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                                                                                                        Abstract
Winery waste compost (WWC) and NPK fertilizer were compared on the growth and yield of cabbage (Brassica oleracea var. capitata L.) in a sandy
soil at Western Cape Region, South Africa. The experimental design was set up in a Randomized Complete Block Design (RCBD) with four
treatments replicated  four times. At every two weeks interval, there was a progressive significant (p<0.05) yield increase of cabbage irrespective of
the fertilizer type. An analysis of the interaction between the treatment levels and harvest time revealed that NPK and 400% WWC significantly
(p<0.05) perform better at eight weeks after field transplant. The amounts of nutrients taken by the plant and chlorophyll content of cabbage were
affected by WWC and NPK. The results discussed the potential of WWC in the production of cabbage in the region.
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Introduction
Cabbage (Brassica oleracea var. capitata L.) is one of the oldest
domesticated vegetables which belongs to the plant family
Brassicaceae 30. The species is a herbaceous biennial with leaves
that form a compact head 16.
    Cabbages grow well on a wide range of soils from light sand to
heavy clay soils. Low soil fertility is one of the main factors
responsible for low productivity of vegetable crops. As reported
in the study of Boul et al. 5, sandy soils are generally regarded as
very fragile with respect to agricultural production due to their
very low nutrients and organic matter contents 35 . Soils with high
organic matter content give the best yields.
   For ideal growth of B. oleracea, the soil pH should be in the
range of 6.0-6.8. According to the study reported by Hasan and
Solaiman 16 cabbage responds to high nitrogen application while
phosphorus is required in moderate amount. In a different study,
as we can see in Moachah et al.25 works, phosphorus and
potassium are documented as critical elements during the
expansion of the outer leaves of cabbage and there is evidence
from early work that excessive application of agrochemicals may
increase pest problems 6.
   The demand for organically produced vegetables due to its health
and nutritional benefits is ever increasing (Arzefoni et al. 3).
Cabbage is consumed by humans in various delicacies and they
are also fed to livestock. Growth and yield of cabbage is remarkably
influenced by organic and inorganic nutrients 16. However, there is
increasing criticism on the use of inorganic fertilizer due to health
concerns and possible pollution of surface water due to runoff
(Abedi et al. 1, Islam et al. 19, Arzefoni et al.3) while increased
utilization of organic fertilizer if been favored due to their positive
effects on soil productivity as well as crop quality and yield 16.

   Composted organic material is applied to agricultural fields as
an amendment to provide nutrients and also to enhance the
organic matter content and improve the physical and chemical
properties of cultivated soils 28. Compost is a good source of
plant nutrients, and also of ‘food’ for endemic soil microbes,
encouraging them to multiply and perform their role in the soil
(Masarirambi et al. 23). As reported by Golabi et al. 14, land
application of composted material as a fertilizer source does not
only provide essential nutrients to plants, it also improves soil
quality and effectively disposes of wastes. In South Africa, wine
producers dump their winery wastes in landfills. The disposal of
winery solid waste without proper treatment may lead to soil, air
and water pollution 34. Composting of winery waste for use in
crop production is an alternative waste disposal technique to
landfill and incineration. More attention has to be given to
possible ways that will improve soil fertility and health without
causing detrimental effects on soil and water. Composts from
waste such as sewage sludge have been reported to improve soil
fertility and soil physical conditions 34. To the best of our
knowledge, winery waste compost has not been reported as the
source of fertilizer on cabbage production in the Western Cape
region. This report highlights the practical use of winery waste
compost in production of cabbage in South Africa. The objective
of the study is to evaluate and compare winery waste compost
with inorganic fertilizer on the growth and yield of cabbage on
sandy soil.

Materials and Methods
Experimental site: The study was conducted from April to
September 2014 at Agricultural Research Council (ARC)
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Experimental Farm, Bien Donné near Paarl in the Western Cape,
South Africa. The climate in this region is Mediterranean as it
receives most of its rainfall during winter, but hot and dry during
the summer season. Being in the valley bottom at about 134 meters
above sea level and at coordinates; Latitude 33.84274° S and
18.98425° E Longitude and 32 kilometers from the nearest seaboard,
this area has cool winter minimum temperatures of approximately
9-11.4 °C, but can have hot summer maximum temperatures of 28.2
°C without the effects of sea breezes. The rainfall average per year
(820mm) is mostly winter frontal type between May to October
from the west and south west with dry summers.

Experimental design: The experimental design was a randomized
complete block design (RCBD) with four treatments replicated
four times and a total of sixteen plots (4x4). Plot size was 3.20m x
3.30m (11m²) with a total of 176m² experimental field. Inter and
intra row spacing was one meter apart and border effects were
eliminated by taking samples from middle rows throughout the
studies.

Field preparation and fertilizer application: Land was prepared
by a tractor using a disc plough. Garden forks were used to
pulverize the soil to obtain a fine and even surface on the
experimental plots. Before planting, three soil samples were taken
from experimental blocks diagonally at 0-30 cm using an auger.
Thoroughly mixed and a representative soil sample was taken and
analyzed for routine analysis {N, P, K, Na, Ca, Mg and pH (KCl)}.
   Liming and fertilizer application rate were conducted following
guidelines outlined by the South African Department of
Agriculture, Fisheries and Forestry for vegetable production 11.
Before application, compost was analyzed for chemical
composition. Prior to planting, each compost treatment level was
applied to each plot (except for the control treatment where no
compost or inorganic fertilizer was applied and an inorganic fertilizer
was incorporated to a depth of 0-10 cm using a folk spade. After
fertilizer and compost application, the soil was irrigated to field
capacity.

Planting and trial management: Healthy and relatively uniform
(7-10 cm) sized seedlings of about 5-7 leaves were transplanted
on the 4th of April 2014 at a spacing of 50cm between plants and 70
between rows. The seedlings were uprooted carefully from the
seedlings trays to avoid any damage to the root system.
Transplanting was done early in the morning by hand and
thoroughly irrigated after.
   Four tension-meters of 0-30 cm (length) were installed (one on
each block) to guide irrigation schedule during the experiment.
Uniform irrigation schedule was followed at all plots to maintain
similar moisture condition throughout the trial. The emitter system
was used to irrigate three times in a week for 2 hrs. whilst the
plants were still young until the winter rainfall (May-October)
started. From May to September the trial received only rain as
source of irrigation. Weed control was done manually using lady
fork. A  registered pesticide (ALPHA-THRIN 100 SC), in a mixture
of 3ml ALPHA, 10ml sunlight liquid detergent and 25 L of water
was used to control insects and diseases every two weeks.

Data collection and harvest: After formation of cabbage head,
the head diameter was measured every Tuesday up to ten weeks

after transplanting using a Vanier caliper and the leaf chlorophyll
content was measured using the CCM-200 plus from OPTI-
SCIENCE, USA. Before transplanting, three soil samples were taken
from experimental block diagonally at 0-30cm using an auger.
Thoroughly mixed and a representative sample was drawn and
taken to laboratory (BEMLAB) for analysis. General soil properties
were measured using Inductively Coupled Plasma Optical Emission
Spectrometry (ICP-OES) from Analytical Science, London
following manufacturer’s instructions. The concentrations of major
elements (Na, K, Ca, and Mg) were determined using the ammonium
acetate extraction of soil samples. The following formula was used
to determine their concentration:

Ammonium acetate extractable cations =     a * 50  mg kg-1

                                                                5
Where a=the measured concentration in the extract. Data was
processed according to BWI/G04 document in ICP-OES.
    Soil samples were taken every second week throughout the
experiment. At six weeks after transplanting, soil and plants from
the borders were sampled from each treatment plot for nematodes
extractions and were taken to ARC-INFRUTEC (Stellenbosch)
laboratory. No major nematodes were found, only Crico’s and
Xiphinema were found in small numbers and declared not harmful
by Nematologist.
   Ten weeks after transplanting, marketable cabbage was harvested
for weighing and samples were collected for tissue analysis. Using
a platform digital scale FW-150 SA (China), three cabbage heads
were randomly sampled in the middle to avoid border effects and
fresh weight/marketable yield was measured as untrimmed head
weight and trimmed head weight. In South Africa, vegetables
hawkers prefer the head with some wrapped outer leaves while
chain stores require the head without wrapped leaves. After
harvesting, all 5 soil samples that were taken during the experiment
were dried at 70 °C for 24hrs then grinded to pass through a 0.84
mm sieve before being dispatched to laboratory for analysis.
Samples of 4 cabbages were selected from the center of each plot
and thoroughly washed in distilled water, chopped (trimmed head)
and oven dried at 70 °C for 24 hrs to determine dry weight, then
grinded to pass through a 0.84 mm sieve before being sent to
laboratory for analysis.
   Soil pH was measured using pH meter (CRISON/GLP 21), Spain.

Data analysis: Data were subjected to statistical analysis using
the SAS package. Where significant differences were observed,
means were separated by LSD at 5% level of probability (SAS,
2002-2008).

Results and Discussion
Mineral composition of winery waste compost (WWC) used in
the study: The analysis of the compost indicated that it was richer
in Potassium (6.57%) followed by Nitrogen (2.49%) and
Phosphorus (0.48%). The bulk density of compost before
application to the soil was 737.70 kg m-3 and the moisture content
was 61.70% with a pH of 10.3. The cleaning agents used in the
wine cellars where the winery wastes were collected was KOH.
The high K level of the compost could be due to high K in the
winery waste (Mosse et al. 26).
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Soil chemical properties before transplanting of cabbage: The
soil was slightly acidic with a pH of 5.9-6.1; suggesting low soil
nutrients with low organic matter and low capacity to store
nutrients 18. The exchangeable sodium (Na) and magnesium (Mg)
were lower than 0.2 cmol kg-1 critical levels considered to be
adequate for leafy vegetables except calcium (Ca) with the highest
of 4.062 cmol kg-1 on the top block of the experimental site, thus
indicating possible poor soil fertility.

Soil chemical properties after transplanting and application of
treatments: Results of the mineral analysis of the soil 2-8 weeks
after application of compost and inorganic fertilizer are presented
in Table 1. There was a significant (p<0.05) drop in soil pH over
time in the untreated control, indicative of a typical characteristics
of sandy soil. There was probably a continuous leach of base
forming minerals in the soil over time. The application of 400%
winery waste compost (WWC) significantly (p<0.05) raised soil
pH after six weeks compared with the control. Unlike the compost,
the application of inorganic fertilizers significantly (p<0.05)
depressed soil pH by 3.54%; indicating a positive effect of
compost in the alleviation of soil pH compared with mineral fertilizer.
In general, the results indicated increase in pH of the soil along
compost concentration gradient over time. Considering the high
pH (10.30) of the compost, the improvement in the pH of the soil at
eight weeks after application is not unexpected. This study
positively correlates with early findings where acidic soil was
corrected over time using compost from winery waste sources on
a few species (Bustamente et al. 7, Novoa-Munoz et al. 27).
   According to Okwuagwu et al. 29, improved soil fertility through
the application of fertilizers is an essential factor in increasing
world’s food security. As expected, the application of mineral
fertilizer showed significant (p<0.05) increase in soil P compared

with the other treatments during the second week (Table 1).
However, between week 4 and 6, WWC picked up significant
(p<0.05) speed above inorganic fertilizer, thus making P available
to the soil than NPK mineral fertilizer. In this study, P from WWC
source dipped by 12.4% between week 6 and 8; indicating a possible
leaching, fixation in soil or uptake by the test crop. Generally, the
result showed significant (p<0.05) increase in P availability along
concentration gradient from week 4 to 8 as affected by WWC
application. Bustamente et al. 8 in a study on application of winery
and distillery waste composts reported that high soil P
concentration might be due to the use of grape stalk; a waste
characterized by a high content of phenolic compounds especially
tannins which improve P availability by interacting with metal
oxides. Similar results were reported by Civeira 9. This finding
reported that municipal solid waste compost effectively supply P
to soil as P concentration increase with increasing application
rates.
    In the present study, the results indicated a significant (p<0.05)
drop in soil K content by 21% over time on amended soil with
inorganic fertilizer treatment. Among soil types, K deficiency
occurs more often in sandy soil than in clayey soils 17. The decrease
of soil K in the treatment subjected to inorganic fertilizer might be
due to low amount of organic matter and thus high rate of leaching.
Potassium is generally a highly mobile mineral in the soil and the
combination of its occurrence in a sandy soil under high level of
winter rainfall experienced during the experiment can only
accelerate the rate of K leached through the soil profile.
  The application of WWC at 300 and 400% significantly (p<0.05)
raised the soil K by 54.93 and 73.06% respectively. The increase in
soil K concentration might be due to the higher K concentration
contained in WWC. Considering the high K of the compost
(6.57%), the significant increase in soil-available K in the winery

Harvest 

time 

Fertilizer 

type 
pH P K Ca Na Mg 

(week) KCI mg/kg mg/kg cmol/kg cmol/kg cmol/kg 

2 T1 5.90bc 25.75fg 51.25g 3.07a 0.07bc 0.67ab 

2 T2 5.65cde 40.00ab 79.75efg 2.90a 0.07cd 0.60b 

2 T3 5.92bc 24.00g 64.00fg 3.04a 0.07bc 0.65ab 

2 T4 5.90bc 27.00fg 111.75de 3.10a 0.08ab 0.67ab 

4 T1 5.68cde 27.75efg 53.50g 2.74a 0.06cde 0.63ab 

4 T2 5.40de 28.25efg 68.00fg 2.93a 0.06de 0.62b 

4 T3 5.70cd 25.75fg 87.50ef 3.06a 0.07cd 0.68ab 

4 T4 6.05abc 32.25bcd 321.50c 2.87a 0.08a 0.62b 

6 T1 5.95bc 34.25bcde 53.75g 3.09a 0.07cd 0.72a 

6 T2 5.28e 32.50cdef 61.50fg 2.98a 0.06e 0.59b 

6 T3 6.03abc 26.25fg 140.25d 3.19a 0.07cd 0.66ab 

6 T4 6.43a 42.50a 362.0b 3.17a 0.08ab 0.68ab 

8 T1 5.70cd 26.25fg 56.25fg 3.06a 0.06cde 0.63ab 

8 T2 5.45de 32.50cdef 63.00fg 2.96a 0.06cde 0.59b 

8 T3 5.93bc 29.25defg 142.00d 3.17a 0.06cde 0.67ab 

8 T4 6.30ab 37.25abc 414.75a 3.14a 0.08ab 0.65ab 

Table 1. Mineral analysis of the soil samples over 8 weeks following applications of different
sources of fertilizers.

T1: Zero fertilizer: Control; T2: Inorganic fertilizer; T3: WWC (100%); T4: WWC (400%). Mean along the same column with the same letter are not
significantly different at p<0.05. LSD=Least significant difference.
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waste treatments was expected as the compost used was very
rich in total K. The increase in available K in the compost treatments
might also be due to high microbial activity brought by the addition
of organic residues, which might speed up potassium cycling.
These findings are in line with the report by Bustamente et al. 8,
which affirmed that high soil K concentration might be due to a
high proportion of winery and distillery waste products that are
characterized by high K concentrations.
  Results of this study show that there were no significant
differences in soil Ca over time and the mean values varied from
2.7 to 3.2 during the period of the experiment (8 weeks). Calcium,
an essential part of plant cell wall structure, provides for normal
transport and retention of other elements as well as strength in
the plant (Singh et al. 33).  Despite the fact that all treatments were
not significant, Ca from WWC (400%) dipped by 7.4% between
week 2 and 4 and a slight drop between week 6 and 8; indicating a
possibility that winter rainfall may have leached dissolved organic
matter from sandy soil, thus inhibiting fixation or uptake by the
test crops. From 4-8 weeks, high soil Ca concentrations from WWC
(100%) were recorded compared to inorganic treatment that
showed the lowest soil Ca concentration. Calcium depletion in
sandy soils may be a consequence of leaching as described by
Masarirambi et al. 22. Additionally, NPK fertilizers do not improve
the water holding capacity of sandy soil. The reason for inorganic
treatment having lower concentration might be the available
nutrients from inorganic fertilizer that are quickly absorbed and
then drains quickly into sandy soil following high level of leaching
in sandy soils (Masarirambi et al. 22). Civeira 9 demonstrated that
increasing compost application does not always increase organic
carbon and nutrients content of the soil. Another study by Dikinya
and Mufwanzala 12 indicated that high concentrations of Ca were
similarly observed in all soil types amended with chicken manure.
According to Farmer’s Weekly 20 South African soils are generally
deficient in calcium with as much as 95% and thus explained the
low levels of Ca observed in the soil.
   There was a slight drop in soil Na over time in control and soil
amended with inorganic fertilizer. The application of WWC at 300
and 400% significantly (p<0.05) raised soil Na as compared to
control and inorganic fertilizer treatments. Considering the high
Na concentration of WWC (10525.50mg kg-1) incorporated into
the soil, the subsequent increase in soil Na levels eight weeks
after application is explainable. In general, the result indicated
increase in Na accumulation in the soil along concentration
gradient over time.
   The increased Na concentration in WWC treated soil implies
that greater micro nutrients are released into the soil as a result of
the application of Na rich compost, thus improving Na availability
in sandy soil that are characteristically poor in Na.
  The effects of the treatment on Mg values were not so prominent,
suggesting that concentrations of nutrients are less essential
characteristics of the soil or small portion of nutrients were readily
available on the soil. However, measurements at 6th week showed
higher Mg concentration in the control treatment and the reason
might be the nutrients in the applied treatments were not readily
available to the soil. The Mg result contradicts the findings of
Dikinya and Mufwanzala 12 who observed an increasing ratio of
cations including Mg when different applications of compost were
applied to the soil.

Effects of fertilizer types on growth parameters and chlorophyll
content of cabbage: There was a progressive increase in cabbage
diameter over time with a significant (p<0.05) yield increase
recorded at two weeks interval irrespective of the fertilizer type
(Table 2). An analysis of the interaction between the treatment
levels and harvest time revealed that inorganic fertilizer and 400%
WWC significantly (p<0.05) performed better at eight weeks than
the other treatment levels and harvest time respectively.  Similarly,
inorganic fertilizer consistently recorded significant (p<0.05)
higher chlorophyll content than the other treatments between
weeks 4 and 8 (Table 2).
    The outcome of this study is in agreement with several reports,
like those of Pour et al. 31,  on the use of organic and inorganic
sources of fertilizer on the growth and yield of cabbage where
comparison and combination of these sources are documented to
remarkably influence the production of cabbage 16, 30. Due to the
early and steady release of inorganic fertilizer, minerals are made
available to manufacture more chlorophyll and develop site for
photosynthesis compared with organic fertilizer 32.
    In general, the result indicated better performance of inorganic
fertilizer in terms of chlorophyll content compared with WWC.
However, unlike the reports on cabbage, Bokhtiar 4  and Liu et al.
21 documented significant (p<0.05) better chlorophyll contents
in organic fertilizer compared with inorganic in sugarcane and
pineapple respectively; suggesting that the chlorophyll content
under different fertilizer types may be species dependent.

Marketable yield, fresh and dry leaves of cabbage: Statistical
results on the current study have showed no significant difference
between treatments, except for control which showed low mean
value. The lower values obtained in the current study can probably
be attributed to the lower fertility level of the sandy soil, which
had not received any fertilizer in the years prior to the experiment.
Other reason might be the winter rainfall and cold weather that

Harvest time 

(week) 
Treatment Cabbage head (cm) Chlorophyll 

2 T1 8.08i 19.46g 

2 T2 10.92gh 16.67g 

2 T3 8.32i 20.32fg 

2 T4 10.41h 21.86fg 

4 T1 10.67gh 42.89e 

4 T2 13.22ef 59.53cd 

4 T3 10.50h 34.04ef 

4 T4 13.23ef 44.31e 

6 T1 1350def 41.63e 

6 T2 15.30bcd 74.36b 

6 T3 12.61fg 44.60e 

6 T4 14.63cdef 45.53de 

8 T1 16.40bc 70.63bc 

8 T2 18.70a 95.22a 

8 T3 16.25bc 75.12b 

8 T4 18.63a 74.13b 

Table 2. The growth parameters of cabbage over 8 weeks
following applications of different sources of
fertilizers.

T1: Control; T2: Inorganic fertilizer; T3: WWC (100%); T4: WWC (400%). Mean along the same column
with the same letter are not significantly different at p<0.05. LSD=Least significant different.
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reduced the influence of treatment on marketable yield, resulting
in differential effect of WWC and inorganic fertilizer. However,
inorganic fertilizer treatment showed high mean value followed
by 400% then 100% WWC treatment.
   The results of the current study are in agreement with the results
of Del Almor 10 who observed no significant difference in total
marketable yield of sweet pepper when comparing organic and
mineral fertilization. Hargreaves et al. 15 also reported same results
on strawberries in their studies on the effect of municipal solid
waste compost and tea compost on mineral elements uptake and
fruit quality. These results suggest that nutrients derived from
both treatments (inorganic fertilizer and WWC) were equally
available to the crops and have a positive influence on cabbage
yield.
   Report by Siavoshi and Laware 32 found that organic manure
application with chemical fertilizers increased yield more than
chemical fertilizers alone. The fresh cabbage leaves were
significantly different (p<0.005) between treatments. The higher
fresh leaves mean was derived from 100% followed by 400% WWC
treatment. These results indicate clearly that WWC had a positive
influence on cabbage fresh leaves (weight). On dry leaves (weight),
statistical results showed that there is no significant (p<0.05)
difference between treatment means.

Mineral analysis of market size cabbage: As expected for
cabbage, inorganic fertilizer showed significant (p<0.005) N
accumulation in the tissue of cabbage compared with the other
treatments followed closely by WWC with a significant (p<0.005)
yield drop of 15.5% (WWC 100%) and 10.6% (WWC 400%)
respectively. Similarly, inorganic fertilizer significantly (p<0.005)
improved the Na content in cabbage compared with the other
treatments. The 400% WWC favoured significant (p<0.005)
accumulation of P and K in the tissue of the species while WWC
100% also significantly (p<0.005) outperformed inorganic fertilizer
for K by 20.1%. The results of the current study also indicated
negative correlation in the accumulation of Ca and Mg along
concentration gradient; as the control treatment showed
significant (p<0.005) Ca and Mg yield increase compared with the
other treatments. In both minerals (Ca and Mg), WWC 100%
recorded significant (p<0.005) yield increase than WWC 400%.
   The analysis of the mineral contents in the WWC used for this
study indicated that the N content is very low which also affected
N content in Swiss chard. The N content in the WWC is not
enough for optimum crop yield. Also being a vegetable species,
the rate of release of N from WWC could be too slow for the
vigorous rate of N required by cabbage during the study. As
reported by Masarirambi et al. 22, the steady release of N into soil
solution could have encouraged uptake and ultimately improved
N content in the tissue of cabbage 24.
   The increase in the P and K content of cabbage due to increasing
concentration of WWC is supported by Liu et al. 21 who reported
increased accumulation of N, P and K in pineapple cultivated on
pineapple waste compost. In a related study, Hargreaves et al. 15,
reported that increasing the application rates, organic fertilizer
increased extractable contents of many mineral elements, thereby
making them available to crop. In the present study, Ca, K and P
increased along WWC concentration gradients.
  Overall, Ca and Mg were better absorbed in the control treatment
than the other fertilizer treatments. This could be explained by the

influence of K ions competing for space with Ca and Mg which
are larger than K; a monovalent element, and the current result
was supported by El-Desoki et al. 13 on broccoli. The superior
performance of inorganic fertilizer application in terms of Mg
accumulation positively correlates with chlorophyll content. Early
studies reports positive association between chlorophyll content
and Mg accumulation in crop tissue 32.
   The current study showed that both winery waste compost and
inorganic fertilizer have independent roles to play in soil
amendment, growth parameters, yield and mineral contents of the
crop tested; but none can supply all nutrients for comprehensive
yield quality of cabbage. An interesting finding of this research is
that no statistically significant (p<0.05) differences in yield were
recorded between NPK inorganic fertilizer and WWC on cabbage.
Arvanitoyannis et al. 2 reported that the compost derived from
pressed grape skin, produced one of the best qualities composts
both in terms of its physicochemical characteristics and agronomic
value. The use of WWC as an amendment in agricultural soils can
be considered as an option for conserving organic matter levels
in soils and improving the fertility of sandy soils.

                                              Conclusion
   Growth parameters, amounts of nutrients taken by the plant and
chlorophyll content of cabbage were affected by WWC and
inorganic fertilizer. Based on the achieved results, the importance
of WWC application for assurance of optimum yield of cabbage
can be confirmed. The results confirmed good possibilities of
production of quality cabbage in Bien Donné soil conditions
accompanied by satisfactory yield levels and mineral quality. Based
on our results, soil pH values were not modified by application of
WWC but a decrease was observed with inorganic fertilizer
amended soil. However, a significant increase of exchangeable Na
with WWC application was noticed. Based on the analysis of the
compost, amounts of essential nutrients were approximately
equivalent to those in inorganic fertilizer that were added to the
soil during the duration of the experiment. More research is required
to combine WWC with inorganic fertilizers in both short and long
term crop production system. These results should be interpreted
with caution as they are from an individual soil type and short
term experiment. However, they do provide insight for the direction
of future research.
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