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Abstract

Swiss chard (Beta vulgaris var cicla) is one of the most valuable leafy vegetable that is
widely adapted and the most nutritive exotic vegetable. However, it tends to accumulate
more nitrates than other leafy vegetables. The nitrates may be converted to nitrite causing
infantile methaemoglobinaemia, carcinogenic nitrosamines and even teratogenesis. Swiss
chard grows well in organic fertilizers and has less nitrate accumulation. However, there is
limited information on the specific type of organic fertilizer to use in order to reduce the
amount of nitrate level in Swiss chard. The study was conducted to determine the effects of
organic sources of nitrogen on growth, leaf yield and nitrate content of Swiss chard in
Kericho County. The treatments consisted of chicken manure, goat manure, cow manure,
control and Calcium ammonium nitrate (CAN). The experiment was laid out in a
Randomized Complete Block Design with 3 replications. Data was collected on five
randomly selected plants per treatment. The variables measured included plant height,
number of leaves, leaf length and width, which was done weekly for a period of 8 weeks
after transplanting. The plant survival, root and shoot fresh weights were determined on
the 8™ week after transplanting. The collected data was subjected to analysis of variance
using GenStat statistical software and the means separated using Least Significance
Difference at a = 0.05. Poultry manure had the highest plant height, leaf number, width
and length, survival and shoot fresh weight than the other treatments. Root fresh weight
was high in CAN treated plants than the other treatments. The CAN treated plants
accumulated two times more nitrate than poultry manure treated plants. Among the
organic nitrogen sources goat manure accumulated less nitrate than poultry and cow dung
manures and this was related to the nitrogen content of the manures. Supplementing goat
manure with poultry manure may increase the growth and yield of Swiss chard while
maintaining the nitrates at a lower level.
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Introduction are easy to use and also releases nutrients
quickly. However, high inorganic fertilizer
inputs can lead to marked deterioration in soil
and ground water quality (Zhu et al., 2005),
due to leaching, volatilization, denitrification
and surface run off. Moreover, they contain
just a few mineral nutrients which dissolve
quickly in damp soil and give plants large
doses of minerals (Masarirambi, 2010),
especially nitrates in leafy vegetables beyond

The productivity of many African soils is
normally limited by nitrogen and phosphorus
Mojeremane et al. (2015). Nitrogen, normally
supplied in the form of organic or inorganic
fertilizers, play an essential role in vegetative
growth and hence yield and quality of leafy
vegetables. Farmers often supply great
amounts of inorganic nitrogenous fertilizers to
increase the yield of vegetables because they
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safe limits (Umar et al., 2007; Allessandro and
Miceli, 2014).

Vegetables are rich source of vitamins,
minerals and antioxidant. The anticancer
properties of vegetables and their ability to
reduce cardiovascular disease have been
proven (Sadeghi et al., 2015). Vegetables
constitute a major source of nitrate providing
more than 80% of the average daily human
dietary intake (Hoque et al., 2010). Leafy
vegetables have high nitrate content than root
and fruit vegetables (Abd El Hamied, 2001;
Salehzaden et al., 2020). Among the leafy
vegetables, Swiss chard tends to accumulate
more nitrate than others and can be the one
that contributes most of daily nitrate intake
(Santamaria et al., 1999; Ayaz et al., 2007).
Nitrate accumulation in edible part is a
problem when eaten as the nitrates may be
converted to nitrite causing infantile
methaemoglobinaemia, carcinogenic
nitrosamines and possibly even teratogenesis
(Hord et al., 2009).

Swiss chard is highly appreciated in many
parts of the world for its nutritional properties,
year round availability, low cost and wide use
in many traditional dishes (Gao et al., 2009).
Ninfali and Angelino (2013) and Sacan and
Yahardag, (2010) reported that bioactive
molecules from Swiss chard extracts have anti-
diabetic, anti-inflammatory, anti-oxidant and
anti-cancer activities. In addition, it is rich in
biotine, an important vitamin for the hair
(Mihai et al., 2015). Therefore efforts to
minimize the accumulation of nitrates in Swiss
chard will add value to vegetable products
already popular for their nutritional and
therapeutic properties (Santamaria, 2006).

The use of organic materials as soil
amendment has been accorded considerable
attention for reclamation of degraded soils for
nutrient recovery and increase crop production

using available resources (Ahmad et al., 2014;
Ewulo, 2005). However, the results are site
specific depending on soil type, climatic
conditions and cultural practices. Swiss chard
grows well in organic fertilizers and has less
nitrate accumulation (Drost et al., 2010).
However, the farmers don’t know the specific
type of organic fertilizer to use in order to
reduce the amount of nitrate level in Swiss
chard that is acceptable to regulator while
maximizing the quality and yield. The
objective of the study was to determine the
effects of organic sources of nitrogen on
growth, leaf yield and nitrate content of Swiss
chard.

MATERIALS AND METHODS
Experimental site

The field experiment was conducted at the
University of Kabianga, School of Agriculture
and Biotechnology farm, Kericho County. The
site lies at an altitude of 2163M above sea
level and latitude of 0°49°0 N, 35° 49°60 E .
The mean rainfall is 900-1200mm per annum
with two distinct peaks in the months of May
and October. The temperature ranges from
10°C to 29°C. The soils are Nitisols which are
acidic, moderately deep and well drained
(Jaetzold and Schmidt, 1982).

Experimental Design and treatments

The experiment was laid in a Randomized
Complete Block Design (RCBD) with five
treatments and three replications. The five
treatments included well decomposed poultry
manure, COW manure, goat manure, inorganic
fertilizers (DAP & CAN) and the control (not
treated with any fertilizer).

Plant material and data collection

The Swiss chard seedlings were raised in the
nursery for four weeks thereafter transplanting
done at a spacing of 15cm by 30cm. The

Afr. J. Hort. Sci. (July 2020) 17:1-10



decomposed manures were mixed with the soil
two days before transplanting. For the
inorganically treated plots, DAP was used
during transplanting and CAN at 50kgN/ha
was added at one week after transplanting.
Cultural practices like watering, weeding, pest
and disease management were carried out as
required.

Five plants per treatment were selected
randomly for data collection. The parameters
measured were weekly plant height, number of
leaves, leaf length and width for a period of 8
weeks after transplanting. The nitrate content,
plant survival, root and shoot fresh weights
were determined on the 8" week after
transplanting.

Soil and Manure analysis

The manures were collected from the
University of Kabianga’s Farm, and placed in
the greenhouse for three weeks to decompose.
Samples from the three manures and soil from
the field were collected and analyzed for the
available nutrient contents at KALRO, Tea
Research Foundation (TRI), Kericho. For
nitrogen analysis the Kjeldahl method was
used (Cline et al., 1986). The other nutrients:
phosphorus, potassium, magnesium, calcium,
zinc, manganese and copper were analysed
using Atomic absorption spectrophotometer.

Nitrate analysis

The nitrate level was determined on weighed
leaf samples that were dried in a
thermostatically controlled air-oven at 60° C
and weighed before being ground to pass
through 600 im mesh sieve. For determination
of nitrates, about 0.1g of the Swiss chard
powder was weighed and suspended in 10 ml
distilled water. The suspension was incubated
at 45° C for 1 hour to allow complete leaching
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of the nitrate, and then filtered through
Whatman No. 41 filter paper. The
concentration of the nitrate-N in the filtrate
was determined by the method of Cataldo et
al. (1975).

Data analysis

The collected data was subjected to analysis of
variances (ANOVA) using GenStat statistical
software (Payne et al., 2006) and the means
separated using Least Significance Difference
(LSD) at 5% level of significance.

RESULTS

Mineral nutrient composition of the soil and
organic nitrogen sources

The poultry manure had relatively higher
mineral nutrient content than the goat and
cattle manures except iron that was relatively
higher in goat manure than the other organic
manures. The pH of goat and cattle manures
was highly alkaline compared to the poultry
manure (Table 1a). The nitrogen content of the
soil was relatively low compared to the other
mineral nutrients (Table 1b).

Plant growth parameters

The use of fertilizers promoted growth of
Swiss chard. The inorganic source of nitrogen
produced significantly (p < 0.05) lower plant
height, leaf number, height and width than
poultry manure however, it was not
significantly different from goat and cattle
manures for leaf number, height and width
(Table 2). Among the organic nitrogen sources
of fertilizers, poultry manure produced high
plant height, leaf number, leaf height and
width followed by cattle and goat manures
(Table 2).
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Table 1a: Mineral nutrient composition of the organic nitrogen sources
Type of | Ph | %N | %P,05 | %K20 | %Ca0 | %MgO | %Mn | Zn(ppm) | Cu(ppm) | Fe(ppm)
Manure
Cow 8.93 12.02 | 0.51 1.51 2.15 0.53 090 |13 6 163
dung
Goat 9.55 | 1.27 | 0.74 1.61 2.31 0.96 095 |27 6 167
Poultry | 7.20 | 2.06 | 0.97 1.69 2.39 1.01 0.95 |40 7 162
Table 1b: Mineral nutrient content in the soil at the site of planting
%Moisture | % Available P | Available K | Available Mg | Available Ca | pH
content Nitrogen | (mg/kg) (cmolkg) (cmolkg) (cmolkg)
Soil | 14.3 0.27 15.1 4.14 2.33 9.31 5.2
Table 2a: Effects of Nitrogen sources on growth of Swiss chard at 2 and 4 weeks after
transplanting
Treatments Week 2 after transplanting Week 4 after transplanting

Plant Leaf Leaf
height | number | height

Leaf Plant Leaf Leaf Leaf
width height number | height | width

Poultry Manure 17.05¢ | 4.67c 9.13d

5.03d 20.39d | 5.53¢ 11.06d | 6.09¢c

Cattle Manure 12.47b | 3.67b 6.40c

3.46¢ 15.02¢ 4.53b 7.46¢ 3.99b

Goat Manure 10.1b 3.53b 4.92b 2.87b 11.49b 4.06b 5.84b 3.36b
Inorganic (CAN) | 9.66b 3.27b 5.63bc | 3.13bc 13.02bc | 4.13b 7.29¢ 4.06b
Control 6.36a 2.67a 3.21a 1.85a 6.17a 2.53a 2.89a 1.66a

*Means followed by similar letters along the row are not significantly different from each other at

a=0.05.
Table 2b: Effects of Nitrogen sources on growth of Swiss chard at 6 and 8 weeks after
transplanting

Treatments Week 6 after transplanting Week 8 after transplanting

Plant Leaf Leaf
height number | height

Leaf Plant Leaf Leaf Leaf
width | height number | height | width

Poultry manure 25.12¢ 7.33¢ 13.79d

7.26¢ 27.30e 8.53¢ 14.79d | 7.90c

Cattle manure 20.56d 6.00b 9.24¢

4.66b 22.56d | 6.83b 10.24c | 4.86b

Goat manure 14.00b 5.53b 7.31b 4.11b 15.00b 6.13b 8.31b 4.50b
Inorganic (CAN) | 17.35¢ 5.46b 9.55¢ 4.93b 18.35¢ 6.47b 10.55¢ | 4.93b
Control 5.84a 1.53a 2.68a 1.68a 6.84a 1.50a 3.68a 1.89a

*Means followed by similar letters along the row are not significantly different from each other at

a=0.05.

Leaf yield and nitrate content

Application of fertilizers promoted shoot and
root fresh weights. Goat manure produced
significantly (p < 0.05) lower shoot fresh
weight than poultry, CAN and cattle manures.
Poultry manure had the highest SFW than the

other treatments (Table 3). The root fresh
weight was significantly higher in poultry
manure than the other treatments. Cattle, goat
and CAN had statistically similar RFW. The
percent survival from the organic sources of
fertilizers was significantly higher than the
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control and CAN. However, the percent
survival from the latter two treatments was not
significantly different from each other (Table
3). The nitrate content of the leaves
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significantly (p < 0.05) increased from the
control (16.07) followed by goat, Ccattle,
poultry (29.4) with inorganic fertilizers having
the highest (58.17) nitrate content (Table 3).

Table 3: Effects of Nitrogen sources on leaf yield and nitrate content of Swiss chard at 8 weeks

after transplanting

Treatments Shoot fresh Root fresh Survival rate Nitrate
weight (g) weight (g) (%) content
Poultry manure 33.15¢ 21.25¢ 90.5b 29.4d
Cattle manure 14.44b 8.62b 86.9b 26.67c
Goat manure 6.26a 7.47b 79.77b 22.57b
Inorganic (CAN) | 14.74b 7.91b 45.27a 58.17e
Control 1.05a 0.64a 34.53a 16.07a
*Means followed by similar letters along the row are not significantly different from each other at
a=0.05.
DISCUSSION to high rainfall experienced during the
The mineral nutrient content (nitrogen, growing season as was also reported by Abebe

calcium, phosphorus, zinc, magnesium) of
poultry manure was higher than the goat and
cattle manures except iron that was higher in
goat manure (Table 1). Poultry manure also
promoted better growth performance than the
other organic nitrogen sources and inorganic N
source (CAN) (Tables 2 and 3). Poultry
manure has been shown to increase the plant
height and number of leaves (Usman, 2015;
Alessandro and Miceli, 2014; Gulser, 2005) in
tomatoes, Swiss chard and spinach
respectively. This was possibly due to the high
nitrogen content in poultry manure than the
cattle and goat manure. Moreover, 30% of
nitrogen from poultry litter has been reported
to be in urea or ammonium form and is
therefore readily available to plants (Sunassee,
2001). Adequate supply of nitrogen is
associated with vigorous vegetative growth
resulting from high photosynthetic activities
(Warren et al., 2000). It was also noted that
the control had high number of leaves on the
4"week compared to the 8" week after
transplanting and this was possibly due to
depletion of nitrogen available in the soil due

and Feyisa (2017). The organic nitrogen
sources, apart from supplying nutrients, they
also improve biological properties such as
increased microbial populations for biological
activity, soil’s physical properties such as
structure and aggregation and water holding
capacity and drainage (Buresh and
Dobermann, 2010) that make them withstand
the impacts of rainfall.

Among the organic sources of fertilizers
poultry manure produced higher shoot fresh
weight (SFW), leaf height and width followed
by cattle and goat manures though the three
parameters from the latter two treatments were
not significantly different from the inorganic N
source. Research on the effect of organic
nitrogen in vegetables such as Corchorus
olitorius has shown that poultry manure also
improves the girth of leaves (Ayeni and Oye,
2017; Senjobi, 2013), and shoot height and
width of leaves in Lactuca sativa L. (Liu et al.,
2014). Nitrogen is essential for cell division
and low nitrogen in the cattle and goat
manures could have reduced leaf blade growth
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by decreasing mitotic and post mitotic rates as
has been reported by Kavanova et al., (2008).

Since the soils in the study region are acidic in
nature and also low in phosphorus, the organic
fertilizers with high pH (Table 1) moderated
the soil pH thereby enhancing the availability
of most nutrients for the growth of Swiss
chard. Poultry manure has been linked with
reduction of soil acidity apart from soil
nutrient enrichment (Olatunji and Oboh, 2012;
Sunassee, 2001). The plots with inorganic
nitrogen source were treated with DAP and
CAN, and the percent survival was
significantly lower than from the organically
treated fields. This could have been attributed
to leaching of CAN and reduced soil pH due to
the ammonium ions from DAP fertilizer which
was applied during transplanting. Low pH
reduces availability of essential nutrients for
growth (Manoharan et al., 1995).

Leaf surface area, size of individual leaves and
leaf thickness have been shown to increase in
plants treated with nitrogen. Poultry manure
with  high nitrogen content recorded
significantly higher shoot fresh weight than the
other treatments (Tables la and 3). Nitrogen
function in accumulation of biomass as it is
utilized from roots and leaves, due to its major
role in vegetative growth in vegetables. It is an
essential component of protein, nucleic acids,
chlorophyll and growth hormones (Barker et
a., 1974). Inorganic N source produced
significantly higher root fresh weight than the
other treatments (Table 3) and this could be
due to enhanced root growth by DAP which
was applied during transplanting in
inorganically treated plots.

The nitrate content in the leaves of Swiss
chard increased with increased amount of
nitrogen in the treatments.  Hailay and
Haymanot (2019) also reported similar
findings in Swiss Chard. The inorganic N

source recorded the highest level of nitrate
than the organic N sources as has also been
recorded in Lettuce (Liu et al., 2014) and this
could be due to slow release of nutrients by
organically treated plants (Herencia et al.,
2014). Substitution of inorganic fertilizer with
chicken and cow manure showed reduced
nitrate accumulation and increased shelf life of
fresh basil (Falla and Omran, 2018). Increased
vegetable yield and reduced nitrate levels has
also been reported with organic fertilizers in a
tomato-celery-tomato system (Shuyan et al.,
2017). Control had the least nitrate content due
to limited N in the soil and hence limited N
absorbed by the plants.

Conclusion

Organic N sources promoted the growth and
yield of Swiss chard. Among the nitrogen
sources, poultry manure had better growth and
yield performance than the other treatments
due to high nutrient content. Nitrate content in
the leaves also increased with N content in the
treatments. The organically treated plants had
lower nitrate content than the inorganic N
source which is beneficial to the human body.
Supplementing goat manure with poultry or
inorganic fertilizers may increase the growth
and yield of Swiss chard while maintaining the
nitrates at a lower level.

Acknowledgement

Tea Research Institute for conducting soil and
tissue analysis

Declaration of Interest Statement

There is no conflict of interest

References

AbdEl-Hamied, A. (2001) Evaluation of
nitrite, nitrate and nitrosomine compounds
in Upper Egypt USA vegetables.

Afr. J. Hort. Sci. (July 2020) 17:1-10



Alexandria Science Exchange Journal. 22:
323-332.

Abebe Z. and Feyisa H. (2017) Effects of
Nitrogen rates and time of application on

yield of Maize: Rainfall variability
influenced time and N application.
International  Journal of Agronomy.
2017:1-10.

Ahmad, M.E., Samia, M.R., El-Sayed, M.N,
El-Hamshary, A.M.S. and El-Ghannam
A.S. (2014) Parasitic Contamination of
Commonly Consumed Fresh Leafy
Vegetables in Benha, Egypt Hindawi
Publishing  Corporation  Journal  of
Parasitology Research, Article ID 613960,
7 pages.

Alessandro M. and Miceli C. (2014) Effect of
nitrogen fertilization on the quality of
swiss chard at harvest and during storage
as minimally processed produce. Journal
of Food Quality 37: 125-134

Ayaz, A., Topcu A. and Yurttagu M. (2007)
Survey of nitrate and nitrite levels of fresh
vegetables in Turkey. Journal of Food
Technology, 5:177-9.

Ayeni, M. J.L. and Oye O.V. (2017) Effect of
Different Organic Fertilizers on the
Growth  Performance of  Corchorus
olitorius L. Journal of Agriculture and
Veterinary Science 10:38-44

Barker, A.V., Maynard D.N. and Mills H.A.
(1974) Variations in nitrate accumulation
among spinach cultivars. Journal of the

American  Society  for  Horticultural
Science. 99: 132-134.
Buresh, R.J. and Dobermann A. (2010)

Organic materials and rice. In Annual Rice

Forum 2009: Revisiting the Organic
Fertilizer Issue in Rice; Asia Rice
Foundation: College, Laguna, Phiilippines

pp. 17-33.

Cline, G., Rhodes, D. and Felker P. (1986)
Micronutrient, P and pH influences on
growth and leaf tissue levels of Prosopis
alba and Prosopis glandulosa. Forest
Ecology and Management. 16: 81-93.

Ade and Otiende 7

Cataldo, D.A., Haroon M., Schrader L.E. and
Youngs V.L. (1975) Rapid calorimetric
determination of nitrate in plant tissue by
nitration of salicylic acid. Comm. Soil
Science Plant Analysis 6:71-80.

Drost, D. (2010) Swiss chard in the Garden.
Retrieved from https://extension.usu.edu/-
files/publications/publication/HG Garden
2005-14.pdf on 09.08.2016.

Ewulo, B. S. (2005) Effect of Poultry Dung
and Cattle Manure on Chemical Properties
of Clay and Sandy Clay Loam Soil.
Journal of Animal and Veterinary
Advances 4: 839-841

Fallah, S. and Omrani B. (2018) 'Substitution
of inorganic fertilizers with organic
manure reduces nitrate accumulation and
improves quality of purslane'. [ranian
Journal of Plant Physiology 9: 2651-2660.

Gao, Z.J., Han X.H. and Xiao X.G. (2009)
Purification and characterization of
polyphenol oxidase from red Swiss chard
(Beta vulgaris subspecies cicla) leaves.
Food Chemistry.117:342-348.

Gilser F. (2005) Effects of ammonium
sulphate and urea on NO3— and NO2-
accumulation, nutrient contents and yield
criteria in spinach. Science Horticulturae.
106:330-340.

Hailay G. and Haymanot A. (2019) The
response of Swiss chard (Beta vulgaris L.)
to nitrogen levels and intra-row spacing in
Debre Berhan Central Ethiopia. Journal of
Horticulture and Postharvest Research.
2:105-116.

Herencia, J.F., Garcia-Galavis P.A., Dorado
J.A.R. and Maqueda C. (2011) Comparison
of nutritional quality of the crops grown in
an organic and conventional fertilized soil.
Scientia Horticulturae. 129: 882—888.

Hord, N.G., Tang Y. and Bryan N.S. (2009)
Food sources of nitrates and nitrites. The
Physiological context for potential health
benefits. The American Journal of clinical
nutrition. 90:1-10.

Afr. J. Hort. Sci. (July 2020) 17:1-10



Effects of Organic Nitrogen Sources on Growth, Leaf Yield and Nitrate Content of Swiss

Chard

Hoque, M. M., Ajwa H., Othman M., Smith R.
and Cahn M. (2010) Yield and postharvest
quality of lettuce in response to nitrogen,
phosphorus, and potassium fertilizers.
HortScience, 45: 1539-1544.

Jaetzold, R. and Schmidt H. (1982) Farm
Management Handbook of Kenya. Vol IL
Ministry of Agriculture, Nairobi.

Kavanova, M., Latanzi F.A. and Schnyder H.
(2008) Nitrogen deficiency inhibits leaf
blade growth in Lliumperenne by
increasing cell cycle duration and
decreasing mitotic and post mitotic growth
rates. Plant cell Environment. 31: 727-737.

Liu C.W., Sung Y., Chen B.C. and Yu Lai H.
(2014) Effects of Nitrogen Fertilizers on
the Growth and Nitrate Content of Lettuce
(Lactuca sativa L.). International Journal
of Environmental Research and Public
Health. 11: 4427-4440.

Manoharan V., Loganathan P. and Tilman
R.W. (1995) Effects of long-term
application of phosphate fertilizers on soil
acidity under pasture in New Zealand.
R.A. Date N. J Grundon G.E. Rayment
M.E. Probert (Eds) Plant-Soil interactions
at low pH: Principles and Management.
Development Kluwer Academic Publishers
Dordecht 64:85-91.

Masarirambi, M.T., Hlawe M.M., Oseni O.T.
and Sibiya T.E. (2010) Effects of organic
fertilizers on growth, yield, quality and
sensory evaluation of red lettuce (Lactuca
sativa L.) Veneza Roxa. Agriculture and
Biology Journal of North America. 1:
1319-1324.

Mihai, C., Dorin S. and Mariana B. (2015)
Influence of phasial fertilization on
petioles yield in Swiss chards crop in
ecological system. Analele Universitatii
din Oradea, Fascicula: Protectia Mediului,
25: 111-116.

Mojeremane, W., Motladi M., Mathowa T. and
Legwaila G.M. (2015) Effect of Different
Application Rates of Organic Fertilizer on
Growth, Development and Yield of Rape

(Brassica napus L.). International Journal
of Innovative Research in Science,
Engineering and Technology. 4: 11680-
111688.

Ninfali, P. and Angelino D. (2013). Nutritional
and functional potential of Beta vulgaris
cicla and rubra. Fitoterapia, 89: 188-199.

Olatunji O. and Oboh V.U. (2012) Growth and
yield of okra and tomato as affected by pig
dung and other manures, issue for
economic consideration in Benue State.
Nigerian Journal of Soil Science, 1: 103-
107

Payne, R., Murray D., Harding S., Baird D.
and Soutar D.M. (2006) Introduction to
Genstat for windows. Genstart 9th Edition.
Lawes Agricultural Trust. Rothamsted.

Sacan, O. and Yanardag R. (2010) Antioxidant
and antiacetylcholinesterase activities of
chard (Beta vulgaris L. var. cicla). Food
and Chemical Toxicology. 48: 1275-1280.

Sadeghi, E., Sharafi K., Almazi A., Dayhim
M., Azizi E., and Ghayebzaden M. (2015)
Study on the nitrite and nitrate levels
changes by drying and frying processing in
vegetables. Iranian Journal of Health and
Environment, 7:491-8.

Salehzaden H., Maleki F., Rezaee R.,
Shahmoradi B. and Ponnet K. (2020) The
nitrate content of fresh and cooked
vegetables and their health related risks.
Public Library of Science, 15(1):€0227551.

Santamaria P. (2006) Review nitrate in
vegetables: toxicity, content, intake and EC
regulation. Journal of Science Food and
Agriculture. 86: 10-17.

Santamaria, P., Elia A., Serio F. and Todaro E.
(1999) A survey of nitrate and oxalate
content in fresh vegetables. Journal of
Science Food and Agriculture. 79:1882-
1888.

Senjobi, B.A. (2013) Sandy soil Improvement
Using Organic materials and mineral
fertilizers on the yield and Quality of Jute
Plant (Corchorus olitorius). Journal of
Biology and Life Science. 4: 219-233.

Afr. J. Hort. Sci. (July 2020) 17:1-10



Shuyan, L., Jijin L., Zhang B., Danyang L.,
Guoxue L. and Yangyang L. (2017)
Effects of different organic fertilizers
application on growth and environmental
risk of nitrate under a vegetable field.
Scientific  Reports  |7:17020]  DOI:
10.1038/s41598-017-17219

Sunassee, S. (2001) Use of poultry litter for
vegetable production. AMAS, 2001. Food
and Agricultural Research Council, Reduit,
Mauritius, 259-263

Umar, A.S., Igbal M., and Abrol Y.P. (2007)
Are nitrate concentrations in leafy
vegetables within safe limits? Current
Science. 92: 355-360.

Usman, M. (2015) Cow Dung, Goat and
Poultry Manure and their Effects on the
Average Yields and Growth Parameters of
Tomato Crop. Journal of Biology,
Agriculture and Healthcare. 5:2224-3208

Warren C.R., Adams M.A. and Chen Z. (2000)
Is photosynthesis related to concentrations
of nitrogen and RUBISCO in leaves of
Australian native plants? Functional Plant
Biology. 27:407-416.

Zhu JH., Li X.L., Christiec P. and Li J.L.
(2005) Environmental implications of low
nitrogen use efficiency in excessively
fertilized hot pepper (Capsicum frutescens
L.) cropping systems, Agriculture
Ecosystems and Environment. 111: 70-80.

Ade and Otiende

Afr. J. Hort. Sci. (July 2020) 17:1-10

9



10  Effects of Organic Nitrogen Sources on Growth, Leaf Yield and Nitrate Content of Swiss
Chard

Blank page

Afr. J. Hort. Sci. (July 2020) 17:1-10



