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Abstract
A 12-week incubation study of a Haplic Acrisol amended with ground neem leaves (Azadirachta indica
Adr. Juss.) (20, 40, 60, 80 and 100 t h71) plus 10 t h71 poultry manure in pots were carried out at the
Technology Village of the University of Cape Coast, Ghana, to assess the changing patterns of
NH4

þ��N, NO3
7��N and available P. The study lasted for 12 weeks starting from 17 April 2004. The

peak of release of NH4
þ��N occurred at the 2nd week after incubation of samples; the peak of release of

the available P occurred also at the 2nd week and the NO3
7��N occurred at the 4th week. The

production of NH4
þ��N and available P had proportional relationships with the quantity of neem leaves

and poultry manure incorporated into the soil. The amount of NO3
7��N produced was not

proportional to the quantity of the neem leaves and the poultry manure as above. The higher levels of the
neem leaves (100 t, 80 t and 60 t) plus the poultry manure produced lower cumulative values of
NO3

7��N than the lower levels (40 t and 20 t) of the neem leaves plus the poultry manure. This
exception was assigned to the probable nitrification inhibitory role played by the active ingredient
(azadirachtin) in the neem leaves which was expected to increase with the increasing levels of the neem
leaves. The poultry manure was found to enhance the release of NH4

þ��N, NO3
7��N and available P in

the neem leave-poultry manure soil amendment. The moisture content of treatments significantly
increased in relation to the amount of neem leaves and poultry manure in the amendment.
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Introduction

The maintenance of adequate levels of soil nutrients plays a key role in sustaining crop yield.

In order to maintain adequate levels of soil nutrients farmers apply both organic and inorganic

fertilizers. More attention is being focused on the use organic fertilizers, as they are more

environmentally friendly than inorganic fertilizers.

Neem products (Azadirachta indica Adr. Juss.) have received much attention as organic

fertilizers. They have been demonstrated to contain more nitrogen, phosphorus, potassium,

calcium, and magnesium than farmyard manure or sewage sludge and are widely used in

India to fertilize cash crops, particularly sugarcane and vegetables (Board on Science and

Technology for International Development [BOSTID] 1992).

Used as organic manure, neem cake has been credited with a 37% increase in cotton yields,

19% in paddy, and has proved superior to castor, mahua or cow dung as a fertilizer for

sugarcane (Food and Agriculture Organization [FAO] 1980). Blended with urea, neem cake

has significantly reduced the cost of nitrogen fertilizer while at the same time achieving

considerable yield improvement (FAO 1980). Several other studies have shown the ability of

neem products (seeds and leaves) to provide soil nutrients for crop development (Reddy et al.

1993; Khan & Saxena 1997; Akhtar 1999; Chakrabarti 2000).

Reddy et al. (1993) effectively used 50 g neem leaves/kg (100 t h71) soil to control root-

knot nematodes on papaya and to improve the nutrient status of the amended soil,

however, the changing trends of nutrients with time was not studied. Literature on the

changing trends of nutrients with time as neem products are incorporated in soil as a whole

is sparse.

The present study therefore looked at the dynamics of NH4
þ��N, NO3

7��N and available

P of a Haplic Acrisol amended with neem leaves and poultry manure. Poultry manure is

known to be an effective nutrient provider (Abdel Magid et al. 1995; Riegel et al. 1996;

Nyakatawa & Reddy 2000) and its addition to the neem leaves was to assess its influence in

the amendment.

Materials and methods

The experiment was conducted at the Technology Village of the University of Cape Coast,

Ghana (5.078N, 1.148W). The soil of the site belongs to the Benya Series, classified as a

Haplic Acrisol (FAO/UNESCO 1988), a sandy loam with a soil pH of 5.12. A composite top-

soil (0 – 15 cm) was collected from the site. The collected soil was used for treatment

preparation the following day at mean moisture content of 5.40%. The soil was sieved

through a 2 mm sieve.

Neem leaves were harvested around the experimental site, air-dried for one week and

ground to pass through a 2 mm sieve. The poultry manure was collected from the University

of Cape Coast Research Farm, air dried for three weeks and also passed through a 2 mm

sieve. Organic carbon in the neem leaves and the poultry manure was determined by the

Walkley-Black method (International Institute of Tropical Agriculture [IITA] 1985).

Kjeldahl oxidation method was used to determine the total N and the total P was determined

Colorimetrically with digested samples (Anderson & Ingram 1989). Total K was determined

from digested samples using a Flame Photometer (IITA 1985) (Table I).

The soil, neem leaves and poultry manure were thoroughly mixed in combinations as

shown in Table II. Treatments were placed in plastic pots with perforations at the bottom,

having a carrying capacity of 3 kg of soil. The treatments were replicated three times. Each

replicate consisted of a batch of ten of the pots. The replicates were randomly placed on the
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field in April 2004. Treatments were occasionally stirred and weeds removed. No water was

artificially added to the treatments. There was natural frequent rainfall throughout the

experimental period.

Sampling was immediately conducted after placement of treatments on the field for

ammonium-N, nitrate-N and available P determination. Further sampling was done after 2,

4, 6, 8, 10 and 12 weeks of incubation of treatments. During sampling one pot per replicate

was picked as a representative sample.

The ammonium-N and nitrate-N were determined after extraction of 40 g sample with

2 M KCl followed by steam distillation with MgO and Devarda’s Alloy respectively.

Distillates were titrated with 0.01 M HCl (Rowel 1994). Available phosphorus was

determined through the ascorbic acid method after extraction of 1 g sample with Bray

No. 1 solution (IITA 1985).

The data were subjected to analysis of variance (ANOVA) and the Duncan’s Multiple

Range Test (p� 0.05) for the separation of means using the MSTAT-C statistical software

package (Freed 1992).

Results and discussions

C:N ratios of neem leaves and poultry manure

A C:N ratio of organic manure greater than 30:1 will likely immobilize N if applied to soil,

while those with low C:N ratios less than 20:1 will mineralize organic N to inorganic (plant-

available) N (Tisdale et al. 1993). Mineralization of N is generally rapid from plant residues

with a low C:N ratio (Fox et al. 1990) because N is in excess of the requirements for microbial

growth. Nitrogen in plant residue with a high C:N ratio is retained by the microbial biomass

(Ocio et al. 1991) and only slowly released. Based on these assumptions the C:N ratios of the

treatments (Table I) were expected to favour mineralization of organic N with the poultry

manure having a lower C:N than the neem leaves been the more favored when applied to

the soil.

Table I. Total nitrogen, phosphorus, potassium and carbon content of the neem leaves and poultry manure.

N (%) P (%) K (%) OC (%) C:N Moisture Content (%)

Poultry manure 3.55 1.29 0.95 36.97 10.41 18.77

Neem leaves 2.50 0.14 1.19 49.46 19.78 16.05

Table II. Treatment combinations and description.

Treatment h71 Description

T1 Control Unamended soil (No addition of neem leaves or poultry manure)

T2 10 t PM 10 tons of poultry manure

T3 20 t NL 20 tons of neem leaves

T4 20 t NLþ10 t PM 20 tons of neem leaves plus 10 tons of poultry manure

T5 40 t NLþ10 t PM 40 tons of neem leaves plus 10 tons of poultry manure

T6 60 t NLþ10 t PM 60 tons of neem leaves plus 10 tons of poultry manure

T7 80 t NLþ10 t PM 80 tons of neem leaves plus 10 tons of poultry manure

T8 100 t NLþ10 t PM 100 tons of neem leaves plus 10 tons of poultry manure
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Ammonium nitrogen

Figure 1 represents the Ammonium nitrogen (NH4
þ��N) produced from the control

(unamended soil) and soil amended with neem leaves and poultry manure as affected by

incubation period. Two conspicuous peaks of NH4
þ��N production were observed, the

highest peak occurred at the 2nd week for the neem amended soil and the initial time of

analysis (0 week) for the solely poultry manure amended soil. The NH4
þ��N production

dropped between the 4th and the 6th week and rose to the lowest peak at the 8th week of

incubation. By the 10th week the NH4
þ��N was almost negligible.

Van Kessel et al. (2000) worked on soil treated with materials such as, urea, trypticase,

forages and soybean meal and found the maximum peak of NH4
þ��N production to occur

between the 2nd and the 7th day of incubation with depletion of production setting in

between the 14th (2nd week) and the 28th (4th week) day of incubation. In the current study

the NH4
þ��N production also dropped by the 4th week of incubation as in the case of Van

Kessel et al. (2000), however, the different peaks of NH4
þ��N production observed between

the two experiments might be the differences in the time of NH4
þ��N analysed. The second

slight peak of NH4
þ��N production detected at the 8th week of incubation could be attributed

to the high water content of samples (Figure 4), which might have created anaerobic

Figure 1. Changes in NH4
þ nitrogen released in unamended soil and soil amended with neem leaves and poultry

manure as affected by incubation period (bars are standard errors).
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conditions favouring immobilization of NO3
7��N to NH4

þ��N and ammonification of

organic nitrogen (Mahimairaja et al. 1994).

The quantity of neem leaves plus the poultry manure in the amendment seemed to be

related proportionally to the amount of cumulative NH4
þ��N produced, however, the

production of the NH4
þ��N was likely determined by the poultry manure. This is shown

where the cumulative NH4
þ��N production of the 20 t NL (T3 ) treatment nearly tripled with

the addition of poultry manure, that is for the 20 t NLþ 10 t PM (T4 ) treatment (Table III).

This observation might be expected as the poultry manure has higher percentage of N and a

smaller C:N than the neem leaves (Table I) and also contains easily decomposable

compounds (Abdel Magid et al. 1995) and high levels of microbes to speed up mineralization

(Bacharach 1957).

Nitrate nitrogen

Figure 2 indicates the Nitrate nitrogen (NO3
7��N) produced from the treatments. Two

peaks of NO3
7��N production were also observed as in the case of NH4

þ��N. The major

peak of NO3
7��N production was recorded at the 4th week of incubation and a minor one at

the 10th week of incubation. The solely poultry manure treatment and the control had their

major peaks of NO3
7��N production at the 2nd week of incubation. All the amended soil had

higher levels of NO3
7��N production than the control. The peak of NO3

7��N release

(Figure 2) was detected 2 weeks after those of NH4
þ��N release (Figure 1). As the production

of NH4
þ��N declined the production of NO3

7��N went up. Such trends of NH4
þ��N

production peaks giving way to NO3
7��N production peaks (Van Kessel et al. 2000) are

bound to happen in an incubation process as NH4
þ��N production is a prerequisite for the

production of NO3
7��N. The high moisture content of samples measured between the 6th

and 10th week of incubation (Figure 4) might have caused the reduction of the NO3
7��N in

samples at this stage (Figure 2) through denitrification.

The extent of the NO3
7��N curves (Figure 2) and the cumulative values of the NO3

7��N

were not bearing proportional relationships with the quantity of neem leaves in the treatment.

The lower levels of the neem leaves (20 t and 40 t) plus the poultry manure produced

significantly higher cumulative NO3
7��N than the treatments with the higher levels (100 t,

80 t and 60 t) of the neem leaves (Table III). Neem products such as the seed powder and the

seed cake have been reported to be nitrification inhibitors because of azadirachtin, the active

Table III. Cumulative concentrations of NH4
þ��N, NO3

7��N and available phosphorus in the treatment after

12 weeks of incubation.

Treatment h71

NH4
þ��N

(mg/kg soil)

NO3
7��N

(mg/kg soil)

Available phosphorus

(mg/kg soil)

Moisture

(%)

T1 Control 44.62 h 92.27 e 44.50 f 65.08 h

T2 10 t PM 233.16 e 367.25 c 258.83 e 73.52 g

T3 20 t NL 74.06 g 230.04 d 49.57 f 78.81 f

T4 20 t NLþ 10 t PM 200.79 f 636.92 a 284.45 d 92.72 e

T5 40 t NLþ 10 t PM 378.73 d 655.27 a 295.41 c 97.15 d

T6 60 t NLþ 10 t PM 456.65 c 406.74 b 331.59 b 112.09 c

T7 80 t NLþ 10 t PM 547.38 b 390.94 b 356.81 a 119.05 b

T8 100 t NLþ 10 t PM 678.20 a 408.13 b 351.86 a 130.04 a

LSD¼ 6.98 LSD¼ 20.72 LSD¼ 8.06 LSD¼2.36

Means within columns with the same letters are not significantly different (p� 0.05).
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ingredient of the neem plant (Neem Foundation 1997; Lalljee et al. 1999; Deepanjan et al.

2000; Shah & Faheem 2000). The higher levels of neem leaf with corresponding high

amounts of azadirachtin might have played a similar nitrification inhibitory role in the present

study.

As in the case of NH4
þ��N production the addition of the poultry manure to the neem

leaves might have enhanced the release of the NO3
7��N in the treatments. This is revealed in

the cumulative values of NO3
7��N for the 20 t NL (T3 ) treatment (230.04 mg/kg soil) and

the 20 t NLþ 10 t PM (T4) treatment (636.92 mg/kg soil). The addition of the poultry

manure to the 20 t neem leaves in the treatment almost tripled the value as compared to the

solely neem leaves in the treatment.

Available phosphorus (P)

The changes of available P in the treatments as affected by the incubation of treatments

are portrayed in Figure 3. One conspicuous peak of available P production was observed

at the 2nd week of incubation for all the treatments except the control and the solely 20 t

NL (T3) which remained almost flat throughout the incubation period. The levels of the

curves were seen to bear some proportional relationship with the quantity of neem in the

treatment.

Table III represents the cumulative amount of available P throughout the incubation period

for the treatments. The 100 t NLþ 10 t PM (T8 ) and the 80 t NLþ 10 t PM (T7 ) gave

Figure 2. Changes in NO3
7 nitrogen in unamended soil and soil amended with neem leaves and poultry manure as

affected by incubation period (bars are standard errors).
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cumulative values of 351.86 mg/kg soil and 356.81 mg/kg soil respectively which were

not significantly different from each other, the highest among the treatments. The rest of

the cumulative values in order of magnitude were 331.59, 295.41, 284.45, 258.83, 49.57

and 44.50 mg/kg soil for 60 t NLþ 10 t PM (T6), 40 t NLþ 10 t PM (T5), 20 t NLþ 10 t

PM (T4), 10 t PM (T2), 20 t NL (T3) and control treatments respectively. The 20 t NL (T3)

was not significantly different from the control. The 20 t NLþ 10 t PM (T4) gave a

cumulative of 284.45 mg/kg soil available P which was almost 6 times that of the 20 t NL (T3)

treatment.

Similar to the above discussions the poultry manure seemed to have dictated and enhanced

the release of available P in the treatments. The addition of the poultry manure boosted the

release of available P because the poultry manure has far higher content of total phosphorus

than the neem leaves (Table I) and high levels of microbes to speed up mineralization

(Bacharach 1957).

Moisture content of amended soil

The moisture content of the amended soil increased with the increasing levels of amendment

(Figure 4). All the amendments had higher moisture content above the control/unamended

soil. The incorporation of the neem leaves and the poultry manure significantly increased the

water holding status of the soil (Table III). Similar results have been recorded (Kalburtji et al.

1997; Wong et al. 1999).

Figure 3. Changes in available phosphorus in unamended soil and soil amended with neem leaves and poultry manure

as affected by incubation period (bars are standard errors).
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Conclusions

Soil nutritional levels increased with increasing levels of the neem leaves and the poultry

manure incorporation in the soil. The peak of production of NH4
þ��N occurred at the 2nd

week, the NO3
7��N occurred at the 4th week, 2 weeks after that of NH4

þ��N, and the

available P occurred at the 2nd week of sample incorporation in the soil. The production of

NH4
þ��N and available P increased with the rise in levels of the neem leaves in the

amendment. The production of NO3
7��N, however, did not follow this pattern, and this was

attributed to the probable nitrification inhibitory role played by azadirachtin in the neem

leaves. The poultry manure was found to boost and enhance the release of nutrients in the soil.

The incorporation of the neem leaves and the poultry manure significantly increased the

moisture content of the soil; the moisture content had a proportional relationship with the

quantity of organic manure.

As an alternative to the use of inorganic fertilizers, neem leaves and poultry manure could

be used as soil amendments to improve the nutrient status of soils for crop production.
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