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Abstract

Snow peas (Pisum sativum var. saccharatum) are one of the widely used baby vegetable in
Swaziland; however, there is a dearth of information pertaining to its organic production. A field
study laid out in Factorial Randomised Complete Block Design was conducted at the Horticulture
Farm, Luyengo Campus, of the University of Swaziland. Organic fertilisers used were kraal
manure, broiler manure, and Igrow, applied at 20, 40, and 60 (t/ha). Inorganic fertilisers 2:3:2
(22) + 0.5% zinc and limestone ammonium nitrate (28%) were applied at 100 kg/ha and 80 kg/ha
respectively. A trend of superiority of the different levels of organic manure application was
observed as snow peas provided with 40 t/ha and 60 t/ha exhibited higher values in vegetative and
reproductive growth, marketable yield and protein content especially on broiler and kraal manure
application. The use of broiler manure at 40 t/ha and 60 t/ha in the production of vegetables like
snow peas should be encouraged, because their application resulted in increased growth and yield

compared to synthetic fertilisers.
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INTRODUCTION

Agriculture is the backbone of the Swazi economy and is
characterised by a large number of small-scale vegetable
growers (Masarirambi et al., 2010). It is, therefore, necessary
to increase vegetable production in order to meet the needs of
the increasing population. Since vegetables play a pivotal
role in providing a good source of vitamins, minerals,
proteins and carbohydrates which are important to human
nutrition, their cultivation must be promoted (Deshmukh et
al., 2014). Also, large scale vegetable production provides
employment and thus income, ensuring food security at
household level and is very crucial for foreign exchange
earnings (Esawy et al., 2009).

Recently, there has been a global shift from chemical
fertilizer to organic fertilizer which is renewable, quite easily
accessible, and relatively cheap (Omueti et al., 2000). In
Africa, soil structure and fertility is maintained or enhanced
by the use of animal manure, compost, farm wastes and
green manure (Gana, 2008). The application of organic
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wastes combined with or without mineral fertilizer to soil is
considered a good management practices in any agricultural
production system because it improves plant quality and soil
fertility (Esawy et al., 2009). Besides supplying plant
nutrients, organic compost has been shown to increase the
level of soil organic matter, enhance root development,
improve the germination rate of seeds, and increases the
water holding capacity of soil (Xu et al., 2005).

Pea (Pisum sativum) is one of the important vegetables in the
world and ranks among the top 10 vegetable crops of the
world (Gad El-Hak et al., 2012). Pea is commonly used in
human diet throughout the world and it is rich in protein (21-
25%), carbohydrates, vitamin A and C, calcium,
phosphorous and has high levels of amino acids, lysin and
tryptophan (Babatola et al., 2008). The cultivation of this
vegetable maintains soil fertility through biological nitrogen
fixation in association with symbiotic Rhizobium bacteria
prevalent in its root nodules (Ganie et al., 2009). Thus, it
plays a vital role in fostering sustainable agriculture. Apart
from meeting its own requirement of nitrogen, peas are
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known to contribute significant residual nitrogen in soil 50-
60 kg/ha (Mishra, 2014).

While growing approximately 3 million tons of peas per
year, Canada is currently the largest world producer and
exporter of peas (Babatola et al., 2008). France, China,
Russia, and India are also large-scale producers of this
legume vegetable crop. Despite being a large-scale producer
of peas, India is also the world's largest importer of this
vegetable due to its great popularity in that country (Babatola
et al., 2008).

The information regarding organic and inorganic fertilizer on
pea growth, yield and its nutritional quality is very meager
under the local climatic conditions. Also, as a result of
increased popularity of organic vegetable production, more
information is needed pertaining to the growth, yield and
nutritional content of vegetable crops produced using organic
or inorganic fertilizer. Therefore, the objectives of this study
were to determine the growth, and yield of snow peas when
applied with organic manures, and to determine the
nutritional content of organically produced peas.

MATERIALS AND METHODS

Experimental site: The research was conducted at the
Horticulture Department Experimental Farm in the Faculty
of Agriculture, Luyengo Campus of the University of
Swaziland, between July and October 2015. This farm is
located between latitude 26°58 S and longitude of 31°18” E
at an altitude of 734 m above sea level. The mean annual
precipitation is 980 mm with most of the rain falling between
October and April. The average summer temperature is 27°C
and winter temperature is about 15°C. The soil type is an
oxisol (M-set) of the Malkerns series (Murdoch, 1970).

Experimental design: The experiment was a 3 x 4 factorial
laid out in a Randomized Complete Block Design (RCBD).
Experimental plots were 3 x 3 m in size and separated by 1 m
foot-paths. Intra-row spacing was 30 cm and inter-row 60
cm, with each plot having six rows. The four inner rows were
used for data collection, whilst the two outer rows were used
as guard rows. Each treatment was replicated three times.

Fertilisation: There were four different types fertilisers used
at basal dressing, i.e. broiler manure, kraal manure, Igrow
and 2:3:2 (22) + 0.5 Zn (control). Igrow is a slow release
organic made from different animals including horses, goats,
cattle and chickens. Igrow is a blend of a similar organic
fertiliser found in Holland, a country which is known to be
the best in organic farming throughout Europe (Sibandze
(2015). The broiler manure, kraal manure and Igrow were
applied at different levels which were 20, 40 and 60 t/ha. The
control, 2:3:2 (22) + 0.5 Zn was applied at 100 kg/ha at basal
dressing and later Limestone Ammonium Nitrate (LAN) was
used for top-dressing at the rate of 80 kg/ha after two weeks.
The method of application was the banding and incorporation
method. Both kraal and chicken manures were kept in the

open for four weeks, to ‘“age” or allow for further
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decomposition (Sajitha et al., 2007). Organic manures were
applied one month before planting by broadcasting and
incorporated into the soil. The aged manures were
incorporated into the soils using a fork three weeks before
planting at the different levels specified in the treatments and
they were irrigated to field capacity twice a week to activate
the action of micro-organisms in them.

Plant materials and planting: Planting was done on 22"
July 2015 using snow pea seeds (Pisum sativum var.
saccharatum). The seeds were bought from National
Agricultural Marketing Board, Manzini, Swaziland. Two
seeds were planted per station. Cultural practices such as
irrigation, weeding, diseases and pest control, uniformly
carried throughout the period of the experiment.

Data collection: Four randomly selected plants were
sampled per plot for data collection. Data was collected
every two weeks after germination until harvesting. Data
collection included the following parameters: number of
leaves, leaf area, chlorophyll content, plant height, number of
flowers, number and length of pods, number of root nodules,
fresh and dry masses of shoots and roots, weed density,
marketable yield, and soil moisture content.

Chlorophyll Content measurement: a chlorophyll meter
(SPAD-502 meter, Tung Yung LTD, Beijing, China) was
used to determine the chlorophyll content of leaves per
sampled plants.

Determination of crude protein and mineral content: The
determination of crude protein and mineral content was
carried out using the procedure outlined by Association of
Analytical Chemists (2000). Determination of minerals was
done using the wet digestion method as outlined by
Association of Analytical Chemists (2000).

To calculate nitrogen percent of sample the following
formulae was used:
N%
_ (mlacid titrated — ml blank titrated) x 0.1 x 0.14 x 100
B weight of sample (g)
Crude protein (CP)% = N% X 6.25

) ) CP% on sample
Adjust % CP on DM basis = ————

x 100
DM on sample

Standard solutions of 0.5ppm, 1.0 ppm, 1.5ppm, and 2.0 ppm
were prepared from a 1000 ppm stock solutions of calcium,
iron, magnesium, potassium, phosphorus, manganese and
zinc using the formula: C,V,= C,V,. With a known
concentration (C,) and volume (V,) required, the volume of
the 1000 ppm stock solution was calculated and necessary
dilutions were done to make V,. Standards were run in the
atomic absorption spectrophotometer (AAS) to determine
their absorbance from which calibration curves were plotted.
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Data analysis: Data collected was subjected to analysis of
variance (ANOVA) in a Randomised Completely Blocked
Design, using MSTAT-C (Nissen, 1989) statistical software.
Where statistical differences were detected, means were
separated using the Duncan’s New Multiple range Test
(DNMRT) at P<0.05 (Gomez and Gomez, 1984).

RESULTS

Plant height: The results showed significant (P<0.05)
differences in growth amongst treatments. The highest plants
were obtained from snow peas provided with 40 t/ha kraal
manures (Figure 1). The lowest plant height was obtained
from snow peas supplied with kraal manure at 20 t/ha.

e Broiler manure 40 t/ha

= Kraal manure 20 t/ha

e Kraal manure 60 t/ha
Igrow 40 t/ha
Chemical fertiliser

e Broiler manure 20 t/ha
=== Broiler manure 60 t/ha
e Kraal manure 40 t/ha
Igrow 20 t/ha
Igrow 60 t/ha
100

Plant height (cm)

6 8 10
Weeks after planting

Figure 1. The effects of fertilisers on plant height in snow
peas. Vertical bars represent standard error (SEx) below and
above the mean.

Chlorophyll content of snow peas: There was no
significant (P>0.05) difference on chlorophyll content
between the different organic manures as well as the
different application rates at 2 WAP. However, significant
(P<0.05) differences were observed at 4, 6, 8, and 10 WAP.
The highest chlorophyll content at 10 WAP was 62.5 nm
which was obtained from plants supplied with broiler manure
at 60 t/ha (Figure 2). The lowest chlorophyll content was
32.5 nm obtained from plants supplied with Igrow at 40 t/ha.
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Figure 2: The effects of fertilisers on chlorophyll content of
snow peas. Vertical bars represent standard error (SEx)
below and above the mean.

Leaf area of snow peas: Significant (P<0.05) difference on
leaf area between the different organic manures as well as the
different application rates were observed at 2 and 4 WAP,
while significant (P<0.01) difference were observed at 6, 8
and 10 WAP. The highest leaf area was 242.9 cm? which was
obtained from plants supplied with broiler manure at 60 t/ha
(Figure 3). The lowest leaf area was 83.1 cm? obtained from
plants supplied with kraal manure at 20 t/ha.

= Broiler manure 40 t/ha

e Kraal manure 20 t/ha

e Kraal manure 60 t/ha
Igrow 40 t/ha
Chemical fertilser
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Figure 3: The effects of fertilisers on leaf area of snow peas.
Vertical bars represent standard error (SE+) below and above
the mean.
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Number of leaves: The average number of leaves per plant
was significantly (P< 0.05) different across all treatments.
The highest number of leaves was obtained from snow peas
provided with 60 t/ha broiler manures. Number of leaves
decreased with each increase in level of chicken manure
applied after 6 WAP (Figure 4). The lowest leaf number (74)
was obtained from plants supplied with Igrow at 40 t/ha.

Number of snow pea pods: There were significant (P<0.01)
differences on pods number between the different organic
manures as well as the different application rates (Figure 6).
The highest number of pods (54) was obtained from plants
supplied with broiler manure at 20 t/ha. The lowest number
of pods was 28 obtained from plants supplied with Igrow at
both 40 t/ha.
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Figure 4: The effects of fertilisers on the number of snow pea
leaves. Vertical bars represent standard error (SE+) below
and above the mean.

Number of snow pea flowers: There were significant
(P<0.01) differences on number of flowers between the
different organic manures as well as the different application
rates (Figure 5). The highest number of flowers (45) at 10
WAP was obtained from plants supplied with broiler manure
at 20 t/ha. The lowest number of flowers (19) was obtained
from plants supplied with kraal manure 20 t/ha and chemical
fertiliser.
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Figure 5: The effects of fertilisers on the number of snow pea
flowers. Vertical bars represent standard error (SEx) below and
above the mean.
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Figure 6: The effects of fertilisers on number of snow pea
pods. Vertical bars represent standard error (SE+) below and
above the mean.

Pods length of snow peas: There were significant (P<0.05)
differences in pods length between the different organic
manures as well as the different application rates (Figure 7).
The highest pod length was 10.1 cm which was obtained
from plants supplied with kraal manure at 20 t/ha. The lowest
pods length was 6.5 cm attained by plants supplied with
broiler manure at 60 t/ha.
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The highest dry mass at 10 WAP was 14.8 g, which was
attained from plants supplied with kraal manure at 60 t/ha.
The lowest dry weight was 5.4 g obtained from plants
fertilised with Igrow at 60 t/ha.

Pod length (cm)
¥

Weeks after planting

Figure 7: The effects of organic fertilisers on pods length of
snow peas. Vertical bars represent standard error (SEz)
below and above the mean.

Fresh mass of pods: There were significant (P<0.05)
differences in fresh mass of snow pea pods among the
different fertilisers as well as the different application rates
(Figure 8). The highest fresh weight was 49.3 g, which was
obtained from plants supplied with broiler manure at 40 t/ha.
The lowest fresh mass of pea pods was 31.4 g obtained from
plants supplied with Igrow at 60 t/ha.
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Figure 9: The effects of fertilisers on dry mass of snow pea
pods. Vertical bars represent standard error (SE+) below and
above the mean.

Protein content of snow pea pods: There were significant
(P<0.05) difference in the protein content between the
different treatments (Figure 10). The highest protein content
was 5.9 g/100 g attained from kraal manure at 40 t/ha. The
lowest protein content was 4.1 g/100 g from kraal manure at
20t/ha.

Figure 8: The effects of fertilisers on fresh mass of snow pea
pods. Vertical bars represent standard error (SE+) below and
above the mean.

Dry mass of pods: There were significant (P<0.05)
difference in dry mass of snow pea pods among the different
fertilisers as well as the different application rates (Figure 9).
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Figure 10: The effects of fertilisers on protein content snow
pea pods.
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Bars followed by the same letter are not significantly
different. Mean separation by DNMRT at P=0.05

DISCUSSION

Plants that were fertilized with kraal manure at 40 t/ha and
chicken manure at 40 and 60 t/ha exhibited higher growth
and yield parameters. Similar results have been reported in
the growth and yield of kohlabi (Brassica aleraceae var.
gongylodes) [Uddin et al., 2009]. The authors reported that
this could be attributed to the nutrient content of the fertilizer
used. Cooperband (2002) reported that, the positive influence
of poultry manure on the growth of the crop might be due to
release of the balanced nutrients contained in the organic
matter. Xu et al. (2005), Habimana et al. (2015) and Ouda
and Mahadeen (2008) reported that increased leaf area
implies higher light interception, increased the size of
photosynthesizing surface and dry matter production, which
invariably promotes plant growth.

Snow pea plants applied with broiler manure exhibited
relatively higher marketable yield and fresh weight of plants
than those receiving the other kinds of fertilisers. . The
longest pods were obtained in plants applied with kraal
manure at 40 t/ha. Similar findings observed by Ganie et al.
(2009) in garden pea, Sajitha et al. (2007) in garden bean and
Sammauria et al. (2009) in cluster bean. Ogunlela et al.
(2005) reported that kraal manure was also found to increase
pod yield of okra. This could be attributed to the large
quantities of available phosphorus and available potassium
contained in the broiler manure, which may alter the pods
length (Ogunlela et al., 2005). Industrial fertilisers do not
possess good characteristics of aggregating the soil particles,
thus the plants produced by inorganic fertilisers showed
relatively lower yield compared to organic materials.
Reduction in quality attributes due to chemical fertilizers can
be attributed to the fact that they provide either single or two
essential nutrients (Masarirambi et al., 2010).

Broiler manure applied at 20 t/ha resulted in plants with
higher number of flowers and pods compared to the other
fertilisers. Similar observations were made on different levels
of poultry manure on performance of cluster bean Deshmukh
et al. (2014). They reported that yield depended on the
number of flowers produced and the loss of flowers or pods
inversely affected it. Increased growth and number of pods
per plant was due to increase in leaf area, which resulted in
increased photosynthesis of cluster bean (Sajitha et al.,
2007).

Kraal manure applied at 60 t/ha, broiler manure at 20 and 40
t/ha had no significant difference on the dry weight of pods.
This is similar to a study by Magkos et al. (2003), who
evaluated the dry matter content of several vegetables and
found that organically cultivated crops had higher dry matter
content than those grown conventionally. However, these
findings were evident only for the plants that grow above the
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ground (leafy vegetables) such as spinach, lettuce, Swiss
chard and savoy cabbage. Ganie et al. (2009) postulated that
this trend was expected given the initial difference in total N,
P and K of all three manures. The residual effects of applied
manure vary with type of manure origin, nutrients content,
which consequently affects the synthesis, and accumulated
amount of food in pods (Ganie et al., 2009). Masarirambi et
al. (2010) also reported that there were considerable
variations in mean leaf dry matter of red lettuce among
treatments which were 40 t/ha for chicken and cattle
manures, 1.5 t/ha basal dressing and 1.0 t/ha side dressing for
bounce back compost.

In all the treatments, the type of fertiliser and rate of
application resulted in no significant effects in mineral
composition of snow peas on fresh mass basis. However,
significant differences were found on protein content with
kraal manure fertilised plants at 40 t/ha recording the highest
protein content. This is consistent with findings by Awodun
(2007) in that organic manures produced significantly
nutritious pumpkins compared to conventionally produced
ones. Masarirambi et al. (2010) reported a significant effect
in the mineral composition of red lettuce on fresh mass basis,
with organic fertilisers having higher mineral contents. The
authors explained that this could be attributed to the balanced
quantity of nutrients in the organic manures. Worthington
(2001) and Magkos et al. (2003) reported that although a
small number of studies have been published, slightly higher
contents of minerals have been obtained in organic
vegetables. However, the majority of evidence has revealed
no significant difference between organic and conventional
vegetables (Worthington, 2001).

CONCLUSION

The study revealed that both synthetic and the organic
manures improved the growth performance of snow peas, but
to varying degrees. Application of organic manures in higher
amount is not always beneficial, because almost similar
results were obtained at 40t/ha or at 60t/ha. Inorganic
fertiliser application resulted in lower yield compared to
organic manures in the production of snow peas at Luyengo.
However, the inorganic manure performed much better than
the organic manure Igrow in most cases. The use of organic
manure in the production of vegetables such as snow peas
should be encouraged, because their application has resulted
in increased growth and yield compared to synthetic
fertilisers in this study and in other studies previously
conducted across the world.
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