’i} Check for updates

AUTHORS:

Nothando Dunjana’
Rebecca Zengeni'
Charity Pisa'?

Menas Wuta®

Pardon Muchaonyerwa’

AFFILIATIONS:

'School of Agricultural, Earth and
Environmental Sciences, University
of KwaZulu-Natal, Pietermaritzburg,
South Africa

Department of Natural Resources
Management, Marondera University
of Agricultural Sciences and
Technology, Marondera, Zimbabwe
3Department of Soil Science and
Agricultural Engineering, University of
Zimbabwe, Harare, Zimbabwe

CORRESPONDENCE TO:
Nothando Dunjana

EMAIL:
ntandodunjana@yahoo.com

DATES:
Received: 22 Jan. 2020

Revised: 10 June 2020
Accepted: 22 June 2020
Published: 29 Sep. 2020

HOW TO CITE:

Dunjana N, Zengeni R, Pisa C,

Wuta M, Muchaonyerwa P. Nutrient
uptake, yield and taste of oilseed
rape (Brassica napus L.) and soil
chemical properties following
amendment with uncomposted and
composted tobacco waste and cattle
manure. S Afr J Sci. 2020;116(9/10),
Art. #7846, 9 pages. https://doi.
org/10.17159/sajs.2020/7846

ARTICLE INCLUDES:
Peer review

O Supplementary material

DATA AVAILABILITY:

[ Open data set

O All data included

On request from author(s)
O Not available

[ Not applicable

EDITORS:
Teresa Coutinho

Salmina Mokgehle

KEYWORDS:
compost, organic amendment,
organoleptic test, soil organic carbon

FUNDING:

Organisation for Women in

Science for the Developing World;
International Foundation for Science
(grant C/5764-1)

© 2020. The Author(s). Published
under a Creative Commons
Attribution Licence.

Research Article

https://doi.org/10.17159/sajs.2020/7846

Nutrient uptake, yield and taste of oilseed rape
(Brassica napus L.) and soil chemical properties
following amendment with uncomposted and
composted tobacco waste and cattle manure

The inadequacy of the nutrient supply of most tropical and sub-tropical soils may be curbed through
organic material recycling, thus reducing the need for mineral fertiliser use. To promote tobacco waste
recycling in a smallholder food-cash crop production system, nutrient uptake, dry biomass yield and taste
of oilseed rape (Brassica napus L.) and soil chemical properties were determined on a sandy loam soil
under field conditions. The experiment was a randomised complete block design with three blocks and
eight treatments, namely, control (no amendment), mineral fertiliser (121, 30.8, 24.6 kg/ha N, P and K,
respectively), uncomposted tobacco leaf scrap (TSC) and compost of TSC and cattle manure (TSC-CM)
at 5, 20 and 40 t/ha. N, P and K uptake and dry biomass yield of oilseed rape were higher (p<0.05) than
control with 40 t/ha TSC-CM and mineral fertiliser application at 3 weeks after transplanting (WAT), while
significant improvements with TSC were observed from 5 WAT. Mineral N, extractable P and exchangeable
K were higher than control with TSC-CM at 20 t/ha and 40 ¥/ha at 3 WAT, and higher with TSC at 9
WAT. Soil organic carbon was more improved with TSC application than TSC-CM at 9 WAT. Organoleptic
testing revealed an intensely bitter taste in oilseed rape with mineral fertiliser, 20 t/ha and 40 t/ha TSC at
3 WAT, although it diminished with time. A trade-off of nutrient uptake, yield, taste of oilseed rape and soil
properties improvement is attainable with application of TSC-CM at 40 t/ha, while if composting is not
feasible, TSC application at 20 t/ha is a viable alternative. Thus, judicious utilisation of tobacco waste offers
a viable solution to the problem of low soil fertility on sandy soils and can reduce the need for mineral
fertiliser use, while promising sustainable soil management.

Significance:

e The study underlines the importance of recycling of organic materials as a viable, environmentally safe
and low-cost soil fertility management practice.

e The study presents pragmatic practices that may be adopted so as to optimise the benefits of use of
tobacco waste on food-cash crop smallholder farms, given the increasing popularity of such farming
systems in Africa.

Introduction

The cultivation of green leafy vegetables in smallholder farms across sub-Saharan Africa is widespread™2 and
essential for crop diversification. Crop diversification increases farm productivity, income and food variety while
cushioning smallholder farmers against food price and climate shocks.® The leaf biomass of Brassica provides
fibre, vitamins, macronutrients, micronutrients and antioxidants to rural populations, which supplements nutrients
obtained from the predominantly cereal-based staple diets.” In the southern African context, like in Zimbabwe,
oilseed rape (Brassica napus L.) is grown for its leaves and is one of the primary vegetable crops due to its high
profitability, all-year round production and its short lifespan as compared to other leafy vegetables.® However,
oilseed rape has high nutrient requirements which can be met through mineral and/or organic fertiliser applications
to attain optimum vyield.5 Resultantly, continuous cropping without sufficient nutrient replenishment reduces
productivity and poses a serious threat to the sustainable use of soil.

Soil infertility characterised by nutrient deficiencies, soil acidity and declining soil organic matter has been
recognised as the fundamental biophysical constraint to crop productivity among smallholder farms,’ thus various
efforts have been directed towards addressing this problem. Ganya et al.> showed that nitrogen fertilisation at
increasing rates significantly increases oilseed rape biomass yield, while leguminous trees’ biomass yields have
been tested in isolation and in combination with N-fertiliser with positive results.®® However, the prohibitive prices
of mineral fertilisers'® and risk of soil acidification' may discourage its recommendation. Additionally, Maereka et
al.’2 found a correlation between nitrate accumulation in Brassica juncea leaves and N-fertilisation, which resulted
in a bitter taste of the vegetables, which raises the question of the suitability of intensive mineral fertiliser application
on quality of vegetables. On the other hand, the adoptability of promising organic amendments including animal
manures and agroforestry technologies is constrained by factors including unavailability in adequate quantities as
well as variable quality.2''* Accordingly, site-specific soil fertility management interventions are key in fostering
relevance and adoptability.

Soil amelioration with tobacco waste (Nicotiana tabacum L.) has been shown to be beneficial in improving the
productivity of various horticultural crops including lettuce (Lactuca sativa), spinach (Spinacia oleracea) and
tomato (Lycopersicon esculentum).'' Further, soil biological and physical properties have also been enhanced by
tobacco waste application in other parts of the world."®' Tobacco waste nutrient levels in the range 1.97-2.38% N,
0.21-0.50% P, 0.32-1.03% K and 38-41% C have been documented,'®? pointing to its potential value as a nutrient
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resource. Meanwhile, tobacco production in smallholder farming
systems has been on the rise in sub-Saharan Africa, particularly in
leading tobacco-producing countries, such as Tanzania, Zimbabwe
and Malawi, due to the policy reforms in the tobacco value chain and
land resettlement initiatives.?"?? For example, in Zimbabwe, on average,
production of tobacco occurs on 1.3-ha plots on the resettlement
smallholder farms.? Although tobacco production has been on the
decrease in developed parts of the world, the economic benefits are
prioritised over the health risks in developing countries.?* Subsequently,
tobacco production creates a niche for organic waste generation in the
form of tobacco leaf scrap (TSC). Tobacco leaf scrap is generated on-
farm during harvesting, grading and packaging of the tobacco leaf. As
such, TSC can be beneficially utilised to augment the limited organic
resources in smallholder farming systems for the production of food
crops, including oilseed rape.

Composting of tobacco waste with different organic materials such
as cattle, pig and poultry manure has been widely employed as
an environmentally friendly method of tobacco waste handling in
tobacco processing industries, while generating a nutrient rich soil
ameliorant.’®® Composting ensures detoxification of nicotine before
soil amelioration'®262” as a high concentration of nicotine is linked
to depressed microbial activity’”’. However, labour constraints in
smallholder food-tobacco producing farming areas® as well as
limited access to animal manures may deter adoption of composting
technologies. On the other hand, other studies have attested to the
positive benefits of direct application of tobacco waste such as
favourable electrical conductivity (EC) of soil solution, increased
microbial activity due to high carbon substrate, high macronutrient
supply, insecticidal properties and improved soil aggregate stability
due to phenolic properties.?*3! Further, Nota et al.3? and Seckar et al.*
posit that the risk of nicotine toxicity with raw tobacco application
is low due to rapid degradation in soil. As such, there is scope for
evaluation of the potential of use of tobacco waste as a soil ameliorant
so as to develop recommendations that are relevant across diverse
smallholder farms.

Additionally, despite the extensive literature on tobacco waste use in
vegetable production, no organoleptic (taste) studies relating tobacco
waste application to vegetable taste have been done, yet the study by
Maereka et al.? attests to the key role that fertilisation plays on vegetable
quality. Accordingly, given the limited access to fertiliser inputs and
paucity of information on the use of tobacco waste under smallholder
systems, we sought to investigate the comparative nutrient uptake, yield
and taste of oilseed rape and selected chemical parameters of soil after
amendment with uncomposted TSC and compost of TSC and cattle
manure (TSC-CM) at increasing rates relative to recommended mineral
fertiliser application rate. We hypothesised that TSC and TSC-CM would
increase nutrient uptake and yield of oilseed rape and fertility status of
the soil relative to the control and mineral fertiliser treatments. We further
hypothesised that TSC would increase nitrogen and possibly nicotine
uptake causing bitterness in oilseed rape relative to control, mineral
fertiliser and TSC-CM treatments.

Materials and methods

Site description

The field experiment was conducted at the Marondera University of
Agricultural Sciences and Technology (MUAST) farm, Mashonaland
East Province in Zimbabwe. The MUAST farm lies at 18°21°56” S and
31°42'19” E in Svosve farming area. The area is typically characterised
by hot, wet summers and cold, dry winters. An annual rainfall of 700-
1000 mm is received between the months October to April, marking
the wet season, while winter season is experienced between May
and August. The dominant soil type is the granite-derived sandy soils
(Arenosol),3* which is typically highly leached and infertile.

Chemical composition of the organic amendments used
in the experiment

Tobacco leaf scrap used for the experiment was collected from MUAST
tobacco curing barns, grading and packaging sheds, while cattle manure
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(CM) was carefully swept off the top layers of the MUAST farm cattle
pen. The TSC-CM was composted by mixing TSC and CM at a 50:50
w/w basis in 1-m3 perforated wooden bins. Aeration of compost was
done weekly by turning of compost and moisture content was maintained
at 60%. After 69 days, compost was deemed mature, with compost
temperature matching ambient temperature. The chemical composition
of TSC, CM and TSC-CM is given in Table 1.

Field experimentation

Nursery of oilseed rape (var. Hobson) was prepared in October 2017
by drilling seeds into a fine tilth seedbed, and lightly covering with
soil, grass mulch and watering. Watering was done using a watering
can fitted with a rose sprinkler every 2 or 3 days to ensure adequate
moisture. Mulch was removed a week after seedling emergence. Five
days prior to transplanting, seedlings were treated with Malathion 50%
E.C and Carbaryl 50 WP to control aphids and cutworms. Seedlings
were transplanted 28 days after emergence, prior to which they were
hardened through water stressing for 7 days.

Seedlings were transplanted onto a sandy loam soil with pH (H,0) of 5.4,
total N, extractable P and soil organic carbon (SOC) content of 0.7 g/kg,
18.7 mg/kg and 5 g/kg, respectively. The field was ploughed to a depth
of 0.25 m using a tractor-drawn disc plough followed by levelling using
a hand-held hoe. The experiment was laid out in a randomised complete
block design with three blocks each consisting of eight plots measuring
3.5x3m. Seedlings were transplanted at a plant density of 83 333 plants/
ha. The treatments consisted of a control with no fertility amelioration,
mineral fertiliser, TSC and TSC-CM applied at 5, 20 and 40 t/ha. The
mineral fertiliser treatment was 500 kg/ha compound D + 250 kg/ha
ammonium nitrate supplying equivalents of 121 kg N/ha, 30.8 kg P/ha
and 24.6 kg K/harepresenting the high nutrition required for oilseed rape
as recommended in the growers manual.5 The organic amendments
were spread and incorporated into soil by digging with hand-held hoes
to about 0.1 m, a day before transplanting, while basal mineral fertiliser
was applied at transplanting. All plots were watered immediately after
transplanting. Top dressing fertiliser was applied to the mineral fertiliser
plots only, 3 weeks after transplanting (WAT). The crop was mainly rain-
fed, with equal amounts of supplementary irrigation applied to all plots
as required, using a watering can. The plots were kept weed free through
hand hoeing. A repeat application of Malathion 50% E.C to control aphids
was done at 5 WAT.

Table1: ~ Chemical composition of organic materials used for composting
and as a soil amendment
TSC CM TSC-CM
Total N (g/kg) 241 73 195
Total P (g/kg) 26 06 35
Total K (g/kg) 18.2 104 12.3
Total C (g/kg) 415 301 202
C/N 17.2 41.2 10.3
pH (H,0) 5.9 6.8 8.7
Nicotine (mg/kg) 17 500 - <100

TSC, tobacco leaf scrap; CM, cattle manure; TSC-CM, tobacco leaf scrap and cattle
manure compost

Biomass yield determination

Fresh oilseed rape leaves were harvested from a netplot, consisting of
the four inner rows leaving two border rows on each side of the plot,
at 3, 5, 7 and 9 WAT. Mature leaves were plucked from each plant,
leaving three young leaves. Thereafter, the leaf samples were weighed
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to determine fresh biomass. Sub-samples of the biomass were oven
dried at 70 °C for 72 h, weighed and processed for subsequent nutrient
content determination. Dry biomass yield was calculated by multiplying
the fresh biomass yield with a moisture correction factor. The remaining
fresh leaf biomass samples were used for organoleptic testing.

Plant tissue nutrient and nicotine determination

Tissue nutrient concentration (total N, P K, Fe, Zn, Cu and Mn) was
obtained from digestion of oven dry plant tissue sample using sulfuric
acid—selenium powder mixture on a block digester at 330 °C.% This was
followed by absorbance readings at 650 nm and 880 nm for total N
and P, respectively, after blue colour development using a UV-vis single
beam spectrophotometer. Distilled water was used to dilute aliquots of
the sample digest and then K and micronutrient concentrations were
read off an atomic absorption spectrophotometer.®® Total uptake of N, P
and K in kg/ha were separately calculated as:

Nutrient uptake (kg/ha) = concentration of the nutrient (%)
*dry matter (kg/ha) / 100 Equation 1

Nicotine analysis was done at the Tobacco Research Board chemistry
laboratory providing commercial analytical services. The procedure
involved steam distillation of ground material under strongly basic
conditions, followed by acidification of the distillate and ultraviolet
absorbance reading at 236 mu, 259 mu and 282 mu on a UV-vis
spectrophotometer.®

Taste determination

Taste determination of fresh leaf biomass was done at each harvest, with
the help of untrained panelists. The use of untrained panelists ensured a
measure of general acceptance and not quality control as is the case with
wine, tea and cheese tasting that require trained assessors.' The taste
panel of 15 people (aged 18-65) consisted of MUAST employees as
well as surrounding community members who consented to participate
in the study. About 25-30 leaves were composited from each replicate
treatment, chopped and boiled for 5 min in 1 L of water in separate pots.
The samples were cooled and served in small plastic boxes, labelled
using numbers and arranged randomly. Tasting was done one person
at a time to minimise bias. A glass of water was given to each panelist
to rinse their palate after tasting each sample.'? Taste scoring was done
on a scale of 1 to 4, with a score awarded for each tasted sample. The
scores were recorded on a score sheet. A score of 1 represents ‘not
bitter’, 2 — ‘mildly bitter’, 3 — ‘bitter’ and 4 — ‘extremely bitter’.

Soil chemical analyses

Soil was randomly sub-sampled from the plots and composited at
3 and 9 WAT (first and last harvest) for soil pH, EC, total C, mineral
N, extractable P and exchangeable K. Mineral N was measured from
fresh soil samples while the rest of the assays were done on air-dry soil
sub-samples. Soil pH and EC were read from a 1:2.5 w/v soil:deionised
water supernatant suspension.’” Mineral N was extracted from soil
using potassium sulfate followed by colourimetric determination of
ammonium-N and nitrate-N which were summed together to obtain
total mineral-N.% Extractable P was determined according to Olsen’s
extraction method, while exchangeable K was determined using the
ammonium acetate method at pH 5.8 followed by absorbance reading
on an atomic absorption spectrophotometer.®® Total C was analysed
following the Walkley—Black method with external heating.®” Soil nicotine
content was determined as previously described for plant samples.

Statistical analysis

Dry biomass yield, macronutrient uptake, micronutrient and nicotine
concentration, soil nutrient and nicotine content data, collected at each
sampling interval, were subjected to a one-way analysis of variance
(ANOVA) at p<0.05 using GenStat Discovery 14th edition.®® Tukey’s
honestly significant difference was used to separate between statistically
different means. Taste data were recorded, cleaned and analysed using
SPSS v.21.%° Taste data frequency rating for each treatment was derived
by running descriptive statistical analysis in SPSS v.21 and frequency
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tables were generated. Thereafter, mean taste scores based on the rating
of panelists for each treatment at each sampling interval were calculated
and regressed against total N concentration in leaf biomass.“? Pearson
correlation coefficients were used to assess the strength of association.

Results and discussion

Oilseed rape macronutrient uptake

Nitrogen uptake at 3 WAT was higher (p<0.05) with mineral fertiliser
and 40 t/ha TSC-CM than in the control and TSC treatments (Figure 1),
while P uptake was more improved with the mineral fertiliser treatment
(Figure 2). K uptake followed a similar trend to N uptake, although
20 t/ha TSC was comparable to mineral fertiliser and the TSC-CM
treatments at 3 WAT (Figure 3). This highlighted enhanced nutrient uptake
during early growth due to mineral fertiliser and TSC-CM application.
While mineral fertiliser supplied nutrients in a ready form, the difference
between TSC-CM and TSC could be attributed to ready mineralisation in
TSC-CM on account of the narrower G/N ratio, indicative of more N per
degradable C as a consequence of composting.*' Additionally, depressed
microbial activity associated with high nicotine content, as suggested by
Adediran et al.'8, could have been the cause. At 5 WAT, N, P and K uptake
was approximately three times more (p<0.05) than in the control with
TSC application at 20 t/ha and 40 t/ha and between 1.5-2.0 times more
than in mineral fertiliser and TSC-CM. This finding was not surprising
as TSC could potentially supply more nutrients than mineral fertiliser
and TSC-CM. For instance, at 40 t/ha TSC could potentially supply
964 kg N/ha relative to 121 and 780 kg N/ha from mineral fertiliser and
40 t/ha TSC-CM, respectively. At 7 WAT, only 40 t/ha TSC resulted in
significantly higher N, P and K uptake relative to mineral fertiliser and
TSC-CM application at all rates (Figures 1-3) pointing to the longevity
of nutrient supply at the higher application rate. Mostly, nutrient uptake
in 5 t/ha TSC-CM and TSC did not significantly vary from the control,
indicating limited effectiveness of such low application rates of organic
amendments. Observations of higher nutrient uptake and yield with
increasing application rates of tobacco waste have been reported in
other studies."?
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Tukey’s honestly significant different (p<0.05) means per sampling interval are
represented by different alphabetical letters.

Figure 1:  OQilseed rape (Brassica napus L.) leaf tissue N uptake (means.e.).
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Figure 2:  Oilseed rape (Brassica napus L.) leaf tissue P uptake
(mean=s.e.).
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Figure 3:  Oilseed rape (Brassica napus L.) leaf tissue K uptake
(mean=s.e.).
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Oilseed rape micronutrient content

Application of TSC-CM at 20 t/ha and 40 t/ha significantly (p<0.05)
improved Mn at 3 and 7 WAT, Zn at 5 WAT and Cu across all harvests,
relative to control and mineral fertiliser (Table 2). Fe, Mn and Cu were
improved by both 20 t/ha and 40 t/ha TSC relative to control and mineral
fertiliser at selected sampling intervals (Table 2). Unlike macronutrients,
micronutrient concentration, for example Cu and Fe, was also improved
by 5 t/ha application rate at certain sampling intervals. Micronutrient
concentration has increasingly been reported to be low in soils on most
smallholder farms resulting in calls for supplementation through foliar
applications or adoption of micronutrient-enriched mineral fertilisers in
order to meet human dietary needs.*? Therefore, TSC-CM and TSC offer
a cheaper source of micronutrients on smallholder farms as observed in
this study and in other studies.?”

Nicotine content and toxicity risk in oilseed rape

Nicotine content in all oilseed rape leaf sub-samples was below
detectable levels (<0.01% of dry leaf matter) indicating assimilation
in low levels. The nicotine concentration was thus below 500 mg/kg
toxicity threshold according to European Union Regulations.®® This
finding was expected, especially from TSC-CM which had undergone
prior composting.' With regard to TSC, rapid degradation of nicotine
has been reported to occur between a few hours to a few days in soil
in other studies,** thus explaining its low assimilation by the plants.
Subsequently, risk of nicotine toxicity from consumption of the oilseed
rape fertilised with TSC was minimal.

Oilseed rape yield response to fertilisation

At 3 WAT, only mineral fertiliser and 40 t/ha TSC-CM treated plots had
dry biomass vyield that was higher (p<0.05) than that of the control,
while those of the other treatments were not different (Figure 4). This
finding was attributed to availability of nutrients in a ready form from
mineral fertiliser, while only 40 t/ha application of TSC-CM ensured
supply of nutrients in adequate amounts. On the other hand, although
nutrient levels in TSC were comparatively higher (Table 1), there was
wilting of seedlings in the 40 t/ha TSC treatment during the first week,
resulting in gap filling being done in the second week. This was indicative
of unfavourable conditions when high doses of TSC were applied. This
observation is similar to that of Seckar et al.** who reported inhibited
early growth of lettuce head with high rates of tobacco waste amendment
ascribed to high levels of nicotine in soil. In another study, Adediran et
al." attributed poor seed germination of lettuce to high EC of tobacco
waste and cabbage compost. Nonetheless, the inhibitory conditions were
shown to subside within a week as successful gap filling was achieved
in the subsequent week. This is consistent with the observations of Nota
et al.% and Seckar et al.** who put forward that nicotine degradation in
soils takes a few days, after which the risk of toxicity is extremely low.
Consequently, this could have been the case in this study. Furthermore,
the effects were only observable with the 40 t/ha application rate of TSC
pointing to a dose-dependent effect.* Although Delibacak and Ongun'®
recommended a 1-month waiting period before planting or sowing
activities when soil is amended with uncomposted tobacco waste, the
present study indicated that a shorter waiting period of at least 1 week
may be adequate. A shorter waiting period may reduce opportunities for
nutrient loss, thus fostering optimum nutrient utilisation. At 5 WAT, 40 t/
ha TSC resulted in 116%, 85% and 30% more biomass yield than control,
mineral fertiliser and 40 t/ha TSC-CM, respectively (Figure 4). Further,
at 7 WAT, more biomass yield was realised from 20 and 40 t/ha TSC
relative to control, mineral fertiliser and TSC-CM (Figure 4). At 9 WAT,
TSC at 20 t/ha and 40 t/ha yielded approximately 0.25 t/ha and 0.34 ¥/
ha dry biomass, respectively (not shown on the figure), while the rest of
the treatments did not produce any harvestable biomass, due to severe
damage of plants by aphids (Aphidoidea spp.). Resultantly, cumulative
biomass yield was significantly higher in 20 and 40 t/ha TSC treated
plots relative to those of other treatments including mineral fertiliser and
TSC-CM amended treatments (Table 3). This was attributed to supply of
more nutrients from TSC relative to TSC-CM and mineral fertiliser as well
as the additional biomass harvested at 9 WAT.
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Table 2:  Micronutrient concentration in oilseed rape (Brassica napus L.) leaf tissue
Weeks after transplanting
3 5 7 3 5 7 3 5 7 3 5 7
Fe Zn Mn Cu
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
Control 356.2: 243.0° 174.32 72.12 69.0° 61.5° 93.0 45.1 27.3 712 3.3 712
Mineral fertiliser ~ 521.3: = 2954 = 198.4® 86.3% 78.4® 75.8% || 104.6® 42.72 27.9° 7.6 4.6 10.1%
5 t/ha TSC-CM 681.6%° 203.6 164.22 139.6° 132.7¢ 74.6® 98.3 42.3° 31.8® 18.8° 180ed 15.4p
20 t/ha TSC-CM 845.4® 256.9% 251.7% 147.6° 136.5¢ 83.5 132.0%¢ 53.22 41,90 23.5 21.5¢ 20.9¢
40 t/ha TSC-CM 910.8>  342.1°  261.6% 204 4 179.3¢ 85.6° | 144.8 65.8 49.9vc 26.6° 23.4¢ 20.8
5t/ha TSC 1559.1¢ = 292.0® 173.7¢ 91.8% 71.4% 73.5® || 110.8® 41.90 34.8% 8.5 3.9 6.1
20 t/ha TSC 1579.4c = 331.2® | 224.6* | 103.2® 85.1% 92.8% || 111.5%® 50.2 45.6% 8.6° 8.3® 14,10
40 t/ha TSC 1154.4% 3928 = 221.8> 131.2° 100.7° 107.6° || 150.7¢ 74.9% 65.2¢ 9.0° 12,10 17.9°

Means followed by the same lowercase alphabetical letters at each harvest are not significantly different at p<0.05 according to Tukey’s honestly significant difference test.

TSC, tobacco leaf scrap; CM, cattle manure; TSC-CM, tobacco leaf scrap and cattle manure compost
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represented by different alphabetical letters.

Figure 4:

Oilseed rape (Brassica napus L.) dry biomass yield (mean=s.e.).
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Table 3: Cumulative dry mass vyield of oilseed rape (Brassica napus L.)
9 weeks after transplanting
Treatment Dry biomass yield (t/ha)
Control 1.19
Mineral fertiliser 1.75°
5 t/ha TSC-CM 1.43*
20 t/ha TSC-CM 1.61°
40 t/ha TSC-CM 1.91°
5t/ha TSC 1.56%
20 t/ha TSC 243
40 t/ha TSC 2.52¢

Means followed by the same lowercase alphabetical letters are not significantly
different at p<0.05 according to Tukey’s honestly significant difference test.

TSC, tobacco leaf scrap; CM, cattle manure; TSC-CM, tobacco leaf scrap and cattle

manure compost
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Oilseed rape organoleptic testing

The control was rated between ‘not bitter’ and ‘mildly bitter’ across the
three sampling intervals, reflected by corresponding mean taste scores
(Table 4). Extremely bitter taste of oilseed rape was observed with
mineral fertiliser and TSC at 20 t/ha and 40 t/ha at 3 WAT and decreased
with time (Table 4). On the other hand, TSC-CM at all rates and 5 t/ha
TSC ranged between ‘mildly bitter’ and ‘bitter’ at 3 WAT, diminishing
with time (Table 4). There was a positive but weak correlation between
total N content and mean taste scores across all harvest periods
(Figure 5), while no correlations were done with nicotine concentration
owing to non-detectable levels. The intense bitterness of oilseed rape
in TSC treatments at 20 t/ha and 40 t/ha confirmed the existing but
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undocumented concerns in the study area with TSC use, although it was
not limited to TSC treatments — it also occurred with mineral fertilisation.
While the bitterness with mineral fertilisation could be attributed to
nitrogen and nitrate content in Brassica juncea leaves, as reported by
Maereka et al.™2, a weak correlation between taste and leaf N observed in
this study indicated that nitrate could have had a more pronounced effect
than total N. On the other hand, nitrate effects coupled with possible
assimilation of by-products of nicotine breakdown could have been
responsible for the bitter taste in TSC amended treatments,* especially
as bitterness was more intense during the early growth stages which
coincided with periods of high nicotine degradation. Nevertheless, these
effects subsided with time, thus pointing to an opportunity for utilisation.

Table 4: Frequency of panelists’ taste perception of oilseed rape (Brassica napus L.) leaf taste and mean taste scores
WAT Treatment Not bitter Mildly bitter

Control 73.3 26.7
Mineral fertiliser 0.0 13.3
5 t/ha TSC-CM 40.0 26.7
20 t/ha TSC-CM 60.0 333

3 WAT
40 t/ha TSC-CM 6.7 73.3
5t/ha TSC 13.3 53.4
20 t/ha TSC 0.0 0.0
40 t/ha TSC 0.0 0.0
Control 86.7 13.3
Mineral fertiliser 0.0 40.0
5 t/ha TSC-CM 33.3 40.0
20 t/ha TSC-CM 33.3 53.3

5 WAT
40 t/ha TSC-CM 20.0 66.7
51t/ha TSC 26.7 60.0
20 t/ha TSC 6.7 80.0
40 t/ha TSC 0.0 333
Control 80.0 20.0
Mineral fertiliser 40.0 46.7
5 t/ha TSC-CM 53.7 47.3
20 t/ha TSC-CM 60.0 40.0

7 WAT
40 t/ha TSC-CM 86.7 13.3
5 t/ha TSC 40.0 60.0
20 t/ha TSC 60.0 26.7
40 t/ha TSC 33.3 53.4

The values are valid percentage of respondents (n=15).

Bitter Extremely bitter Mean taste score
0.0 0.0 1.3
33.3 534 3.4
33.3 0.0 1.9
6.7 0.0 1.5
20.0 0.0 2.1
33.3 0.0 2.2
60 40.0 34
53.3 46.7 35
0.0 0.0 1.1
60.0 0.0 2.6
26.7 0.0 1.9
13.3 0.0 1.8
13.3 0.0 1.9
13.3 0.0 1.9
13.3 0.0 1.8
60.0 6.7 2.0
0.0 0.0 1.2
13.3 0.0 1.7
0.0 0.0 1.5
0.0 0.0 14
0.0 0.0 1.1
0.0 0.0 1.5
13.3 0.0 1.8
13.3 0.0 1.8

A taste score of 1 represents ‘not bitter’, 2 — ‘mildly bitter’, 3 — ‘bitter’ and 4 — ‘extremely bitter’.

TSC, tobacco leaf scrap; CM, cattle manure; TSC-CM, tobacco leaf scrap and cattle manure compost; WAT, weeks after transplanting
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Figure 5:  Relationship between total N content and mean taste scores of
oilseed rape (Brassica napus L.).

Selected soil chemical properties during growth of
oilseed rape

Soil pH ranged from 6.0 to 7.1 and did not significantly (p>0.05) vary
across treatments at 3 WAT, although at 9 WAT it was significantly
(p<0.05) higher with 20 and 40 t/ha TSC-CM (Table 5). The alkaline
nature of TSC-CM (Table 1) most likely contributed to the increase in
soil pH and this was desirable as the sandy soils in the study area are
prone to acidity and increased risk of induced nutrient deficiencies.*
Consequently, TSC-CM application can be recommended to curb these

Tobacco waste as a soil organic amendment
Page 7 of 9

problems. At 3 WAT, mineral fertiliser and TSC-CM produced higher EC
than control and TSC applications, while at 9 WAT, both TSC-CM and
TSC at 20 t/ha and 40 t/ha produced higher EC than both the control and
mineral fertiliser did (Table 5). This indicated higher cationic and anionic
concentrations, mostly likely mineralised from the organic amendments.
Bertran et al.*" and Loper at al.® attributed a similar increase of EC to
cation release during organic material mineralisation. The increase in
EC was variable and although 40 t/ha TSC resulted in 12 times higher
EC than control, it was still below the critical limit of 4.0 dS/m and thus
did not pose any detrimental salt effects.* Soil organic carbon was
significantly (p<0.05) higher with application of both TSC-CM (except
at 5 t/ha) and TSC than the control and mineral fertiliser at 3 WAT (Table
5). Also at 9 WAT, both 20 t/ha and 40 t/ha application rates for TSC-CM
and TSC resulted in significantly higher SOC over control and mineral
fertiliser. This was by a margin of 85-169% with TSC-CM, while a wider
margin of 137-229% was noted with TSC application. Higher SOC
content with TSC at 9 WAT was in accordance with the higher C content
in TSC due to availability of undegraded substrate. Additionally, carbon
shielding associated with possible aggregate binding due to the release
of phenolic substances during decomposition of TSC could have
contributed to the higher SOC.3' On the other hand, the significantly
(p<0.05) higher mineral N after addition of 20 t/ha and 40 t/ha TSC-CM
and TSC relative to the control treatment (Table 5) was ascribed to the
supply of nutrients from the organic amendments. Mineralisation of the
organic materials also explained the observed high levels of extractable
P and exchangeable K (Table 5). Generally, higher nutrient contents were
observed in TSC-CM at 3 WAT than TSC owing to the narrower C/N ratio
in the compost which favoured faster mineralisation.*' This was also
confirmed by the nutrient uptake observations and pointed to more ready
mineralisation of TSC-CM than TSC, while conversely, TSC presented
an opportunity for prolonged supply of nutrients. Nicotine content in
soil was below the 100 mg/kg detection level in all treatments across
sampling periods (results not shown). As such, the risk of nicotine
toxicity with TSC application was shown not to persist beyond 3 weeks.
This observation attests to observations of swift degradation of nicotine
in soil, as reported in other studies.%%

Table 5: Selected soil chemical properties during growth of oilseed rape (Brassica napus L.)
Weeks after transplanting
3 9 3 9 3 9 3 9 3 9 3 9
Treatment . . Exchangeable K
pH H,0 EC (uS/cm) Total C (%) Mineral N (mg/g) Available P (mg/kg) (cmol/kg)
Control 6.522 6.59? 62.12 40.3 0.492 0.472 3.5 <1e 20.82 19.62 0.212 0.19
Mineral fertiliser 6.012 6.30° 112.7° 52.1¢ 0.552 0.49 60.0° 152 102.1¢ 67.9 0.73¢ 0.56°
5 t/ha TSC-CM 6.79° 6.91 115.0° 48.0 0.52 0.66° 10%® 7.5¢ 21.5° 20.8° 0.41° 0.20
20 t/ha TSC-CM 6.922 7.08 233.0° 172.5¢ 1.86° 1.34 28.0° 17.5 79.00 36.12 0.85¢ 0.23
40 t/ha TSC-CM 6.972 7.05° 322.0¢ 168.0° 1.89¢ 1.96¢% 40.0% 20.0° 90.8 136.3¢ 0.91¢ 0.242
5t/ha TSC 6.442 6.172 48.3 40.52 1.28° 0.93® 7.5% 30.0° 32.72 38.22 0.13 0.23¢
20 t/ha TSC 6.412 6.60? 77.0® 128.0° 1.32% 1.66% 20.0° 40.0 33.3¢ 91.0¢ 0.212 0.45°
40 t/ha TSC 6.75? 6.622 98.5% 505.0¢ 1.440 2.31¢ 25.0° 140.0° 38.42 192.4¢ 0.212 1.47¢

Means followed by the same lowercase alphabetical letters at each harvest are not significantly different at p<0.05 according to Tukey’s honestly significant difference test.
TSC, tobacco leaf scrap; CM, cattle manure; TSC-CM, tobacco leaf scrap and cattle manure compost

Research Article
https://doi.org/10.17159/sajs.2020/7846

7 Volume 116 | Number 9/10

September/October 2020


https://doi.org/10.17159/sajs.2020/7846
www.sajs.co.za

Conclusion

The readiness of supply of nutrients by TSC-CM was highlighted
at an application rate of 40 t/ha, and pointed to its importance in the
promotion of early crop growth. On the other hand, higher nutrient
supply and longevity of supply were realised with TSC application at
20 t/ha and 40 t/ha. In addition, while soil pH was improved with TSC-
CM application, both TSC-CM and TSC improved soil nutrient levels
including SOC, which is key towards organic matter build-up. Moreover,
both TSC-CM and TSC were comparable in improving micronutrient
concentration in oilseed rape relative to control and mineral fertiliser.
Interestingly, there was low risk of nicotine toxicity in oilseed rape and
soil with TSC application from 3 WAT. However, owing to the intensely
bitter taste of oilseed rape in TSC-amended treatments, application of
TSC-CM at 40 t/ha offers a trade-off of yield increase, nutrient uptake
and oilseed rape taste and may, therefore, be more acceptable as an
organic nutrient source relative to TSC. Notwithstanding, if composting
is not feasible, TSC at 20 t/ha may be recommended, although the
first harvest may have to be discarded. Thus, the viability of TSC-CM
and TSC as practical solutions for nutrient supply and sustainable
soil management were asserted. For further study, there is need for
evaluation of performance of the organic materials based on the same
N rate, evaluation of waiting periods after incorporation of TSC so as to
enhance nutrient uptake during early growth stage as well as long-term
application for sustainability.
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