
World Journal of Agricultural Sciences 6 (6): 652-659, 2010
ISSN 1817-3047
© IDOSI Publications, 2010

Corresponding Author: Prof. Ekpo M. Ossom, Crop Production Department, Faculty of Agriculture, 
University of Swaziland, Private Bag Luyengo, Luyengo M205, Swaziland, 
E-mail: emossom@agric.uniswa.sz  &  ekpossom2@yahoo.com.

652

Influence of Growing Media on Stem Diameter and Ecological 
Characteristics of Pinus patula Seedlings in Swaziland

Ekpo M. Ossom and Sita S. Kunene

Department of Crop Production, Faculty of Agriculture, University of Swaziland, 
Private Bag Luyengo, Luyengo M205, Swaziland

Abstract: Growing media are materials, similar to soil, used to culture plants. It is not known what effects the
growing media could have on the environment of pine seedlings in Swaziland. The objectives of this experiment
were to evaluate the growth of pine seedlings in different growing media and to assess the influence of the
growing media on ecological characteristics of pine seedlings. The treatments consisted of 6 organic growing
media: T , pine-bark compost; T , Super medium; T , pine sawdust; T , topsoil, T  cattle manure; and T ,1 2 3 4 5, 6

bagasse. Effects on stem diameter, weed infestation and soil chemical properties were assessed at 4-16 weeks
after planting (WAP). Results showed that seedlings established in pine-bark compost (stem diameter, 2.6 mm),
Super medium (stem diameter, 2.6 mm) and topsoil (stem diameter, 2.3 mm) had significantly (p < 0.05) greater
stem  diameter  than  seedlings raised in pine sawdust (stem diameter, 2.0 mm), cattle manure (stem diameter,
1.4 mm) and bagasse (stem diameter, 1.8 mm) at 16 WAP. Topsoil had significantly (p < 0.05) higher weed
densities at 4 and 8 WAP (weed density scores, 3.6 and 4.4, respectively, out of 6.0), than other growing media.
At 12 WAP, topsoil (weed density score, 3.7 out of 6.0) and cattle manure (weed density score, 3.9 out of 6.0)
had significantly (p < 0.05) higher weed density than other growing media. Topsoil had the largest number of
weed species (8 weed species) and bagasse had zero weed species at 8 WAP. The most abundant weed species
was  Ageratum  conyzoides  (58.3% in pine bark and 25.0% in Super medium). Weed density was negatively,
but not significantly correlated to some growth parameters: plant height (r = - 0.085; n  =  24);  stem  diameter
(r = - 0.289; n = 24); number of primary needles (r = - 0.218; n = 24); and leaf color (r = - 0.396; n = 24). Topsoil
had  a  higher  concentration  of  calcium  (0.03-0.45  kg/ha),  magnesium  (0.26-2.1  kg/ha)  and  phosphorus
(0.07-0.08 kg/ha) before and after being used in the experiment. Cattle manure had the highest concentration
of magnesium (2.12 kg/ha). It is concluded that growing pine seedlings in pine-bark compost and Super medium
gave the best results; it is recommended that pine seedlings be grown in nurseries using Super medium.

Key words:Ecological properties  Growing media  Patula Pine  Pine-bark compost  Pine nursery seedlings
 Weed infestation

INTRODUCTION Growing media are the materials, similar to soil, in that

Pines are coniferous trees of the genus, Pinus and growing media also provide mineral nutrients to plants,
belong to the botanic family Pineceae [1]. Most pines especially if the media are organic in origin. Soil-less
(Pinus spp.) are native to the Northern Hemisphere. In growing media have long been recognized as superior to
Swaziland, man-made pine forests constitute about 70% soil-based alternatives and are generally peat moss-based
of the total land area under commercial forests [2]. The or bark-based. The advantages of soil-less growing media
three major species of pines that are grown in Swaziland, include low cost, consistency, uniformity, transportation
especially at the South African Pulp and Paper Industry efficiency and a more suitable air and water relationship,
(SAPPI), Usuthu, are patula pine (Pinus petula), slash which facilitates optimal plant growth [3]. Pines are
pine (Pinus elliottii) and loblolly pine (P. taeda) (N. economically  important  in  Swaziland,  being  the sources
Mmema, SAPPI Usuthu, Nursery Manager, personal of such forest products as timber for the construction
communication, August 2009). industry    and     foreign     exchange     generation    [4].

they physically support plants grown in them; sometimes,
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The most common types of growing media used in South SAPPI poly vinyl chloride (PVC) trays were obtained from
Africa are: composted pine bark, vermiculite, perlite, SAPPI Usuthu and used to house the growing media and
polystyrene balls, coir peat (coconut husk fiber or coco seedlings. Each PVC tray had 49 round cavities; each
peat), sphagnum peat, mushroom compost, chicken litter, cavity had a diameter of 40 mm, a depth of 80 mm and had
wood shavings and sawdust; bagasse, topsoil and garden a volume of 80 ml. Each PVC tray had the following
compost [5]. A detailed description of growing media dimensions: 340 mm in length; 340 mm in width; and 80
used in Australia was given [6]. Most of the above-named mm in height. One PVC tray represented a plot; thus, there
growing media are familiar; probably, bagasse is less were 24 plots.
known. Bagasse is the dry, fibrous residue remaining after
the extraction of juice from the crushed stalks of Planting: Planting was done on 12 November 2009. The
sugarcane (Saccharum officinarum); bagasse has various investigation was terminated at 16 WAP, consistent with
uses, including being a source of cellulose for some paper the 16-week duration of growing seedlings during the
products [7]. Bagasse has also been shown to be a source warm season and about 24 weeks during the cooler
of mineral nutrients for cassava, Manihot esculenta seasons at SAPPI. 
Crantz [8], sweet potato, Ipomoea batatas [9] and corn,
Zea mays [10]. Data  Collection:  Rainfall  and   air   temperature  data

A good growing medium should ensure a good were  obtained  from  the  meteorological  records  kept by
balance between air content and available water and the Agricultural and Biosystems Engineering Department
should be light, or should have a low mass [11], for of the Faculty of Agriculture. Other data collected were
reduced expenses in transportation and handling; but it stem diameter; weed density, weed species distribution
should also be heavy enough to provide physical support and soil mineral nutrient composition at the end of the
to the plant; and good porosity and water-holding experiment. The stem diameter was measured on 5
capacity. Porosity is an index of the relative pore volume randomly selected seedlings per plot. The 5 seedlings
in the soil. The water-holding capacity of a medium is the were tagged and were the same seedlings on which stem
volume of water that is retained by a medium after diameter was measured every 2 weeks, from 4 to 16 WAP.
irrigation and drainage [12]. Since there are many types of The measurements were made at the root collar, using a
growing media, it is not known which growing media vernier caliper. 
could best support the growth of pine seedlings. Also it
is not known what effects the material could have on the Weed Infestation: Weed infestation was assessed in two
ecological environment. Therefore, the objectives of this ways: weed density and weed species distribution in each
investigation were to evaluate the growth of pine plot. The weed density and weed species were assessed
seedlings in different growing media and assess the in each plot at 4, 12 and 16 WAP. Weed infestation scores
influence of the growing media on such ecological used to assess weed density were adapted from previous
parameters as weed density, weed species distribution. weed research procedures [14-16]. A scale of 1-5 was used

MATERIALS AND METHODS medium contained in the PVC trays. On this scale, the

Location of the Experiment: The experiment was coverage; 3, intermediate weed coverage; 4, general weed
conducted in the Crop Production Department Farm in coverage; and 5, total weed coverage. After each
Luyengo (26.57°S, 31.02°E; 732.5 m above the sea level; assessment, hand weeding was done. 
annual rainfall range, 800-1,000 mm), University of
Swaziland [13]. Soil and Data Analyses: The physical composition of the

Experimental Design and Materials Used: The experiment; costs prevented physical analysis at the end.
experimental design was a randomized complete block of Chemical analyses of the growing media were done at the
6 treatments and 4 replications. Plants were grown under start and end of the experiment, using recommended
a shade house whose dimensions were 3.0 m long x 3.0 m standard methods [17]. Statistical analysis of the data was
wide x 2.0 m high. The seedlings were obtained from done using MSTAT-C statistical program, version 1.3
SAPPI Usuthu nursery near Bunya and grown in seedling [18]; means were separated using Duncan’s Multiple
trays, which were placed on a 1.2-m raised surface. White Range Test [19].

to score for weed density on the surface of each growing

density descriptions were: 1, zero weeds; 2, sparse weeds

samples was carried out only at the start of the
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RESULTS AND DISCUSSION [22] that even if global temperatures rise slowly, climate

Meteorological Information: The highest total rainfall important crops almost in half.
(287.2 mm) was received in January 2010 (Table 1),
whereas March 2010 had the lowest amount of rainfall Growing Media Properties: Table 2 shows the physical
(63.2 mm). The minimum temperature (15.0°C) was attained properties of the growing media at the start of the
in November 2010; the highest temperature was observed experiment.
in March 2010 (33.5°C). Topsoil and cattle manure had the highest bulk

The  high   amount  of  rainfall  experienced  during density (topsoil, 0.26 g/cm and cattle manure 0.19 g/cm ),
the progress of the experiment, especially in November suggesting that their mass could be a challenge during
2009  and  January  2010, could have had effects on transportation. These two growing media would be better
growth of the pine seedlings, particularly on those to use if they are available in nearby sites. It was noted
established on cattle manure. Temperature influences [12] that cattle manure has been neglected in use as a
most plant processes, including photosynthesis, growing medium because it is associated with high
transpiration, respiration and germination. As temperature transportation costs.
increases (up to a point), photosynthesis, transpiration
and respiration also increase [21]. Climatic factors such as Stem Diameter: As shown in Table 3, there was a
temperature, light, precipitation (such as rainfall) amounts significant (p < 0.05) effect of growing media on stem
and distribution, wind speeds and direction are known to diameter of the pine seedlings throughout the experiment.
 influence  crop   production.  The  warning  was  sounded At  16 WAP, seedlings established on pine-bark compost

change could slash the yields of some of the world's most

3 3

Table 1: Meteorological information from November 2009 to March 2010
Temperature (°C)
--------------------------------------------------------------------------------

Months Minimum Maximum Total rainfall (mm)
November 2009 15.0 24.1 359.7
December 2009 18.6 27.1 120.9
January 2010 19.3 27.1 287.2
February 2010 18.9 28.4 80.3
March 2010 18.9 33.5 63.2
Total 90.7 140.2 911.3
Mean 18.1 28.0 182.3
Source: [20]

Table 2: Physical properties of the growing media at the start of the experiment.
Physical properties
------------------------------------------------------------------------------------------------

Treatment Bulk density (g/cm ) Particle density (g/cm ) Porosity (%)3 3

Pine-bark compost 0.16 1.0 84.0
Super medium 0.17 0.7 75.0
Pine sawdust 0.11 1.0 89.0
Topsoil 0.26 2.5 89.6
Cattle manure 0.19 1.6 88.1
Bagasse 0.04 0.4 90.0

Table 3: Stem diameter (mm) at 4-16 weeks after planting
Weeks after planting and stem diameter (cm)
------------------------------------------------------------------------------------------------------------------------------------------------------------------

Growing media 4 6 8 10 14 16 Mean
Pine-bark compost 0.7b 0.7a 0.9b 1.3b 2.3c 2.6c 1.4b
Super medium 0.7b 0.8b 1.0c 1.3b 2.3c 2.6cd 1.5b
Pine sawdust 0.6a 0.7a 0.8a 1.0ab 1.6b 2.0b 1.1a
Topsoil 0.8c 0.8b 1.0c 1.3b 2.0bc 2.3c 1.4b
Cattle manure 0.7b 0.7a 0.9b 0.9a 1.2a 1.4a 1.0a
Bagasse 0.7b 0.7a 0.8a 0.9a 1.7b 1.8b 1.1a
Mean 0.7 0.7 0.9 1.1 1.9 2.1 1.2
LSD 0.06 0.05 0.06 0.12 0.36 0.24 0.21

(0.05)

Significance * * * * * * *
Least significant difference; 1

*, Significant at p < 0.05; 
Numbers followed by the same letters in the same column are not significant at p > 0.05. 
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Table 4: Weed density from 4 to 16 weeks after planting

Weeks after planting 

--------------------------------------------------------------------------------------------------------------------------------------------------------------

Treatment 4 8 12 16 Mean

Pine-bark compost 1.0a 1.4a 2.8b 1.0a 1.5b

Super medium 1.0a 1.5a 2.1ab 1.0a 1.4ab

Pine sawdust 1.0a 1.0a 1.1a 1.0a 1.0a

Topsoil 3.6c 4.4c 3.7bc 1.1a 3.2d

Cattle manure 1.5b 2.8b 3.9c 1.4a 2.4c

Bagasse 1.0a 1.0a 1.4a 1.0a 1.1ab

Mean 1.5 2.0 2.5 1.1 1.8

LSD 0.22 0.67 0.93 0.31 0.51
(0.05)

Significance * * * NS -

Least significant difference; 1

*, Significant; NS, Not significant 

Numbers followed by the same letters in the same column are not significant at p > 0.05. 

(stem  diameter,  2.6  mm), Super medium (stem diameter, that one disadvantage of using animal manure as a
2.6 mm) and topsoil (stem diameter 2.3 mm) had growing medium is that such manure could be
significantly (p < 0.05) greater stem diameters than contaminated with weed seeds. Yenish et al. [24] reported
seedlings established on pine sawdust (2.0 mm), cattle that tillage practices, such as hand weeding, increase
manure (1.4 mm) and bagasse (1.8 mm). weed population by altering weed seed distribution in the

According to Anonymous [23], the root-collar soil profile. In this experiment weed population was found
diameter for longleaf pines should be at least 1.27 mm. to have increased every time after hand weeding was
Pinus patula is a long leaf pine; it implies that the root- done. Dimitrova et al. [25] reported that weed species,
collar diameter (in topsoil, 1.4 mm; pine-bark compost, 1.4 irrespective of density, reduced soil moisture content,
mm; and Super medium, 1.5 mm) for the seedlings were though the effects depended on the physiological
acceptable, since their stem diameters ranged from 1.4 to development of the crop and soil depth.
2.6 mm by the end of the experiment. 

Weed Density: Table 4 shows the trends in weed density, infestation and some identified weed species in topsoil at
at 4-16 WAP, in the different growing media. There was a 8 weeks after planting. Topsoil (Table 5) grew the largest
significant (p < 0.05) difference in weed density in the number of weed species (8 species), whereas bagasse had
growing media at 4-12 WAP, but there was no significant zero species of weeds at 8 WAP. The most abundant
difference at 16 WAP. weed species was Ageratum conyzoides (58.3% in pine

Topsoil had significantly (p < 0.05) higher weed bark and 25.0% in Super medium). The least abundant
density at 4 and 8 WAP (weed density score, 3.6 out of weed species was Cotula australis (2.4% in cattle
6.0),  than  other  growing  media  (weed density scores, manure). Pine-bark compost, topsoil and cattle manure
1.0-1.5). Pine sawdust had the least weed density (mean had the highest number of weed species (5 species each)
weed density score, 1.0 out of 6.0) at 12 WAP. Stem at 12 WAP (Table 6). Pine sawdust had the least number
diameter was negatively, but not significantly correlated of weed species (1 species).
(- 0.289; R  = 0.084; n = 24) to weed density, indicating The most abundant weed species was2

from the coefficient of determination (0.0835), that 8.4% of Dactyloctenium aegyptium (100.0% in pine sawdust;
a reduction in stem diameter could be ascribed to weed 66.2% in bagasse; and 16.7% in Super medium). The least
density. abundant weed species was Bidens pilosa (7.5% in cattle

The prevalence of weeds in topsoil and cattle manure manure). At 16 WAP, topsoil had the highest number of
media could have been a result of these growing media weed species (3 species), as shown in Table 7. Super
being contaminated with weed seeds from the sources medium and bagasse had the least number of weed
where the media were obtained. Ingram et al. [12] reported species  (one  species  each).  The  most   abundant  weed

Weed Species Distribution: Figure 1 shows the weed
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Fig. 1: Weed identified weed species in topsoil at 8 weeks after planting

species at 16 WAP was Conyza albida (66.7% in pine- Soil  Properties:    As    shown    in   Table    8,   topsoil
bark compost, 100.0% in Super medium, 50.0% in topsoil had  a  higher  calcium  (0.03-0.45  kg/ha),  magnesium
and 61.9% in cattle manure). The least abundant weed (0.26-2.1 kg/ha) and phosphorus (0.07-0.08 kg/ha)
species was Cyperus esculentus (4.8% in cattle manure). contents compared to other growing media, before and

Three of the weed species (Amaranthus hybridus, after being used in the experiment. Cattle manure was the
Bidens pilosa and Oxalis latifolia) encountered, are growing media that had the highest concentration of
edible species in Swaziland. There were no exotic weed magnesium (2.12 kg/ha) compared to other growing media
species observed in this experiment, these are in before being used in the experiment. 
agreement with those obtained by Ossom [26] that The pH was acidic in the different growing media
showed no exotic weeds around the Malkerns and before (pH 4.0 to 5.0) and after using the growing media
Luyengo corridor where the experiment was performed. (pH 3.5 to 4.5), except in cattle manure, where pH was
Weed species shifts [27] and losses in crop yields as a close to alkaline (pH 6.4, down to 6.2, at end of the
result of increased weed densities [28] have been cited as experiment). According to Ingram et al. [12], the
major reasons why conservation tillage systems have not recommended pH for a growth medium should be between
received widespread adoption. Stahl et al. [29] suggested 5.0  and  6.5. However,  the  slightly  acidic pH observed
that a shift in tillage system causes changes in weed in this experiment did not adversely affect the growth of
seedling microsites and thus affects the weed community the pine seedlings, since pines are able to grow under
composition. slightly acidic conditions. The maintenance of pH at close
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Table 5: Effects of different growing media on the relative abundance (%) and diversity of weed species distribution at 8 weeks after planting
Growing media and weed relative abundance (%)1

Common ------------------------------------------------------------------------------------------------------------------------------
Weed species name of weed Pine-bark compost Super medium Pine sawdust Topsoil Cattle manure Bagasse
Ageratum conyzoides Invading ageratum 58.3 25.0 0.0 0.0 0.0 0.0
Amaranthus hybridus (L.) Pigweed 0.0 0.0 0.0 2.5 7.8 0.0
Amaranthus spinosus (L.) Thorny pigweed 0.0 0.0 0.0 0.0 4.4 0.0
Brachiaria eruciformis
(Sibth. and Smith.) Griseb. Sweet signal-grass 16.7 0.0 0.0 0.0 28 0.0
Chrysanthemum segetum (L.) Corn chrysanthemum 0.0 0.0 0.0 48.5 0.0 0.0
Conyza albida Tall fleabane 16.7 2.5 0.0 10.0 8.1 0.0

Cotula australis Brassbuttons 0.0 0.0 0.0 0.0 2.4 0.0
Cyperus esculentus (L.) Yellow nutgrass 0.0 0.0 0.0 5.0 21.5 0.0
Dactyloctenium
aegyptium (L.) Wild. Crowsfoot grass 0.0 47.5 0.0 0.0 19.5 0.0
Daturo ferox (L.) Large thorn apple 0.0 0.0 0.0 9.5 0.0 0.0
Hibiscus trionum (L.) Bladderweed 0.0 0.0 0.0 4.5 0.0 0.0
Inula graveolens (Desf.) Cape khakhiweed 0.0 2.5 0.0 0.0 0.0 0.0
Modiola
caraliniana (L.) G. Don. Red-flowered mallow 8.3 0.0 0.0 2.5 0.0 0.0
Nicandra physalodes Apple of Peru 0.0 0.0 0.0 7.5 0.0 0.0
Oxalis corniculata (L.) Creeping sorrel 0.0 0.0 0.0 10.0 0.0 0.0
Phalaris minor (Retz.) Lesser canarygrass 0.0 0.0 0.0 0.0 8.1 0.0
Weed score NA 1.4 1.5 1.0 4.4 2.8 1.0
Because of rounding up of figures, totals of relative abundance may not equal 100.0%.1

Weed score mean, 2.0; Least significant difference (p < 0.05) = 0.99;
NA, Not applicable. 

Table 6: Effects of different growing media on the relative abundance (%) and diversity of weed species distribution at 12 weeks after planting
Growing media and weed relative abundance (%)1

Common -----------------------------------------------------------------------------------------------------------------------------
Weed species name of weed Pine-bark compost Super medium Pine sawdust Topsoil Cattle manure Bagasse
Ageratum conyzoides Invading ageratum 11.3 66.7 0.0 0.0 0.0 0.0
Amaranthus hybridus Pigweed 25.0 0.0 0.0 16.3 0.0
Bidens biternata Blackjack 0.0 0.0 0.0 0.0 7.5 0.0
Bracharia eruciformis Sweet signal-grass 25.0 0.0 0.0 0.0 0.0 0.0
Conyza albida Tall fleabane 0.0 0.0 0.0 0.0 0.0 11.3
Cynodon dactylon (L.) Pers. Common quick grass 0.0 0.0 0.0 0.0 30.0 0.0
Cyperus esculentus Yellow nutgrass 0.0 0.0 0.0 25.0 0.0 0.0
Dactylectenium aegyptium Crowsfoot grass 0.0 16.7 100.0 0.0 21.3 66.7
Echinochloa crus-galli
(L.) Beauv. Barnyard grass 0.0 0.0 0.0 25.0 0.0 0.0
Euphorbia gerniculata Painted euphorbia 25.0 0.0 0.0 6.3 0.0 0.0
Galinsoga parviflora Gallant soldier 0.0 16.7 0.0 0.0 0.0 0.0
Modiola caraliniana Red-flowered mallow 13.8 0.0 0.0 0.0 0.0 0.0
Oxalis corniculata (L.) Creeping sorrel 0.0 0.0 0.0 31.3 0.0 22.0
Phalaris minor Lesser canarygrass 0.0 0.0 0.0 0.0 25.0 0.0
Setaria homonyma Fan-leaf timothy 0.0 0.0 0.0 12.5 0.0 0.0
Weed score NA 2.8 2.1 1.1 3.7 3.9 1.4
Because of rounding up of figures, totals of relative abundance may not equal 100.0%.Weed score mean, 2.4; 1

Least significant difference (p < 0.05) = 0.99; NA, Not applicable. 

Table 7: Effects of different growing media on the relative abundance (%) and diversity of weed species distribution at 16 weeks after planting
Growing media and weed relative abundance (%)1

Common -----------------------------------------------------------------------------------------------------------------------------
Weed species name of weed Pine-bark compost Super medium Pine sawdust Topsoil Cattle manure Bagasse
Bidens pilosa (L.) Blackjack 0.0 0.0 0.0 0.0 0.0 100.0
Conyza albida Tall fleabane 66.7 100.0 0.0 50.0 61.9 0.0
Cyperus esculentus (L.) Yellow nutgrass 0.0 0.0 0.0 0.0 4.8 0.0
Datura ferox (L.) Large thorn apple 0.0 0.0 0.0 25.0 0.0 0.0
Oxalis latifolia (H.B.K.) Garden sorrel 33.3 0.0 0.0 25.0 33.3 0.0
Weed score NA 1.0 1.0 1.0 1.1 1.4 1.0
Because of rounding up of figures, totals of relative abundance may not equal 100.0%.1

Weed score mean, 1.1; Least significant difference (p < 0.05) = 0.99;
NA, Not applicable.
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to alkali level was observed in cattle manure and probably 6. Handreck,   K.A.    and    N.D.    Black,   1994.
because cattle manure is known to have a high buffering
capacity. Whalen et al. [30] reported that cattle manure
has a good buffering capacity due to the bicarbonates
and organic acids that cattle manure produces as it
decomposes.

CONCLUSION AND RECOMMENDATIONS

It is concluded that Super medium is a more useful
alternative to pine-bark compost. Raising pine seedlings
in cattle manure is not advisable because cattle manure
had poor seedlings compared to all other growing media.
Topsoil was disadvantageous, as it allowed the sprouting
of several weed species. It is recommended that pine
seedlings be grown in Super medium. 

ACKNOWLEDGEMENT

The authors are grateful to Crop Production
Department, University of Swaziland, for providing field
and laboratory facilities for this investigation. We are also
grateful to Ms. N. Mmema, Nursery Manager, SAPPI
Usuthu, Swaziland, for her invaluable contribution during
the investigation.

ACKNOWLEDGEMENT

The authors sincerely thank Crop Production
Department, University of Swaziland, for providing field
and laboratory facilities for this investigation. Ms. N.
Mmema, Nursery Manager, SAPPI Usuthu, Swaziland, is
also thanked for her invaluable contribution to the
investigation.

REFERENCES

1. Anonymous, 2010a. True pine. http://www.
thefreedictionary.com/true+pine. 06/06/10.

2. Ministry of Education, 1977. Forestry. Oxford
University Press, Cape Town, South Africa. 

3. Anonymous,    2010b.      The       peat    moss
industry. http://www.sungro.com/ about_industry.
php.13/01/10.

4. Anonymous, 2009. Swaziland business yearbook.
Agriculture. Christina Forsyth  Thompson,
Mbabane, Swaziland.

5. Laing, M., 2010. Growing media. The 5th International
Clivia Conference Cape Town, South Africa, 21  andst

22 September 2010. http://www. cliviasociety.nd

org/index.htm. 06/06/10.

Growing media for ornamental plants and turf.
University  of   New    South    Wales   Press,
Sydney, Australia.

7. Answers Corporation, 2010. Bagasse. [http://www.
answers.com/topic/bagasse. 06/06/10.

8. Ossom, E.M., R.L. Rhykerd and C. Tfwala, 2009.
Influence of filter cake on agronomic characteritics of
cassava (Manihot esculenta Crantz) in Swaziland.
World J. Agric. Sci., 5(2): 228-236.

9. Ossom, E.M. and R.L. Rhykerd, 2007. Response of
Ipomoea batatas (L.) Lam. to soil fertilization with
filter  cake.   Trans.   Illinois   State    Acad.   Sci.,
100(3 and 4): 197-208.

10. Ossom, E.M. and M.H. Nxumalo, 2006. Effects of filter
cake on agronomic characteristics and yield of maize
(Zea mays L.)  in   Swaziland.   UNISWA. J.  Agric.,
14: 81-89.

11. Anonymous, 2010c. How to successfully choose
growing media. http://www.smart-fertilizer.com/
index2. php?id=82 and lang=ENG. 13/01/10.

12. Ingram,   D.L.,    R.N.   Henley   and   T.H.  Yeager,
2008.  Growing  media  for  container  grown
ornamental plants. http://edis.ifas.ufl.edu/CN004.
16/04/09.

13. Murdoch, G., 1972. Soils and land capability in
Swaziland. Swaziland, Ministry of Agriculture and
Cooperatives, Mbabane, Swaziland.

14. Ossom, E., B. Lupupa, S. Mhlongo and L. Khumalo,
2007. Implications of weed control methods on
Sandanezwe (Chromolaena odorata) in Swaziland.
World J. Agric. Sci., 3(6): 704-713.

15. Ossom, E.M., 2010. Effects of filter cake fertilization
on weed infestation, disease incidence and tuber
yield of cassava (Manihot esculenta) in Swaziland.
Inter J. Agric. Bio., 12: 45-50.

16. Edje, O.T. and E.M. Ossom, 2009. Crop Science
Handbook, Blue Moon Publishers, Manzini,
Swaziland.

17. Association of Official  Analytical  Chemists,
AOAC., 1990. Official    Methods     of     Analysis,
15  edn. Arlington, Virginia, U.S.A.th

18. Nissen, O., 1983. MSTAT-C: A micro-computer
program for the design, management and analysis of
agronomic research experiments. Michigan State
University, East Lansing, U.S.A.

19. Steel,   R.G.D.,    J.H.    Torrie   and   D.A.  Dickey,
1997.   Principles    and    Procedures    of   statistics:
A   biometric    approach.   3    edn.  McGraw-Hill,rd

New York, USA.



World J. Agric. Sci., 6 (6): 652-659, 2010

659

20. Agricultural and Biosystems Engineering 26. Ossom, E.M., 2010. Effects of filter cake fertilization
Department, 2010. Unpublished Meteorological data on weed infestation, disease incidence and tuber
2010. Faculty of Agriculture, University of Swaziland, yield of cassava (Manihot esculenta) in Swaziland.
Luyengo Campus, Luyengo, Swaziland. Int. J. Agri. Biol., 12:45-50.

21. Anonymous, 2010d. Environmental factors affecting 27. Buhler, D.D. and T.C. Mester, 1991. Effect of tillage
growth: light, temperature, water, nutrition. systems   on  the  emergence  depth  of  giant
http://extension.oregonstate.edu/mg/botany/heat.h (Setaria faberi) and green foxtail (Setaria viridis).
tml. 07/05/10. Weed Sci., 39: 200-203. 

22. Price, J., 2009. Farmers warned to get ready as climate 28. Blackshaw,   R.E.,   F.O.   Larney,   C.W.  Lindwall
change threatens crops. http://www. physorg. com/ and G.C. Kozub, 1994. Crop rotation and tillage
news171551227.html. 09/09/09. effects on weed populations on the semi-arid

23. Anonymous, 2009. Planting Southern Pines: A guide Canadian Prairies. Weed Technol., 8: 231-237.
to species selection and planting techniques. 29. Stahl, L.A.B., G.A. Johnson, D.L. Wyse, D.D. Buhler
http://msucares.com/pubs/publications/p1776.htm. and J.L. Gun-solus, 1999. Effect of tillage on timing of
07/10/10. Setaria  spp.  emergence  and  growth.  Weed  Sci.,

24. Yenish,  J.P.,  J.D.  Doll  and  D.D. Buhler, 1992. 47: 563-570.
Effects of tillage on vertical distribution and viability 30. Whalen, J.K.,   C.   Chang,   G.W.   Clayton    and
of weed seed in Soil. Weed Sci., 40(3): 429-433. T.P. Carefoot, 2000. Cattle manure as an amendment

25. Dimitrova, M., R. Popova, D. Dimova and E. Laleva, can increase the pH of acid soils. Soil Sci. Society
2006. Moisture in different soil layers depending on America J., 64: 692-966.
weed density in Cotton. J. Central European Agric.,
7(4): 719-722.


