is that, the plants involved will interact with each other agronomically
and also influence the microclimate surrounding them [3] [4]. Besides influen-
cing the microclimate, it is also used as a way of eco-friendly pest control me-
thod. That is, plants which directly mask the specific chemical cues are grown
together to confuse the pests, or because they hold and retain particularly effec-
tive natural enemies of one another’s pests [5]. However, certain disadvantages
could arise between the companions due to competition for light, water and nu-
trients which may cause yield reduction of the main crop [6] [7] [8]. Still, garden
producers have stood by their opinion that companion planting has the potential
to be advantageous and to be adopted in conventional production. Adjustment
of irrigation and fertilizer management [9], sowing companion crop with or af-
ter planting the main crop [10], selection of appropriate companion plant could
possibly minimize the impact of competition in the companion planting system.
Reports of increased yield in main crop under intercropped system through
proper management are also present [6] [11].

One of the popular companion combinations mentioned by the gardeners is
the tomato-basil companion planting [1]. It had been reported that basil acted as
repellent of flies and improved the yield and taste of tomato when grown as
companion [12]. Positive influence on control of insect pest like mites, mosqui-
tos and tomato hornworm was also claimed by producers in tomato-basil com-
panion system [2]. Research involving tomato-basil companion planting was
reported to increase the total yield and biomass per plant compared to mono-
culture of tomato [4] [13]. However, the reason for this growth and yield in-
crease phenomenon is still unclear. This positive phenomenon may not only in-
volve pest control effect as claimed by gardeners, but also through some phyto-
chemical changes in inner biochemical status of tomato due to the companion-
ship. Furthermore, whether this phenomenon is exclusive to tomato-basil com-
panionship or other Lamiaceae herbs shows the same effect is still unclear. As
such, the present experiment was conducted to evaluate the impact of some La-
miaceae herbs companion planting on tomato growth and changes in the sec-
ondary metabolites. Furthermore, the free amino acid changes in tomato due to
companion planting were also evaluated using tomato-basil companionship as a

model.

2. Materials and Methods

2.1. Growing of Tomato and Herb Seedlings and Setup of
Companion System

Seeds of basil (Ocimum basilicum L.), peppermint (Mentha piperita L.), hyssop

(Hyssopus officinalis L.) and tomato (Solanum lycopersicum, cv. Momotaro 8)
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were used in the experiment. Tomato-basil companion planting was used as base
model as it was the most common example of companion system given by the
garden producers [1]. The other herbs were used to see whether this growth reg-
ulation effect was exclusive tomato-basil companion or other herbs of the same
family could show similar results. Seeds of the herbs and tomato were sown in
72-hole seed tray (280 mm x 545 mm x 49 mm) filled with autoclaved commer-
cial soil (Supermix A; Sakata Seed Corporation, Yokohama, Japan). Four weeks
after sowing, the seedlings were transplanted to pots (150 mm x 130 mm, 1600
ml) also containing the autoclaved commercial soil. The experimental setups
were: 1) Tomato mono culture (C), 2) Tomato + Basil (1:1), 3) Tomato + Basil
(1:4), 4) Tomato + Basil (1:8), 5) Tomato + Basil with mesh (1:1 m), 6) Tomato
+ Basil with mesh (1:4 m), 7) Tomato + Basil with mesh (1:8 m), 8) Tomato +
peppermint (1:1), 9) Tomato + peppermint (1:4), 10) Tomato + peppermint
(1:8), 11) Tomato + Hyssop (1:1), 12) Tomato + Hyssop (1:4), 13) Tomato +
Hyssop (1:8). The tomato-basil companion setup was used as a model for mesh
separation treatment. A non-woven mesh was placed in the pot with the tomato
plant in the center; separating tomato roots in all sides from the roots of basil
plant/plants transplanted keeping a distance of 4 cm. Ten pots per treatment
were grown in greenhouse 25°C + 4°C /20°C + 3°C day/night temperature with
12 - 13 h photoperiod (750 - 1000 pmol-m>s™") and 60% - 70% relative humidi-
ty.

2.2. Growth Analysis of the Tomato Plants

Four weeks after transplanting, the plants were uprooted and the roots of the
tomato plants were cleaned from soil and debris. Then 4 tomato plants per
treatment were taken and separated to shoot and root. The plant parts were
dried using a constant temperature drier (ETTAS 600B; AS ONE Corporation,
Osaka, Japan) at 80°C for two days. Then the dry weight of shoots and roots
were measured. The rest of the plants were cryopreserved for further analysis.
Based on the results of the growth parameter considered, the tomato plants un-

der 1:1 treatment were considered for secondary metabolites analysis.

2.3. Analysis of Secondary Metabolites in Tomato

Analysis of secondary metabolites in tomato was conducted according to the
method of reference [14]. From the cryopreserved samples of five plants, 1.2 g of
tomato plant parts (leaf, stem and root) were pulverized separately in mortar
with liquid nitrogen to give a fine powder and mixed with 6 ml ultrapure water
to prepare sample extract solutions. The sample solutions were then centrifuged
(13,000 rpm, 4°C, 15 min) and the supernatant was filtered through a sterilizing
filter (0.45 um; ADVANTECH Co. Ltd., Japan). The samples were further cen-
trifuged (13,000 rpm, 4°C, 15 min) using Nanosep 10 K (Nihon Pall Ltd. Tokyo,
Japan) to remove proteins in the extract.

The samples were analyzed using UPLC-MS/MS (Waters Corporation, Mil-
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ford, USA). A reversed-phase column (ACQUITY UPLC BEH C18, 1.7 pym, 2.1
x 100 mm; Waters Corporation, Milford, USA) with a thermostation at 40°C
was used for the analysis. The mobile phases comprised 0.1% formic acid in wa-
ter (A) and acetonitrile (B) at a flow rate of 0.4 mL/min. The sample injection
volume was 7.5 uL. The gradient profile was as follows: 0 - 6 min, 95% A; 6 - 12
min, 75% A; 12 - 30 min, 65% A; 30 - 32.5 min, 5% A; and 32.5 - 35 min, 95% A.
The mass range of electrospray ionization was analyzed in negative mode at 50 -
1000 m/z using a mass spectrometer (Xevo Q Tof MS, Waters Corporation,
Milford, USA), and the MS/MS collision was performed at 30 V. A mass chro-
matogram of the m/z value of each component in the extract was prepared from

the measurements obtained using the retention time.

2.4. Analysis of Free Amino Acid Content in Tomato

The tomato plants under 1:1 treatment with basil were selected as a model to
evaluate the free amino acid content change due to companion planting accord-
ing to the method of reference [15]. Cryopreserved samples (0.2 g of leaves,
stems and roots each) were extracted using 3 ml of 0.2 N perchloric acid solution
and then centrifuged at 13,000 rpm at 4°C for 5 min. The supernatant was sub-
sequently filtered through a syringe filter (GL Chromatodisc, GL Sciences Co.,
Ltd.) for use as an analysis sample.

Analytical samples were derivatized using the AccQ.Tag Ultra Derivatization
Kit (Waters Corporation, Milford, USA). Analytical samples (30 pL) were mixed
with 210 pLof borate buffer and 60 uL of derivatization reagent. The reaction
mixture was immediately mixed and left for 1 min at room temperature. Subse-
quently, the solution was incubated at 55°C for 10 min in water bath. After
cooling, the reaction mixture was used for UPLC injection.

The samples were analyzed using UPLC-MS/MS (Waters Corporation, Mil-
ford, USA). A reversed-phase column (ACQUITY UPLC BEH C18, 1.7 pum, 2.1
x 100 mm; Waters Corporation, Milford, USA) with a thermostation at 40°C
was used for the analysis. The mobile phases comprised 0.1% formic acid in wa-
ter (A) and acetonitrile (B) at a flow rate of 0.4 mL/min. A sample injection vo-
lume of 5 uL was used for the analysis. The gradient profile was as follows: ini-
tial, 0.1% B; 0 - 12 min, 50% B; 12 - 13 min, 0.1% B and 13 - 15 min, 0.1% B. The
mass range of electrospray ionization was analyzed in positive mode at 100 -
1000 m/z using a mass spectrometer (Xevo Q Tof MS, Waters Corporation,
Milford, USA). A mass chromatogram (Abs Window 0.05 Da) of the m/z value
of each amino acid content was prepared for the measurement result and the
amino acid content was measured according to peak integration value. Amino
acid mixed standard solution H-type (Wako Pure Chemical Industries Ltd. Ja-
pan) was used for making a standard curve. Twenty-one types of free amino ac-

ids were analyzed, all of which were included in the standard solution.

2.5. Statistical Analysis

The mean values for dry weight of shoots and roots of tomato were analyzed by
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Tukey’s multiple range test at P < 0.05. For free amino acid content, the signifi-
cant differences were determined based on ¢ test at P < 0.05. All the analyses
were conducted using XLSTAT 2012 pro statistical analysis software (Addinsoft
Inc. New York, USA).

3. Results

Four weeks after transplanting, the dry weights of tomato shoots and roots un-
der companion planting with basil, peppermint and hyssop showed varying de-
gree of change compared to control (Figure 1 and Figure 2). The highest dry
weights in shoots were observed in plants under 1:1 companion treatment com-
pared to control in all the cases. Even in the case of mesh separation in toma-
to-basil companion system, the highest dry weight of shoots was observed in 1:1
combination which also showed statistical similarity 1:1 without mesh. The dry
weights of roots except for hyssop companionship, did not show any significant
difference with control. However, growth restriction was observed in the higher
density companion treatments especially in 1:8 treatment. In these cases, the dry
wights were found to be lower than that of the plants under control except in
peppermint.

From the analysis of secondary metabolites in tomato plants, the major com-
pounds that were identified in tomato plants were shikimic acid and apigenin.
The content of both these compounds was found to have increased in tomato
stem when grown in association with basil (Table 1). However, no significant
increase was observed in case of leaves and roots of tomato plants under basil
companion planting. On the other hand, in both peppermint and hyssop com-
panionship, the content of both shikimic acid and apigenin increased in all parts

of tomato plants.
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Figure 1. Dry weight of shoots and roots of tomato plants with basil companion planting.
C, single tomato; 1:1, tomato + basil (1:1); 1:4; tomato + basil (1:4); 1:8, tomato + basil
(1:8); 1:1 m, tomato + basil with mesh (1:1), 1:4 m, tomato + basil with mesh (1:4); 1:8 m,
tomato + basil with mesh (1:8). Columns denoted by different letters indicate significant
difference according to Tukey’s test (P < 0.05).
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Figure 2. Dry weight of shoots and roots of tomato plants with peppermint (a) and hys-
sop (b) companion planting. C, single tomato; 1:1, tomato + peppermint/hyssop (1:1);
1:4; tomato + peppermint/hyssop (1:4); 1:8, tomato + peppermint/hyssop (1:8). Columns
denoted by different letters indicate significant difference according to Tukey’s test (P <
0.05).

Table 1. Influence of companion plants on changes in secondary metabolite content in

tomato.
Companion plant Tomato plant part Shikimic acid Apigenin
Leaves
Basil Stem @) O
Roots
Leaves ©) o
Peppermint Stem O O
Roots ©) ©)
Leaves O O
Hyssop Stem O O
Roots ©) @)

Here, -, no change; O, increased.

Regarding the changes in free amino acid contents of tomato due to basil
companionship, several amino acid contents changed significantly in leaves and
shoots of plants under 1:1 treatment compared to control. In case of leaves, sig-
nificant increase was observed in phenyl-alanine, iso-leucine, valine, alanine, ly-
sine and GABA contents in plants under 1:1 treatment compared to control
(Figure 3). In contrast, higher content of valine, alanine, proline, GABA, serine
and glutamine was observed in the stems of plants under 1:1 companion treat-

ment compared to control (Figure 4). In both cases, the amino acids other than
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Figure 3. Free amino acid content in leaves of tomato plants grown with basil companion
planting. B, Tomato mono; B, Tomato + Basil (1:1). *, significantly different according
to #-test (P < 0.05); ns, non-significant.
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Figure 4. Free amino acid content in stems of tomato plants grown with basil companion
planting. B, Tomato mono; B, Tomato + Basil (1:1). *, significantly different according
to ttest (P < 0.05); ns, non-significant.

the ones mentioned in leaves and shoots respectively did not express any signif-
icant increase or decrease. However, in case of roots, no significant difference
was observed in any free amino acid contents between the treatment considered

and control (data not shown).

4. Discussion

In the present study, tomato plants grown with basil companionship showed a
varying degree of growth expression depending on the plant density. The 1:1
combination appeared to have growth boosting ability compared to control. This

may be attributed to the less competitive behavior from basil in the companion

DOI: 10.4236/ajps.2020.1112134

1884 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2020.1112134

H. Ahmad et al.

system as reported by [4]. According to the report, basil plants tend to be subor-
dinate crop in companion crop system. This although resulting in growth retar-
dation of basil, does not interfere with the growth of the major or dominant
crop. As such, the competition between tomato and basil plants in 1:1 system for
nutrition, water, light and space was lower that contributed to the growth of to-
mato plants. Furthermore, this positive phenomenon of companionship on to-
mato is not limited to only basil as observed from the present study. Herbs of
Lamiaceae family like peppermint and hyssop seemed to have the similar growth
promoting influence on tomato as evident from the results. However, with the
higher density of the herb plants like 1:4 or 1:8, the competition pressure accu-
mulated and thus hampered the growth of tomato plants as observed in the re-
sult. Trials with other crops under companion planting system also exhibited
better growth with efficient use of the net input available, turning up better
yields [16]. Reference [17] had also found similar growth and yield improvement
in crops grown together than individually and attributed these phenomena to
better utilization of available resources by the plants.

The major components identified in tomato plants through UPLC-MS analy-
sis were shikimic acid and apigenin, and their content in tomato shoot was in-
fluenced significantly in plants grown with herb companionship. It has been re-
ported that, intercropping pressure has the ability to influence the accumulation
of minerals and other secondary metabolites in plants increasing their quality
[18] [19] [20]. Similar phenomenon must have occurred in the present experi-
ment. The growth regulation in tomato plants by shikimic acid was reported to
be mediated through increasing longevity of leaves by retaining chlorophylls and
increasing mineral contents [21]. Furthermore, shikimic acid has been related to
the increased contents of soluble sugar and lycopene which influences the taste
and appearance of tomato [21] [22]. This could possibly explain the claim of the
garden producers about the improvement of taste of tomato grown in herb
companionship. On the other hand, flavonoids like apigenin play several impor-
tant roles in plant growth and development like increasing tolerance to biotic
and abiotic stress, hormone transportation, acting as phytoalexins etc. As such,
an increase in these compounds is desirable in plants to maintain as well as
boost the growth and subsequently the yield and quality of a crop.

Regarding free amino acids, a significant increase was observed in several of
them in both leaves and stems of tomato plants. The influence of basil compa-
nion planting on increased shikimic acid production may have played a role in
the increase in several amino acids; as shikimate pathway is used by plants for
biosynthesis of aromatic amino acids [23]. Amino acids play several roles in
plant life such as stress management, hormone precursors and regulation [24]
[25]. Besides these, another important role played by the amino acids is the reg-
ulation of several physiological processes in plants like nutrient uptake specially
nitrogen, antioxidant metabolism and root development [26] [27] [28]. Amino
acids like phenylalanine, L-alanine, leucine, lysine and glutamine had been re-

ported to influence glutamate receptors in plants [29] that in turn mediate a
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number of plant responses like changes in root architecture, plant stress signal-
ing, carbon metabolism, stomatal movements, photosynthesis and plant immun-
ity [27]. GABA has been reported to act as endogenous signaling molecule in
plants that regulates growth and development and protect from various envi-
ronmental stresses [30]. Proline had been reported to influence in plant growth
and development by being an important component of cell wall matrix to com-
bat stress conditions [31] whereas serine had been reported to participate in the
biosynthesis of several biomolecules required for cell proliferation, including
amino acids, nitrogenous bases, phospholipids, and sphingolipids [32]. So, an
increase in these important free amino acids in tomato plants possibly played an
important role in the growth improvement observed from the experiment.

In the present experiment, the soil used for growing both tomato and herb
plants was autoclaved prior seed sowing and subsequent transplanting. This
eliminated the possibility of any microorganism influence on the growth im-
provement in tomato. Furthermore, in the case of mesh separation, no physical
contact between the tomato and basil roots was present. As such, no physical
stimulation or signaling could be present. So, the only possible way for any in-
fluence occurring from the companion planting system was through chemicals
ques generated from the herb companions. To further evaluate this hypothesis,
the relative growth of the basil, peppermint and hyssop compared to tomato (by
visual observation), index of tomato shoot dry weights and aroma (by smell test)
were measured (Table 2). From the evaluation it was observed that relative to
tomato, the growth of basil, peppermint and hyssop could be graded as high,
medium and low respectively. Furthermore, in aroma evaluation, both basil and
peppermint gave distinguishable aromatic presence whereas hyssop had a very
low aromatic presence. However, the tomato plants under hyssop companion-
ship showed higher shoot dry weight index compared to basil or peppermint. If
we consider the volatile compound or essential oils of the herbs to be responsible
for growth improvement in tomato, then plants with hyssop companionship
should express a lower dry weight index compared to basil and peppermint. As
such, the only possible explanation of the growth improvement observed in to-
mato would be the influence of some root exudates from the herbs. However,
further in-depth evaluation is necessary to clarify it. Identification of such bio-

chemical influencers would enable us to gain the beneficial effect with their

Table 2. Influence of companion planting on herb growth, tomato dry weight indices and
aroma quality of the herbs.

Parameters Basil Peppermint Hyssop
Herb growth High Medium Low
Index of tomato shoot dry weights® 120 119 129
Aroma quality High High Low

Dry weight of plants under 1: 1 companionship %100

a. Calculated as:  Shoot dry weight index = - -
Dry weight of plants in mono culture
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direct application in the crop production system and open a new avenue of crop

growth promotion.

5. Conclusion

The present experiment evaluated the growth improvement and changes in sec-
ondary metabolites and amino acids in tomato when grown in companion with
Lamiaceae herbs. The results indicated a growth improvement in 1:1 combina-
tion of tomato and herbs with increase in some important secondary metabolites
and amino acids. Increase of these primary and secondary molecules might have
played an important role in the growth promotion. The present experiment acts
as a fundamental research to address the longstanding claim from garden pro-
ducers about the beneficial impact of such companionship. However, further
in-depth analysis is required to clarify the mechanisms involved in the growth

and subsequent yield improvement of tomato plants.
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