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Abstract: Chicken manure is natural, locally available and relatively cheap material that the organic vegetable
growers can obtain. Inorganic fertilizers are relatively expensive and can potentially contaminate the
environment. Lettuce (Lactuca sativa L.) is one of the widely used salad vegetable crops in Swaziland. This
experiment was carried out in a lath house at Luyengo Campus, Horticulture Farm, University of Swaziland to
assess the effects of varied levels of chicken manure on growth, yield and quality of lettuce. The cultivar used
was ‘Taina’. The levels of chicken manure used were 60, 40 and 20 t/ha. A control of inorganic fertilizer 2:3:2
(22) + 0.5% Zn was used at a rate of 955 kg/ha basal dressing and limestone ammonium nitrate (LAN 28%) at
a rate of 100 kg/ha as side dressing. The results showed that chicken manure levels significantly (P < 0.05)
affected growth, yield and nutritional quality of lettuce. A trend of superiority of the different level of chicken
manure application was observed as lettuce provided with 60 t/ha exhibited higher values in number of leaves,
plant height, marketable yield and mean leaf dry mass. The second best results were obtained from plants
supplied with 40 t/ha followed by plants previously fertilized with 20 t/ha and the lowest from those provided
with inorganic fertilizer. However, there was no significant (P > 0.5) difference in iron content on fresh mass
basis for all treatments. Results of this experiment showed that inorganic fertilizer was less suitable in lettuce
production. Lettuce may be grown using 60 ton/ha chicken manure for a more productive enterprise. 
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INTRODUCTION varies considerably. Poultry litter is made out of raw

Animal manures have been used for plant production wood shavings, grass cuttings, banana leaves or rice
effectively for centuries. Chicken manure has long been hulls. This combination provide an excellent source of
recognized as perhaps the most desirable of these natural nitrogen (N), phosphorus (P), potassium (K) and sulfur (S)
fertilizers because of its high nitrogen content [1, 2]. In [10].
addition, manures supply other nutrients and serve as soil Lettuce is a native of Europe, Asia and Northern
amendments by adding organic matter [3-6]. Organic Africa and has been cultivated for over 5000 years [11].
matter persistence in soil will vary with temperature, One piece of evidence that support this idea is the
drainage, rainfall and other environmental factors. Organic existence of a primitive nearly wild form where it was first
matter in soil improves moisture  and  nutrient  retention cultivated. The existence of this form suggests that it
and soil physical properties [7-9]. The utilization of originated from wild lettuce most likely Lactuca serriola
manure is an integral part of sustainable agriculture [10]. L commonly known as pink lettuce. The second evidence

Chicken manure is often produced in areas where it is was found on Egyptian tomb painting, dating from the
needed for pastures and crop fertilization. The increased middle kingdom, about 4500 years ago. The stylized
size and frequent clean out of many poultry operations paintings appear to be bundles of stems, similar to the
make poultry manure available in sufficient quantities and type of presently cultivated lettuce in Egypt [12].
on timely basis to supply most fertilizer needs [1]. When Nowadays lettuce is grown all over the world in places of
properly applied, chicken manure can be a valuable different climatic conditions and soil fertility conditions.
resource for grass, small grains and other crop Such remarkable distribution requires some degree of
production. The economics of using chicken manure technology to adapt to such varied conditions. This is

poultry manure and bedding materials such as sawdust,
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why some workers have undertaken research on various vegetables produced as well as human health. Also, it will
aspects of the crop to suite their conditions. There is be possible to lessen the escalating effects of disease
dearth of information pertaining to organic manure such as HIV and AIDS and cancer. Besides all these, farm
requirements of lettuce in a semi-arid sub-tropical income will improve when farmers use less inorganic
environment as prevailing in many parts of Swaziland. fertilizers and pesticides for growing crops. Less use of

Lettuce leaves are a rich source antioxidants, Vitamin inorganic fertilizer and pesticides will lessen negative
A and C [13] and phytochemicals which are anti- impact on impending permanent climate change.
carcinogenic. Lettuce is usually consumed individually as
a salad or shredded in a salad mix of onion, tomato, The specific objectives of the study were to:
cheese and basil. It has now caught vegetable grower’s
attention in the Southern African region since it has asses the effect of chicken manure and in organic
increasingly become popular as a salad vegetable [14]. fertilizers on growth of lettuce; and 

Commercial and subsistence farming has been relying determine the feasibility of using different quantities
on organic fertilizers for growing crops [1]. This is of chicken manure on yield and quality of lettuce.
because inorganic fertilizers are easy to use, are quickly
absorbed and utilized by the crop. However in the long MATERIALS AND METHODS
run, they destroy the soil structure if they are not used
carefully and increase the costs of production resulting in Experimental Site: The experiment was conducted in a
reduction of profit in crop production enterprises. This lath house at the University of Swaziland, Luyengo
study will provide information on how varied quantities of Campus in the Horticulture Department. This was during
chicken manures affect growth yield and quality of the cropping year 2009/2010. The site is located between
lettuce. As long as organic manures are available and latitude 26° 58’ S and 31°E 18’ E and at an altitude of 734
comparable with inorganic fertilizers in yield m above sea level. The area receives an average annual
improvements, their use as sources of plant nutrients for precipitation of 980 mm with most of rain occurring
growing vegetable crops could assume increasing between October and April. Hazard of drought is about 40
importance [15]. In the region there is increasing hype of %. The average winter temperature is about 15 ° C while
organic vegetable production [16-18]. The continued for summer it is about 27 ° C. The experimental lath house
dependency of Swaziland and other developing countries was covered with black net and the percentage shade in
on inorganic fertilizers has made the price of agricultural the lath house was 37.6.
commodities to be relatively expensive. Due to high
energy costs inorganic fertilizers have become very Media and Fertilizer Analysis: River sand and chicken
expensive and also scarce, especially in developing manure were used. Analyses were conducted to determine
countries [19]. The chemicals used in conventional the sand and chicken manure’s physical and chemical
agriculture contain few minerals,  which  dissolve  quickly properties [22] at the Malkerns Research station. The
in damp soil and give the plant large doses of minerals physical and chemical properties of the medium (sand)
[11]. This happens just at relatively short period of time and chicken manure used in the experiment are shown in
and usually more nutrients than are needed by the plant Table 1. This was used to explore the real effects of the
are applied. For example, N from any kind of fertilizer different treatments, since sand is believed to be inert.
affects the amount of vitamin C and nitrate as well as the The sand was obtained from the Usuthu River. Irrigation
quality produced by the plant. Moreover, potassium was done using watering can. The mean application
fertilizers have antagonistic effects on magnesium and volume of the irrigation water was 1000 cm  per pot
directly, the phosphorus content of some plants. Hence (plant). This was done in the early hours of the day
conventional crops would contain few amounts of (between 6 and 7 AM). The trial was weeded manually by
magnesium and phosphorus than organic crops [20]. pulling weeds from the plots.
Inorganic fertilizers also contain toxic heavy metals such
as cadmium [21]. Experimental Design: The experiment was laid in a

Organic fertilizers such as chicken manure can Randomized Complete Block Design (RCBD). It comprised
therefore be used to reduce the amount of toxic of three treatment and four replications. The gross
compounds (such as nitrate) produced by conventional experimental area was 4 × 17 m (68 m ) and the net
fertilizers. Hence, improving the quality of leafy experimental area was 3 × 12 m (36 m ) each plot dimension
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Table 1: Physical and chemical characteristics of the medium (sand) and chicken manure used in the experiment

Texture pH Exchangeable acidity meq/100g) Phosphorus (P) (mg/kg) Potassium (K) (mg/kg)

Chicken manure 6.3 0.43 1876 1943
Medium (sand) 7.0 0.25 101 134

Table 2: Pot layout in the experimental lath house

Block 1 Block 2 Block 3 Block 4

40ton/ha 60ton/ha 20ton/ha Control 60ton/ha 20ton/ha control 40ton/ha
Control 20ton/ha 60ton/ha 40ton/ha 40t/ha control 20ton/ha 60ton/ha

were 1.5 × 1.5 m (2.25 m ) and there were sum of 16 plots.2

Plant spacing was 30 cm between rows and 30 cm-
diameter flower pots were used. The media was filled to ¾
of the volume of the pot. Pot layout in the experimental
lath house is shown in Table 2.

Fertilization: There were two types of fertilizers used at
basal dressing, i.e. chicken manure and 2:3:2 (22) + 0.5 Zn
(control). The chicken manure was applied at different
levels which were 20, 40 and 60 t/ha. In the control,
2:3:2(22) + 0.5 Zn was applied only at 955kg/ha at basal
dressing. For side dressing of all the treatment, Limestone
Ammonium Nitrate (LAN), was used at the rate of 100
kg/ha. Chicken manure was applied a week before planting
to ensure microbial activity occurred before transplanting.
Side dressing was done 2 weeks after transplanting.

Plant Material: The lettuce cultivar ‘Taina’ was used.
Seeds were obtained from NAMBoard Matsapha,
Swaziland. They were germinated and transplanting was
performed four weeks after germination. 

Data Collection: Data were collected 2 weeks after
transplanting and at 1 week intervals. The data collected
included the following parameters: plant height, leaf area,
leaf area index, marketable yield, shoot-root ratio and the
nutrient composition of fresh lettuce (leaf tissue analysis).
All data were collected on five plants selected randomly
from each plot.

Mineral Content Analysis of Leaf Tissue: A microwave
was used for digestion of lettuce plant tissue. A sample of
0.5 g of each treatment was weighed and put in the micro-
wave bomb [23]. For calcium (Ca) analysis, 10 ml 6M HCl
and 10 ml 6M HNO  was used for digestion. For iron (Fe)3

analysis, 10 ml H SO and 10 ml 6M HNO  were used for2 4 3

digestion. The acids were added into the bombs
containing the samples and digested in the microwave for
two minutes. The samples were then cooled to room
temperature and filtered into 50 ml volumetric flasks.
Dilution to the mark was done using deionized water.

Table 3: Operating parameters for AAS
Parameter Fe Ca
Wave length (khz) 243.6 421.1
Slit width (nm) 2.0 0.5
Lamp current (mA) 30 10

Standard solutions of 0.5 ppm, 1.0 ppm, 1.5 ppm and
2.0 ppm were prepared from a 1000 ppm stock solution of
Ca and Fe using the formula: C V  = C V . With a known1 1 2 2

concentration (C ) and volume (V ) required, the volume2 2

of 1000 ppm stock solution was calculated and made
necessary dilutions to make V . Standards were run in the2

atomic absorption spectrometer (AAS) to determine their
absorbance from which calibration curves were plotted.
The operating parameters for AAS are shown (Table 3). 

Data Analysis: The data collected were analyzed using
MSTAT-C statistical package [24], Analysis of variance
(ANOVA) was undertaken on the data collected so to
determine if there were significant differences amongst
treatments. Mean separation was done using the
Duncan’s New Multiple Range Test (DNMRT) where
significant differences existed [25]. 

RESULTS

Plant Height: The results showed significant (P<0.05)
differences in growth amongst treatments. The highest
plants were obtained from lettuce provided with 60 t/ha
chicken manure (Fig. 1). Plant height decreased with each
decrease in level of chicken manure. The lowest plant
height was obtained from lettuce supplied with inorganic
fertilizer.

Number of Leaves: The average number of leaves per
plant was significantly (P< 0.05) different across all
treatments. The highest number of leaves was obtained
from lettuce provided with 60 t/ha chicken manure (Fig. 2).
Number  of  leaves  decreased  with  each  decrease in
level of chicken manure applied. The lowest number of
leaves was obtained from lettuce supplied with inorganic
fertilizer.
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Fig. 1: Plant height of lettuce (Lactuca sativa) as affected by different levels of chicken manure and inorganic fertilizer.
Bars represent standard error (SE) below and above the mean

Fig. 2: Number of leaves of lettuce (Lactuca sativa) as affected by different levels of chicken manure and inorganic
fertilizer. Bars represent (SE) below and above the mean

Fig. 3: Leaf area index of lettuce (Lactuca sativa) as affected by different levels of chicken manure inorganic fertilizer.
Bars represent (SE) below and above the mean

Leaf Area Index: Significant (P<0.05) differences were Yield Parameters: Different levels of manure applications
recorded in leaf area index (LAI) among treatments. The behaved differently in terms of harvest parameter as was
highest leaf area index was obtained from lettuce provided shown by the significant (P<0.05) differences in
with 60 t/ha chicken manure (Fig. 3). The lowest leaf area marketable yield, dry matter and shoot-root ratio. The
index was obtained from lettuce supplied with organic highest marketable yield (Fig. 4), dry matter (Fig. 5) and
fertilizer. shoot-root   ratio   (Fig.   6)   was   obtained   from   lettuce
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Fig. 4: Marketable yield of lettuce (Lactuca sativa) as affected different levels chicken manure and inorganic fertilizer.
Treatments with different letters are significantly different at p < 0.05

Fig. 5: Dry mass of lettuce (Lactuca sativa) as affected different levels chicken manure and inorganic fertilizer.
Treatments with different letters are significantly different at p < 0.05

Fig. 6: Shoot-root ratio of lettuce (Lactuca sativa) as affected by different levels chicken manure and inorganic fertilizer.
Treatments with different letters are significantly different at p < 0.05

provided with 60 t/ha chicken manure. Marketable yield calcium    contents   was   obtained   from  lettuce
and dry matter decreased with each decrease in level of provided  with  60  t/ha  chicken   manure   (Fig.  6).
chicken manure application. The lowest marketable yield Calcium content was decreased with each decrease in
and dry matter were obtained from lettuce supplied with level of chicken manure application. The lowest calcium
inorganic fertilizer. content  was obtained from lettuce supplied with

Quality  (Calcium,  Iron):  There  were  significant (P> 0.01) different in iron content for all the treatments
(P<0.05) differences in calcium content in the fresh (Fig. 7). The Fig. 7 has been included to show trends of
samples  of  lettuce  among  treatments.  The  highest the trace element.

inorganic  fertilizer.  However,  there  was  no  significant
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Fig. 7: Calcium content of lettuce (Lactuca sativa) as affected by different levels of chicken manure and inorganic
fertilizer. Treatments with different letters are significantly different at p < 0.05

Fig. 8: Iron content trends of lettuce (Lactuca sativa) as affected different levels of chicken manure and inorganic
fertilizer. Treatments with the same letter are not significantly different at p> 0.05.

DISCUSSION these results are in agreement with those reported by

There were significant (P<0.05) differences in growth, This study had also established that inorganic
marketable yield and quality of lettuce at 2, 3, 4 and 5 fertilizers performed inferiorly as compared to the chicken
WAT. These depended on the level of chicken manure manure in the production of lettuce. This can be attributed
applied. Plants which had been fertilized by higher levels to the lower esteem in retention of moisture that is
of chicken manure (60 t/ha > 40 t/ha) exhibited higher exhibited by inorganic fertilizers as postulated by Owen
yields than those applied with lower level, this could be [29],who reported that synthetic fertilizers do not have
attributed to large quantities of available phosphorus and good characteristics in aggregating soil particles. As a
available potassium per kilogram in the manure (Table 3). result, the plants produced by inorganic fertilizer
Studies by Rao [26] showed that the soil could be produced relatively lower yield than those supplied with
enriched by application of higher amounts of organic chicken manure. This is coupled with the known beneficial
materials which tends to decompose large amounts of effects of animal manure on physical and chemical
nitrogen into the soil before planting each fresh crop to properties [30] and their ability to supply macro- and trace
boost yield. The quantity of application of organic elements not contained in the inorganic fertilizers [31]. 
fertilizer has effects on crop yield and nutrient uptake. Considerable variations in leaf dry matter of lettuce
Another study by Xu et al. [27] showed that vegetables were observed amongst the treatments. Higher levels of
grown with higher levels of organic manures grew better chicken manure application had higher leaf dry matter
and resulted in a final higher total yield than those grown while the one treated with synthetic fertilizer had the
on lower amounts together with those grown using lowest. Similarly increased growth and yield of two
synthetic fertilizers. Therefore, this study has established cultivars of cantaloupe (Cucimis melo) were reported with
that lettuce grown on higher level of chicken manures increased application of broiler litter [2]. Magkos et al.
showed higher growth and yield than that grown on lower [32] established that vegetables cultivated on soils with
level of chicken manure and synthetic manure. Generally, higher amounts of organic fertilizers had higher dry matter

USDA [28]; Xu et al. [27, 2, 6]. 
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as   compared   to   those   produced  conventionally. fertilizers. Lettuce grown in larger quantities of chicken
These   findings   however   were   evident   only  for manure showed relatively higher amounts of calcium;
plants that grow above the ground, more especially leafy however there were no differences in iron content in the
vegetables such as spinach, lettuce, chard, savoy lettuce.
cabbage and white cabbage [32]. Therefore, this study Based on the results and conclusions drawn from the
outcome supported what was gathered by Magkos et al. research, the following suggestions can be made:
[32].

Based on 100 g edible product of lettuce, fertilization Lettuce can be grown using 60 t/ha chicken manure,
had significant effects in calcium content of the lettuce. for higher yield and quality.
This can be attributed to relatively ample amounts of Further study on even higher levels of chicken
calcium in the chemical composition of chicken manure. manure should be carried out.
Higher levels of manure had higher levels of calcium
content as compared to lower levels. Similar results have REFERENCES
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