Effects of Organic Amendments on Solanum tuberosum L. | Encyclopedia.pub

Effects of Organic Amendments on Solanum
tuberosum L.

Subjects: Environmental Sciences | Green & Sustainable Science & Technology | Soil Science
Contributor: Maria Antonieta Escobedo-Monge , Santiago Aparicio , Marlene Fabiola Escobedo-Monge , José

Manuel Marugan-Miguelsanz

The potato (Solanum tuberosum L.) is the third most important food crop worldwide, after rice and wheat. The
potato is one of the crops that produce more food per unit of time, water and area, even in more adverse climates
in comparison with any other crop. It is also characterized by its extraordinary ability to adapt to different soil and
climate conditions, occupying a leading role in the global food chain, and thus being considered by the United
Nations Food and Agriculture Organization (FAO) as a food security crop. Likewise, the increase in world

population leads to uncertainties in the food supply chain and it shows the need for high-yield crops.

organic amendments composting heavy metals

| 1. Introduction

The integrated use of natural resources in the context of sustainable development should be considered, and for
that purpose soil management will have a pivotal role in the improvement of agri-food production without
compromising soil(s) fertility 2. Agronomical practices have been directed in the last decades to the exploitation
of existing resources in order to obtain maximum productivity, with relevant environmental consequences because
of the applications of large amounts of agrochemicals and pesticides, decreasing soil biodiversity and fertility [,
The agricultural use of residues, from cattle of urban origin, in the form of compost could be considered as an

alternative that allows the minimization of waste generation by human activities and improves soil(s) fertility.

Nevertheless, the application of organic amendments may have additional potential risks on the environment,
derived from its effects on the trophic chains, which are linked to their possible toxicity and persistence in
ecosystems. One of the most relevant problems of the applications of compost for agronomical purposes stands on
the possible accumulation of heavy metals in the plant tissues by absorption, thus leading to the possibility of being
bioavailable to humans and animals through its consumption. The chemical forms in which they are found in the
organic amendments and their evolution over time once incorporated into the soil will be determinant for metals in

plant for the mobility of these pollutants and their degree of assimilation by the crops.

The potato (Solanum tuberosum L.) is the third most important food crop worldwide, after rice and wheat &l The
potato is one of the crops that produce more food per unit of time, water and area, even in more adverse climates
in comparison with any other crop. It is also characterized by its extraordinary ability to adapt to different soil and

climate conditions, occupying a leading role in the global food chain, and thus being considered by the United
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Nations Food and Agriculture Organization (FAO) as a food security crop. Likewise, the increase in world
population leads to uncertainties in the food supply chain 25 and it shows the need for high-yield crops I8!, For
this purpose, the potato should be marked as one of the crops with greater genetic diversity, with the Germplasm
Bank of the International Centre of the Potato (IPC) in Lima (Peru) including more than 7000 accessions of native,
wild and improved potato varieties. Therefore, the need for developing new potato varieties with greater nutritional

value and durable resistance to diseases is of global importance.

According to the FAOQ, it is estimated that around 792.5 million people across the world are malnourished, out of
which 780 million people live in developing countries [Z. In transitional countries, stunting (shortness for age) and
micronutrient deficiencies (iron, vitamin A, and zinc) in children coexist with obesity and nutrition-related chronic
diseases (NRCDs), demonstrating the double burden of nutritional disease [&l. The various strands of malnutrition
—undernutrition, hidden hunger and overweight—are interwoven in many ways, and there is a triple burden of
malnutrition in growing numbers of countries and communities . Biofortification of potatoes would not only
increase the nutrient content in the potato, but also their bioavailability, offering a long-term sustainable solution to

provide micronutrient-rich crops to people at nutritional risk.

| 2. Factors Involved in Increasing Potato Yield

Three main factors should be considered for the yield in potato production, the considered potato varieties, the
physicochemical characteristics of the composts, and the edaphological characteristics of the soil. The use of wild
and cultivated species as a source of resistance to biotic and abiotic stress is essential. Efficient wild species in the
absorption of nutrients from Solanum tuberosum subspecies andigenum, resistant to the fungus Phytophthora
infestans and viruses (potato virus A, potato virus X, potato virus Y) with European varieties or lines of Solanum
tuberosum subspecies tuberosum with resistant genes to other types of viruses (potato leaf roll virus) were
crossbreed. New clones were created and tested in 1991 in three phases 29, considering the resistance to the

relevant viruses, tolerance to root-knot nematode and adaptability to arid and warm climates.

The chemical and physicochemical composition of the MSWC varies greatly according to the composting plant and
seasonal variations. The humidity of organic amendments was less than 34%, with 40% being the maximum
admissible value according to the fertilizer regulations in force in Spain. Furthermore, the CMC was moderately
alkaline (pH 7.9-8.4), SMC was slightly alkaline (pH 7.1-7.8) compared to MSWC and ChMC, which are closer to
neutrality. It must be emphasized that the compost had a process of washing with salts during the time of
processing and storage, therefore the electrical conductivity in the MSWC was slightly saline with a range between
2 to 3 dSm™, being slightly higher in the others compost.

Despite the washes carried out, the contents in N and P in the MSWC and ChMC are higher than in the CMC and
SMC, and the content in K was higher in the CMC than in the MSWC, ChMC and SMC. This may be due to the rich
diet based on proteins and phospholipids of the human population. The P is a mineral that is added to many

processed foods to enhance flavor, prevent discoloration, and preserve them 111,
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The Carbon/Nitrogen (C/N) ratio of the materials applied as an amendment is considered as the simplest
information on the mineralization capacity of organic material, since the contents of carbon and nitrogen are
essential for the life and reproduction of microorganisms 22, The C/N ratio of the different treatments at the time of
their incorporation into the soil was very good with an average range of less than 10, this would indicate a very
good transformation of the material with greater stability and with a good reserve of nutrients, which would allow it
to be better assimilated by plants, not representing a limitation in the bioavailability of N for crops 12, The Ca
content was relatively higher in MSWC, in comparison with the other composts. The Mg and Na contents were
usually lower than Ca and were slightly higher in the MSWC and the ChMC.

3. Effect of the Treatments on the Yield and the Mineral
Content in the Tubers

3.1. Yield

Two stages were observed especially for the MSWC in all the varieties, and mainly clone A7677. The first stage
takes place from 1998 to 2007 and is characterized especially by a sustained increase in the yield of potato
production and mineral content, with a maximum observed between 2004 and 2007. While in the second stage
(2007 to 2016) the yield of potato production and mineral content due to the MSWC decreases to values below the
control. Regarding the application of MSWC, although the increase in performance in the first stage shows the
effectiveness of the treatment, the sustained decrease in the second phase could be due to the interaction of
micronutrients and heavy metals, which could affect the food security chain. In this second stage, the highest yield
and mineral content was produced mainly by the ChMC, CMC and SMC. In general, the MF presented a low yield
in the potato production and in the mineral content compared to the MSWC, except in the P content exceeding
ChMC in some years. The latter was the second treatment to achieve the best yields. The consecutive applications
of these organic amendments have produced a remarkable increase in the content of nutrients in the tubers with
respect to the control, indicating increasing availability of nutrients for crops over time. However, the content of
heavy metals is worrisome since their absorption and storage in the tissues of plants can be included in the trophic
chain of living beings.

3.2. Macronutrients

A significant increase in the content of N (43 g kg™DW), P (9 g kg™DW) and K (48 g kg~DW) in the tubers with
respect to the controls is inferred. The potato crop is particularly demanding in N, P and K, its quality will depend
largely on the variety and the availability of nutrients.

1.Nitrogen.

Between 1998 and 2007, the MSWC has provided the highest N content in the tubers of the varieties Agria,
Monalisa and Jaerla, only exceeded by clone A7677 (43 g kg™'DW). In the 1998 to 2016 period, the ChMC is the

second treatment to provide a high concentration of N, remaining constant along with the experiments. The highest
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concentration of N obtained in clone A7677 by the application of MSWC from 2004 to 2007 (43 g kg~tDW) largely
exceeds those reported by Cabalceta et al., (2005) 141, Alvarado et al., (2009) 28!, Correndo and Garcia (2012) 26!,
Mahamudet al (2016) 17 and Fernandes et al., 2017 (16.4-22.7 g kg 'DW) 28, The vyield obtained in all the
varieties under this treatment (MSWC) may be due to the improvement in the availability of this element in the soil,
as a consequence of the amount of nitrogen compounds added to it and the continued mineralization of N, favoring

its absorption, higher plant biomass and as a consequence higher storage of this nutrient in its tubers 121,
2. Phosphorus.

The MSWC provides the highest P content in the tubers for the 1998 to 2004 period in the varieties Agria and
Monalisa and for 1998 to 2007 in the variety Jaerla and in clone A7677. For 2007 to 2016, MF and ChMC lead to
the highest P contents in the tubers. These P contents exceed those reported in the literature by Cabalceta et al.,
2005 141 and Alvarado et al., 2009 131 and Mahamud et al., 2016 (1.2 to 4.7 g kg™'DW) 2. The addition of the
considered amendments causes decomposition processes carried out by microorganisms, which would produce
certain quantities and types of organic acids, siderophores, hydroxyl ions and other compounds 29 which would
facilitate the gradual conversion of phosphates and weak retention of these in the solid phase of the soil.
Therefore, the increase in the P content due to the compost favored an adequate development of roots, increase in
the aerial biomass, improvement in the quantity and quality of the tubers in all the varieties, which resulted in better
use of this nutrient by crops, especially under the treatment with the MSWC and ChMC (2004 and 2007).

3. Potassium.

For the 1998 to 2007 period, there was an increase in the K content with MSWC for the Agria, Monalisa and Jaerla
varieties, only surpassed by the clone A7677 (48 g kg™'DW). This K concentration exceeds those reported by
Alvarado et al., 2009, Mahamud et al., 2016 (17, Jahanzad et al., 2017 [l and Fernandes et al., 2017 (25.2-29.8 g
kg~IDW) (28l potassium is essential for the synthesis of starch and simple sugars and for the translocation of
carbohydrates, thus playing a pivotal role in maintaining the vigor and efficiency of the potato plant. Along with N, P
is the most necessary mineral for the growth of plants 2. Furthermore, low K intake is associated with various

non-communicable diseases, such as hypertension, cardiovascular diseases, chronic nephrolithiasis, osteopenia,
etc. (22,

3.3. Micronutrients and Heavy Metals

The studied long-term treatments (1998 to 2016) show highly significant increases in micronutrient content with
respect to the controls by consecutive applications of the studied composts (MSWC, ChMC, SMC, CMC and MF)
when considering Fe, Mn, Zn, Cu. Additionally, relevant variations on heavy metal content (Pb, Cr and Ni) were

inferred.

e [ron
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Iron deficiency represents one of the most serious problems in micronutrient nutrition in humans worldwide 23! and
there is a need to increase the amount of bioavailable iron in crops such as potatoes. Values of 15 to 20 mg
kg~!DW are considered as a baseline for Fe in potatoes 24 In this long-term study, for the 1998 to 2007 period,
the MSWC provides the highest Fe content in the tubers of the varieties Jaerla, Monalisa and Agria, only exceeded
by the clone A7677 (118 mg kg~*DW). The normal potato content of Fe is in the 50-250 mg kg~* DW range [231[28],

being largely dependent on the considered variety.
2. Manganese

This element was the only one that shows an increasing trend during all the experiments, for all the treatments and
varieties Agria, Jaerla and clone A7677. In the 1998 to 2016 period, MSWC provided the highest Mn content for the
varieties Jaerla, Monalisa, Agria and clone A7677 (27 mg kg~DW). ChMC was the second treatment to achieve a
higher Mn content in Jaerla, Agria, Monalisa and clone A7677 (19 mg kg 'DW). These values are within the normal
range (20-300 mg kg™DW) and well below the phytotoxicity limits of 500 mg kg 1DW 274, Likewise, Mn contents
reported exceed those by Baranowska [28 Ali and Al-Qahtani 22 and Fernandes et al. (2017, 6.7-11.5 mg
kg~'DW) (281, Mn is another essential nutrient required in very small amounts in the human body 2%, However, the
diet of the population based on cereals such as rice, wheat, cassava and corn contain insufficient amounts of this

micronutrient (1. Increasing the Mn content in tubers (biofortification) can help improve this insufficient intake.
3. Zinc

Another important micronutrient is this essential element because Zn deficit affects more than 30% of the world
population B2, Hence the relevance of crops that can supply Zn in greater quantities 28! such as potatoes, which
contributes 2.6% and 3.2% of the daily human dietary requirements of Fe and Zn, respectively B4, Likewise, Zn
regulates the formation of ribosomes, auxins, cellular components and increases the resistance of the plant against
drought and diseases [28], thus even mild deficiencies can have serious effects on the health and growth of plants.
Even though the concentration of Fe and Zn in the potato is low compared to cereals and legumes, their
bioavailability in potatoes may be higher due to the presence of high levels of ascorbic acid, which is a promoter of

Fe absorption, and low levels of phytic acid (inhibitor) of the absorption of Fe (331361,
4. Copper

A sustained increase in Cu content was observed in the 1998 to 2016 period for clone A7677 with MSWC (from 12
to 17 mg kg~DW), followed by CMC. For 1998 to 2007, MSWC treatment led to larger Cu contents for the varieties
Agria, Monalisa and Jaerla. For the 2007 to 2016 period, the largest Cu content was inferred for CMC treatment
with the varieties Agria, Monalisa and Jaerla. The available literature shows very different Cu content in crops
depending on the type of soil and crop, although the normal range is 2—7 mg kg 'DW for the minimum value and
20-30 mg kg™1DW for the maximum value [ZZ. The highest concentration of Cu registered in studies was in 2007

with MSWC for variety Agria and clone A7677. These values are higher than those reported by Correndo and
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Garcia in 2012 181 Brown et al., (2014) 21, Pozzatti et al., (2017, 5.4 mg kg~1DW) 28], Alvarado et al. 22! Ali and
Al-Qahtani 22, and Baranowska et al. (2017, 6.23-6.58 mg kg~1DW) 28],

5. Lead

In the 1998 to 2016 period, MSWC provides the highest Pb content in the tubers of clone A7677 (6 mg kg~1DW)
and in the varieties Agria, Monalisa and Jaerla, observing a significant and sustained increase. However, in 2010
there was a reduction in the Pb content of 20% in the Agria variety and of 42% in the varieties Monalisa, Jaerla and
clone A7677 with respect to 2007. Pb concentrations compared to controls increase with all treatments, leading to
slightly larger values for SMC and ChMC than for CMC. The reported results are comparable to those obtained by
Ali and Al-Qahtani (2012, 1.51 to 6.19 mg kg~ 'DW) 29l in a heavy metal biomonitoring study and with those found
in crops of potatoes exposed to irrigation by wastewater contaminated with Pb 28, On the contrary, they were
below those obtained by Tadesse et al., in 2015 B2 Jalali and Meyari in 2016 (19.5 mg kg~'DW) 49 and Angelova
et al. (50 to 54 mg kg 'DW [l |t should be remarked that Pb is not necessary for plants and can accumulate

affecting different physiological and biochemical functions 42,
6. Chromium

There was a sustained increase in the Cr content for the 1998 to 2007 period for all the varieties, leading to the
highest concentration with MSWC treatment for clone A7677 (20 mg kg™*DW) and in the varieties Agria, Monalisa
and Jaerla. For 2007 to 2016, CMC treatment led to the highest Cr contents in clone A7677 (16 mg kg~'DW) and
the varieties Monalisa, Agria and Jaerla. These values exceed the level considered as normal (0.03-14 mg
kg~1DW), going into the phytotoxicity range (15 to 30 mg kg™'DW) 2. Cr is an essential element for the normal
metabolism of carbohydrates in animal and human nutrition 43! but for plants, there is no conclusive evidence of
their essentiality in the metabolism 344 Additionally, Stasinos et al., (2014) “2 point out that Cr falls into the
category of heavy metal, which can be easily taken and bioaccumulated by tubers and food roots. However, it
should be remarked that in 2004, the maximum content of Cr affect the yields obtained neither for clone A7677 (71
t ha™1) nor for the varieties Agria, Monalisa and Jaerla. In 2007, there was only a decrease in the yields of the
varieties Agria and Monalisa (40 t ha™1) compared to the varieties Jaerla (54 t ha 1) and the clone A7677 (76 t
ha~1), which showed a yield increase. These results agree with Paiva et al. [48], who proposed that Cr exposure in
plants led to healthier conditions compared to control plants. Likewise, Guevara and Montes showed that increased
exposure to Cr led to Cr concentration in the potato tubers 47, Several studies show that there is a clear
correlation between the content of this metal in soils and the stimulation of growth and the absorption of

underground organs 2!,
7. Nickel

MSWC provides the highest Ni content for the 1998 to 2007 period for clone A7677 (20 mg kg~'DW) and in the
varieties, Agria and Monalisa and Jaerla, decreasing and then remaining constant for the 2007 to 2016 period (4-9
mg kg~tDW). In contrast, for 2010 to 2016, SMC, ChMC and CMC provide similar Ni contents in the varieties Agria,

https://encyclopedia.pub/entry/40475 6/12



Effects of Organic Amendments on Solanum tuberosum L. | Encyclopedia.pub

Monalisa and Jaerla and with the clone A7677. The highest Ni concentration exceeds normal values (0.02 to 5 mg
kg~1DW), going into phytotoxic levels (10-100 mg kg=DW) [ZZl. The reported results agree with those by Mahmood
and Malik 8! but are larger than those by Khan et al., (6.84, 7.93 and 8.71mg kg~1DW) 28 in potato crops exposed
to irrigation by Ni-contaminated wastewater. Ni is considered an essential micronutrient for the growth and
development of plants with several metabolic roles 42, The maximum Ni contents (2007, into the phytotoxic range)
were obtained for MSWC treatment in the clone A7677 and in the varieties Agria, Monalisa and Jaerla but they did
not affect yields. However, in 2007, it is noted that only yields of the varieties Agria and Monalisa (40 t ha™t) with
contents of Ni in tubers of 13 mg kg 'DW declined, compared with the variety Jaerla (54 t ha™) and the clone
A7677 (76 t ha™!) whose yields, on the contrary, increased, despite Ni content of 20 and 8 mg kg 'DW,
respectively. These results indicate that Ni has stimulated the growth and development of foliage, which agrees
with the positive responses of plant growth in the presence of Ni [28I5% Nevertheless, the possible Ni toxicity
should be considered, with a negative impact on photosynthesis, on membranes permeability, and on the decrease

in the micronutrient’s absorption B,

| 4. Bioavailability of Micronutrients and Heavy Metals

A dynamic equilibrium between metal fractions determines the mobility and bioavailability (more than the total
content of metals). The pH, the redox potential, and the quantity and types of Organic Matter (OM) and clays are
the most important edaphic factors in their control 2. The availability of Fe, Mn, Zn, and Cu would be scarce or
very restricted in the crops because the considered soil is slightly alkaline (pH 7.4) and would explain the low Fe,
Zn and Cu concentrations in the control samples. Nevertheless, the application of treatments, especially MSWC,
leads to a considerable increase in Fe (56 to 118 mg kg™tDW), Mn (9 to 27 mg kg™1DW), Zn (28 to 34 mg kg~1DW)
and Cu (14 to 17 mg kg DW). Therefore, adequate amounts of compost applied consecutively to the soils would
act very favorably for Fe, Mn, Zn and Cu to be in the rhizosphere, and thus being usable by plants. In addition, soll
pH also controls the processes of sorption/desorption and chemical speciation in the soils of Cr and other heavy

metals such as Pb and Ni [42],

Consecutive addition of treatments to the soil, especially MSWC, increased Pb (3 to 6 mg kg™'DW), Cr (15 to 20
mg kg™IDW) and Ni (12 to 20 mg kg™tDW) for all varieties, especially clone A7677. These results can be justified
considering that the addition of organic matter could specifically affect the solubility and bioaccumulation of metals,
generally causing variations in pH and ionic composition of the soil. Additional studies have also proposed that it

may be also an indirect consequence of the microbiological activity 42,

Nonetheless, it should be emphasized that plants have an extraordinary capacity to absorb heavy metals
depending on the species, shape, concentration and bioavailability of the metals in the soil, as well as on the
composition of the OM and the microbiological activity 23, The mechanism of accumulation of Pb, Cr and Ni still
have not been elucidated for S. tuberosum, but involvement of membrane transporters involved in the absorption of
Ca, Cd, Mn, Fe, Zn and Cu has been proposed 2],
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The reported results show that the compost has increased the concentration of macro, micronutrients and heavy
metals in the tubers of all the varieties, due to the greater availability of assimilable forms of these. The reported
high Cr and Ni concentrations (in the range of phytotoxicity) do not lead to lower yields in potato production
between 2004 and 2007, which is probably due to positive interactions between the absorption of minerals [23143]
(591 Moreover, results reported indicate that the concentrations of heavy metals (Cr, Pb and Ni) are not lethal for
the plants, with no visible phytotoxic effects, especially during the first stage with the application of the MSWC
(1998 to 2007).The lack of visual perception of phytotoxicity in the studied crops, with high contents of heavy
metals (Cr and Ni) in their different organs, can provoke an increase in agri-environmental vulnerability with a
potential risk in the food chain, due to the possibility of being bioavailable to humans and animals through their

consumption 4],

The decrease in yield from 2007-2010, mainly with MSWC treatment, could be due to the cumulative effect not
only of heavy metals but also of micronutrients. The use of organic amendments that involve an application of
microelements above the requirements could generate an accumulation of both micronutrients and heavy metals
that over time can be toxic to plants B2, This could be from 2010, where a decrease in plant height, reduction in
foliage growth, discoloration of leaves, necrosis, epinasty of young leaves was notorious, little or no flowering and
smaller tuber size, which produced a lower yield in potato production (2010 to 2016) with the application of the
MSWC compared to the other treatments. This reduction in the yields reached up to 83% in the variety Agria, 81%

in the clone A7677, 80% in Jaerla and 78% in the variety Monalisa.

References

1. Jahanzad, E.; Barker, A.V.; Hashemi, M.; Sadeghpour, A.; Eaton, T. Improving yield and mineral
nutrient concentration of potato tubers through cover cropping. Field Crops Res. 2017, 212, 45—
51.

2. Kromann, P.; Valverde, F.; Alvarado, S.; Vélez, R.; Pisufia, J.; Potosi, B.; Taipe, A.; Caballero, D.;
Cabezas, A.; Devaux, A. Can Andean potatoes be agronomically biofortified with iron and zinc
fertilizers? Plant Soil 2017, 411, 121-138.

3. Isenring, R. Pesticides and the loss of biodiversity. In Pesticide Action Network Europe;
Association for Conservation: London, UK, 2010; p. 26.

4. IPC. International Potato Center. Potato Facts and Figures. Available online:
http://cipotato.org/potato/facts/ (accessed on 21 March 2017).

5. Devaux, A.; Kromann, P.; Ortiz, O. Potatoes for sustainable global food security. Potato Res.
2014, 57, 185-199.

6. Steffen, W.; Richardson, K.; Rockstrom, J.; Cornell, S.E.; Fetzer, I.; Bennett, E.M.; Biggs, R.;
Carpenter, S.R.; De Vries, W.; De Wit, C.A.; et al. Planetary boundaries: Guiding human

https://encyclopedia.pub/entry/40475 8/12



Effects of Organic Amendments on Solanum tuberosum L. | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

17.

18.

development on a changing planet. Science 2015, 347, 6223.

. McGuire, S.; FAO; IFAD; WFP. The state of food insecurity in the world 2015: Meeting the 2015

international hunger targets: Taking stock of uneven progress: Rome FAO. Adv. Nutr. 2015, 6,
623-624.

. Uauy, R.; Kain, J.; Mericqv Rojas, J.; Corvalan, C. Nutrition, child growth, and chronic disease

prevention. Ann. Med. 2009, 40, 11-20.

. UNICEF. The State of the World’s Children 2019. Children, Food and Nutrition: Growing Well in a

Changing World. Available online: https://www.unicef.org/uzbekistan/en/reports/state-worlds-
children-2019 (accessed on 6 October 2020).

Mendoza, G.; Espinoza, J.; Mendoza, H.; Bonierbale, M. “Reiche” (CIP 388611.22) Variedad de
papa precoz, resistente a virus, tolerante al calor y de buena calidad industrial. In Proceedings of
the Ponencia: Il Congreso Cientifico de Invierno, organizado por CONCYTEC, Universidad de
Lima, Lima, Peru, 30 July—2 August 2003; p. 6.

Calvo, M.S.; Moshfegh, A.J.; Tucker, K.L. Assessing the Health Impact of Phosphorus in the Food
Supply: Issues and Considerations. Adv. Nutr. 2014, 5, 104-113.

Cai, A.; Xu, H.; Shao, X.; Zhu, P.; Zhang, W.; Xu, M.; Murphy, D.V. Carbon and Nitrogen
Mineralization in Relation to Soil Particle-Size Fractions after 32 Years of Chemical and Manure
Application in a Continuous Maize Cropping System. PLoS ONE 2016, 11, e0152521.

Byju, G.; Anand, M.H.; Moorthy, S.N. Carbon and Nitrogen Mineralization and Humus
Composition Following Municipal Solid Waste Compost Addition to Laterite Soils under
Continuous Cassava Cultivation. Commun. Soil Sci. Plant Anal. 2014, 46, 148-168.

Cabalceta, G.; Saldias, M.; Alvarado, A. Absorcion de nutrimentos en el cultivar de papa MNF-80.
Agron. Costarric. 2005, 29, 107-123.

Alvarado, A.; Iturriaga, |.; Smyth, J.T.; Urefia, J.M.; Portuguez, E. Efecto de la fertilizacién con
fésforo sobre el rendimiento y la absorcion de nutrimentos de la papa en un andisol de Juan
Vifas, Costa Rica. Agron. Costarric. 2009, 33, 45-61.

Correndo, A.A.; Garcia, F.O. Concentracion de nutrientes en planta como herramienta de
diagnéstico: Cultivos extensivos. Archivo Agronomico No. 14. Informaciones Agronémicas de
Hispanoamérica No. 5. IPNI Cono Sur. Buenos Aires. 2012. Available online:
http://lacs.ipni.net/article/LACS-1155 (accessed on 24 September 2020).

Mahamud, M.; Chowdhury, M.; Rahim, M.; Mohiuddin, K. Mineral nutrient contents of some potato
accessions of USA and Bangladesh. J. Bangladesh Agric. Univ. 2016, 13, 207-214.

Fernandes, A.M.; Soratto, R.P.; Souza, E.F.C.; Job, A.L.G. Nutrient Uptake and Removal by
Potato Cultivars as Affected by Phosphate Fertilization of Soils with Different Levels of

https://encyclopedia.pub/entry/40475 9/12



Effects of Organic Amendments on Solanum tuberosum L. | Encyclopedia.pub

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Phosphorus Availability. Rev. Bras. Ciéncia Solo 2017, 41, e0160288.

Figueroa-Barrera, A.; Alvarez-Herrera, J.G.; Forero, A.F.; Salamanca, C.; Pinzon, L.P.
Determination of potentially mineralizable nitrogen and the rate of nitrogen mineralization in
organic materials. Temas Agrar. 2012, 17, 32—43.

Sharma, S.B.; Sayyed, R.Z.; Trivedi, M.H.; A Gobi, T. Phosphate solubilizing microbes:
Sustainable approach for managing phosphorus deficiency in agricultural soils. SpringerPlus
2013, 2, 1-14.

Oosterhuis, D.M.; Loka, D.A.; Kawakami, E.M.; Pettigrew, W.T. The Physiology of Potassium in
Crop Production. Adv. Agron. 2014, 126, 203-233.

World Health Organization. Guideline: Potassium Intake for Adults and Children. 2012. Available
online: https://www.who.int/publications/i/item/9789241504829 (accessed on 6 February 2019).

Gibson, R.S. A Historical Review of Progress in the Assessment of Dietary Zinc Intake as an
Indicator of Population Zinc Status123. Adv. Nutr. 2012, 3, 772—-782.

U.S. Department of Agriculture, Agricultural Research Service. USDA National Nutrient Database
for Standard Reference, Release 19. Nutrient Data Laboratory Home Page. 2006. Available
online: http://www.ars.usda.gov/nutrientdata (accessed on 26 April 2019).

Brown, C.R.; Haynes, K.G.; Moore, M.; Pavek, M.J.; Hane, D.C.; Love, S.L.; Novy, R.G.; Miller,
J.C. Stability and Broad-Sense Heritability of Mineral Content in Potato: Iron. Am. J. Potato Res.
2010, 87, 390-396.

Khan, Z.1.; Ahmad, K.; Yasmeen, S.; Akram, N.A.; Ashraf, M.; Mehmood, N. Potential health risk
assessment of potato (Solanum tuberosum L.) grown on metal contaminated soils in the central
zone of Punjab, Pakistan. Chemosphere 2017, 166, 157-162.

Kabata-Pendias, A. Trace Elements in Soils and Plants, 4th ed.; Taylor & Francis Group: Boca
Raton, FL, USA; London, UK; New York, NY, USA, 2011; p. 548.

Baranowska, A.; Zarzecka, K.; Gugata, M.; Mystkowska, I. Contents of zinc, copper and
manganese in potato tubers depending on the ways of application of the soil fertilizer ugmax. J.
Ecol. Eng. 2017, 18, 99-106.

Ali, M.H.; Al-Qahtani, K.M. Assessment of some heavy metals in vegetables, cereals and fruits in
Saudi Arabian markets. Egypt. J. Aquat. Res. 2012, 38, 31-37.

Chitturi, R.; Baddam, V.R.; Prasad, L.; Prashanth, L.; Kattapagari, K. A review on role of essential
trace elements in health and disease. J. Dr. NTR Univ. Health Sci. 2015, 4, 75.

Nishida, C.; Uauy, R.; Kumanyika, S.; Shetty, P. The Joint WHO/FAO Expert Consultation on diet,
nutrition and the prevention of chronic diseases: Process, product and policy implications. Public
Health Nutr. 2004, 7, 245-250.

https://encyclopedia.pub/entry/40475 10/12



Effects of Organic Amendments on Solanum tuberosum L. | Encyclopedia.pub

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Stein, A.J. Global impacts of human mineral malnutrition. Plant Soil 2010, 335, 133-154.

Dalir, N.; Tandy, S.; Gramlich, A.; Khoshgoftarmanesh, A.; Schulin, R. Effects of nickel on zinc
uptake and translocation in two wheat cultivars differing in zinc efficiency. Environ. Exp. Bot. 2017,
134, 96-101.

Ortiz, R. La Biofortificacion de Los Cultivos Para Combatir la Anemia y Las Deficiencias de
Micronutrientes en el Perd; Programa Mundial de Alimentos (PMA): Lima, Peru, 2010; p. 39.

Burgos, G.; Amords, W.; Morote, M.; Stangoulis, J.; Bonierbale, M. Iron and zinc concentration of
native Andean potato cultivars from a human nutrition prespective. J. Sci. Food Agric. 2007, 87,
668-675.

Burgos, G.; Auqui, S.; Amoros, W.; Salas, E.; Bonierbale, M. Ascorbic acid concentration of native
Andean potato varieties as affected by environment, cooking and storage. J. Food Compos. Anal.
2009, 22, 533-538.

Brown, C.R.; Haynes, K.G.; Moore, M.; Pavek, M.J.; Hane, D.C.; Love, S.L.; Novy, R.G.; Miller,
J.C. Stability and Broad-Sense Heritability of Mineral Content in Potato: Copper and Sulfur. Am. J.
Potato Res. 2014, 91, 618-624.

Pozzatti, M.; Borges, A.R.; Dessuy, M.B.; Vale, M.G.R.; Welz, B. Determination of cadmium,
chromium and copper in vegetables of the Solanaceae family using high-resolution continuum
source graphite furnace atomic absorption spectrometry and direct solid sample analysis. Anal.
Methods 2017, 9, 329-337.

Tadesse, B.; Atlabachew, M.; Mekonnen, K.N. Concentration levels of selected essential and toxic
metals in potato (Solanum tuberosum L.) of West Gojjam, Amhara Region, Ethiopia. SpringerPlus
2015, 4, 514.

Jalali, M.; Meyari, A. Accumulation of Heavy Metals in Potatoes Grown on Calcareous Soils of the
Hamedan, Western Iran. Soil Sediment Contam. Int. J. 2016, 25, 365-377.

Angelova, V.; Ivanova, R.; Pevicharova, G.; lvanov, K. Effect of organic amendments on heavy
metals uptake by potato plants Australia. In Proceedings of the 19th World Congress of Soil
Science, Solil Solutions for a Changing World, Brisbane, Australia, 1-6 August 2010; pp. 84-87.

Kushwaha, A.; Hans, N.; Kumar, S.; Rani, R. A critical review on speciation, mobilization and
toxicity of lead in soil-microbe-plant system and bioremediation strategies. Ecotoxicol. Environ.
Saf. 2018, 147, 1035-1045.

Gomes, M.A.D.C.; Hauser-Davis, R.A.; Suzuki, M.S.; Vitoria, A.P. Plant chromium uptake and
transport, physiological effects and recent advances in molecular investigations. Ecotoxicol.
Environ. Saf. 2017, 140, 55-64.

https://encyclopedia.pub/entry/40475 11/12



Effects of Organic Amendments on Solanum tuberosum L. | Encyclopedia.pub

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Hayat, S.; Khalique, G.; Irfan, M.; Wani, A.S.; Tripathi, B.N.; Ahmad, A. Physiological changes
induced by chromium stress in plants: An overview. Protoplasma 2011, 249, 599-611.

Stasinos, S.; Nasopoulou, C.; Tsikrika, C.; Zabetakis, I. The Bioaccumulation and Physiological
Effects of Heavy Metals in Carrots, Onions, and Potatoes and Dietary Implications for Cr and Ni: A
Review. J. Food Sci. 2014, 79, 765-780.

Paiva, L.B.; De Oliveira, J.G.; Azevedo, R.A.; Ribeiro, D.R.; Da Silva, M.G.; Vitoria, A.P.
Ecophysiological responses of water hyacinth exposed to Cr3+ and Cr6+. Environ. Exp. Bot.
2009, 65, 403—-409.

Guevara, P.; Montes, L.E. Espacializacion de la Concentracion de Metales Pesados Cromo, Zinc
y Plomo en el Complejo Industrial Fabrilfame y Propuesta de Remediacién de Suelos; Ingenieria
del Medio Ambiente, Departamento Ciencias de la Tierra: Sangolqui, Ecuador, 2014; p. 100.

Mahmood, A.; Malik, R.N. Human health risk assessment of heavy metals via consumption of
contaminated vegetables collected from different irrigation sources in Lahore, Pakistan. Arab. J.
Chem. 2014, 7, 91-99.

Lavres, J.; Franco, G.C.; Camara, G.M.D.S. Soybean Seed Treatment with Nickel Improves
Biological Nitrogen Fixation and Urease Activity. Front. Environ. Sci. 2016, 4, 1-10.

Freitas, D.S.; Rodak, B.W.; Reis, A.R.; Reis, F.D.B.; De Carvalho, T.S.; Schulze, J.; Carneiro,
M.A.C.; Guilherme, L.R.G. Hidden Nickel Deficiency? Nickel Fertilization via Soil Improves
Nitrogen Metabolism and Grain Yield in Soybean Genotypes. Front. Plant Sci. 2018, 9, 1-16.

Parlak, K.U. Effect of nickel on growth and biochemical characteristics of wheat (Triticum
aestivum L.) seedlings. NJAS Wagening. J. Life Sci. 2016, 76, 1-5.

Choppala, G.; Kunhikrishnan, A.; Seshadri, B.; Park, J.H.; Bush, R.; Bolan, N. Comparative
sorption of chromium species as influenced by pH, surface charge and organic matter content in
contaminated soils. J. Geochem. Explor. 2018, 184, 255-260.

Ma, Y.; Oliveira, R.S.; Freitas, H.; Zhang, C. Biochemical and Molecular Mechanisms of Plant-
Microbe-Metal Interactions: Relevance for Phytoremediation. Front. Plant Sci. 2016, 7, 918.

Rai, P.K.; Lee, S.S.; Zhang, M.; Tsang, Y.F.; Kim, K.-H. Heavy metals in food crops: Health risks,
fate, mechanisms, and management. Environ. Int. 2019, 125, 365—-385.

Shahid, M.; Shamshad, S.; Rafig, M.; Khalid, S.; Bibi, I.; Niazi, N.K.; Dumat, C.; Rashid, M.I.
Chromium speciation, bioavailability, uptake, toxicity and detoxification in soil-plant system: A
review. Chemosphere 2017, 178, 513-533.

Retrieved from https://encyclopedia.pub/entry/history/show/91589

https://encyclopedia.pub/entry/40475 12/12



