Soil & Environ. 26(1): 15-21, 2007

Nitrogen enrichment of composted organic wastes for improving growth,
yield and nitrogen uptake of wheat
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Abstract
Recycling/composting of organic wastes is one of the major solutions for reducing the huge piles of organic
wastes and converting it into a value added product. The fruit and vegetable wastes composted in a locally
fabricated unit were enriched with urea fertilizer @ 100 and 200 g N kg-1 compost (25 and 50% of full dose of N
i.e. 120 kg ha-1). Pot and field experiments were conducted on sandy clay loam soil to evaluate the integrated
effect of N-enriched compost and inorganic N fertilizer on wheat crop. Phosphorus and potassium fertilizers as
basal dose were kept constant in all treatments. Treatments receiving enriched (with 25% N) compost (300 kg ha-1)
were supplied with additional 25 (30 kg ha-1) and 50% (60 kg ha-1) of the total N fertilizer. Wheat cv. Wattan-93
was planted and canal water was used for irrigation. Results of pot and field experiments revealed that integrated
application of enriched compost and 60 kg ha-1 N (50% N fertilizer) significantly improved plant height, number of
tillers, spike length, straw yield, grain yield and 1000-grain weight by 14, 108, 45, 82, 84 and 29%, respectively
over untreated control in pot trial and up to 34, 67, 41, 80, 87, 94 and 24%, respectively compared with untreated
control in the field trial. Similarly, the nitrogen uptake in straw and grain samples of wheat plants were
significantly improved upon application of enriched compost plus 50% N fertilizer. The enriched compost (with
25% N) supplemented with 50% urea N was equally effective as the 100% chemical N fertilizer and saved about
25% N fertilizer. Findings of these trials suggest that efficiency of N fertilizer may significantly improve when it is
blended in composted organic waste providing more nutrients for longer time as compared to uncomposted.
Hence, instead of using chemical fertilizer alone, its integrated use along with composted organic materials could
be more effective, economical and sustainable for both agriculture and environment.
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Introduction
Organic matter is known to improve soil health and
availability of plant nutrients. Although some of the organic
wastes are utilized to some extent in agriculture but most of
them are either burnt or remain unutilized, especially in
developing countries. Both of the latter practices not only
pose serious threat to the environments, but also result in the
loss of useful nutrient pool which otherwise can be made
available to plant. Organic materials are available in huge
amounts in the form of farm waste, city waste (sewage &
sludge), poultry litter and industrial wastes (food, sugar,
cotton and rice industry). The continuous accumulation of
these wastes is becoming a potential source of land, water
and air pollution. In urban areas, less than 60 per cent waste
is collected. No city in Pakistan has proper waste collection
and disposal system (Economic Survey, 2006).
Composting is a cost effective and environment
friendly way of waste disposal (Hoitink and Fahy, 1986;
Millner et al., 1998). It is a process in which organic waste
materials are biologically converted into amorphous and
stable humus like substances (under conditions of optimum
temperature, moisture and aeration) that can be handled,
stored and applied without any environmental impacts

(Gallardo-Larva and Nogales, 1987; Millner et al., 1998).
Finished compost is generally more concentrated in nutrients,
narrow in C: N ratio and also effectively free from other undesirable characteristics (Zia et al., 2003). The quality of
compost can be improved through its enrichment with urea
(N) fertilizer during composting or blending of urea fertilizer
with ready compost (Banger et al., 1988; Mishra, 1992).
However, incorporation of appropriate rate of urea-N can
reduce the quantity of applied organic waste substantially.
Moreover, whenever organic material containing high
amount of nitrogen is applied to the soil, less amount of the
originally applied organic material is decomposed/lost thus
more added to the soil (Kolay, 2000).
Over the past couple of decades, compost production
has got dramatic attention in agricultural, industrial and
municipal sectors. This is mainly due to increased solid
waste management costs, and heightened public enthusiasm
for organic wastes recycling. Composting provides a way to
manage large volumes of organic wastes in environmentally
sound manners (Hoitink and Fahy, 1986; Lasaridi and
Stetiford, 1999). There is ample evidence that the organic
materials either composted or non-composted have been
used in soil in tons ha-1 for improvement of crop
productivity (Nevens and Reheul, 2003; Wolkowski, 2003;
Terrance et al., 2004).
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No doubt, use of chemical fertilizers is essential for
nutrition of the crop plants for getting higher yields but
during the last couple of years, the yields have become
almost static and no more increases in crop yields were
obtained even with optimum level of fertilizers. Moreover,
manufacturing of chemical fertilizers requires high cost
energy inputs. It is highly likely that the use of composted
organic materials along with chemical fertilizers may be an
effective alternate approach for further improving levels of
the crop yields.
Present study is therefore focused on the development
of an effective soil amendment from fruit and vegetable
waste, using both composting and blending/enrichment with
nitrogen which could be applied at 300 kg ha-1. The
effectiveness of composted and N-enriched compost was
studied under pot and field conditions on the growth, yield
and N uptake of wheat.

Materials and Methods
Pot and field experiments were conducted in the net
house/field at research area, Institute of Soil and
Environmental Sciences, University of Agriculture,
Faisalabad, during 2003-2004 to see the effectiveness of
enriched compost for improving the growth and yield of
wheat.

metal, glass, polythene bags etc.). The sorted organic waste
material was oven dried at 65 0C for 24 h and ground into
finer particles with the help of an electric grinder. The
ground material was transferred to a composter/processor
(500 kg capacity). Composting was done for six days under
controlled temperature and aeration (shaking at 50 rpm).
Moisture level [40% (v/w) of the compost] and temperature
(30-70-30 oC) were maintained during the composting
process.
Composted material was enriched/blended with 25 or
50% of recommended (120 kg ha-1) N fertilizer for wheat in
the form of urea. Thus, 300 kg batch of compost received 30
and 60 kg N for wheat crop.
Both raw (non-composted) and composted organic
waste materials were analyzed (Table 1) for carbon content
(Nelson and Sommers, 1996), and macro-and micronutrients (Ryan et al., 2001)). The C/N, C/P and C/K ratios
were calculated.
Pot trial
Pot experiment was conducted in the net house to
assess the effect of enriched compost on growth, yield and N
uptake of wheat crop. Soil was collected from a field of the
Institute of Soil and Environmental Sciences, University of
Agriculture Faisalabad, air-dried, ground, sieved and

Table 1. Analysis of raw (non-composted) and composted fruit and vegetable wastes.
Parameter
Carbon (%)
Nitrogen (%)
Phosphorus (%)
Potassium (%)
Copper (mg kg-1)
Zinc (mg kg-1)
Manganese (mg kg-1)
Iron (mg kg-1)
C/N ratio
C/P ratio
C/K ratio
Recycling
material

and

Organic waste before composting (crushed <2.0 mm) Composted organic waste material
35.4
23.8
1.42
2.27
0.30
0.48
1.21
1.56
1.06
1.27
48.0
65.0
40.0
54.0
542
657
24.9
10.5
118
49.5
29.4
15.3

enrichment

of

organic

waste

A locally fabricated composter consisting of drier,
crusher/grinder and processor was used for recycling of
organic waste of fruit and vegetables collected from various
locations (local fruit and vegetable market and juice shops
etc) of Faisalabad, Pakistan. Organic waste material was air
dried for couple of days to remove excessive moisture and
sorted out to remove unwanted materials (e.g. pieces of

analyzed for physico-chemical properties. The soil was
sandy clay loam having a pH of 7.6; ECe, 3.2 dS m-1,
organic matter, 0.66%; total N, 0.04%; available P, 7.03 mg
kg-1 and exchangeable K, 129 mg kg-1 soil.
Each pot was filled with sieved soil (15 kg pot-1),
mixed with recommended P and K fertilizers (@100 and 60
kg ha-1, respectively). Single super phosphate and sulphate of
potash were used as a source of P and K. Enriched compost
was applied at the rate of 300 kg ha-1 by mixing it with top

N-enriched compost for wheat
15 cm soil before filling of pots. There was a control
consisting of recommended dose of P and K fertilizers alone.
Additional dose of N fertilizer (25 and 50%) was applied in
the form of solution in two split doses. First and second dose
was applied after thinning and at grain filling stage. Details
of the treatments are given in Tables 2-4.
Six seeds of wheat (Triticum aestivum L.) cultivar
Watan-93 were sown in each pot and thinned to four plants.
Canal water was used for irrigation. Pots were arranged with
four replications according to completely randomized design.
Field trial
Field experiment was conducted in the Research Area,
Institute of Soil and Environmental Sciences, University of
Agriculture, Faisalabad to assess the effect of enriched
compost and chemical fertilizers on growth, yield and N
uptake of wheat. The Wattan-93 variety of wheat was sown
@ 100 kg ha-1 with the help of seed drill keeping row to row
distance of 25 cm with a plot size of 10 m2. The soil had
same phyico-chemical characteristics as in pot trial. The
experiment was laid out in completely randomized block
design with four replications. The NPK fertilizers were
applied @ 120-90-60 kg ha-1 as urea, SSP, SOP, respectively.
Full dose of P and K fertilizers were applied as basal dose at
the time of sowing to all treatments, while N was applied in
two splits i.e. in third week after germination and at tillering
stage according to the treatment plan given in Table 2-4.
Effectiveness of organic fertilizer (N-enriched compost) was
assessed in the presence of 25 and 50% of full dose of N
fertilizer for wheat. Compost-based organic fertilizer was
applied @ 300 kg ha-1 as side dressing to plants along with
first dose of N fertilizer and it was irrigated with canal water
immediately.
The plants were harvested at maturity (both in pot and
field trials) and data regarding growth and yield parameters
were recorded. The N contents in grain and straw samples
were determined (Ryan et al., 2001). The N uptake in straw
and grain of wheat plants were calculated.
The data were analyzed statistically using completely
randomized block design (Steel and Torrie, 1980). Means
were compared by Duncan’s Multiple Range test (Duncan,
1955).

Results
Results of pot and field trial are summarized as below.
Pot trial
Nitrogen enriched compost when supplemented with N
fertilizer significantly increased the plant height, number of
tillers, spike length, straw/grain yield and 1000-grain weight
over untreated control (Table 2).
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Maximum increase (14% over control) in plant height
was recorded by the application of N-enriched compost
when supplemented with 60 kg ha-1 N fertilizer that was
statistically at par with full dose of N fertilizer and Nenriched compost plus 30 kg ha-1 N fertilizer. There was a
non-significant difference between the effect of compost
enriched with 25 and 50% N (without supplementary dose of
N). Maximum number of tiller pot-1 (106% more than
control) was observed by N-enriched compost in the
presence of 60 kg ha-1 N fertilizer that differed nonsignificantly from full dose of N fertilizer. Similarly,
maximum increase in spike length (45% over control) was
recorded by the application of N-enriched compost plus 60
kg ha-1 N fertilizer that was statistically at par with full dose
of N fertilizer, N-enriched compost plus 30 kg ha-1 N
fertilizer and compost enriched with 50% N (without
supplementary dose of N).
Data regarding straw yield revealed that maximum
increase (82% over control) was observed with full dose of
N fertilizer that differed non-significantly from the Nenriched compost plus 60 kg ha-1 N fertilizer. Similarly, data
in Table 2 showed that up to 84% increase in grain yield
over control was observed by the N-enriched compost when
supplemented with 60 kg ha-1 N fertilizer that was at par
with full dose of N fertilizer and N-enriched compost plus
30 kg ha-1 N fertilizer. Statistically similar results regarding
grain yield were recorded by the compost enriched with 25
and 50% N (without supplementary dose of N). Regarding
1000-grain weight, maximum increase (28% over untreated
control) was observed by the N-enriched compost plus 60 kg
ha-1 N fertilizer that was at par with full dose of N fertilizer.
Data in Table 4 depicted that maximum N uptake
(139% more than untreated control) in the straw was
recorded with full dose of N fertilizer that differed nonsignificantly from the N-enriched compost (25% N) when
supplemented with 60 kg ha-1 N fertilizer. Statistically
similar results were observed by N-enriched compost plus
30 kg ha-1 N fertilizer and compost enriched with 25 and
50% N (without supplementary dose of N) but differed
significantly from the untreated control.
Similarly, maximum N uptake (108% more than
control) in grains was observed by the application of Nenriched compost in the presence of 60 kg ha-1 N fertilizer.
Nitrogen uptake by the application of full dose of N fertilizer
was statistically at par with N-enriched compost plus 30 kg
ha-1 N fertilizer and compost enriched with 25 and 50% N
(without supplementary dose of N).
Field trial
Enriched compost (EC) in combination with N
fertilizer significantly increased the plant height, number of
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Table 2. Effect of compost enriched with nitrogen and supplemented with chemical fertilizers on plant height, number
of tillers pot-1, spike length, grain yield and 1000-grain weight of wheat (pot trial, the data are average of four
repeats).
Treatmentsa

Untreated control (P and K as basal dose)
Non-enriched compost
Enriched compost (100 g N kg-1 compost)
Urea fertilizer (120 kg ha-1 N)
Enriched compost (200 g N kg-1 compost)
Enriched compost (100 g N kg-1 compost)
supplemented with 25% N (30 kg ha-1)
Enriched compost (100 g N kg-1 compost)
supplemented with 50% N (60 kg ha-1)
a

Plant
height
(cm)
53.51 db
54.91 cd
56.37 bc
59.63 a
57.14 b
60.36 a

No. of
tillers
pot-1
7.9 d
9.0 c
10.6 b
16.2 a
13.8 b
14.3 b

Spike
length
(cm)
7.32 c
8.49 b
8.84 b
10.40 a
9.91 ab
9.90 ab

Straw
yield
(g pot-1)
12.75 d
16.01 c
19.01 b
23.23 a
20.06 b
20.70 b

Grain
yield
(g pot-1)
8.4 d
10.05 c
12.00 b
14.17 ab
12.32 b
13.60 ab

60.92 a

16.5 a

10.62 a

22.93 a

15.48 a

1000-grain
weight (g)
36.5 d
39.35 c
41.12 b
45.93 a
42.83 b
43.34 b
46.65 a

The P and K was applied @ 90 and 60 kg ha -1 to all the treatments as a basal dose.
Values sharing similar letter(s) in a column do not differ significantly at P < 0.05, according to Duncan’s Multiple Range Test.

b

Table 3. Effect of compost enriched with nitrogen and supplemented with chemical fertilizers on plant height, number
of tillers m-2, spike length, grain yield and 1000-grain weight of wheat (field trial, the data are average of four
repeats).
Treatmentsa

Plant height
(cm)

Untreated control (P and K as basal dose)
Non-enriched compost
Enriched compost (100 g N kg-1 compost)
Urea fertilizer (120 kg ha-1 N)
Enriched compost (200 g N kg-1 compost)
Enriched compost (100 g N kg-1 compost)
supplemented with 25% N (30 kg ha-1)
Enriched compost (100 g N kg-1 compost)
supplemented with 50% N (60 kg ha-1)

52.5 db
59.5 c
67.1 b
74.9 a
68.2 b
73.3 ab
77.0 a

a

No. of
tillers m-2

1000-grain
weight (g)

308 c
335 c
427 b
482 ab
440 b
452 b

Spike
length
(cm)
7.18 c
8.29 c
8.84 b
9.86 ab
9.91 ab
9.90 ab

Straw
yield
(t ha-1)
3.15 c
3.61 c
4.56 b
6.12 a
4.86 b
5.06 ab

Grain
yield
(t ha-1)
1.98 c
2.45 c
2.99 b
3.78 ab
3.32 b
3.60 ab

38.1 c
39.7 c
42.65 b
44.63 ab
43.60 b
45.30 ab

498 a

10.09 a

5.92 ab

4.00 a

47.25 a

The P and K was applied @ 90 and 60 kg ha -1 to all the treatments as a basal dose.
Values sharing similar letter(s) in a column do not differ significantly at P < 0.05, according to Duncan’s Multiple Range Test.

b

tillers m-2, spike length, straw yield, grain yield and 1000grain weight of wheat (Table 2). Maximum plant height
(46% more than untreated control) was observed in response
to the application of N-enriched compost (25% N) plus 60
kg ha-1 N fertilizer that was statistically at par with full dose
of N fertilizer and N-enriched compost plus 30 kg ha-1 N
fertilizer. There was a non-significant difference between the
effects of N-enriched compost (25% N) supplemented with
30 kg ha-1 N fertilizer and the compost enriched with 25 and
50% N (without supplementary dose of N). Application of
non-enriched compost caused a non-significant improvement
in plant height compared to control.

Maximum number of tillers m-2 (62% greater than
control) was recorded in case of N-enriched compost plus 60
kg ha-1 N fertilizer that differed non-significantly with full
dose of N fertilizer. Number of tillers recorded by the
application of compost enriched with 50% N (without
supplementary dose of N) differed non-significantly from
full dose of N fertilizer and N-enriched compost plus 30 kg
ha-1 N fertilizer. Similarly, data regarding spike length
revealed that maximum increase (41% over control) in spike
length was recorded in case of N-enriched compost when
supplemented with 60 kg ha-1 N fertilizer that was
statistically at par with full dose of N fertilizer, N-enriched

N-enriched compost for wheat
compost plus 30 kg ha-1 N and enriched compost with 50%
N fertilizer (without supplementary dose of N).
Data in table 2 revealed that 94% increase in straw
yield was recorded by the application of full dose of N
fertilizer that was statistically at par with the N-enriched
compost in the presence of 60 and 30 kg ha-1 N fertilizer.
There was a non-significant difference between the compost
enriched with 25 and 50% N (without supplementary dose of
N) and N-enriched compost supplemented with 30 kg ha-1 N
fertilizer.
Data regarding grain yield showed that maximum
increase (102% over control) in grain yield was observed by
the application of N-enriched compost supplemented with 60
kg ha-1 N fertilizer that differed non-significant from full
dose of N fertilizer and N-enriched compost plus 30 kg ha-1
N fertilizer. Similar to grain yield, maximum increase (24%
over control) in 1000-grain weight was recorded by Nenriched compost in the presence of 60 kg ha-1 N fertilizer.
Statistically similar increase in 1000-grain weight was
observed by the application of N-enriched compost
supplemented with 30 kg ha-1 N fertilizer, compost enriched
with 25 and 50% N (without supplementary dose of N) and
full dose of N fertilizer.
Data in Table 4 depicted that maximum N uptake
(124% more than untreated control) in straw was observed
with the application of full dose of N fertilizer that differed
non-significantly from the N-enriched compost when
supplemented with 60 kg ha-1 N fertilizer. Statistically
similar N uptake was observed by N-enriched compost plus
30 kg ha-1 N fertilizer and compost enriched with 25 and
50% N (without supplementary dose of N) but differed
significantly from the untreated control.
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Similarly, maximum N uptake in wheat grains (122%
more than untreated control) was recorded by the application
of N-enriched compost in the presence of 60 kg ha-1 N
fertilizer. Next to it, up to 101% more N uptake than control
in the grains was observed with full dose of N fertilizer that
differed non-significantly from N-enriched compost plus 30
kg ha-1 N fertilizer and compost enriched with 25 and 50% N
(without supplementary dose of N) but differed significantly
from the untreated control.

Discussion
The study was conducted to asses the effect of Nenriched compost in the presence of chemical N fertilizer on
growth, yield and N uptake of wheat under net house (pot)
and field conditions. Results revealed that application of
non-enriched compost caused a non-significant improvement
in the growth and yield of wheat compared to untreated
control. The composted organic waste material enriched
with inorganic N fertilizer was more effective than the nonenriched composted waste. However, a significant increase
in all the growth and yield parameters were observed in
response to the integrated application of N-enriched compost
and chemical N fertilizer compared with untreated control.
Comparison of N-enriched compost (with 25% N)
supplemented with 60 kg ha-1 N fertilizer vs. full dose of N
fertilizers revealed that both the treatments were equally
effective in promoting yield and N uptake of wheat. Overall,
there was about 25% saving of N fertilizer with the
application of 300 kg ha-1 organic fertilizer/enriched
compost. Our findings support the results of other scientists
who reported ~20% N saving with the application of
compost (Bajpai et al., 2002; Pooran et al., 2002); however,
they applied it in tons.

Table 4. Effect of compost enriched with nitrogen and supplemented with chemical fertilizers on N-uptake in straw
and grain of wheat (pot & field trials, the data are average of four repeats).
Treatmentsa

Untreated control (P and K fertilizer)
Non-enriched compost
Enriched compost (100 g N kg-1 compost)
Urea fertilizer (120 kg ha-1 N)
Enriched compost (200 g N kg-1 compost)
Enriched compost (100 g N kg-1 compost) supplemented with
25% N (30 kg ha-1)
Enriched compost (100 g N kg-1 compost) supplemented with
50% N (60 kg ha-1)
a

Pot Trial
N uptake in N uptake
in grain
straw
(mg pot-1)
(mg pot-1)
59.45 db
130 d
73.86 cd
143 d
98.85 b
172 c
142.24 a
241 b
108.34 b
220 b
115.64 b
225 b

Field Trial
N uptake in N uptake
straw
in grain
(kg ha-1)
(kg ha-1)
15.27 c
30.75 d
17.33 c
34.29 cd
22.71 b
42.71 bc
34.22 a
59.78 b
24.84 b
52.74 b
27.35 b
56.18 b

136.46 a

32.46 ab

270 a

68.42 a

The P and K was applied @ 90 and 60 kg ha -1 to all the treatments as a basal dose.
Values sharing similar letter(s) in a column do not differ significantly at P < 0.05, according to Duncan’s Multiple Range Test.

b
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Increases in growth and yield of wheat in our study
could be attributed to enhanced nutrient use efficiency in the
presence of organic fertilizer, a good source of macro- and
micro-nutrients (Table 1). Moreover, total N contents and
consequently its uptake in straw and grain sample of plants
(see Table 4) increased significantly in response to
combined application of compost and chemical N fertilizer.
It is very likely that N losses due to leaching or
denitrification might have reduced in soil by mixing Nfertilizer with organic compost, resulting in a better
utilization of N by the plant. Previous studies have also
shown that composted organic materials enhance fertilizer
use efficiency by releasing nutrients slowly and thus
reducing the losses, particularly of N (Chang and Janzen,
1996; Paul and Clark, 1996; Muneshwar et al., 2001;
Nevens and Reheul, 2003). Since addition of organic
fertilizer increases mobilization of P and microbial activities
in soil, it might also be a contributing factor in improving
nutrition as well as root system.
Effect of compost enriched with 25% N and
supplemented with 30 kg ha-1 N was significantly greater on
plant height and yield of wheat compared to compost
enriched with 50% N without any N supplementation, but it
had non-significant effect on N uptake in the straw and grain
of wheat. This may imply that split application of N either
blending in compost or directly in soil could be more
effective than one time application/blending of higher dose
of N.
The novelty of this approach is that the N-enriched
compost was applied just @ 300 kg ha-1 as a soil amendment.
Previously, farmers were used to add compost in soil as
many tons ha-1 with out any value addition. The economic
analysis of enriched compost indicated that this technology
is cost effective if organic material is collected and
transported by the Government. So this approach is not only
cost effective but also improves soil health, reduces
dependence on chemical fertilizer and, most likely, helps in
reducing huge piles of organic waste.
In conclusion, organic waste materials can be
converted into value-added organic fertilizer by the addition
of lower doses of nitrogen fertilizer. It is possible to get
higher yield levels with the complimentary use of organic
and inorganic (chemical) fertilizers than the application of
organic or chemical fertilizers alone. The improvement in
soil health and reduction in piling of organic wastes could be
extra benefit.
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