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Abstract. Strawberry is one of the most important berry
crop grown around the world and their consumption
increases every year. The introduction of new practices
promoting farm sustainability and long-term soil health in
strawberry production systems is very essential. Towards
environment- and climate-friendly farming practices
intercropping can be used to improve soil microbiological
activity and biodiversity, and reduce the use of pesticides and
mineral fertilizers, while the right choice of intercropped
plants is of great importance to achieve these goals. The trials
on strawberry intercropping were established in Latvia in
2021. Three treatments with different intercropping plant
rotations, including crimson clover, pea, garlic, marigold,
and winter rye mix with vetch, were compared to
conventional strawberry growing using straw mulch. Trial
was installed in three locations: two organic farms and the
Institute of Horticulture (LatHort). Thus representing
climatically different regions and different soil conditions.
Strawberries were grown in 1.2 m distant rows, where in the
intercropping treatments, each second interrow was
occupied by companion plants. Soil microbial activity was
evaluated during vegetation seasons by determining soil
respiration rate (SRR) and dehydrogenase activity (DHA)
several times per season in 2021 and 2022. Strawberry
vegetative development was evaluated at the end of each
vegetation season. During the investigation period, soil
microbial activity fluctuated during vegetation seasons,
depending on growing conditions. In 2021, SRR varied from
1.9 -3.3 CO2 mg L1, while in 2022, from 2.1 - 3.4 CO2 mg L-
I, DHA varied from 46 — 134 INTF, nLLxL—1 x h in 2021 and
60 — 101 INTF, pLLXL—1 x h in 2022. Intercropping had low
influence on microbial activity and results differed within
each location. Strawberry plant biomass differed among
locations and treatments with the highest above-ground
biomass observed in LatHort during second growing season
in conventional growing system (790 g plant™).
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I. INTRODUCTION

Strawberry is one of the most widely grown and
consumed small fruits in the world with a tendency to
increase. In 2021, according to FAO data, the total world
production exceeded 9175384 t [1].

The development of growing technologies, giving
higher income per unit of area and/or reduce pest and
disease problems as well as improve soil properties, is of
great importance nowadays and are in line with producers’
possibilities and needs in implementing environment-
friendly and sustainable farming practices. One of growing
practices towards sustainability is intercropping.
Intercropped plants can serve as biological and physical
barriers against pests and diseases [2]. They can suppress
weed growth [3], improve soil nitrogen content [4],
positively influence the physical condition of the soil as
well as growth and crop characteristics of the plants,
improve the quality of crops, and the organic substance
introduced into the soil restores its aggregate structure and
fertility [5]. The right choice of intercropping plants is very
important to obtain a positive effect not only on the main
crop, but also on soil properties. Previous research on
strawberry was mostly concentrated on strawberry —
legume intercropping [6]-[9], while less attention was paid
on strawberry relationship with other plants. In Nordic
countries, strawberries mostly are grown as perennial crops
[10] that allow some plant rotation in interrows during
growing period of several years. This research was carried
out to evaluate some intercropping plant rotations in
strawberry plantation to determine their impact on
strawberry growth and soil microbial activity.
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II. MATERIALS AND METHODS

The trial on strawberry intercropping was established
in May of 2021 at the Institute of Horticulture (LatHort)
Piire Research Centre (57°0525"N, 22°90'55"E) and on
two organic farms - Atvases (56°8027"N, 24°41'§83"E),
and LM Product (56°70'56"N, 24°89'68"E).

Experimental design and treatments. Strawberries
(cultivar ‘Malwina’) were planted in rows with a planting
distance 1.20 m between rows and 0.4 m between plants in
rows. In the trial, three treatments with different
intercropping plant rotations were compared to
conventional growing with application of straw mulch. In
treatments with intercropping, companion plants were
grown in every second interrow, while other interrows
were mulched by straw. Treatments: 1) 1% growing year —
Crimson clover (Trifolium repens L.) in interrows;
2" growing year — marigolds (Calendula officinalis L.)
following by winter rye (Secale cereale L.) + winter vetch
(Vicia villosa L.) in the autumn; 2) 1% growing year —
Crimson clover; 2" growing year — green peas (Pisum
sativum L.) following by winter rye + vetch; 3) 1% growing
year — Crimson clover following by winter garlic (A/lium
sativum L.) planted in autumn; 2" growing year — winter
garlic following by winter rye + vetch; 4) control, without
intercrops, straw mulch applied in all interrows. The
technological processes (sowing, weeding, watering,
cultivation) were performed according to the local
conditions and technologies according to organic farming
principles.

Each plot included 4 rows of strawberry of 6 m length
with 15 strawberry plants in row and 4 interrows. Plots
were arranged randomly in the trial field in four replicates.

Soil characteristics and meteorological data. All three
trial locations differed not only by different geographical
location, but also by soil conditions (Table 1).

TABLE 1 THE SOIL TYPE AND CHARACTERISTIC IN TRIAL
LOCATIONS BEFORE ESTABLISHMENT

Organic KO,
. . pH P,0s, .
Location Soil type KCl mzt)zt)er, mg kg'! mglkg
LatHort Loamy 5.8 25 58 71
sand
Atvases Loamy 6.0 117 <14 82
sand
LM
Product Clay loam 5.7 3.4 123 95

LM Product had the most heavy soil among trial
locations, whereas Atvases is characterized by soil with
high organic.

All three locations were characterized by low content
of plant available mineral nutrients, therefore the basic
fertilization was applied before establishment of trial, by
using organically certified fertilizers. The fertilizer Physio
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Natur PKS 47 (0-13-15) with a dose 66 g m™ was applied
in farm LM Product. In the farm Atvases, fertilizers
PHYSALG 25 with a dose 60 gm 2 and potassium
magnesium (Patentkali) with a dose 50 g m™ were applied.
In LatHort, the organic fertilizer FERTIPLUS (4-3-3 65
OM) was applied with a dose 230 g m™. In the next year
in LatHort and LM Product, strawberries were additionally
fertilized by cattle slurry with a dose 1.2 L per strawberry
row meter, which was diluted by water. No side-dressing
was done in farm Atvases.

Meteorological data were recorded in two locations:
LatHort in Piire and LM Product, by using an automatic
weather monitoring station (Davis Instruments Corp.).

Years of study differed in weather conditions
(Figure 1).
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Fig. 1. Mean air temperature and amount of precipitation from May,
2021 to October, 2022 in two trial places: a) LatHort; b) LM Product.

In total, the vegetation season of 2021 had a higher
average air temperature and higher amount of precipitation
than the season of 2022. Comparing both places, a higher
amount of precipitation was observed at LM Product in
both years, while air temperature was similar in both
places.

In 2022, soil temperature and volumetric moisture was
measured at 15 cm depth in all three locations using Soil
Scout™ wireless sensors. During vegetation season the
highest average soil temperature was observed in August
in all trial places with the highest value at farm Atvases
and the lowest at LatHort (Table 2).
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TABLE 2 AVERAGE SOIL TEMPERATURE AND
VOLUMETRIC MOISTURE AT 15 CM DEPTH IN 2022 IN TRIAL
LOCATIONS DURING VEGETATION SEASON

Soil temperature, °C Soil moisture, %
3 3
Month g 3 g g 3 g
£ | & I g & I
- 1] (]
= = ~ = = ~
~ ~
April 52 4.7 4.5 50.2 443 24.1
May 10.6 9.5 9.5 433 42.0 22.6
June 16.8 | 15.5 15.6 50.4 41.9 22.9
July 18.0 | 17.3 16.7 425 36.6 229
August 18.1 17.7 17.1 46.3 35.4 21.0
September | 12.3 | 11.8 11.8 44.9 31.4 23.7
October 10.1 9.5 9.5 49.1 40.1 22.3

At Atvases, the highest average soil moisture was
observed in June, while at LM Product and LatHort, the
highest was in April. At Atvases, the lowest average soil
moisture was observed in July, at LM Product— in
September and at LatHort - in August.

Measurements and analysis. Soil dehydrogenase
activity (DHA) and soil respiration rate (SRR) were
evaluated during both seasons as indicators of soil
microbial activity. The soil samples were collected during
the vegetation season in all three locations from every
treatment in four replicates. In 2021, soil samples were
collected from the end of May to end of September and, in
2022, from the middle of May till the middle of October
several times per season. Soil analyses were performed in
the Soil Laboratory at LatHort.

DHA activity was detected according to Kumar et al.
method [11] as modified by Dane and Sterne [12]. One
gram of soil sample was exposed to 0.2 mL of 0.4% INT
(2-p-iodophenyl-3-p-nitrophenyl-5-phenyltetrazolium
chloride) and 0.05 mL of 1% glucose in 1 mL distilled
water for at least 6hours. The formed INTF (p-
iodonitrotetrazolium formazan) was extracted by adding
10 mL methanol and actively shaking for 1 min. INTF was
measured spectrophotometrically at wave length 485 nm.

Soil respiration was evaluated by a closed container
method, where a soil sample (50 g) was placed in a jar
where a low container with 5 mL of 0.1 M KOH was placed
inside. After exposing it for 24 hours at 28 °C in the dark,
the liquid was titrated with 0.1 M HCI [9].

In all three trial locations, every year at the end of
growing season the strawberry plant development was
accessed by weighting of aboveground plant biomass. The
measurement was performed for 4 plants per every plot.
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Descriptive statistics, analysis of variance, followed by
Fisher's LSD (least significant difference) test (P<0.05)
and Pearson's correlation were used for data analysis. The
statistical analyses were performed using the MS Excel
2013.

III. RESULTS AND DISCUSSION

Soil microbial activity. Soil dehydrogenase enzymes
are one of the main components of soil enzymatic
activities participating in and assuring the correct sequence
of all the biochemical routes in soil biogeochemical cycles
[13] and measurement of changes in soil enzyme activities
may provide a useful index of changes in soil quality [14].
In our trial, DHA significantly varied during season and
among locations.

In the farm Atvases in 2021, the highest DHA was
observed in the middle of August, while the lowest was at
the beginning of June, when the first soil sample was
collected (Fig. 2). DHA significantly varied also among
treatments (p=0.020) with the highest average activity
observed in the treatment 2, where Crimson clover was
grown all season in interrows, and the lowest it was in the
treatment 3, where Crimson clover was cut and
incorporated in soil at the end of September and later garlic
planted.

2021

140
=
X
L 90
X
A
=
E 40
&

- —@- - Treatment 1 - @+ Treatment 2
Treatment 3 —@— Treatment 4
2022

140
=
X
790 —
s 40
E 28.04. 06.07 10.09.
& Date

- —@ - Treatment 1 - @+ Treatment 2

Treatment 3 —@— Treatment 4

Fig. 2. DHA activity in soil at Atvases in 2021 and 2022 in different
intercropping treatments.

In 2022, soil samples at Atvases were collected only
three times. The highest DHA was observed in September,
while the lowest was in April, when soil was still cold and
wet (Fig. 2). Significant difference among treatments was
not observed (p=0.102).
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In the farm LM Product in 2021, DHA significantly
varied among sampling dates (p=0.000) and treatments
(p=0.016). The highest DHA was observed in the middle
of July, while the lowest was in the middle of September,
when the last soil sample was collected (Fig. 3). Among
treatments, the highest average activity was observed in
treatment 1, where Crimson clover was grown all season
in interrows. The lowest DHA was in the treatment 3, as
in farm Atvases.
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Fig. 3. DHA activity in soil at LM Product in 2021 and 2022 in
different intercropping treatments.

In 2022, the highest DHA was observed at the end of
July, while the lowest was in April (Fig. 3). Significant
difference among treatments was not observed (p=0.726).

At LatHort in 2021, similar to both farms, DHA
significantly varied among sampling dates (p=0.000) and
treatments (p=0.024). During season the highest DHA was
observed at the beginning of July, when the weather was
warm and wet, while the lowest it was in June and at the
end of season (Fig. 4). Among treatments the highest
average activity observed in the treatment 2, where
Crimson clover was grown all season in interrows, and the
lowest it was in treatment 4 (control).
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Fig. 4. DHA activity in soil at LatHort in 2021 and 2022 in different
intercropping treatments.

In 2022, the highest DHA was observed at the
beginning and at the end of season, while the lowest was
at the end of April and May. Similar to other locations,
significant difference among treatments was not observed
(p=0.052).

In total, the highest average DHA was observed in the
soil of Atvases, probably because of higher content of
organic matter in the soil and higher soil moisture than in
other locations (Table 1, 2). Among the most important
functions performed by DHA is the biological oxidation of
soil organic matter [15]. It is also stated that DHA is
strongly influenced by water content and its activity
reduced with the decrease of soil moisture [16, 17].

In our trial, also a significant positive correlation
among DHA and average air temperature was found in the
soil of LM Product (r= 0.60; n= 64) and LatHort Pare (=
0.25; n=84). In Atvases, air temperature was not recorded
and correlation was not calculated.

Similar to DHA, SRR significantly varied throughout
the season and among locations. In the farm Atvases in
2021, SRR significantly varied among sampling dates
(p=0.000). The highest SRR was observed at the end of
September, when the last soil sample was collected, while
the lowest was at the beginning of July (Fig. 5).
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Fig. 5. Soil respiration rate at Atvases in 2021 and 2022 in different
intercropping treatments.

In 2022, significant difference during vegetation
season and treatments was not found (p>0.05).

In the farm LM Product, SRR significantly varied
among sampling dates in both years (p=0.000 in 2021;
p=0.012 in 2022). In 2021, the highest SRR was observed
in July, while the lowest was at the beginning of June
(Fig. 6).

In 2022, the highest SRR was observed at the end of
April, while the lowest was at the end of September. A
significant difference among treatments was observed
only at the end of April, where the highest SRR was in the
treatment 2, where pea was grown in interrrows, and
treatment 3, where garlic was grown in interrows.
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Fig. 6. Soil respiration rate at LM Product in 2021 and 2022 in
different intercropping treatments.

At LatHort in 2021, SRR significantly varied among
sampling dates (p=0.000) and treatments (p=0.016).
During season, the highest SRR was observed at the end
of May, while the lowest was at the beginning of June and
the end of September (Fig. 7). Among treatments, the
lowest season's average SRR was observed in the
treatment 2, where Crimson clover was grown in
interrows. At the same time in other treatments, where also
Crimson clover was grown, SRR was similar to control.

In 2022, the highest SRR was observed in August and
October, while the lowest was at the beginning of April.
Significant difference among treatments was not observed
(p=0.644).

In total, the highest average SRR was observed in soil
of Atvases like for DHA. SSR significantly correlated with
content of organic matter in soil (r= 0.23; n=192).
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Fig. 7. Soil respiration rate at LatHort in 2021 and 2022 in different
intercropping treatments.

Strawberry plant development. In 2021 at the end of
vegetation season, significant difference in strawberry
above-ground biomass among treatments was not
observed in all locations (Table 3).

TABLE 3 AVERAGE WEIGHT OF STRAWBERRY ABOVE-GROUND BIOMASS
AT THE END OF SEASON IN THREE LOCATIONS, G PLANT"!

Treatment Atvases LM Product LatHort
2021
1 84 35 104
2 81 36 94
3 67 45 93
4 87 35 127
LSDy,0s 44 17 41
P-value 0.738 0.531 0.280
2022
1 239 294 663
2 298 204 627
3 323 141 629
4 256 184 790
LSDy,0s 131 64 140
P-value 0.486 0.003 0.031
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Better plant development was observed in LatHort,
followed by Atvases and the weakest growth was in farm
LM Product, probably because of harsh soil conditions.

In 2022, the strawberry above-ground biomass was
significantly increased compared to 2021 in all locations.
Similar to 2021, the best plant development was observed
in LatHort and the weakest growth was in farm LM
Product.

Comparing the strawberry growth in different
treatments, at LatHort the highest plant biomass was
observed in control treatment, following by treatment 1,
where Crimson clover was grown during 1% growing year
in interrows and marigolds were grown during 2™ growing
year. In farm LM Product in treatment 1, plant above-
ground biomass was the highest among treatments and it
was significantly higher than in control treatment. In farm
Atvases, significant difference among treatments was not
observed.

IV. CONCLUSIONS

Soil microbial activity significantly fluctuated during
the vegetation season depending on meteorological
conditions and soil characteristics. Positive influence of
soil organic matter content on soil microbial activity was
observed. Intercropping, using different plant rotations in
strawberry interrows, had lower influence on soil
microbial activity and showed different results within each
location.

Strawberry plant above-ground biomass increased with
plant age. It was not influenced by intercropping during
the first growing year, while in the second growing year
the biomass differed among growing locations and
intercropping treatments. In two of three trial places, the
most positive impact of intercropping on strawberry
above-ground biomass was observed, when Crimson
clover was grown during 1% growing year and marigolds
were grown during 2" growing year in interrows.
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