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ABSTRACT: The experiment was carried out at the Teaching and Research Farm of Published Online:
Faculty of Agriculture, Bayero University Kano and Kano State Institute of Horticulture, 16 November 2022
Bagauda, during the rainy season of 2015 to investigate the effect of spacing and cow

dung manure rates on the growth and yield of radish. The experiment comprised four

levels of spacing (5, 10, 15, and 20 cm) and five rates of cow dung manure (0, 5, 10, 15,

and 20 t ha'). It was laid out in a Randomized Complete Block Design (RCBD) with

three replications. The experiment showed that spacing had significant effects on plant

height and leaf area index at BUK, while at Bagauda, it only enhanced the leaf area

index. The spacing of 5 cm showed a higher effect over other levels of spacing. The Corresponding Author:
higher values obtained per parameter from BUK were; plant height (14.23 cm) leaf area  Musa M. & Bashir K.A.
Index (80.58), all at 5 cm spacing. At Bagauda, the highest value obtained was leaf area

index (48.33) at 5 cm. Cowdung manure influenced plant height. The highest value

obtained due to the application of cow dung manure was plant height (14.31 cm) at 10 t

ha't at BUK.

INTRODUCTION

Radish is an edible root vegetable of the Brassicaceae family that was domesticated in Europe in pre-Roman times. It is an annual
or biennial plant grown for its swollen tap roots that are rounded, tapering or cylindrical. The root skin colour ranges from white
through pink, red, purple, yellow and green to black, but the flesh is usually white. Smaller types have a few leaves about 13 cm
long with round roots up to 2.5 cm in diameter or more slender (slim) and long roots up to 7 cm long. These are typically eaten raw
in salads (Brickell, 1992). A longer root form oriental radishes, daikon or mooli and winter radishes grow up to 60 cm long with
foliage about 60 cm high with a spread of 45 cm (Brickell, 1992). The flesh of radishes harvested timely is crisp and sweet but
becomes bitter and tough if the vegetable is left in the ground for too long (Steven et al., 2004). Leaves are arranged in a rosette
manner. They have a lyrate shape, which is divided pinnately with an enlarged terminal lobe and smaller lateral lobes. The white
flowers are borne on a racemose inflorescence (Gopalakrishnan, 2007). The fruits are small pods that can be eaten when young
(Brickell 1992). The radish is a diploid species, and has 18 chromosomes (2n=18) (Dixon, 2007). Radish is a fast-growing, annual,
or biennial crop. The seeds germinate in three to four days in moist conditions with soil temperatures between 18 and 29 °C. Best
quality roots are obtained under moderate day lengths with air temperatures of 10 to 18 °C. Radishes have a short vegetable life (35-
60 days), which provides a rapid return per capital (Juan et al., 2010). Radish grows best in full sunlight, sandy loams with a soil
pH of 6.5 to 7.0, but a clayey-loam is ideal for late-season crops. Soils that bake dry and form a crust in dry weather are unsuitable
and impair germination (Beattie, et al., 1882; Faust, 1996; and Peterson, 1999). Harvesting periods can be extended by making
repeat plantings spaced a week or two apart. In warmer climates, radishes are usually planted in the autumn (Beattie et al., 1882).
The depth at which seeds are planted affects the size of the root, from 1 cm deep recommended for small radishes to 4 cm for large
radishes (Peterson, 1999). During the growing period, the crop needs to be thinned, weeds controlled, and irrigation may be required
(Beattie et al., 1882). There is a lack of technical information for radish production in Nigeria, especially agronomic techniques and
fertilization (Habu et al., 2012). Plant population affects plant growth, development and yield. The spacing between plants
determines the level of competition between the plants. Development is badly affected if the spacing is too tight or crucial among
crops.
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Similarly, if the spacing is too broad, individual plants will yield more, but yield may be reduced per hectare due to the low plant
population. Information on suitable plant population and fertilization is highly essential, in which the average yield per hectare will
be maximum at a low cost of production. This research aims at finding out the effect of different levels of spacing and manure on
the growth of radish grown in the Sudan Savannah of Nigeria.

MATERIALS AND METHODS

This research was conducted during the rainy season of 2015 at two locations. The first location was the Teaching and Research
Farm of Faculty of Agriculture Bayero University Kano (11° 58' N, 8° 28' E). The second location was Kano State Institute of
Horticulture, Bagauda, Kano State (11° 48' N, 8° 34' E). The treatments consisted of five manure rates (0, 5, 10, 15 and 20 t ha')
and four spacing (5, 10, 15 and 20 cm). These rates were factorially combined to give 5 x 4 treatments. The treatments were laid
out in a Randomized Complete Block Design (RCBD) with three replications. The land was cleared, harrowed to a fine tilth with
no ridge. The Gross plot size was 1.8 m? (length 1.8 m and breadth 1 m) with a net plot size of 0.9 m? and an alley of 1 m between
each plot. There were twenty plots for each replicate. The radish cultivar "French Breakfast" seeds were sown at four different intra-
row spacing; 5 cm, 10 cm, 15 cm and 20 cm with three seeds per hole ((Musa et al., 2017; Musa et al., 2020). There were four rows
distanced at 25 cm from each other in every plot. The two middle rows were the net plots, while the other two were the border rows.
Planting at an intra-row spacing of 5 cm gave 200,000 plants ha, while 10 cm gave 100,000 plants ha*, 15 cm gave 66,666 plants
ha! and 20 cm gave 50,000 plants ha. Five plants were systematically sampled and tagged from the net plot in every plot. The
tagged plants were used as samples for data collection. The radish variety was obtained from the Agro-Tropic Seed Company at
Sabon Gari, Kano state. Cowdung manure (dried) was incorporated into the soil two weeks before planting at five different rates 0,
5, 10, 15 and 20 t ha’. The manure was from the same source, and chemical analysis was carried out to determine the Nitrogen,
Phosphorous, Potassium, Organic Carbon and organic matter content of it. Weeds were controlled manually using hoe and hand at
2, 4, and 6 WAS. Pest control was done organically using neem extract. Plant growth was monitored in-situ from five randomly
sampled plants per plot using conventional growth indices such as plant height, number of leaves, leaf area per plant, and leaf area
index (Bashir et al., 2014).

The data collected were subjected to analysis of variance (ANOVA) as described by Snedecor and Cochran (1967) using the SAS
statistical software. Significant treatment means were separated at a 5 % probability level using the Duncan Multiple Range Test
(Duncan, 1955).

RESULTS

Effect of Spacing and Cowdung Manure on Plant Height

Spacing and cow dung manure significantly affected plant height at BUK (Table 3). The tallest plants (14.23 cm and 14.31 cm)
were observed at 5¢cm spacing and 10 t hat cow dung manure. The shortest plants (11.44 cm and 11.57 cm) were observed at 10 cm
spacing and control. Spacing at 10 cm (3.53 cm) and 20 cm (3.56 cm) led to statistically similar plant heights. Likewise, the
application of cow dung manure at 5 t ha (12.45 cm) and 15 t ha (13.41 cm) also led to statistically similar plant heights.

At Bagauda, spacing significantly affected plant height only at four weeks after sowing. No significant effect was observed in other
parameters across the weeks. The application of cow dung manure did not show any significant impact also. The tallest plants (13.29
cm and 12.85 cm) were observed at 5 cm spacing and 20 t ha™ of cow dung manure. The shortest plants (11.27 cm and10.56 c¢m)
were obtained at 15 cm spacing and control. The interaction of spacing and cow dung manure rates on plant height was insignificant.

Table 3. Effect of spacing and cow dung manure rates on plant height (cm) of radish at BUK and Bagauda, 2015 cropping
season.

Treatment Plant Height (cm)
Location BUK (WAS) Bagauda (WAS)

4 5 6 7 4 5 6 7
Spacing (s)
5 4.32a 7.68a 11.01a 14.23a 3.98a 7.01 10.02 13.29
10 3.62b 6.29b 8.97b 11.44b 3.53ab  6.09 8.67 11.38
15 4.05ab  7.07ab  10.14ab  13.02ab 3.34b 5.75 8.23 11.27
20 3.97ab  7.0lab  10.0lab  12.90ab 3.56ab  6.22 8.86 11.75
SE+ 0.188 0.378 0.563 0.762 0.203 0.404  0.602 0.799
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Manure (m)

0 3.66b 6.34b 9.04b 11.57b 3.32 5.66 8.07 10.56
5 3.88ab  6.80ab  9.68ab 12.45ab 3.74 6.54 9.35 12.50
10 4.33a 7.75a 11.10a 14.31a 3.46 6.02 8.56 11.24
15 4.12ab 7.24ab 10.40ab 13.41ab 3.73 6.51 9.32 12.46
20 3.96ab 6.95ab 9.94ab 12.75ab 3.76 6.61 9.43 12.85
SEx 0211 0423  0.629 0.852 0227 0452 0673  0.893
Interaction

Sxm Ns Ns Ns Ns Ns Ns Ns Ns

Means followed by the same letter(s) are not significantly different at 5% level of probability using Duncan's multiple range test
(DMRT), NS= Non-significant.

Effect of Spacing and Cowdung Manure on Number of Leaves

The data for the number of leaves is presented in Table 4. The effect of different levels of spacing and cowdung manure on the
number of leaves at both BUK and Bagauda was not significant. At BUK, the highest number of leaves was 8.62 at 15 cm spacing
and 9.11 at 5 t ha* of cow dung manure. The least number of leaves was 7.76 at 10 cm spacing and 7.49 at 20 t ha* of cow dung
manure.

At Bagauda, the highest number of leaves was 6.64 at 10 cm spacing and 6.9 at 20 t ha* of cow dung manure. The least was 6.06 at
15 cm spacing and 5.84 at control. Results for interaction between spacing and cow dung manure rates were not significant.

Table 4. Effect of spacing and cow dung manure rates on the number of leaves of radish at BUK and Bagauda, 2015 cropping
season.

Treatment Number of Leaves
Location BUK (WAS) Bagauda (WAS)

4 5 6 7 4 5 6 7
Spacing (s)
5 5.70 7.47 7.47 8.56 5.38 6.00 6.00 6.20
10 5.25 6.96 6.96 7.76 5.58 6.21 6.21 6.64
15 5.55 6.99 6.92 8.62 5.65 6.22 6.22 6.06
20 5.35 8.00 8.00 8.56 5.30 6.25 6.25 6.56
SE + 0.209 0.418 0.413 0.820 0.139 0.299 0.299 0.458
Manure (m)
0 5.74 7.07 7.07 8.22 5.48 6.01 6.01 5.84
5 5.65 7.85 7.85 9.11 5.24 5.94 5.94 6.38
10 5.40 7.77 7.77 8.18 5.59 6.38 6.38 6.24
15 5.18 7.11 7.11 8.78 5.66 6.38 6.38 6.45
20 5.34 6.93 6.85 7.49 5.43 6.13 6.13 6.90
SE + 0.234 0.468 0.462 0.916 0.024 0.112 0.335 0.512
Interaction
Sxm Ns Ns Ns Ns Ns Ns Ns Ns

Means followed by the same letter(s) are not significantly different at 5% level of probability using Duncan's multiple range test
(DMRT), NS= Non-significant.

Effect of Spacing and Cowdung Manure on Leaf Area

Data for leaf area per plant is presented in Table 5. The results revealed no significant effect for the different spacing and cowdung
manure rates applied at BUK and Bagauda. At BUK, the largest area was 502 cm?at 10 cm spacing and 613.5 cm?at control. The
smallest was 354.40 cm?at 20 cm spacing and 269.30 cm?at 5 t ha* of cow dung manure.
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At Bagauda, the largest area was 241.70 cm? at 5 cm spacing and 258.01 cm?at 10 t ha™* of cow dung manure. The smallest was
176.45 cm?at 15 cm spacing and 145.30 cm?at control. There was no significant interaction between spacing and cow dung manure
on leaf area per plant.

Effect of Spacing and Cowdung Manure on Leaf Area Index

The data for the leaf area index were analyzed statistically and the results obtained are presented in Table 5. Spacing significantly
affected the leaf area index at both BUK and Bagauda. The application of cow dung manure revealed no significant effect on leaf
area index at both BUK and Bagauda. At BUK, the most extensive leaf area index was 80.58 obtained at 5 cm spacing and 61.67
obtained at control. The smallest leaf area index was 17.72 at 20 cm spacing and 26.46 at 5 t ha™ of cow dung manure.

At Bagauda, the largest leaf area index observed was 48.33 at 5 cm and 29.14 at 10 t ha of cow dung manure. The smallest was
11.34 at 20 cm spacing and 14.39 at control. The interaction of spacing and cow dung manure rates on the leaf area index was
insignificant.

Table 5. Effect of spacing and cow dung manure rates on leaf area (cm?) and leaf area index of radish at BUK and Bagauda,
2015 cropping season.

Treatment leaf area (cm?) leaf area index

Location BUK Bagauda BUK Bagauda
Spacing (S)

5 402.90 241.70 80.58a 48.33a
10 502.00 237.27 50.20ab 23.72b
15 293.90 176.45 19.59b 11.76b
20 354.40 226.81 17.72b 11.34b
SE+ 135.007 42.612 14.167 4421
Manure (M)

0 613.50 145.30 61.67 14.39
5 269.30 220.56 26.46 23.87
10 395.30 258.01 47.04 29.14
15 366.20 231.01 43.76 27.36
20 297.40 247.92 32.22 24.18
SE+ 150.942 47.642 15.839 4,942
Interaction

SxM NS NS NS NS

Means followed by the same letter(s) are not significantly different at 5% level of probability using Duncan's multiple range test
(DMRT), NS= Non-significant.

DISCUSSION

Spacing and cow dung manure improved plant height in radish at BUK. Narrow spacing (5 cm) gave the tallest plants. This result
can be attributed to greater competition that exits for space and light, forcing the plants to grow taller. Similar results were obtained
by Parvez et al. (2004), Pandey et al. (1996) and Malik et al. (1999). Pandey et al. (1996) observed the highest plant height in narrow
spacing. They also attributed the higher plant heights recorded in narrow spacing to greater competition for space and light. Malik
et al. (1999) revealed that the closest spacing gave the highest plant height in radish.

The effect of Cowdung manure can be attributed to the presence of a substantial nitrogen level (11.4 g/kg) and other nutrients that
were gradually released to the plant in the manure. Soil nutrients are essential for the height of plants. The presence of manure could
have increased the amount of Nitrogen made available to the plants through mineralization (Anyaegbu et al., 2010). So, the higher
dose of Nitrogen could have increased plant height. These results conform with the findings of Sharma and Rastogi (1992). Spacing
and cow dung manure did not improve plant height at Bagauda.

The leaves are the plant factories for the manufacturing of carbohydrates. Photosynthesis occurs in leaf cells, and carbohydrates are
formed. The number of leaves and leaf areas did not increase with cow dung manure or plant spacing in BUK and Bagauda. This
result can be attributed to changes in carbon partitioning to various organs during the transition from one growth phase to another.
This result is similar to Egbuchua and Enujeke's (2013) findings. They found that leaf areas of plants treated with organic manures
were not statistically different in ginger (Zingiber officinale) at the fourth and sixth week after planting.

LAI revealed a significant difference between control and other treatments, where 5cm spacing was found to be superior. The
increase in LA is caused by an increase in the size and number of leaves per plant as affected by the treatments applied. This result
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is similar to that of Oke (2012) and Muhammad et al., (2020) who revealed that pumpkin and okra plants' LAI was statistically
altered by liquid organic manure application and plant spacing.

CONCLUSION

This research showed that radish could thrive in the Sudan Savannah of Nigeria. The crop's ability to grow to maturity within six to
seven weeks and its demand and value in the market makes it a new opportunity for farmers, as it can be raised three times in a
season. The crop can be a good opportunity for farmers who are into cash cropping and support the federal government to attain its
vision of diversification in the agricultural sector of providing adequate food for its increasing population. It could open up new
opportunities to improve farmers' income, strengthen the nation's food security, and increase federal governments revenue through
export. The research can also help future researchers who need information regarding the crop's requirement in terms of spacing
and cow dung manure rate. Further research involving different varieties should be conducted for more knowledge on the crop’s
requirement in the Sudan Savannah.
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