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Abstract. The present study was carried out at University of Juba Nursery (Latitude 4.50 N,
Longitude 31.50 E) and 457 meters above sea level (msl) to elucidate the allelopathic effects of neem
seed powder on viability of stored maize seeds. Maize variety Longe 5 was mixed with neem seed
powder as a stored grain protectant at four rates of: 2.5g/kg (T1), 5.0g/kg (T2), 7.5g (T3) and 0g/kg
(T4-control) neem material / kg of maize seeds.16 maize seeds were taken from each treatment and
planted at the rate of four seeds/pot every month for a period of six months. The trial was arranged
in a randomized complete block design, and replicated four times. The germination percentage, shoot
and root lengths were recorded for each sowing date 10 days after planting (DAP) for the entire
period. Data collected were analyzed by the statistical package MSTATC and means separated by
LSD test at P<0.05 probability level. Mean germination percentage was 84.4%, 85.5%, 82.3% and
86.5% for T1, T2, T3 and T4 neem preparations, respectively. Shoot and root lengths were not
significantly (P<0.05) affected by the different concentrations of neem seed powder preparations
tested. Neem seed powder has no harmful alleopathic effects on maize seed viability and germination
for up to the tested period of six months. The abstract should summarize the contents of the paper
and should contain at least 70 and at most 150 words. It should be set in 9-point font size and should
be inset 1.0 cm from the right and left margins. There should be two blank (10-point) lines before
and after the abstract. This document is in the required format.
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1 Introduction

Maize, (Zea mays L.) is one of five most important cereal crops of the world. It is ranked second after
wheat in terms of world grain production [1]. It thrives well in diverse climatic conditions but it is
mostly grown by small-holder farmers in developing countries. It occupies less land area than wheat or
rice and has the greater average yield per unit area of about 5.5 tons ha-1. Its productivity is thus
critical to raising rural income and stimulating broad based economic growth [2]. Maize provides food
for both humans and livestock; it is further used in industries in many developed countries. Products
such as starches, sweeteners, oil, beverages, industrial alcohol, tooth paste and papers can be obtained
from maize. A major problem facing farmers in some developing countries is the rapid losses of maize
produce due to postharvest storage pests and diseases. In South Sudan, much money is spent on seed
importation every year by governments and nongovernmental organization (NGOs) due to poor yields,
losses in storage, owing to poor storage condition of grains for seed. [3, 4] singled out Sitophilus zeamais
as major pest that attacks stored maize grains in the tropics and temperate regions of the world. [5,6]
indicated that, heavy infestation by this pest in stored maize may result to weight losses of up to 20-
90% in untreated maize. Damaged grains are inferior, have reduced weight and nutritional status. Also,
direct market value and seed viability and germination percentage are reduced remarkably. This
particular effect on seed viability is a serious production constraint as it affects the successful planting
and establishment of maize fields by small scale farmers in new cropping seasons. [7] Estimated the
global annual losses in monetary terms due to pests without mentioning specific countries both in the
field and storage at more than 100 billion dollars.
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In order to reduce losses in storage, Scientists have rolled out several management techniques and
control methods in many parts of the world including the use of synthetic chemical pesticides. However,
the tremendous health hazards to humans, livestock and the environment associated with these agro-
chemicals have forced researchers to seek for safer alternatives that are environmentally friendly [8].
This underscores the reasons behind the steady increase in the use of plant products as cheaper,
renewable, locally available, generally non-toxic materials to man and livestock. Furthermore, these
plant materials offer an ecologically safer means of controlling insect pest infestations in stored cereals
and grains in the tropics where the resource poor farmers are generally found [8]. Such materials include
powders and extracts from several plant species namely, drumstick tree Moringa oleifera [9-13]. These
materials have been established to be environmentally friendly bio-pesticides and possess many desirable
properties. Mixing either dried neem or other plant materials notably desert dates (Balanites aegyptiaca
leaf or seed powder with grains in storage has been recommended for use by farmers in some countries
[14]. Neem, a well-known tree for its insecticidal properties attributed to the presence of alkaloids as
Azadiractin, Selanin and Meliontriol and several other less important minor alkaloids are known to be
very effective against a wide range of insect pests including S. zeamais [15]. However, these desirable
pest control properties of neem have often been associated with toxicity and other adverse allelopathic
effects in some crop grains/ seeds treated with either the leaf, seed or bark preparations to some crops
namely, cowpeas Vigna unguiculatta Walp., which exhibited significant reductions in seed viability [11,
12, 16-17]. No such investigative studies have been undertaken to evaluate the effects of neem materials/
seed powder on stored maize. Therefore, these studies were objectively incepted to elucidate the possible
allelopathic effects neem seed biocide on viability of stored maize under South Sudan conditions.

2 Materials and Methods

2.1 Location

The study was conducted at the University of Juba Experimental Nursery Farm (Screen houses) located
approximately at Lat. 4.5° N, and long. 31.5° E for six consecutive months.

2.2  Planting Materials, Collection and Preparation of Neem Seed Powder

Neem seeds were collected from trees within and around the University of Juba Atlabara Campus, the
seeds were washed and cleaned from fruit pulp, sun dried. Afterwards, the dried seeds were grounded
into fine powder and kept in an air tight plastic container away from direct sunlight. Maize seeds of
variety ‘Longe 5’ from Magwi County of Imatong State were used in the study. 2 kg of maize were
introduced into storage containers [Muslin bags] measuring 50 cm x 20 cm to mimic traditional storage
sacks and neem seed powder was introduced into the bags at the dose rates of 2.5 g, 5.0 g, 7.5 g /kg and
0 g/ kg as a control.

Treatment details

T1 - 2.5gm Neem seed powder /1kg of maize seeds

T2 — 5.0gm Neem seed powder /1kg of maize seeds

T3 — 7.5gm Neem seed powder /1kg of maize seeds

T4 — 0 gm Neem/ 1kg maize seeds or Control (no additives added)

2.3 Data Collection

Sixteen maize seeds were retrieved from each treatment each month and planted in pots at the rate of
four seeds/per pot. The trial was replicated four times and arranged in a Randomized Complete Block
Design (RCBD). The germination percentage was determined from the proportion of germinated seeds
to total number of seeds planted expressed as a percentage. The shoot and root lengths of the seedlings
were measured 10 days after sowing for each sowing date.

2.4  Data Analysis
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The data on percentage seed germination shoot length, and root length of seedlings were subjected to
analysis of variance (ANOVA) or graphically exploited using Excel work sheet. The means were

separated by LSD test at (P < 0.05) and results interpreted accordingly.

3 Results and Discussion

Table 1 shows the germination percentages for all six sowing dates tested which tentatively varied from
70.3% to 90.6% indicating good seed viability of the maize seed materials under study which remained
intact to the last sowing date. Also, mean germination percentage for the different treatments were

82.3%, 84.4%, 85.5% and 86.5%, for T2, T4 (control), T1 and T3, respectively.

Table 1. Mean germination percentage of Maize (Zea mais L.) seeds treated with Neem seed kernel powder.

Treatments Sowing dates
SD-1 SD-2 SD-3 SD-4 SD-5 SD-6 Mean
(15/2/17) (15/3/17) (15/4/17) (15/5/17) (15/6/17) (15/7/17) -
T1(2.5 g/kg) 68.8 93.8 100.0 75.0 81.3 93.8 85.5
T2 (5.0 g/kg) 81.3 100.0 68.8 62.5 87.5 93.8 82.3
T3 (7.5 g/kg) 93.8 93.8 93.8 68.8 81.3 87.5 86.5
T4 (0 g/kg) 81.3 62.5 100.0 75.0 100.0 87.5 84.4
Mean 81.3 87.5 90.6 70.3 87.5 90.6 77.9
SD = sowing dates
Table 2. Effect of Neem seed powder on mean shoot length of maize seeds
Treatments Date of sowing
SD-1 SD-2 SD-3 SD-4 SD-5 SD-6 Mean
(15/2/17) (15/3/17) (15/4/17) (15/5/17) (15/6/17) (15/7/17) -
T1 25.1 24.3. 18.6 21.3 16.4 25.3 21.8
T2 23.5 26.2 19.0 19.9 18.9 18.5 21.0
T3 23.7 26.3 19.1 19.5 17.5 214 21.2
T4 24.7 29.1 21.6 224 16.8 23.3 23.0
Mean 24.3 26.5 19.6 20.8 17.4 22.1 _
CV% 11.5 14.73 14.17 14.71 22.69 20.36 .
SE + 1.37 1.95 1.38 1.53 1.97 2.25
Sig. level ns ns ns ns ns ns _
ns = not significant at P < 0.05 probability level; SD = sowing dates
Table 3. Effect of Neem seed powder on mean root length of maize seeds
Treatments Date of sowing
SD-1 SD-2 SD-3 SD-4 SD-5 SD-6 Mean
(15/2/17) (15/3/17) (15/4/17) (15/5/17) (15/6/17) (15/7/17) -
T1 20.1 16.3 17.7 20.4 24.9 23.3 20.5
T2 19.0 18.0 17.4 19.1 26.7 23.6 20.6
T3 19.4 15.7 17.3 19.9 24.5 27.1 20.7
T4 22.1 18.1 19.1 22.9 24.3 24.9 21.9
Mean 20.1 17.1 17.9 20.6 25.1 24.7 _
CV% 11.54 12.58 18.99 11.61 10.35 11.50 o
SE + 1.16 1.07 1.69 1.19 1.29 1.42 .
Sig. level ns ns ns ns ns ns _
ns = not significant at P < 0.05 probability level; SD = sowing dates
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Again in Tablel the effect of Neem seed powder on mean germination percentage tentatively showed
insignificant variations among the four treatments tested. T3 relatively had the highest mean
germination percentage, followed by T1, T4, and T2 which showed the least level of germination.

Results from this study indicate no significant differences in the germination of maize seeds treated
with neem seed powder preparations compared with the control. [18] Conducted similar studies and
established that neem seed powder has a positive influence on protecting maize and cowpea seeds from
storage pests without any adverse effects on the viability of the seeds which agree with our findings. [19]
Furthermore, broadly indicated that if the allelopathic chemicals are present in sufficiently low
concentrations, they may stimulate instead of inhibit the growth of seedlings. However, in our
experiments, we did not observe any such findings as tabled by [19] who also did not indicate the dose
levels of these allelopathic materials that could stimulate or inhibit the growth of seedlings. We however,
did observe some insignificant abnormal germination patterns in which the maize seeds were slightly
pushed above the soil levels as is in leguminous plants. Nonetheless, this insignificant phenomenon
occurred only occasionally and randomly in some of the treatments, the germination pattern is shown in
Figure 1(B).
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A) General view of normal maize germination (B) Abnormal germination: note the maize kernel
emerging above soil level

Figure 1. The occasional effect of Neem seed powder on the germination of maize seeds note maize kernel emerging
above soil level.

Elsewhere, [9,10] working on Arapu leaf powder (Albizia amara) and Moringa oleifera found that
Arapu leaf powder maintained good seed viability and seedling vigour for scented rice stored for up to
20 months however, Moringa oleifera had serious allelopathic effects on the viability and germination of
Vigna radiata where germination decreased with increasing concentrations of Moringa leaf extracts. [11]
Also, working on cowpea found that Neem leaf water extracts inhibited germination as well as
suppressed the growth and development of some cowpea varieties with increasing concentrations of neem
leaf extracts. These findings agree with the work of [12, 16-17]. Although in a separate study [20] found
that Neem leaf litter and root extracts did not affect the seed germination of Crotalaria ochroleuca but,
rather significantly affected the germination of Senna sophera at six days. This therefore, suggests that
the different plant biocides in use have differential allelopathic potentials and effects in relation to seed
viability, germination and seedling development of other plant and crop species. In this study (Table 1)
elucidated the mean germination percentages of: 85.5, 82.3, 86.5 and 84.4 for T1, T2, T3 and T4,
respectively and normal seedling development. Furthermore, Tables 2 and 3 showed that the mean root
and shoot length of seedlings were not significantly (P<0.05) affected by neem seed materials for the
tested period of six months (24 weeks) for all rates tested. This is in complete agreement with the work
of [18] who found no allelopathic effects on maize and cowpeas stored for a period of 12 weeks using
neem seed materials at the higher rate of 10g/kg of grain compared to the varied rates and the extended
storage period tested in this study. Also, [18] did not observe any atypical germination patterns in maize
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as was reported in this work. However, seed viability and percentage of germination remained high at
95% and 85% for maize and cowpeas, respectively.

4

Conclusion and Recommendations

The present study has shown that:

o Neem seed powder biocide has no allelopathic effects on the germination of maize for up to the
storage period of six months.

o Farmers can fully utilize neem biocide for seed protection from weevil damage given their wide
availability in the country.

o It is recommended that workers should continue the search for more potent and readily available
plant biocides for use as seed protectants.
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