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Abstract

A field experiment was conducted in 2013 and 2014 cropping seasons at the Research and Teach-
ing Farms of the Faculty of Agricultural and Environmental Sciences, University of Gadarif, to eva-
luate the effect of different rates of chicken manure on the growth and yield of jute mallow. The
experiment consisted of four levels of chicken manure viz; 0, 5, 10, and 20 t/ha. The treatments
were arranged in a randomized complete block design with three replicates. The results showed
that increasing chicken manure significantly increased all the growth attributes of jute mall and
resulted in an increase in crop yield and yield components in both seasons. The present study re-
vealed that jute mallow has a positive response to chicken manure application which succeeded to
compensate the deficiency of minerals in the Gadarif State of Sudan under rain-fed conditions. The
study also recommend that the highest chicken manure application rate (20 t/ha) is indispensible
for vigorous growth and substantial increase in jute mallow under harsh semi-arid conditions of
Sudan.
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1. Introduction

Jute mallow (Corchorus olitorius L.) is an indigenous wild vegetable in Sudan. It belongs to the Family Tiliaceae.
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The plant is widely spread all over the tropics and it probably exists in all countries of tropical Africa [1]. It is
consumed as spontaneous vegetable in fallow land by rural communities in most parts of Africa [2] [3]. It has
been documented that jute mallow plays a significant role in the treatment of gonorrhoea, chronic cystitis, pain,
fever and tumors [4]. C. olitorius is known to contain high levels of iron and folate which are useful for the pre-
vention of anaemia [5]. The plant leaves are eaten cooked, young leaves and immature fruits are added to salads
[2]. The leaves are high in protein and the dried leaves can be used as a thickener in soups [2] [3].

Indigenous vegetables are important in human diet especially for poor communities. They supply the body
with essential minerals, vitamins and certain hormone precursors in addition to protein and carbohydrates [6] [7].
Many of these vegetables are more nutritious than exotic vegetables such as cabbage (Brassica oleraceae) and
spinach (Spinaceae oleracaea) [8]. Ecologically indigenous vegetables grow more easily in rural subsistence
farming systems when compared with exotic vegetable species [9] [10]. This makes indigenous vegetables very
important to local resource poor communities of Sudan and other African countries in combating hunger and
malnutrition [11] and in fighting against modern age diseases such as cancer [4] and HIV and AIDS [3].

Low soil fertility is considered as one of the main factors responsible for the low productivity of vegetables
[12]. According to a report by the Food and Agriculture Organization (FAO) of the United Nations [13] the
prospects of obtaining adequate chemical fertilizers to meet the requirement of the teeming farming population
are remote in many developing countries. The report further stated that the prevailing exorbitant prices of min-
eral fertilizers and shortage in their supplies have shifted the attention of many farmers towards making better
use of organic manure as an alternative source of plant nutrients. Animal manure has been used for plant pro-
duction effectively for centuries. Among the different sources of these manure, chicken manure was found to be
the most concentrated in terms of nutrient content [14].

The increasing demand for chicken meat in Sudan has prompted more chicken farming with consequent ef-
fects on increasing utilization of chicken manure as fertilizers. Some researchers [15] observed that application
of chicken manure improved the availability of some minerals in the soil, and especially the transfer of nutrients
from rangeland to the crop plant. Recently, a scientist [16] reported that chicken manure, especially those pro-
duced in deep litter or battery cage house are the richest known farmyard manure supplying greater amounts of
absorbable plant nutrient. In their recent work some researchers [17] reported that chicken manure increased the
leaf area, total chlorophyll content and grain yield of maize and sorghum. According to [18], chicken manure
mineralizes faster than other animal manure such as cattle or pig dung; hence it releases its nutrients for plant
uptake and utilization rapidly. In an old literature; for example [19], it was reported that chicken manure con-
tains basic nutrients required for enhancing growth and yield of crops. Application of chicken manure increases
carbon content, water holding capacity, aggregation of soil, and decreases bulk density [20]. It also increases the
water soluble and exchangeable potassium and magnesium which enhance crop yield [21].

At present, there are no recommended standards with respect to rate of chicken manure or other soil amend-
ment material for enhancement of vegetables yield in the Sudan. Therefore, the objective of this study therefore,
was to identify the most appropriate rate of application of chicken manure for growth and yield of jute mallow
under rain-fed conditions in Gadarif State, Sudan.

2. Materials and Methods
2.1. Description of the Experimental Site

A Field experiment was conducted at the Research and Teaching Farms of the Faculty of Agricultural and En-
vironmental Sciences, University of Gadarif. The experimental site is located within latitude 14°02'N of the
Equator and longitude 35°28'E of Greenwich. Its average altitude is 600 m a.s.l. The experiment was conducted
during the 2013 and 2014 cropping seasons in semi-arid climatic conditions with an aridity index ranging from
0.2 to 0.4 [22]. The annual rainfall is less than 500 mm in the northern part of Gadarif State; however, the rain-
fall is erratic and concentrated in only few months of the year mainly from May to October. According to [23],
the average temperature of this region varies between a mean minimum of 22°C in winter and a mean maximum
of 37°C in summer. The study area receives the highest temperature between April and May. During such times,
the hottest day can go up to 40°C - 42°C [23]. The most prominent types of the soil in the studied area are heavy
dark cracking clays in which the clay content is very high, amounting 70 to 80 per cent [24]. Monmorillonite is
the common clay type in the area, and its content varies between 47 and 75 per cent. Cracks can be 3 to 10 cm
wide and can be as deep as 2 m during the dry season. Cation exchange capacity ranges from 50 to 100 mg 100
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g with calcium constituting more than half of the exchangeable cations [24]. Soil pH is near neutrality in gen-
eral with 1 to 3 per cent free carbonates. Nitrogen content is low and ranges from 0-05 to 0-15 per cent [24].
Generally, the soils have low to moderate amounts of phosphorous content [24]. The concentration of potassium
ranges from 400 to 600 ppm, which is considered as an adequate amount [24] [25]. Land use system in the area
is dominated by agricultural activities such as sorghum and sesame cultivation, livestock rearing and forestation
[24].

2.2. Land Preparation

The experimental site was disc ploughed, disc harrowed to crush clods and levelled out to maintain a well le-
velled seed bed and then followed by ridging up to 0.7 m between ridges which were oriented in a north-south
direction. Individual plot size was 4 x 5 meters consisting of 6 ridges of 4 meters in length. In each plot, 2nd and
5th ridges were used for sampling. Plot sizes of 2.6 x 2.25 m® were made and composite samples collected from
the plots at 0 - 15 cm depth in order to assess the initial physical and chemical properties of the soils.

2.3. Laboratory Studies

The composite soil samples collected from the individual plots were air-dried in a room temperature of 27°C for
three days, crushed and sieved using 2 mm aperture. The parameters evaluated include the particle size distribu-
tion by hydrometer method [26]. The pH was determined using Pye Unican model MK2 pH meter in a 1:2.5
soil/water suspension ratio. Organic carbon was determined by Walkley-Black wet oxidation method [27]. Total
nitrogen was determined by micro-Kjeldahl distillation technique as described by [28]. Available phosphorus
was determined by Bray No. 1 method [29]. Exchangeable potassium was determined by flame photometer,
while cation exchange capacity (CEC) was determined by Ammonium acetate saturation method [30]. The
chemical analysis of the chicken manure used for the experiment was also evaluated using appropriate methods
as described in the 1ITA (International Institute for Tropical Agriculture) manuals [29].

2.4. Treatments and Design

The experiment was carried out in a Randomized Complete Block Design (RCBD) with three replicates. Rates
of chicken manure in tons per hectare were 0, 5, 10, and 20.

2.5. Cultural Practices

2.5.1. Fertilization

The type of manure used was chicken manure, which was collected from a poultry farm in Gadarif. The fertiliz-
er was applied on 15/7/2013 in the first season and on 18/7/2014 in the second season. The organic fertilizer was
broadcasted manually on the bottom of the ridges mixed with soil and distributed equally to the entire plot using
a hand hoe and then irrigated immediately.

2.5.2. Sowing Date and Seeding Rate
Sowing was done manually on one side of the ridge (eastern side of ridge) and it was carried out on August,
10th. The seed rate applied was 12 Kg/fed.

2.5.3. Weeding
Weeding was practiced twice during the growing period 21 and 35 days from sowing.

2.6. Growth and Yield Parameters

For Growth parameters measurements and number of pods per plant at harvesting, five plants were randomly
selected from the 2nd and 5th ridges of each individual plot, and the plants were tagged during the study period
as follows:

1) Plant height (cm): The height of the plant was measured using a meter ruler from the plant base to the ter-
minal bud. The five tagged plants from each plot were measured and the mean height was taken to represent
each replicate plant height which measured after 4, 6 and 8 weeks from sowing.
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2) Number of leaves per plant: This parameter was measured after 4, 6 and 8 weeks from sowing by calculat-
ing all leaves of the five randomly selected plants. The mean number of leaves per plant was recorded.

3) Leaf area (cm?): The leaf area was measured after 4, 6 and 8 weeks from sowing. Fully expanded leaves
were randomly sampled from each plot and the area was measured by tracing each leaf on a graph paper with
grid squares, each measuring 1 cm by 1 cm. The mean was taken to represent each replicate.

4) Stem diameter (mm): Measured at harvest by using a vernier (caliper) from the middle of the 2nd internode
of five plants then the mean stem diameter were calculated.

5) Plant and pod mass fresh and dry weight (g): At maturity phase of all plants both fresh and dry matter were
measured for the shoots (stem and leaves) and pods. For the shoots, all plants in each plot were harvested and
put together in a brown weighing paper bags as per each treatment. The average was taken for each replicate.
Similarly, the pods were harvested and placed in sampling bags. The fresh samples were taken to the laboratory
to measure the fresh weight using an electronic balance (PGW 4502¢), max: 4500 g and readability: 0.01 g. The
same samples were then oven dried to constant weight at 80°C using a hot air oven (Scientific Series 2000) and
dry weight was recorded.

6) Number of pods/plant: At harvesting, the number of pods in each one of the tagged plants were counted
and then the average was calculated for each replicate to represent the mean number of pods in each replicate for
all treatments of the present study.

3. Results and Discussion
3.1. Plant Height

The present study revealed that fertilization with chicken manure treatments significantly (p < 0.01) increased
jute mallow plant height compared with control treatment (Figure 1(a) & Figure 1(b)) in both seasons 2013 and
2014. The plants that received 20 t/ha of chicken manure had the highest height while plants in the control
which were grown without chicken manure had the lowest plant height at all growth occasions. This is in har-
mony with the findings and reports of many researchers [14]-[16] [31]. It is also similar to the findings of [32]
who reported increased plant height of pepper resulting from application of high rate of chicken manure.

3.2. Number of Leaves/Plant

The average number of leaves per plant was significantly (P < 0.05) different across all treatments. The highest
number of leaves was obtained from jute mallow provided with 20 t/ha chicken manure (Figure 2(a) and Figure
2(b)) at both seasons 2013 and 2014. Number of leaves decreased significantly (P < 0.05) with each decrease in
level of chicken manure applied. The lowest number of leaves was obtained from jute mallow plants which did
not receive chicken manure fertilizer. It is also similar to the findings of [32] who reported increased number of
leaves of pepper resulting from application of high rate of chicken manure. This could be attributed to the fact
that 20 t/ha was compatible with the requirements and growing characteristics of the crop, drainage and slope of
the land. This is in consonance with the findings of [8] [33] who recommended that manure be applied at rates
that are compatible with the nutrient requirements and growing characteristics of the crops for growth and yield
enhancement.

3.3. Leaf Area (cm?)

The response of leaf area of jute mallow to rates of chicken manure in 2013 and 2014 is shown in Figure 3(a) &
Figure 3(b). There were significant differences in leaf area of the plants in both years of evaluation. During both
seasons, the mean of leaf area of plants that received 20 t/ha was the highest, while plants that received O t/ha
(the control treatment) of chicken manure had the lowest mean leaf area. Chicken manure application rate of 20
t/ha increased leaf area more than the other application rates possibly because an increase in chicken manure
was suitable for increasing carbon content, water holding capacity, aggregation of soil and decrease of bulk den-
sity, all of which interplay to increase leaf area and total chlorophyll content of wild okra. This is consistent with
the findings of [17] [19] [20] who reported that increased application rate of chicken manure enhanced lead area,
total chlorophyll content, carbon content, water holding capacity, and decrease bulk density of soil which cul-
minate and interplay to promote crop yield.
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Figure 1. Effect of various levels of chicken manure fertilizer on jute mallow (Corchorus olitorius) Plant height (cm) during
season 2013 (a) and season 2014 (b).
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Figure 2. Effect of various levels of chicken manure fertilizer on jute mallow (Corchorus olitorius) number of leaves/plant
during season 2013 (a) and 2014 (b).
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Figure 3. Effect of various levels of chicken manure fertilizer on jute mallow (Corchorus olitorius) leaf area during (cm?)
season 2013 (a) and 2014 (b).

3.4. Stem Diameter (mm)

In comparison among the treatments, the effect of the treatments on stem diameter of C. olitorius was highly
significant (p < 0.01) among all treatments studied (Table 1). Fertilization treatments with chicken manure sig-
nificantly increased stem diameter of jute mallow compared with the control treatment. Among chicken manure
application rates, the plant received 20 t/ha scored the highest mean stem diameter for both seasons (7.65 mm).
Increasing chicken manure rates resulted in a significant increase in stem diameter in both years of evaluation.
Plants that did not received chicken manure (the control) scored the lowest mean stem diameter for both seasons
(3.65). The decrease observed in stem diameter for plants that did not received chicken manure could be attri-
buted to depletion of soil nutrients as a result of leaching reported by [34] and loss of soil nutrients as a result of
continuous cropping at Gadarif State. Similar results were reported by some researchers [35] [36]. According to
[36] chicken manure is rich in nitrogen and since nitrogen enhances plant growth in general, this increase in
stem diameter due high application rate of chicken manure fertilization is expected.

3.5. Plant Mass Fresh and Dry Weight (g)

Plant Fresh and dry weight were highly significant at (p < 0.01) (Table 1).The three chicken manure treatments
(5 t/ha, 10 t/ha and 20 t/ha) had high values in both fresh and dry weight compared with the control (Table 2).
This could have been caused by the increment of mineral content as the manure decomposed and released certain
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Table 1. Effect of various levels of chicken manure fertilizer on jute mallow (Corchorus olitorius), stem diameter, plant
mass fresh and dry weight during season 2013 and season 2014.

Stem diameter (mm) Plant mass fresh weight (g) Plant mass dry weight (g)
Chicken manure rate
2013 2014 2013 2014 2013 2014
0 t/ha 33 40 15.7 17.7 3.3 6.0
5 t/ha 6.0 6.0 21.0 243 5.7 10.3
10 t/ha 7.0 7.3 333 34.0 6.3 15.3
20 t/ha 8.0 7.3 38.3 40.3 9.0 20.0
Significance ’ ’ - - - ’
LSDg.0s 271 2.24 4.98 3.65 2.66 2.76
C.V (%) 19.29 18.21 6.66 5.43 18.66 16.34

Table 2. Effect of various levels of chicken manure fertilizer on Jute mallow (Corchorus olitorius) number of pods/plant ,
pod fresh and dry weight during season 2013 and 2014.

Number of pods/plant pod fresh weight (g) pod dry weight (g)
Chicken manure rate

2013 2014 2013 2014 2013 2014

0 t’ha 15.0 18.0 6.0 6.0 15 1.8

5 t/ha 217 24.0 10.33 10.3 21 2.7

10 t/ha 25.7 31.0 15.33 15.3 35 4.0

20 t/ha 317 37.0 20.0 20.0 4.6 5.1

Sign.
LSDO0.05 41 4.6 2.9 2.6 0.46 0.66

C.V (%) 8.91 8.9 12.0 12.3 10.3 9.7

minerals in the respective treatments. According to [37], plant biomass production and numbers of leaves are
highly correlated, that is, the plants with more leaves produce high plant biomass because of highly photosyn-
thetic rate. This was the case (in the present study) with the high values of leaf number recorded in favor of the
highest rate of chicken manure treatment (Figure 2(a) and Figure 2(b)). The results of this study are in accord
with the results of another study conducted by [3] who found that different levels of chicken manure applica-
tions behaved differently in terms of harvest parameters as was shown by the significant (p < 0.05) differences
in dry matter. The highest dry matter was obtained from lettuce supplied with 60 t/ha chicken manure. Dry mat-
ter decreased with each decrease in level of chicken manure application rate.

3.6.Yield Parameters

In Table 2, the maximum number of pods and pod fresh and dry weight per plant was recorded for plants re-
ceived chicken manure whereas control treatment gave the lowest number and fresh and dry mass of pods per
plant. Marketable yield of jute mallow was significantly increased with the increment levels of chicken manure.
This might be attributed to the stimulating effect of chicken manure that supplies plant with nutrients required
for better yield [38]. For application of chicken manure at different levels, the highest rates of chicken manure
(10 and 20 t/ha) gave a significantly substantial high yield of pods and yield fresh and dry weight than other
rates. These results are in good agreement with the findings of several researchers who revealed that organic
manure increases the vegetative growth and biomass production effectively [39]-[41]. Moreover, some re-
searchers [42]-[45] emphasized that the increment of application of organic manure increases the growth, dry
matter accumulation, yield and quality of the plant.

4. Conclusion

From the results of present investigation, on the basis of plant growth and dry weight yield it may be concluded
that chicken manure produced significantly higher plant height, stem and leaf dry weight, leaf area index, total
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dry weight and dry weight yield compared with the control. Increasing the rate of applied manure from 5 ton/ha
to 20 ton/ha significantly increased all the growth and yield attributes measured. However, application of 20
ton/ha of chicken manure produced the highest growth and yield and is therefore recommend.
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