Organic Cultivation of Vegetables Based on Cropping Scheme
Diversification, including Mixed Cropping and Intercropping
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Abstract

Organic Cultivation of Vegetables Based on Cropping Scheme
Diversification, including Mixed Cropping and Intercropping

Organic farming, which is a type of environment conservation farming,
has been promoted on a national scale and in municipalities as a farming
method that mitigates environmental load, facilitates natural recycling
functions, and contributes to the conservation of biological diversity.
However, universally applicable cultivation technologies for stable
production have not been established for organic farming, which does not
use chemically synthesized pesticides or chemical fertilizers. The issue is
the lack of established technologies, and therefore, this study used
organically cultivated open field vegetables to ascertain the effectiveness of
crop cultivation techniques that utilize mixed cropping and intercropping,
which have been passed down verbally and through experience, in order to
demonstrate the universal applicability of organic cultivation methods. This
study was conducted to: (1) ascertain how different cropping seasons make
cultivation of different vegetables harder or easier, (2) select useful crop
cultivation techniques by field surveys of existing organic farms, (3)
determine how mixed cropping, intercropping, and differences in their
techniques vary while trying to mitigate pest damage and improve
productivity, and (4) evaluate the roles that field management types, such
as multiple crop seeding, mixed cropping, intercropping, and weed sod
culturing play in natural recycling functions, which should be the inherent

roles of organic farming.

(1) Organically cultivated open field vegetables and their cropping seasons
During a period of three years from 1998 to 2000, 15 vegetables were

tested by cropping throughout a year. The levels of pest damage and
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marketable yields were used as criteria to judge whether they could be
organically cultivated and to determine the level of ease of cultivation. The
organic cultivation was compared with the conventional cultivation. Open
field vegetables showing marketable yields of 80% of those cultivated using
conventional methods, which used chemical fertilizers and pesticides, or
higher yields without pest control were as follows: spinach, lettuce, carrot,
Welsh onion, potato, kabocha, and Chinese cabbage. Vegetables that were
susceptible to insect damage and difficult to cultivate organically in any
season were cabbage, komatsuna (Brassica chinensis var. komatsuna) bok
choy, small turnip, and radish. We found it difficult to cultivate cruciferous

vegetables.

(2) Characteristics of crop cultivation found by surveys of organic
cultivation fields for vegetables in Hokuto City in Yamanashi Prefecture

Organic cultivation fields in the city were surveyed to determine the
factors that contribute to the success of organic cultivation of vegetables
among cropping practices adopted by farmers. From 2003 to 2004, field
surveys were conducted with five farmers (experience: 10-30 years;
production scale: 2-8 ha) engaged in organic cultivation in Hokuto City,
Yamanashi Prefecture, to ascertain their cropping schemes.

Some fruits and leafy vegetables were selected as the main items from 30
cultivated vegetables. They were selected on the basis of ease of cultivation,
time of cultivation, yield, and disease resistance, based on the cropping
items. To cultivate a number of vegetables in a field lot, mixed cropping was
practiced by arranging the ridges to form blocks. The challenges
encountered while cultivating fruits and vegetables were pests and those
encountered while cultivating leafy vegetables were insect damage. Several
measures such as disease-resistant varieties, cropping in proper seasons,
sparse planting, rain cover, and cover materials were employed. Planting

was sparse with broad passages to secure adequate lighting and aeration.
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Sod culturing was practiced with native weeds between ridges and levees.
In contrast, conventional cultivation fields had bare soil between ridges.
More of the native natural enemies were observed more in kind and number
in organic cultivation fields than in conventional cultivation fields. Field
rotation intervals of three years or longer were provided for Solanaceae

vegetables, which are susceptible to damage by continuous cropping.

(3) Effects of mixed cropping and intercropping (weed sod culture between
ridges) to mitigate pest damage of vegetables and improve their
productivity

Tests were performed on cultivation methods using “mixed cropping and
intercropping (weed sod culture between ridges),” which aided in mitigating
pest damage and stabilizing production. From 2008 to 2012, cultivation
tests were performed using cabbage and broccoli, leafy vegetables, and
cucumber, a fruit vegetable, to ascertain the effects of mixed cropping,
intercropping, and different mixed cropping methods on pest damage and
productivity. The results obtained are described below.

The covering soil between ridges with weed sod culture or intercropping
with white clover mitigated damage by Lepidoptera and radish aphid and
increased the ratio of marketable stocks in the cultivation of spring cabbage
and autumn broccoli. Furthermore, native predating natural enemies, such
as spiders and Caraboidea insects, increased in number in comparison with
fields with bare soil between ridges. In addition to the intercropping, mixed
cropping with Welsh onions or lettuce further decreased the level of insect
damage. In the case of mixed cropping with lettuce, crop alternation
between stocks increased the ratio of marketable stocks more than crop
alternation between ridges.

In the case of summer and autumn cucumber cultivation, mixed cropping
of cucumber with balsam pear in alteration every six stocks on a ridge

increased the high quality product yield per stock by approximately 7%
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compared with no mixed cropping as well as the ratio of high quality
products by approximately 6%. Using balsam pear as the upright barrier
walls against cucumber ridges increased high quality product yield by
approximately 10% compared with no mixed cropping and also increased
the ratio of high quality products by approximately 11%. Alternative mixed
cropping with balsam pear mitigated anthracnose and feeding damage by
cucurbit leaf beetle in cucumber leaves. Moreover, the barrier walls of
balsam pear decreased the number of cucumber leaves parasitized by
aphids.

These results revealed that mixed cropping, intercropping, and use of
weed sod cultures between ridges mitigated insect damage and increased
the ratio of marketable stocks in the cultivation of cabbage and broccoli and
leafy vegetables of Brassicaceae, and the effects were greater in more
diversified (more complex) cropping schemes and in intercropping than in
mixed cropping. Further, mixed cropping and intercropping prevented
Lepidoptera insects from ovipositing and increased the numbers of native
natural enemy insects. During the cultivation of cucumbers, a fruit
vegetable, mixed cropping and different placement were found affect the
high quality product yield and ratio of high quality products and mitigate

damage by diseases and insects.

(4) Nitrogen recycling by weed sod culture in organic vegetable cultivation
We aimed to identify roles, such as mineral recycling that occurs in organic
farming, played by a vegetable cropping type via multiple cropping and
weed sod culture. The following survey was conducted in 2013, in fields
owned by an Agricultural Production Corporation (cropping scale: 12 ha)
that was engaged in organic cultivation of vegetables in Takane-Cho,
Hokuto-Shi. Three sites (2, 11, or 21 years of organic farming) with nearly
equivalent altitude, soil type, and cropping scheme were surveyed. The

amount of recycled nitrogen per 10 a of field was calculated from the dry
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weights of vegetable production, residue, and weed, as well as their nitrogen
contents. In addition, green manure crops (hairy vetch, rye) were planted in
plots at the three sites for a comparative test and the following results were
obtained.

In the plots at the three sites where organic farming had been practiced for
different numbers of years, leaf vegetables were planted twice a year, spring
and autumn, to yield high levels of harvest. The amount of weed
development was high in the 11- and 21-year plots, where the soil between
the ridges was covered with weed species, which were altered in each season.
The amount of weeds plowed was 784—-1,103 kg/10 a per year, resulting in
23.6-38.6 kg N/10 a recycled into the plots, whereas the amount of green
manure crops plowed for the comparative test was 863-1,576 kg/10 a,
resulting in 31.9-36.4 kg N/10 a recycled into the plots. The above data
revealed that controlled weed sod culture in organic farming provided
organic materials equivalent to or greater than that provided by green
manure, and aided nitrogen recycling in the field.

Soil chemistry survey was conducted in 108 fields with organic farming in
Yamanashi Prefecture, and a tendency of excessive phosphate and
potassium levels was observed. Nitrate nitrogen was also found to leach into
the subsoil in some fields where organic farming had been practiced for
more than 10 years. We believe that this is because of continuous
applications of manure. In organic farms where weeds are controlled, large
amounts of weeds and vegetable residues are recycled into the soil every
year. This is surmised to result in the accumulation of nitrogen, improving
soil fertility. Therefore, based on the characteristics of the cultivation
method by using weed sod culture and the results of soil diagnosis, reducing
or adjusting the amount of manure supply according to the number of years
of organic farming and soil fertility would allow for sustained organic

farming with little environmental load.
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Summary

From the results of these individual studies, the following factors were
inferred to be important for the stable production of vegetables in organic
farming: grasping how easy or difficult it is to cultivate certain crops in
certain seasons, introduction of suitable cropping types, use of varieties
resistant to diseases and insects, sparse planting to ensure lighting and
aeration, and crop rotation to avoid damage due to soil-borne diseases.

In addition, the cultivation methods used were mixed cropping,
intercropping, and weed sod culture, which greatly contribute to the
mitigation of vegetable damage by diseases and insects and improvement in
productivity. It was also found that the cultivation method preserved
various native natural enemies and prevented insect pests from reaching
their hosts and ovipositing in fields where such cultivation methods were
practiced. Furthermore, controlled weed sod culture in organic farming was
shown to recycle an amount of nitrogen equivalent to or greater than that
recycled from cropping green manure. It was considered important to utilize
these characteristics of the cultivation method in order to reduce the
amount of manure application, improve nutritional balance in plow layers,
and prevent nitrate nitrogen from leaching into the subsoil.

From the above results, organic cultivation method with mixed cropping,
intercropping, and weed sod culture was found to be an effective crop
cultivation method for stable production of vegetables, decreasing
environmental load, conserving biological diversity (preserving native
natural enemies), and recycling materials (nitrogen recycling), which are all

important for organic farming.
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