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Abstract: This study evaluates the suitability of pine bark /lawn clippings /human urine based compost as
substrates for vegetable transplants. Seven growing mediums tested include; five pine bark/lawn clippings/
human urine based compost, a commercial pine bark compost and hygromix (Peat + Polysterene) as the control.
The growing mediums were filled into cavity trays, sown with cabbage seeds and arranged in a climate
controlled screen house for four weeks. Cabbage seed germination, biomass production and nutrient contents
were measured. Germination percentage ranged between 81-98% among unfertilized medium and 72 - 97% among
the fertilized medium. Fertilizer application had slight (3.7%) depressive effects on seed germination while Shoot
biomass was significantly (P<0.01) improved by mediums and fertilizer application. Uptake of N and K  were
significantly  (P<0.01)  enhanced  by  fertilizer application, yielding more vigorous transplants, while P uptake
was slightly depressed. The interaction of growing mediums and fertilizer application was significant (P< 0.01),
suggesting that the growing mediums released their nutrient content for plant use and biomass production. Pine
bark/ lawn clipping based growing medium yielded more vigorous transplants compared to the commercially
composted pine bark medium. While growing mediums with human urine as supplementary source of N had
comparable performance with the commercial hygromix mediums in seedlings germination, nutrient uptake and
transplant vigor.
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INTRODUCTION after its evaluation for basic growing medium quality

Vegetable  transplants  are preferred planting water holding capacity, pH and EC. Despite the multiple
materials for proper establishment of high valued advantages of this material, its nutrient content prior to
vegetable crops in South Africa. Sustainable production and after composting remains a limitation to its economic
of these transplants is vital to the sustenance of the use. The C: N ratio of fresh pine bark ranged from 200-400
South African vegetable industry valued at R 850 million. [5], which makes its composting difficult except with the
Conventionally,  transplants  are  grown  in  soilless addition of supplementary N from other organic or
medium  made  from  peat  moss,  vermiculite  and  perlite inorganic sources. This will reduce the materials C:N ratio
[1].  These  materials  are  non-renewable in nature and to a level where composting could commence rapidly.
their  continuous  supply  is  threatened.  For  instance, During composting however, it has been reported that up
the continuous harvest of peat moss for horticultural to 50% of the nutrient content of the initial materials
purposes has generated considerable environmental especially N could be lost due to ammonia volatilization
concern with pressure from environmental groups for a [6]. Thus the final composted material, used as growing
ban on its use [2] Consequently the need for a more medium may require fertigation in order to supply the
sustainable alternative to peat moss based growing seedling with the required nutrients. Commercial
mediums is imperative. composting of pine bark do require about three kilogram

In South Africa, composted pine bark is principally of urea fertilizer per cubic meter to supply the required N
used as growing medium for horticultural and forestry for composting to commence (Rance Timber, 2005 Pers
seedlings   [3].   This   is   attributed   to   its  availability Comm). This is responsible for the high cost of the final
and  quality  characteristics.  Mphaphuli  et  al. [4], pine bark growing medium. The cost of growing medium
reported  the  suitability  of pine bark growing medium has been identified to account for more than 50% of the

characteristics, such as particle size, air filled porosity,
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variable cost in horticultural seedling nursery business,
while the total variable cost is further increased by the
need to fortify the available media with nutrients by
fertigation.

Efforts at developing a more suitable growing
medium from pine bark at the University of Fort Hare
(UFH) has involved its co-composting with locally
available organic waste materials, such as Kraal manure.
Results suggested that composted pine bark /kraal
manure medium is more suitable for production of
vegetable transplant [7]. Further effort at pine bark
medium improvement, was focused on increasing the N
content of the composting mixture with application of
other  organic  wastes  as  lawn  clippings  and  human
urine. Other focus was to reduce the N losses during
composting by trapping the volatilized ammonia with an
addition of P and Mg to precipitate struvite (MgNH PO .4 4

6H O). Struvite has been reported to have high fertilizer2

value due to its ability to release its nutrient content
slowly on contact with water [8, 9]. Five growing mediums
were developed in the previous study, with pine bark and
lawn clippings as base materials. The initial C: N ratios of
the composting mixtures were stepped down with addition
of urea fertilizer, human urine and more lawn clippings as
sources of N in separate treatments.

This paper reports a study aimed at evaluating the
suitability of the five “enriched pine bark compost” as
growing mediums for horticultural purposes. 

MATERIALS AND METHODS

Seven  growing  mediums tested in this study
include,  two  commercial  growing media  viz.,  Hygromix,
a commercial medium made of Peat moss + polystyrene
particles (M1) and Envirogrow, an 18 months composted
pine  bark  with  urea  fertilizer (M2). The other five were,
12 weeks composted pine bark based growing mediums
developed at the University of Fort Hare, Alice South
Africa. They include, composted Pine bark + Lawn
clippings(M3); Pine bark +Lawn clippings + Urea
fertilizer(M4); Pine bark + Lawn clippings + Human Urine
(M5); Pine bark + Lawn clippings + Human urine + MgO
+ SSP (M6); Lawn clippings + Human urine + MgO + Rock
phosphate (M6).

The trial was a 7 X 2 factorial experiment laid out in
split plot design with four replicates. The growing
mediums constitute the sub plot factor at seven levels
while  fertilizer  application  was  the  main  plot  factor at
two  levels (applied and not applied). The green house
was equipped  with  a  climate  control  facilities,   a   wet
wall  for  humidity  control  and  four  heaters  with  fan for

Table 1: Application rate of controlled release fertilizer (Horticote) used
in the experiment

No of Mass of fertilizer applied per cavity N P K
fertilizer -------------------------------------------------------------------------------------
granules mg

5 267 50.46 7.21 14.42

temperature control. The temperature was maintained at
26°C with an automatic regulator. The growing mediums
were filled into a 24 cavity polystyrene seedlings trays of
30 ml cavity volume, each tray constituted an experimental
unit. The trays are arranged on two 150 X 300 metal
benches, each constituted a split of the plot with four
replicates. Two seed of Cabbage (Brassica oleracea L)
var. Drum head was planted in each cavity and watered
daily. Prior to planting, five grains of 70 days controlled
release Horticote 7.1.2 (27) fertilizer was placed in each
cavity of the fertilizer treated units (Table 1).

The germination percentage from each experimental
unit was determined 10 days after planting. The
experiment was terminated four weeks after planting. All
the plants were harvested to determine the dry shoot and
root biomass. The shoots were separated from the root
using surgical blade and samples were oven dried at 65°C
for 72 hours. Samples of the spent growing mediums were
oven dried at 65°C.

The dried samples were grounded to pass through
1mm sieve in a hammer mill and the materials were
digested for chemical analysis. Phosphorus was measured
in the digest, using the molybdate blue method without
pH adjustment [10] and potassium was determined in an
aliquot of the sample by atomic absorption spectrometry.
Total N and C were measured using a Truspec CN Carbon
/ Nitrogen Determinator (LECO Instruction Manual, 2003).
Total polyphenol content of the compost materials was
determined in 50% methanol extract, after color
development with Folin Denin solution and sodium
carbonate. Electrical conductivity (EC) and pH (1:10) was
determined in water extract [10].

All data set were subjected to analysis of variance
using SAS (V8), Mean were separated using Duncan
multiple range test. Correlation analysis was also carried
out using SAS [11]. The relative effects of fertilizer
treatment was calculated by

% relative effect = [(a- b)/ a ] x 100

Where
a = Value for unfertilized plot
b = Value for the fertilized plot
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RESULTS following  variables;  shoot biomass (R= 0.561, P<0.01),

Properties of the Growing Medium: Some physico- N content (R= 0.440 P< 0.05) (Table 5). Total K ranged
chemical characteristics of the growing medium used in between   0.202   -   0.653%,   total  P  ranged  between
this  study  are  presented  in  Table 2. The pH ranged 0.063 - 0.410%, while higher P values were observed with
from 4.0 - 6.4, EC ranged between 0.610 - 7.82 ms cm , GM6 and GM7. The total polyphenol content of the1

GM6 had the highest salinity level which doubled the EC growing mediums ranged between 0.08 - 0.78% with the
values of other growing mediums. The C/N ratio for most exception  of  GM2 with an unusually higher value of 14.7.
of  the  growing medium ranged between 27 - 30, except The percentage total polyphenol in the growing mediums
for GM2 with a higher C/N ratio of 129. There was a correlated significantly (R= -0.727, P<0.01) with the shoot
significant negative (R= -0.727 P<0.01) correlation biomass and the N content (R = -0.635, P<0.01) of cabbage
between  the  mediums  C/N ratio and shoot biomass tissues (Table 5).
(Table 5). Total  N  content of the medium ranged from
0.72 - 1.08 %. The five pine bark /lawn clippings based Effects of Growing Medium on Germination and Growth
growing medium (GM3 -GM7) had higher total N content of Cabbage Seedling: The germination percentage, dry
compared with commercial pine bark (GM2) and the shoot and root biomass of cabbage seedlings are
hygromix (GM1). There is significant positive correlation presented in Table 3. Mean germination percentage
between the  initial  growing  medium  N content  and  the ranged  between 81-98% among unfertilized  medium and

the  total biomass (R = 0.544 P<0.01) and cabbage tissue

Table 2: Essential Physico-chemical characteristics of the growing medium used in the experiment
Treatment GM1 GM 2 GM 3 GM 4 GM 5 GM 6 GM 7
Particle size (mm) 2-3 2-3 2-3 2-3 2-3 2-3 2-3
Polyphenol (%) 0.08 14.7 0.44 0.46 0.78 0.76 0.43
pH(H O) 6.3 4.0 5.1 4.4 4.5 5.3 6.42

EC (mS cm ) 307 61.0 361 351 364 782 3541

Total N (%) 0.717 0.350 0.907 1.075 0.951 0.848 0.956
Total C (%) 21.4 45.3 27 34.8 28.6 22.6 27.6
C:N 30 129 30 32 30 27 29
Total P (%) 0.244 0.063 0.101 0.119 0.101 0.410 0.396
Total K (%) 0.295 0.260 1.237 0.202 0.543 0.653 0.580
Note: GM 1: Commercial Peat Moss., GM2: Commercial Pine bark media., GM3: Pine bark + Lawn clippings., GM4: Pine Bark+ Lawn Clippings + Urea
fertilizer.,  GM5:  Pine  Bark+  Lawn  Clippings  +  Urine.,  GM6:  Pine  Bark+  Lawn  Clippings  +Urine  +  MgO  + single super phosphate fertilizer.,
GM7: Pine Bark+ Lawn Clippings + Urine + MgO + Rock Phosphate

Table 3: Germination percentage, dry root mass, dry shoot mass and total biomass of cabbage as influenced by growing medium and fertilizer application
Germination Percentage Shoot Biomass (mg/plant) Root Biomass(mg/plant) Total biomass

Growing medium ----------------------------------------- -------------------------------------------- ----------------------------------------- ---------------------------------------------
(mg/plant) No Fertilizer Fertilizer Mean No Fertilizer Fertilizer Mean No Fertilizer Fertilizer Mean No Fertilizer Fertilizer Mean
GM1 97 95a 96a 116.3a 124.7a 120.4a 45.8 32.2 38.8 161.7a 156.7a 159.2a
GM2 98 97a 97a 16.3c 56.0d 36.3d 6.3 11.9 9.2 22.5c 67.5c 45.4b
GM3 92 84a 88a 64.2b 93.5c 78.8cd 47.5 31.5 39.6 111.7ab 125.0ab 118.3b
GM4 88 85a 86ab 70.0b 104.9ab 87.5b 43.3 29.1 36.3 113.3ab 133.8ab 123.8b
GM5 98 95a 96a 62.9b 116.0ab 89.6b 49.2 33.8 41.3 112.1ab 150.0ab 130.8ab
GM6 90 86a 88a 62.9b 100.8bc 82.1cb 38.8 20.6 29.6 100.8b 121.3ab 111.7b
GM7 81 72b 77b 51.7b 96.9bc 74.2cb 49.6 19.4 34.6 101.3b 116.3b 108.8b

ns *** *** *** *** *** ns ns ns *** *** ***
Fertilizer Effect
Mean 91.9 87.7 63.3 140.4 40.0 25.4 103.3 123.8
LSD(P<0.05) Ns 7.1 12.9 0.37
Relative fertilizer
Effect (%) -3.7 122.3 -36.3 19.84
Medium x Fertilizer  **  **  Ns  ***
CV  10.62  16.2  72.4  24.7
Ns = difference in means not significant at (P< 0.05)
*** = Means in the column are significantly different at (P< 0.01)
** = Means in the column are significantly different at (P< 0.05)
Means in the same column with same alphabet are not significantly different from each other.
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Table 4: Effect of growing medium and fertilizer application on tissue N, P and K (g kg ) of cabbage seedlings1

N P K
----------------------------------------------- ---------------------------------------------------- --------------------------------------------------

Growing medium No Fertilizer Fertilizer Mean No Fertilizer Fertilizer Mean No Fertilizer Fertilizer Mean

GM1 51.3a 65.8bc 58.6 2.2a 1.7 2.0 34.3b 37.6 35.9
GM2 16.2c 73.2a 63.6 1.6c 1.7 1.7 23.5c 42.0 32.7
GM3 24.9b 60.1d 42.5 2.0ab 1.7 1.9 47.1a 51.4 49.3
GM4 26.1b 69.2ab 47.6 2.1ab 1.8 1.9 46.6a 48.9 47.8
GM5 20.9bc 65.5bc 43.2 2.0ab 1.8 1.9 47.3a 43.4 45.4
GM6 20.2bc 57.8d 39.0 2.0ab 1.9 1.9 52.3a 53.6 52.9
GM7 26.0b 61.8dc 43.9 1.8bc 1.6 1.7 50.8a 46.9 48.9

*** *** *** *** ns ** *** ns ***

Fertilizer Effect
Mean 26.8 64.8 1.98 1.74 4.312 4.625
Level of sig. *** *** NS
Relative fertilizer
Effect (%) 141.8 -12.1 7.3
Medium x Fertilizer *** ns **
CV 8.40 10.24 14.63

Ns = difference in means not significant at (P< 0.05)
*** = Means in the column are significantly different at (P< 0.01)
** = Means in the column are significantly different at (P< 0.05)
Means in the same column with same alphabet are not significantly different from each other.

Table 5: Correlation coefficient of the relationship between some growing
medium quality characteristics and cabbage seedlings shoot
biomass, total biomass and tissue N content

Media quality variable Total biomass Shoot biomass Tissue N
Initial N 0.544 *** 0.561 *** 0.440 **
Initial P 0.144 ns 0.256 ns 0.613 ***
Initial k 0.060 ns 0.002 ns 0.663 ***
pH 0.400 *** 0.500 *** - 0.502 ***
EC 0.300 ns 0.400 ** - 0.725 ***
Polyphenol -0.689 *** -0.730 *** 0.609 ***
C:N ratio - 0.681 *** - 0.727 *** 0.635 ***

72 -95% in the fertilized medium. The growing medium
significantly (P<0.01) affected the percentage seed
germination, while the application of fertilizer had 3.7%
depressive effect on the germination of cabbage seeds
relative to the unfertilized trays.

After shoot emergence, cabbage seedlings were
differently affected by the treatment factors. Shoot
biomass was affected by the growing medium, the fertilizer
factor and their interaction (P<0.01). Root biomass was
significantly (P<0.05) higher in the unfertilized compared
with the fertilized trays (Table 3). The relative effect of
fertilizer  application was 122.3% increase in shoot
biomass  compared  with  unfertilized trays. The
interaction of growing medium and fertilizer application
had significant (P<0.01)   positive  effects  on the  shoot
and  total biomass. GM1 had the highest shoot biomass

yield of 120.4 mg/plant which was 70%, 35%, 27%, 26%,
32% and 38% higher than GM2, GM3, GM4, GM5, GM6
and GM7 respectively. The shoot biomass of cabbage
seedlings from the five UFH composted pine bark/lawn
clippings growing mediums viz., GM3, GM4, GM5, GM6
and GM7 are not significantly different from each other,
when fertilized and without fertilizer application.

Effects  of  Growing  Medium  and  Fertilizer  Application
on  Tissue  N,  P  and  K  Content  of Cabbage  Seedling:
The tissues N content was significantly (P<0.01) affected
by the growing mediums, the fertilizer treatments and their
interaction (Table 4). Without fertilizer application, GM1
resulted in cabbage seedlings with the highest tissue N
content (51.3 g kg ) and it was significantly different1

from other growing mediums. The five composted pine
bark/ lawn clippings based mediums had reduced tissue
N (20.2 - 26.1 g kg ). Application of slow release fertilizer1

resulted in 144.8% increase in tissue N concentration
(Table 4). Tissue P concentration were significantly
(P<0.01)  affected  by  fertilizer  treatment.  Higher  tissue
P values were observed in trays without fertilizer
application. The growing mediums resulted in
significantly different (P<0.01) tissue P content without
fertilizer application. Least P value were observed in GM2
(1.6 g kg ) and the highest value in GM1 (2.2 g kg )1 1

which  was  not  significantly  different  from GM3 - GM6.
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The  tissue  K  content  followed  the  same  pattern  as P, will be considered unsuitable for vegetable transplant [4].
except for the observed significant (p<0.05) interaction The observed slight reduction in percentage germination,
between fertilizer and media treatments. when slow release fertilizer was applied indicated that pre-

DISCUSSION not contribute positively to germination of the seeds.

The suitability of a horticultural growing medium after seed germination.
depends on the intrinsic physical and chemical qualities Biomass production is a major quality index for
of the medium, such as pH, EC, CEC, C/N ratio, horticultural  transplants  [19].  The   observed  increase
polyphenol and the basic nutrient content [12]. The C/N in biomass due to fertilizer application indicated that
ratios of the growing mediums evaluated in this study biomass could increase beyond the level that was
were within the acceptable optimum range of 12 - 32, supported by the unfertilized medium. Although,
reported to be suitable for horticultural purposes [13]. excessive vegetative growth in young seedling is
Higher ratio as observed in GM2 could lead to net undesirable for vegetable transplant; because such
immobilization of N [14] and may require higher quantity seedlings may not have sufficient stem firmness to
of  supplementary  N to effectively support early growth withstand the initial transplanting stress on the field. The
of vegetable seedlings. The observed pH range of the extremely low biomass produced by the unfertilized GM2
growing medium in this study is attributed to their could be attributed to the low initial N content, the
respective composting amendments, which modify their immobilization of the N due to high C:N ratio and the
final values. The lowest pH in GM2 and GM4, were due to highest total polyphenol content [20].
the use of urea fertilizer as the supplementary N source in The similarity in dry shoot biomass from the non
their composting [15]. Human urine in GM5 and the fertilized GM3 - GM7 mediums, could be due to the initial
addition of SSP and rock phosphate in GM6 and GM7 N content of the medium which correlated positively with
were responsible for the observed higher pH. The optimal shoot biomass. The superior performance of the mediums
pH range of 5.5 - 6.5 required for horticultural growing GM3  -  GM7  compared to the GM2, clearly showed that
medium [16] was higher than the values obtained in GM2, co-composting pine bark with organic materials with high
GM4 and GM5. The EC of the growing mediums could be N content gives a better growing medium. Similar effect
attributed to the original constituent for their composting. was reported by Mupondi [7] to be due to improved CEC
The  highest  EC of GM6 beyond the optimum range of and enhanced micronutrient content. The comparable
200 - 350 mS m reported for horticultural growing medium performance of growing mediums that was made from-1

[17] could be attributed to the release of salt from the composted pine bark + human urine viz., GM5, GM6 and
MgO and SSP used in its composting [14]. Polyphenol medium from composted pine bark + urea fertilizer;
content of most growing mediums were within the 2% showed the possibility of converting the nutrients in
threshold  [15]  beyond  which  phytoxicity may occur. human urine into useful product for agricultural uses.
The highest polyphenol content in GM2 may be due to Although the acceptance of nutrient based in human
non-uniform composting, which is a characteristic of huge urine for food crop production may not be achievable
compost stack often used in commercial composting soonest, yet its use in tree crops, fiber crops and other
system. Polyphenol is known to break down during forestry species hold a potential for close loop nutrient
composting process and could easily be leached due to recycling in the ecosystem.
its solubility in water. However, its high content in
growing medium has been reported to hinder the release Effects of Growing Medium on Tissue N, P and K Content
of N for plant use [18]. of Cabbage Seedlings: The increase in tissue N

Effects of Growing Medium on Germination and Growth with other reports [7, 4]. The significant interaction of
of Cabbage Seeds: The factors that could negatively mediums and fertilizer application on the tissue N
affect seedlings germination were optimal for the growing concentration,  suggested  that  the growing mediums
mediums in this study. Five of the mediums without also release their N content for plant nutrition. Thus,
fertilizer application had germination percentage higher supply  from  the  mineral  fertilizer is only supplementary
than the 90% threshold below which a growing medium for   N    nutrition    of    cabbage   seedlings.    Therefore,

planting application of nutrient in growing medium may

Consequently, fertilizer application will only be beneficial

concentration due to fertilizer application is consistent
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supplementation of N to reduce the high C/N ratio prior to amount used in commercial pine bark composting. Yet it
composting of the pine bark based growing medium has gives a richer growing medium with reduced cost. The
a crucial role to play in the N nutrition of vegetable human urine fortified composts viz., GM5, GM6 and GM7,
transplants  afterwards. Similarities in the tissue N of have good potentials for both small scale and commercial
GM3-GM7 is an indication that source differences for N production. The growing mediums will be best suited for
supplementation in pine bark composting, had no effect ornamental and forestry seedlings.
on the N nutrition of the plants grown on the medium.
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