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Edyta KOSTERNA'

ORGANIC MULCHES
IN THE VEGETABLE CULTIVATION (A REVIEW)

MULCZE ORGANICZNE W UPRAWIE WARZYW

Abstract: Soil mulching is very important practice in field production. Different mulching materials can be
use for different agricultural and horticultural species in different climatic environments. The main role of
organic mulches is to protect the soil surface from the influence on unfavorable factors and to improve the
growing conditions for the crop plants. Mulching reduces unproductive evaporation from the soil surface.
Organic mulch also reduces soil wind and water erosion by protection the soil surface and reduces nutrient
loss by runoff and leaching. Mulches conserve soil moisture, help maintain stable soil temperature, increase
soil porosity and suppress weed growth. The main advantages of organic mulches are organic matter and
nutrient supply not only for plants but also for soil organism. Mulch improves physical, chemical and
biological properties of soil and ultimately enhances the growth and yield of crops. The purpose of this review
is to comparative analysis of the scientific research on the benefits and drawbacks of mulches used in
vegetable cultivation.
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Nowadays, care for the environment and ecological issues, is not only a kind of
ideology, but it has wide application in practice. It is said about it in the context of the
development of the industry, but also in relation to agriculture. In the cultivation of
plants it is very important not only yield level, but the least invasive course of all phases
of cultivation. Very often are used environment-friendly, natural methods of soil
conservation. According to Kotota and Adamczewska-Sowinska [1] all treatments that
protect the soil from degradation and use plant protection methods other than chemicals
are of great importance in organic farming. One of the natural methods which have a
favourable influence on soil environment is the use of mulches [2—4]. To achieve
optimum advantage from the mulch, the mulch should be applied immediately after
germination of seeds, at a minimal dose of 5 ton per ha [5]. A mulch may take many
forms: a living plant ground cover, loose particles of organic and inorganic matter
spread over the soil or sheets of artificial or natural materials laid on the soil surface.
Plants residues from preceding crops may also be used to form a mulch [6]. Organic
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mulches have the advantage of being biodegradable, but decomposition may result in
a temporary reduction in soil mineral nitrogen. According to Bajoriene et al [7] natural
organic mulch eventually breaks down and becomes a part of the soil and a source of
plant nutrients. Increasing the amount of soil organic matter is regarded as the main
advantage of organic mulch. However, the influence of mulch on soil agrochemical
properties depends on the chemical composition of mulch. Organic mulch is a source of
nutrients for soil microorganisms, and as a result of their activity organic residues used
for mulching are decomposed to available plant nutrients [8, 9]. Organic mulches
provide many of the benefits but also have few disadvantages. Natural mulch materials
are often not available in adequate quantities for commercial operations or must be
transported to the place of use. Natural materials are not easily spread on growing crops
and require considerable hand labor. Expense and logistical problems have generally
restricted use of organic mulch to home gardeners and small market gardens with only
limited use on a large commercial scale [5]. In turn, synthetic mulches provide an
effective barrier to most weeds and are amenable to mechanized application, but they
must be removed at the end of the season. What is more non-porous plastic mulches can
hinder infiltration of rainfall or overhead irrigation into the crop root zone. Some water
runs into planting holes, but much of it runs off the mulch into alleys and may not reach
crop roots. Other disadvantage of synthetic mulches include the labor of end-of-season
removal, is generation of non-biodegradable waste, and the fact that synthetic mulches
do not add organic matter or nutrients to the soil [10]. According to Zagaroza [11]
inconveniences is mainly the price of plastic as well as management costs.

The effect of mulching on the soil properties and plant yield depends on the climatic
and soil conditions, agro-technology practices and the kind of mulch. This treatment
gives better results in less favourable soil conditions, in areas with a high abundance of
weeds and at lower soil nutrients [12]. The main role of mulches in vegetable crops cultiva-
tion is to protect the soil surface from the influence of unfavorable factors and to improve
the growing conditions for the crop plants [7, 13]. They reduce soil wind and water
erosion [14], conserve soil moisture [15] and help maintain stable soil temperature [16].
The properties of some mulches may better benefit plants growth by preserving soil
structure and acting as a barrier to the action of rainfall that can cause compaction and
erosion. Less-compacted soil provides a better environment for seedling emergence and
root growth [17]. Soil coverage with organic mulches is one of the natural methods of
preventing weed infestation. Organic mulch can block light to the soil surface, reducing
the germination and growth of weeds. Infestation is limited by both the mechanical
effect of an application of mulch [18], and by the allopathic effect of chemical
compounds contained in the tissue of plant mulches [19]. This allows farmers to reduce
an application of herbicides and tillage operations which disturb soil structure [14].

Soil physical and chemical properties

Agricultural production is directly related to quality of soil. Maintenance of proper
soil quality is essential not only for agricultural sustainability, but also for environ-
mental protection. Many materials used for mulch have different effects on soil physical
and chemical characters. According to Bezborodova et al [20] the potentialities of
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mulches to improve soil structure, increase organic matter, and establish patterns of
nutrient cycling more similar to natural ecosystems. Mulching positively influences the
biodiversity and abundance of soil fauna [21].

The presence of mulches on the field during vegetation period reduces the need for
some soil tillage operations, which can contribute to soil compaction and dispersion [1].
According to Mulumba and Lal [22] effect of mulching on bulk density are often
variable and may vary due to soil type and properties, type of mulch and climate. Pervaiz
et al [23] were observed that straw mulch decreased bulk density of the soil. In turn,
Bottenberg et al [24] reported increase soil bulk density under mulch. Mulumba and Lal
[22] were found that total soil porosity increased with increase in mulch rate by 3546 %,
however bulk density was not affected by mulch rate. The increased porosity is especially
important to crop development since it may have a direct effect on soil aeration and can
enhance root growth. According to Dexter [25] organic mulch also affect in a high
degree on the aggregate stability. The author claim that changes in soil organic matter
content can lead to changes in aggregation stability. The energy dissipation effect of
organic matter helps to reduce aggregate breakdown by raindrop impact. The increased
aggregation due to mulches application can also be attributed to increase in fungal and
bacterial activity [22]. Jordan et al [26] reported that bulk density, total soil porosity and
aggregate stability could be improved significantly with the increasing mulch rates.

In the study by Lal [27] use of crop residue mulch and no till system was an effective
technique to reduce risks of erosion-induced soil degradation. The author also indicated
that soil erosion decreased drastically with increasing mulch rate in all no till treatments.
Lal [28] claim that the cropping systems should be developed that provide ground cover
at all times especially during the periods of intense rains. According to Smets et al [29]
organic mulches can be used to quickly protect the soil surface against the erosive forces
of rain and runoff. This is confirmed in the study by Gholamia et al [30] in which straw
mulch played an effective role in reducing the erosion in both up and down directions.

According to Cherr et al [9] the main advantages of organic mulches are organic
matter and nutrient supply not only for plants but also for soil fauna. The soil organic
matter increases due to decomposition of applied mulch. The remains of mulch were
returned into the soil by ploughing after harvest in the autumn. Blanco-Canqui and Lal
[31] were found that mulching with straw during 10 years increased soil organic carbon
by 33 %. This means that 2/3 of the applied straw was not converted into SOC and
probably was lost as emissions of CO, and CHy. This is confirmed in the study by Yu et
al [32], in which soil organic carbon content increased significantly after six years straw
application. In the study by Bajoriene et al [7] peat, straw and sawdust mulch had
a positive influence on the SOC content increasing it 1.3—1.9 times. The thicker (10 cm)
mulch layer significantly (by 0.35-0.52 percentage points) increased the content of SOC
compared with the thinner (5 cm) mulch layer. The authors also found a very strong
positive linear correlation between the content of organic C carried into the soil with
mulch and the content of organic C in the soil.

The conservation of soil water storage through mulching is one of the important
purposes. When soil surface is covered with mulch helps to reduce evaporation and
increase infiltration of rain water during growing season [5]. Sauer et al [33] reported
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a 34-50 % reduction in soil water evaporation as a result of crop residues mulching and
that creating a 15-cm bare strip increased soil water evaporation by only 7 % over the
weathered residue cover. Mulches greatly retard the loss of soil water. As a result, higher
and uniform soil water regime is maintained reducing the irrigation frequency [34]. In
the study by Kosterna [35] it was found that all investigated in the experiment kinds of
straw caused increase moisture the upper and lower soil layers. Tomar et al [36] demon-
strated higher soil moisture at the depth of 0—30 cm in mulched plots compared with the
control. According to those authors, the effect of mulching was less pronounced at the
30-90 cm depth, but mulches retained relatively more water than the control. Also
Rathore et al [37] reported that straw mulch conserved more water in the soil profile
during the early growth period compared to no mulch. According to Sinkeviciene et al
[16], soil moisture in mulched plots is not only higher compared with control plots but
also more stable during all growing periods. Studies by Shangning and Unger [15], as
well as by Uwah and Iwo [38], indicated that straw mulching increases soil moisture
with an increasing straw dose used for mulching. Similarly, in the study by Jordan et al
[26] low mulching rates did not have a significant effect on water properties with respect
to control, although the available water capacity increased greatly under high mulching
rates. The authors also found that after simulated rainfall experiments the mulch layer
contributed to increase the roughness and the interception of raindrops, delaying runoff
generation and enhancing the infiltration of rain water during storms. Mulching
contributed to a reduction in runoff generation and soil losses compared to bare soil.
Soil mulching with organic material is one way of soil water protection and also
helps maintain a constant soil temperature in soil layer within the root system of crops
[16, 35, 39]. Kumar and Bhardwaj [5] found that mulch reduces soil warming in
summer and cooling in winter. It prevents the extremes of temperatures. The cooling
effect of soil in summer promotes root development. According to the authors the effect
of mulching on the temperature regime of the soil varies according to the capacity of the
mulching material to reflect and transmit solar energy. In general, mulch, by maintain-
ing proper moisture and decreasing soil warming in summer months as well as reducing
the daily temperature fluctuations, improves soil conditions for plant growth and
development. This was confirmed in studies by Kesik and Maskalaniec [40], in which
mulch with rye straw was used effectively as an insulator and protected the soil from
overheating. Mulching of soil ensured better thermal conditions during the morning
hours, and protected against rapid loss of warmth accumulated in the soil during the
day. The soil temperature in the study by Kosterna [39] in the plots without straw, both in
the morning (measurement at 8.00 a.m.) and in the afternoon (measurement at 2.00 p.m.)
was higher than in plots mulched with straw. According to Borowy [41] this pheno-
menon can be unfavourable for thermal plants. The covers caused decrease of soil tem-
perature and as a result contributed to slower growth of plants and delayed fruits maturation.

Weed control effect

Soil coverage with organic mulches can suppress weed infestation. According to
Ossom et al [42] very little weed growth occurs under the mulch as the mulches prevent
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penetration of light or exclude certain wavelengths of light that are needed for the weed
seedlings to grow. Weber and Hrynczuk [43] (in Klumper et al [44]) were found that
germination of some weed species depends on the so-called light reaction which
stimulates plant emergence. Cardina et al [45] and Mohler and Teasdale [46] claim that
lack of light makes weeds remain dormant in the top soil layer, and as a result, no
infestation of crop plants takes place. According to Creamer et al [19] infestation is also
limited by the allopathic effect of chemical compounds contained in the tissue of plant
mulches. The authors also found that cover crop residues remaining on the soil surface
can physically modify seed germination by altering the seed environment (changes in
light availability, soil temperature, and soil moisture). A positive effect of various
organic mulches is particularly visible in the period of intensive weed germination in
the first part of summer [47]. The authors found that in the second part of summer and
in early autumn, weed emergence is weaker in comparison with that in spring and early
summer, therefore, mulch has less influence. The number of weeds that germinated in
the beginning of summer in mulched soil was by 30.9-50.6 times lower than in the soil
without mulch. Later this positive influence weakened, but remained for the entire
growing period.

In the study by Kosterna [48] all types of mulch caused a decrease in weed
infestation in broccoli and tomato compared to the control plot without mulch. The most
efficient for limiting infestation was mulch with buckwheat and rye straw. This was
confirmed by a study by Jodaugiene et al [47] regarding kidney beans and onion
cultivation, in which the most efficient weed limiter at the beginning of summer
(3.5-14.1 times) was straw mulch. However, the authors pointed that straw should not
to contain weed or crop seeds, which could cause secondary infestation. In turn,
Yordanova and Shaban [49] found that straw mulch is more loose material, did not
cover the soil tightly and could not provide effective weed control compared with other
kinds of organic mulch. In a study by Mohtisham et al [50], mulch with wheat and maize
straw reduced the number of germinating weeds by half compared to non-mulched
control. Similarly, in the study by Sinkeviciene et al [16] straw mulch was the best for
weed control in vegetable cultivation. In plots with straw mulch weed density was
established at 2.8-6.4 times lower compared with weed density in plots without mulch.
The influence of organic mulch with peat and sawdust was similar to straw mulch, and
least effective was grass mulch. In the study by Zaniewicz-Bajkowska et al [S1] straw
mulch left on the field till cabbage harvest, significantly reduced the fresh mass of
weeds, on average, by 38.8 % compared to the control without mulch. In the study by
Din et al [52], soil mulching with wheat straw in corn cultivation contributed to
a decreased mass of weeds, on average, by 27.1 %, compared to the plot without straw.
Kristiansen et al [53] were found that during echinacea (Echinacea purpurea Moench. L.)
production, hay mulch exhibited >90 % greater weed control compared to a non-weeded
control and was comparable to hand-weeding. The same experiment showed 85 % weed
control by hay mulch for lettuce production, compared with 96 % control by
hand-weeding. According to Derek et al [13] application of mulch several weeks after
pepper transplanting can improve weed suppression later into the growing season. In
turn, in the studies by Johnson et al [54] straw applied at planting time of vegetables
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suppressed weeds more effectively, whereas straw applied 4 weeks after planting had
less effect on weeds.

In the study by Zagaroza [11], how efficient the mulch was depended on the
thickness of the mulch layer on the soil surface. Hembry and Davies [18] found that
weed growth still occurred at 20 Mg -ha ! of straw mulch, although there were fewer
weeds. Yordanova and Shaban [49] claim that, organic mulch, irrespective of the mulch
layer on the soil surface, did not provide good weed control, especially against the
perennial weeds. In the study by Doring et al [55] there was no consistent effect of
straw mulch on number of weeds, weed cover and above ground biomass of weeds.
According to the authors the fact that weed development were not significantly affected
by straw mulch is mainly attributed to the relatively low amounts of straw applied.

Ahmed et al [56] claimed that mulch with wheat straw contributed to a significant
decrease in the mass of weeds, compared to the control plot, however, higher rates of
mulch application controlled weeds more effectively. This is confirmed in the study by
Uwah and Iwo [38], in which there was a decrease in the mass of weeds in maize
cultivation when there was an increase in the grass dose applied to soil mulching.
According to authors the weed dry matter yield obtained in the control, was over eleven
times higher than the 8 Mg - ha' mulch rate and more than six times above the
6 Mg - ha' mulch rate.

Pests and diseases control

Mulch cover can play a neutral role or reduce the risk of insect pest attack to crop
plants by preventing direct movement of insects from soil to plants, but sometimes
mulch can increase the risk of insect invasion [57]. Mulching soil improves environ-
mental conditions for soil organisms by protecting the habitat against water and wind
erosion, drastic variations in humidity and temperature, and by increasing organic
matter as a food source [58].

Changes in cropping systems affect insect pests and their natural enemies. Most
insect populations were significantly influenced by ground cover. Organic mulches
might provide hiding places to harbor populations of natural enemies [59]. In turn, Gill
et al [60] were found that several insect groups, including ants, beetles and small plants
feeding insects, were highest in unmulched control. The authors claim that it is possible
that weeds in control plots without mulch may have led to the higher numbers of small
plant-feeding insects in these plots.

According to Mohler [61] applying of organic mulch around small, succulent lettuce,
brassica, or other vegetable seedlings can result in defoliation by slugs or insects,
leading to poor stands or delayed establishment. However, these organisms have been
observed to attack weed seedlings as well, and can reduce weed populations without
seriously impacting well-established crops.

Chalker-Scott [3] state that mulches will reduce splashing of rain or irrigation water,
which can carry spores of disease organisms up to the stems or leaves of susceptible
species. Additionally, the populations of beneficial microbes that colonize many mulch
materials can reduce soil pathogens either through direct competition for resources or
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through chemical inhibition. Mulch maintains an optimal soil environments, which in
turn supports healthy plants that are less susceptible to opportunistic pathogens.

Mulching soils to encourage populations of indigenous, beneficial soil microbes will
increase the effectiveness of biological control in managing disease [62]. According to
Davies [63] application of organic mulches such as pine bark or wood chips are more
effective in suppressing disease than black polyethylene mulch.

Vegetables yield and quality

Application of mulches beneficially influences soil structure, supply organic matter,
reduces negative effects of wind and water erosion, decreases soil warming in summer
months, resulting in an increases crop yields [34, 35, 64]. According to Gill et al [65],
the increase in yield due to mulching is higher for species grown for early harvest.
Increased plant growth in response to mulching has been attributed primarily to
conservation of soil moisture, moderation of soil temperature, and reduced competition
with turf and other plants [66]. This was confirmed in the studies by Sajid et al [34], in
which plants of peas cultivated on the organic mulch with wheat straw and sawdust
were higher on average by 5.54 and 7.72 cm compared to plants from control without
mulch. The results were in agreement with Makus et al [67] who observed that plant
height was significantly affected by different mulching material. According to the
authors application of mulch increased plant height due to soil moisture conservation
and reduced water stress. Soil mulching with organic mulches in the study by Awal and
Khan in maize [68] and Kar and Kumar in potato [69] resulted in greater above-ground
plant biomass and quicker plant development compared with non-mulched plots. Khan
and Parvej [70] were found that mulching enhanced the number of ears per plant, ear
height, length and diameter, tassel length, number of seed rows and 1000-grains weight
compared to cultivation without mulch.

In the study by Zaniewicz-Bajkowska et al [51], application of rye straw as a mulch
in cabbage and onion cultivation influenced the increase of total and marketable yield of
these vegetables as compared to cultivation without mulch. In the study by Kosterna
[39] all kinds of organic mulch contributed to increase in the broccoli yield and
improvement its parameters. The favourable influence of organic mulches in different
weather condition on the yield level was confirmed by many researches. An increased
yield of tomato as the result of organic mulch application was found by Saeed and
Ahmad [64] in Pakistan as well as Rahman et al [71] in Bangladesh, sweet pepper by
Derek et al [13] in United States, carrot by Olfati et al [72] in Iran, potato by Kar and
Kumar [69] in India and melon by Johnson et al [54] in United States. Olfati et al [72]
were found that total yield, root weight and root length for plants grown with organic
mulches were better than the bare soil control. However, the authors did not find
significant differences in plant height, root diameter and inner and outer core diameter.
Kar and Kumar [69] higher yield and better crop growth were observed in the mulched
plots, which might be due to conservation of soil moisture and reduction of soil
temperature by 4-6 °C compared to the non-mulched plots. In the study by El-Shaikh
and Fouda [73] carried out in Libyan conditions the yield of cucumber cultivated on the
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soil with straw mulch was higher by 3.77 Mg - ha™' compared to bare soil. However, in
the study carried out by Doéring et al [55] in Germany, mulch with straw applied to
organically grown potatoes had no significant influence on the yield or tuber size
fractions. In turn, Diaz-Perez [74] in the study regarding onion cultivation, found that
yield with straw mulch was significantly lower compared to the control.

Wicks et al [75] in studies regarding corn cultivation found that, with increasing
straw dose applied to soil mulching, there was increased average weight and number of
cobs per plant. Similarly, the study by Uwah and Iwo [38] showed that increasing
mulch dose from 2 to 8 Mg - ha ' increased the height and number of leaves per maize
plants. The grain yield obtained at 6 or § Mg - ha! rates was more than double that of
the non-mulched control plots. In the study by Kosterna [76] it was found that all kinds
of straw investigated in the experiment, irrespective of dose, contributed to a significant
increase in the marketable yield, weight of marketable head and improved head quality
compared to that achieved from cultivation without straw mulching.

The chemical composition of vegetables is genetically determined as well as being
modified by factors affecting the plant during growth, and particularly climatic
conditions and agro-technology practices [77]. The effect of organic mulches on the
nutrients content is differentiated. In the studies by Samaila et al [78] mulch with straw
contributed to increase in dry matter, protein and carbohydrate content in tomato.
Similarly, the study by Najafabadi et al [79] showed that soil mulching with straw
contributed to an increase of dry matter and vitamin C content in garlic bulbs.
Majkowska-Gadomska et al [80] were found that mulching contributed to a significant
increase in dry matter content in tomato fruits but had no influence on the ascorbic acid,
total sugars and organic acids accumulation. Similarly in the study by Sekhon et al [81]
significantly higher content of ascorbic acid in sweet pepper fruits cultivated in
a control plot without mulch, compared to the plots with organic mulch was observed.
In the study by Olfati et al [72], organic mulch applied in carrot cultivation did not have
any influence on the dry matter content in roots. Parmar et al [82] were found that soil
mulching with straw and dry leaves slightly reduced flesh acidity of melon but caused
an increased monosaccharide and total sugars contents. Similarly, in the study by
Kosterna [83] soil mulching with corn and rape straw caused an increase in total sugars
and monosaccharide content in broccoli and tomato.

Conclusions

Soil mulching with organic material is an important element of integrated and
ecological cultivation of plants. One of the most significant advantage of mulch is the
addition of organic matter to the soil, especially by nutrient-rich mulch and a favorable
effect on the physical and chemical properties of soil, and hence on crop productivity.
This management system allows to reducing the application of chemical plant
protection and mineral fertilizers. Mulches also suppress weed growth and contribute to
reducing the use of herbicides in vegetable production. The effect of kind of mulch on
crop growth can vary due to different production practices, growing conditions and crop
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species. According to many researches retention of organic matter on the soil surface
favorable effect on the growth and development of plant and increase vegetables yield.
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MULCZE ORGANICZNE W UPRAWIE WARZYW

Katedra Warzywnictwa
Uniwersytet Przyrodniczo-Humanistyczny w Siedlcach

Abstrakt: Mulczowanie gleby jest bardzo waznym zabiegiem w uprawie polowej. R6zne materiaty mul-
czujace moga by¢ uzyte dla roznych gatunkéw roslin rolniczych i ogrodniczych w réznych warunkach kli-
matycznych. Gléwnym zadaniem $cidtek organicznych jest ochrona powierzchni gleby przed wplywem nie-
korzystnych czynnikéw oraz poprawa warunkoéw wzrostu ro$lin uprawnych. Mulczowanie zmniejsza
bezproduktywne parowanie z powierzchni gleby. Mulcz organiczny zmniejsza takze erozj¢ wodng i wietrzna
gleby poprzez ochrong jej powierzchni oraz straty sktadnikow pokarmowych na skutek wyptukiwania. Sciotki
zatrzymuja wilgo¢ w glebie, pomagaja utrzymac stala temperature gleby, zwigkszaja jej porowatosé i ograni-
czaja wzrost chwastow. Glowna zaleta $ciotek organicznych jest dostarczanie materii organicznej i sktadni-
kéw odzywezych nie tylko roslinom, ale takze organizmom glebowym. Mulcz poprzez poprawe biologicz-
nych, chemicznych i fizycznych wlasciwosci gleby przyspiesza wzrost roslin oraz zwigksza plon. Celem
pracy jest analiza porownawcza badan naukowych na temat korzysci i wad $cidtek organicznych stosowanych
W uprawie warzyw.

Stowa kluczowe: mulcz, uprawa



