International Journal of Horticultural Science 2021, 27: 64-75.
https://doi.org/10.31421/ijhs/27/2021/9441

Effects of nitrogen fertilizer application rate and time to first
harvest on leaf area index; leaf nitrate content and yield of
Irrigated leaf rape (Brassica napus L. var. Giant)

Masaka, J.1, Chandiposha, M.?, Makaure, B.T.? & Mazina, B.?

!Department of Land and Water Resources Management, Midlands State University, Private Bag 9055, Gweru, Zimbabwe
2Department of Agronomy, Midlands State University, P Bag 9055, Gweru, Zimbabwe
Author for correspondence: johnsonmasaka@gmail.com

Summary: In Zimbabwe, smallholder cultivation of leaf rape is of considerable importance due to the increasing demand for the leaf vegetable
from the rapidly increasing urban populations. A two-season field trial was conducted in the Agricultural Practice Experimental Plots of the
Midlands State University in central Zimbabwe. The objective of the study was to establish selected biometric responses of le af rape to N fertilizer
rates and time to first harvesting. Increasing the rate of N fertilizer application considerably improves the yield of fresh rape leaf; LAl and
concentration of leaf nitrate. Delaying rape leaf harvest after N fertilizer side dressing can be used as a strategy to boost rape leaf yield for vegetable
markets with high single delivery demand. When harvesting is deliberately delayed after N fertilizer application rape LAI are significantly
increased. Delaying the first leaf harvests by 7; 14 and 21 days after N fertilizer side dressing amendments increases the co ntent of nitrate in fresh
rape leaves. Fresh rape yield can be more accurately predicted by values of rape LAI. Nitrate concentrations in fresh rape leaf is a poor predictor
of rape yield under field conditions.
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Introduction

The production of leaf vegetables in semi-arid sub-tropical
Africa plays important nutritional and income augmentation
roles for smallholder farmers (Kuntashula et al., 2004;
Nyakudya et al., 2010). The high nutritional value of leafy
vegetables plays a pivotal role in the prevention of malnutrition
that is common in poor African rural communities (Masaka &
Ndhlovu, 2007). In sub-tropical Africa rape or canola (Brassica
napus, L) is grown as a leaf vegetable renowned for its fast
growth and early horticultural maturity (De Lannoy, 2001;
Nyakudya et al., 2010). Rape, which is grown all year round
under smallholder irrigation in Zimbabwe, has long been
established in sub-tropical African rural communities as a vital
food that is consumed as fresh and dried leaves with starch
staples (Oldham, 1999; Nyakudya et al., 2010).

The leaf rape crop is reported in various studies to have an
elevated demand for N and a decreased fertilizer nitrogen use
efficiency (Schjoerring et al., 1995; Hirel et al., 2007; Maereka
et al., 2007; Avice & Etienne, 2014; Bouchet et al., 2016).
Related studies on mineral nutrition of rape have arrived at the
conclusion that the absorption of N absorption is considerably
faster than it is incorporated for growth and development by
vegetable plants. This resultantly causes nitrate build-up in the
leaf tissue as N reserve (Hirel et al., 2007; Anjum et al., 2012;
Bouchet et al., 2016; Li et al., 2016).

The excessive presence of nitrate in rape leaves is
detrimental to rape leaf quality and human health (Rossato et al.,
2002). Amongst the two forms of available N in soils, the nitrate

N is the most critical form in leaf vegetables due to the
possibility of nitrate toxicity to human population and domestic
animals (Stopes et al., 1989). It is reported that nitrate causes
bitterness in rape leaves, making them less acceptable for
consumption (McCall & Willumsen, 1998; Maereka et al., 2007;
Gonzalez et al., 2016).

The early stages of rape leaf growth are characterized by the
synthesis of the photosynthetic matter and the enlargement of
leaves which both demand a large quantity of N (Johnson et al.,
2010; Kusumi et al., 2010). When there is lack of N the division
of cells and their expansion are considerably reduced thereby
impacting on the resultant leaf area (Roggatz et al., 1999). The
change in dry matter accumulation by the rape crop is strongly
influenced by leaf area (LA) and leaf area index (LAI) (Kusumi
et al., 2010). The size of rape leaves is determined by the
nutritional status of the soil in which the plant is growing (Reid,
2002).

A wide range of studies have confirmed that leaf vegetables
are major contributors of dietary nitrate, with significant
variations in the content of leaf nitrate content that have harmful
effects on the health of humans (Brown et al., 1999; Bouchet et
al., 2016). The current study is a critical examination of the
agronomic factors that can be employed to modulate yield and
nitrate levels in a fresh leaf rape. Specifically, the study was
undertaken in order to evaluate the effect of N fertilizer
application rates and the temporal harvest gap after N fertilizer
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application on leaf area index, leaf nitrate content and yield of
irrigated rape.

Materials and methods

Description of the study site

The current study was carried out during the dry winter
seasons of 2014 and 2015 in the Agricultural Practice
Experimental Plots of the Midlands State University (19°25'S,
29°50'E 19°17' S; 29°21' E, 1425m above sea level) in central
Zimbabwe (Figure 1). The site is located in Agro-ecological
Region 11l where total rainfall ranges from 650 to 800 mm per
year (average 725 mm). The average annual temperature is
21.6°C with infrequent frost occurrence in the months of June
and July. Generally, climatic conditions have dry winter and wet
summer seasons. The winter dry season covers the period from
April to September. The wet summer season extends from the
month of October ending in March (Vincent & Thomas, 1960).
The soil is classified as a Ferric Luvisol (FAO-ISS-ISRIC,
1998). The production of vegetables at the experimental site is
all year round (De Lannoy, 2001).

Characterization of experimental soil

The soil at the experimental site is a deeply weathered loamy
clay topsoil over clay subsoil derived from gneissic granite. The
soil samples were collected using a soil auger. Ten soil samples
were obtained from randomly chosen points of the experimental
site from depths of 0 to 20; 20 to 60 and 60 to 100 cm of soil.
The soil was then placed in a clean plastic bucket where it was
thoroughly mixed in order to obtain a composite soil sample.
The composite soil sample was air-dried, and sieved (<2mm) for
characterization (Table 1). The soil organic content was
determined using the Walkely and Black procedure (Nelson &
Sommers, 1996). The Bouyocous hydrometer method
(Bouyoucos, 1965) was employed to establish the soil textural
classes. About 159 of the composite soil sample was placed in
200 ml honey jar where 75 ml 0.1M CaCl, were carefully added
and shaken thoroughly using the mechanical method for about
30 minutes. The pH of the soil sample was determined using a
digital pH meter (Model: Orion 701, Orion Manufacturing, Ml,
USA). The total content of N was established using the Kjeldahl
procedure in which concentrated H,SO4; K2SO4 and HgO were
used to digest the sample (Bremner, 1996). The Black & Hartge
(1986) method was employed to determine the soil bulk density
values.

Cultural practices for the rape seedlings in float trays

Two rape seeds (cv. English Giant, National Tested Seeds of
Zimbabwe) were planted in each cell of 10 polystyrene float
trays filled with pine bark growing media under greenhouse
conditions in May 2014 and 2015. Seedling emergence in float
trays was observed 5-10 days after planting. The seedling
thinning exercise was carried out in float trays at four days after
seedling emergence ensuring that one healthy seedling remained
in each cavity. The rape seedlings were liquid fed with
ammonium nitrate (34.5% N), single super phosphate (20%
P,0s) and muriate of potash (60% K,0) mixed at a ratio of 3:2:1.
The seedlings were then hardened for one week by reducing the
frequency of watering gradually from three times to once per day
using a watering cane with a fine rose. The seedlings were

transplanted from the float trays to the field at 28 days after
germination.

Plots establishment

The field experiments were conducted from April to July for
two seasons in 2014 and 2015. The land was cultivated manually
to a depth of about 30 cm and then leveled using a rake. Twenty-
four raised plots, which measured 330 by 180 cm, were carefully
marked out. Twenty cm high ridges were put in place around each
plot in order to avoid cross-contamination by surface run-off.

Treatments, design and management of experimental crop

Two experiments constituted the field trial. Experiment 1 was
conducted to establish the effect of side dressing N application
rate on leaf area index, leaf nitrate content and yield of leaf rape
harvested at weekly interval. Experiment 2 was conducted to
determine the effect of the first leaf harvesting time after side
dressing N on leaf area index, leaf nitrate content and yield of leaf
rape of the first leaf harvest conducted (42 DAT); 2 (49 DAT) and
3 (56 DAT) weeks after side dressing N. In both experiments N
fertilizer side dressing was applied as ammonium nitrate (AN)
(34.5% N) at 35 days after transplanting (DAT). There were four
treatments (N fertilizer application rates) in both experiments
replicated three times. Twelve plots were allocated to each
experiment. Consequently, there were twenty-four plots in the
two experiments.

A randomized complete block design was employed in the field
experiments. Five rows of seedlings were planted with spacing in
the inter-row of 30 cm and 30 cm in the intra-row, giving a plant
population of 84 175 plants ha™ (50 plants per plot).

Experiment 1 had four treatments laid out as follows:

e 0kg N haand weekly leaf harvesting (control, treatment

1).

e 50kg N ha' and weekly leaf harvesting (treatment 2).

e 100 kg N ha' and weekly leaf harvesting (treatment 3).

e 200 kg N ha' and weekly leaf harvesting (treatment 4).

Experiment 2 had four treatments laid out as follows:

e 0 kg N ha-1 and first leaf harvesting 1, 2 and 3 weeks
after side dressing (control, treatment 1).

e 50 kg N ha-1 and first leaf harvesting 1, 2 and 3 weeks
after side dressing (treatment 2).

e 100 kg N ha-1 first leaf harvesting 1, 2 and 3 weeks after
side dressing (treatment 3).

e 200 kg N ha-1 and first leaf harvesting 1, 2 and 3 weeks
after side dressing (treatment 4).

In Zimbabwe, leaves of the leaf rape are harvested from
week five (5) after transplanting (Figure 2). The duration of the
harvesting period is six weeks (42 days). A basal fertilizer
application of compound S fertilizer (9% N, 17% P,0s, 5% K;0
and 7% S) was done in each treatment during land preparation
at a rate of 500 kg ha™.

The transplants were sprayed with methomex once every 2
weeks after transplanting for management of aphids. The plots
were kept weed free by hand hoeing at 3 and 6 weeks after
transplanting. Pressure-compensating drip emitters were used to
irrigate the plots. The supplementary irrigation was employed to
meet the crop water requirements. Rates of irrigation water
varied according to weather conditions.
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Figure 1. Study site location
Table 1. Chemical and physical properties of the experimental soil
. Total Saturation
Soil depth S&” Org-C N Sand Silt porosity E’:r:l; gravimetric
(cm) P (%) mgkg™ (%) (%) (cm3cm’®) t3y water
(H0) (gem™) 1
(99
0-20 6.1 0.5 27 75 5 0.49 1.27 0.52
20-60 6.4 0.3 22 70 5 0.44 1.32 0.66
60-100 6.5 0.1 21 68 2 0.40 1.40 0.70
scaling of fresh rape leaf weight and determination of nitrate
® Transplant 'V Sidedressing A Harvest content. In experiment 2, the first harvest of all rape leaves that
attained horticultural maturity from the selected plants in the
’ v plots was undertaken at one, two, three weeks after N fertilizer
1 1 1 1 1 | 1 1 1 L 1 1 1 1 1 L 1 H H H
15 30 25 p T 30 DAT side dressing and subsequent normal leaf harvesting events. The
4 leaf biomass was then immediately taken to the laboratory for
Experiment | scaling of fresh rape leaf and determination of nitrate content.
The harvested rape leaves were weighed using a digital scale to
® . Yy obtain fresh leaf weight from each plot.
15 30 A6 L & & 75 90 DAT Fresh leaf harvested biomass for each selected plant in each

Experiment 2

Crop timeline (Days after transplant-DAT)

Figure 2. Timelines of experimental activities over the 90 DAT for
experiment 1 and 2

Rape leaf biometric measurements

In the two experiments, 4 randomly selected rape plants were
chosen and labeled in each plot for the biometric measurements.
In experiment 1, rape leaves that reached horticultural maturity
from 35 DAT onwards were harvested from the selected rape
plants weekly and immediately taken to the laboratory for

plot was summed up and converted to yield ha. Just before each
leaf harvesting event, the leaf area index (LAI) was estimated
using the LAI-2000 optical instrument (LICOR, Lincoln, USA).
The LAI value was established by undertaking a series of 1
above reading and 4 below readings for the selected plants. At
each LAl recording event, an opaque mask with a 45° opening
adjusted to the fish-eye lens was employed to reduce the
influence of the operator and of the adjacent plots.

A random selection of the biomass collected from each plot
produced sub samples which were rinsed; dried in the oven at
70°C for 48 hrs and kept in a dry place. The oven-dried biomass
sub samples were subjected to grinding into fine powder. The
content of nitrate content was established using procedures
described by Cataldo et al. (1975).
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Statistical analysis

A Two-Way ANOVA (GenStat, 2003) was used to analyze
treatment effects. Treatment differences between means were
considered significant at p<0.05 as determined by Fisher’s
protected least significant difference test. Change data were log-
transformed if needed, to normalize the distributions before the
statistical analysis. The separations of means were undertaken
using the LSD in each set of experiment. A t-test for unpaired
samples was performed using the GenStat package in order to
establish statistical significance of the mean differences.
Microsoft Excel was used to determine the Pearson correlation
coefficients among measured variables and their r? values. A
linear model GenStat analysis of correlation at 5% level was
used.

Results
Experiment 1

Fresh rape leaf yield over the growing seasons following
applications of N fertilizer

Significant differences in the rape fresh leaf yield (p<0.05) were
identified between treatments (Figure 3) in experiment 1. Fresh leaf
weights harvested weekly from 42 to 77 DAT (days after
transplanting) consistently increased with increasing application
rates of mineral N fertilizer in 2014 and 2015. However, fresh leaf
yield harvested from each plot progressively declined towards the
last harvest at 77 DAT. Highest leaf yield recordings were observed
in the plots subjected to 200 kg N ha™* side dressing (1.6 — 8.4 T ha"
1for 2014 and 1.8 - 8.7 T ha'! for 2015).

The increase in N fertilizer side dressing from 50 to 100 and
200 kg N ha? in 2014 and 2015 were followed by elevations of
fresh leaf yield ranging from 0.4 to 0.9 and 0.4 to 2.7 T ha* over
the harvesting period, respectively. Temporal fresh leaf harvest
reductions in the second harvest (49 DAT) compared with the
first harvest (42 DAT) ranged from 10.5 to 14.6% in 2014 in all
treatments. In the same year, the last leaf harvests at 77 DAT
were 3.69 to 53.8% lower than the harvests recorded in the
second from last harvests (70 DAT) across treatments. Yield
reductions consistently fell by larger margins towards the end of
the harvesting events for the years 2014 and 2015 (Figure 3).

Content of nitrates in fresh rape leaf over the growing seasons
following applications of N fertilizer

Concentrations of nitrates in fresh rape leaf increased
consistently (p<0.05) with increasing rates of mineral N
fertilizer side dressing and time of harvesting throughout the
study period (Figure 4). When compared with the control the
application of 50; 100 and 200 kg N ha' as side dressing
increased the concentrations of nitrates in fresh leaf vegetable by
0.0721 mg kg™ or 46.5%; 0.1023 mg kg™ or 66.0% and 0.1886
mg kg* or 121.7% in 2014 and 0.0805 mg kg* or 43.1%; 0.1168
mg kg™ and 0.1597 mg kg™ or 85.5% in 2015 over that in control
plots, respectively.

When the application of N was increased from 50 to 100 kg
N ha?! the concentrations of nitrates in fresh rape leaf
correspondingly increased by 0.0302 and 0.0363 kg N ha? in
2014 and 2015, respectively. Increasing the application of N
fertilizer from 100 to 200 kg N ha' was followed by an
escalation of nitrate concentration in fresh rape leaf of 0.0863

and 0.0429 mg kg™ in 2014 and 2015, respectively. It can be
inferred from the results that for every kg increase in N fertilizer
application as a side dressing there is an increase of 0.000429 —
0.000726 mg nitrate kg™ of fresh rape leaf.

Temporal concentrations of nitrate in rape leaf on plots
subjected to 0; 50; 100 and 200 kg N ha? applications were
significantly (p<0.05) higher than those recorded on the control
plots (Figure 4). The concentrations of nitrates in fresh leaf
harvested at 77 DAT were 0.0480 mg kg™ or 30%; 0.0552 mg
kg or 23.3%; 0.0714 mg kg™ or 27.3% and 0.0747 mg kg™ or
24.9% in excess of those recorded in the leaf harvest at 42 DAT
in plots subjected to 0; 50; 100 and 200 kg N side dressing
applications for the year 2014, respectively. Similarly,
concentrations of fresh rape leaf nitrate harvested at 77 DAT
were 0.0410 mg kg or 24.1%; 0.0594 mg kg™ or 25.1%; 0.0701
mg kg or 26.7% and 0.0416 mg kg or 12.5% in treatment 1;
2; 3 and 4 plots for year 2015 respectively.

Leaf area index dynamics at leaf harvesting following
applications of N fertilizer

Figure 4 shows the dynamics of LAI at leaf harvesting under
four application levels of N fertilizer side dressing. Mean
separations between treatments for LAI at every harvesting
event were significantly (p<0.05) different for both years. Mean
LAl on plots amended with 50; 100 and 200 kg N ha* fertilizer
exceeded mean LAI recorded on the control plots by 1.538
(62.8%); 1.121 (38.1%) and 1.603 (60.0%) at harvesting events
in 2014, respectively. In 2015, LAI recorded on plots that
received 50; 100 and 200 kg N ha* were 0.549 (52.6%); 1.178
(112.9%) and 1.619 (155.3%) above the LAI scored on the
control plots (Figure 5). Higher LAI at leaf harvesting were
observed on the 200 kg N fertilizer side dressing plots (3.752 —
3.734) for both years.

When N fertilizer applications were increased from 50 to 100
kg N ha'l LAT significantly (p<0.05) increased by 42.6% (0.655)
on average in 2014. Upgrading the N fertilizer application rates
from 100 to 200 kg N ha* was followed by an increase in the
mean LAI at harvesting of 19.9% (0.441) in 2015, respectively.
The LAI in all experimental plots appeared to decrease
considerably (p<0.05) from the first fresh leaf harvest at 42 DAT
towards the last leaf harvest at 77 DAT in 2014 and 2015
(Figure 5). In 2014 the LAI at first leaf harvesting (42 DAT)
were 1.440 (275.3%); 1.799 (275.9%); 2.208 (228.8%) and
2.514 (203.1%) in excess of the LAI recorded at the last
harvesting events (77 DAT) in treatments 1; 2; 3 and 4 plots,
respectively.

The LAI at the last fresh rape leaf harvest (77 DAT) in plots
subjected to 0; 50; 100; and 200 kg N ha* as side dressing were
0.687 (193.0%); 2.209 (358.8%); 2.208 (228.8%) and 2.452
(188.6%) lower than those recorded at the first harvesting
occasion (42 DAT) in 2015, respectively.

Experiment 2
First harvest rape leaf yield after N side dressing

Delaying the first fresh leaf harvest by 7 (42 DAT); 14 (49
DAT) and 21 (56 DAT) days after N fertilizer side dressing
within treatments on plots significantly (p<0.05; Figure 6)
increased the yield of first rape leaf harvest in 2014 and 2015.
Generally, the fresh rape leaf harvested 14 days after N fertilizer
side dressing in the 2014 growing season were 0.6 T ha*
(12.6%); 1.2 T ha' (21.1%) and 0.9 T ha* (11.0%) in excess of
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the harvest performed 7 days after N fertilizer side dressing for
treatments 2; 3 and 4, respectively. In the same year, leaf harvests
performed 21 days after application of 50; 100 and 200 kg ha* N
fertilizer side dressing recorded 1.3 T ha' (24.1%); 0.9 T ha'
(13.0%) and 1.1 T ha! (12.1%) fresh leaf yields above those
recorded in harvests conducted 14 days after N fertilizer
applications as side dressing. Comparatively similar trends in fresh
leaf yield response to intervals between harvesting events and N
fertilizer side dressing during the 2015 growing season (Figure 6).

Nitrate concentration in first harvest of rape leaf after N side
dressing

Delaying the first fresh leaf harvests by 14 days after N
fertilizer side dressing amendments considerably escalated the
concentration of nitrate in fresh rape leaves by 0.009 mg kg
(6.2%); 0.0337 mg kg* (13.9%); 0.0433 mg kg'< (16.6%) and
0.0397 mg kg™ (13.6%) above that in fresh leaves harvested 7
days after N fertilizer side dressing on plots subjected to 0; 50;
100 and 200 kg N ha-1 respectively for the year 2014. In the
same year, first harvests delayed by 21 days after applying N
fertilizer top dressing had nitrate concentrations of 0.0117 mg
kg (6.9%); 0.0355 mg kg?* (12.9%); 0.0378 mg kg™ (12.4%)
and 0.0407 mg kg* (12.3%) in excess of those recorded in first
fresh leaf harvests delayed by 14 days after N fertilizer side
dressing in treatments 1; 2; 3 and 4, respectively.
Correspondingly similar trends in nitrate accumulations in fresh
rape leaf harvests was observed in 2015 experiments (Figure 7).

LAI at first harvest of rape leaf after N side dressing

The period between the application of N fertilizer as a side
dressing and the first fresh leaf harvest considerably influenced
LAI (p<0.05) in the first leaf harvests for the 2014 and 2015 field
experiments (Figure 8).

LAI progressively increased with increasing period between
the application of N fertilizer as side dressing and the first rape
leaf harvests. At 14 (49 DAT) days after N fertilizer amendments
LAI were 0.230 (11.7%); 0.537 (21.9%) 0.671 (21.0%) and
0.611 (16.3%) above those recorded at first harvests conducted
7 days after N fertilizer top dressing on 0; 50; 100 and 200 kg N
ha?l plots, respectively. When the first rape leaf harvest was
delayed by 21 (56 DAT) days after N fertilizer side dressing the
LAI increased significantly (p<0.05) by 0.427 (19.3%); 0.435
(14.6%); 0.500 (13.0%) and 0.505 (11.6%) above those recorded
at first harvest conducted 14 (49 DAT) days after N fertilizer
amendments in treatments 1; 2; 3 and 4 plots, respectively.

Delaying the first harvests of rape leaf by 21 days after
conducting N fertilizer side dressing escalates rape LAl by 0.657
(33.2%); 0.972 (39.7%); 1.171 (36.7%) and 1.116 (29.8%)
above those observed at harvests delayed by 7 (42 DAT) days
after N fertilizer amendments in treatment 1; 2; 3 and 4 plots
respectively for the years 2014.

Regression analyses between measured variables

Figures 9-10 show the regression analyses indicating the direct
effects of fresh rape leaf nitrate concentrations and LAI on
harvested rape leaf yield. The regression analysis has shown that the
LAI and fresh rape yield were significantly (p<0.05) correlated with
r? values (coefficients of determination) ranging from 0.90 — 0.92.
However, the relationship between fresh rape leaf nitrate
concentration and rape leaf yield did not show significant
correlation (p>0.05) with coefficients of determination of 0.04.
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Figure 10b. Regression analysis between fresh rape leaf yield and LAI (2015)
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Discussion

Experiment 1

Fresh rape leaf yield responses over the growing seasons after
N fertilizer applications

In the current study, higher fresh leaf weights recorded on
plots amended with higher rates of N fertilizer are attributed to
increased photosynthetic processes (Johnson et al., 2010), leaf
area production and net N assimilation rate (Bouchet et al.,
2016). Similar responses to N fertilizer applications to leaf rape
yield were reported by Rathore & Manohar (1989). These
studies reported a generally linear increase in rape biomass with
increased N side dress from 30 kg N ha* to 120 kg ha'. Singh
et al. (2006) established linear increases in rape yield up to N
180 kg hal. The successive reductions in fresh rape leaf harvest
yield towards the last harvest are attributed to the depletions of
available N as the period from the N side dressing event
increases.

Leaf nitrate content dynamics over the harvesting period
following applications of N fertilizer

Field leaf rape is generally characterized by high levels of
nitrate extraction from the soil and, in certain circumstances,
even above its requirements (Rossato et al., 2002; Bouchet et al.,
2016). The current study has recorded consistently higher leaf
nitrate concentrations with increasing N fertilizer applications
(Figure 4). Excessive concentrations of nitrate in rape leaves are
harmful to human health (Rossato et al., 2002). Related studies
have shown that nitrate N is the most critical form in leaf
biomass due to its potential toxicity to livestock and humans
(Stopes et al., 1989). In addition, higher leaf concentrations of
nitrate N causes bitterness in rape leaves, making them less
acceptable for consumption (Maereka et al., 2007; Gonzalez et
al., 2016). Research results have indicated that fresh vegetables
are a major exogenous source of inorganic nitrates and nitrites
in human diets. Experimental evidence has shown that nitrogen
plays an important role in plant growth and development due to
its content in proteins; nucleic acids, chlorophyll; enzymes and
hormones (Rathke et al., 2006; Anjum et al., 2012). In a related
study on leaf senescence and N remobilization in the rape crop
Avice & Etienne (2014) reported a strong response in rape leaf
nitrate content to N fertilizer amendments.

Results of the study have shown that the concentration of leaf
nitrate increased consistently after every successive fresh leaf
harvest (Figure 3). The observed trend in leaf nitrate content
dynamics is attributable to the reduction of the above ground
plant biomass removed in every harvest that could have
assimilated the nitrate from the soil ambience. The increase in
nitrate nitrogen concentration in biomass with time in the current
experiment is in direct contrast with Brown et al. (1999) who, in
a study on nitrate accumulation in a vegetable biomass, reported
that nitrates are generally higher in early vegetative growth when
compared with more mature plant biomass. In a related study on
nitrogen fertilization and timing of harvesting on leaf nitrate
content and taste in fresh leaf rape Maereka et al. (2007) reported
increasing fresh leaf harvests and leaf nitrate content with
increasing fertilizer rates accompanied by bitterness of leaves.
Results of the current study may imply that delayed harvesting
of fresh rape leaf is accompanied by higher leaf nitrate content.
The toxicity of nitrates in animal cell metabolism emanates from

the fact that it is degraded into much more toxic nitrites (Bouchet
et al., 2016), which is ten times more toxic than nitrates in the
human body (Terry et al., 2001; Gonzalez et al., 2016).

Leaf area index dynamics at leaf harvesting following
applications of N fertilizer

In the current study, the application of higher rates of N were
accompanied by rapid leaf area growth and improved overall
crop nitrogen assimilation and thus contributing to increased
fresh leaf yield (Li et al., 2016). The supply of N is a limiting
factor in leaf rape production as it influences the growth of leaf
area which impacts on yield if sustained throughout the growing
season (Roggatz et al., 1999; Reid, 2002; Nyakudya et al., 2010).

The higher LAI recorded on plots subjected to higher N
fertilizer side dressing are a result of increased mineral N
extraction from a soil with high replenishments of available N.
The decrease in LAI displayed by the rape crop in all treatments
with time in this experiment confirm conclusions arrived at by
Li et al. (2016). In a study on rape plant development response
to N fertilizer application the researchers recorded increasing
rape leaf area growth with increasing N fertilizer application
rate.

Experiment 2
First harvest rape leaf yield after N side dressing

Leaf rape yield increase is the ultimate outcome of improved
soil fertility management which depends considerably on N
fertilization strategy. In the current study, fresh rape leaf yield in
the first harvest after N fertilizer side dressing increased with
increasing delay period after N fertilizer side dressing. The
growth and yield of rape are enhanced significantly by
increasing the period of interaction between the soil ambience
and plant root systems at the root/soil interface. For this reason,
in each set of treatments, the yield of rape leaf in the first harvest
after applying N fertilizer side dressing was highest at 21 days
after applying the N fertilizer side dressing (56 DAT, Figure 5).

This implies that delaying rape leaf harvest after N fertilizer
side dressing can be used as a strategy to boost rape leaf yield
for vegetable markets with high single delivery demand. Nitrate
content in first harvest rape leaf after N side dressing Results
have demonstrated that when the first harvest of fresh rape leaf
is delayed by 7 (42 DAT); 14 (49 DAT) and 21 (56 DAT) days
after application of N fertilizer side dressing the content of
nitrates in rape leaves considerably increase (Figure 6).

Nitrate concentration in first harvest of rape leaf after N side
dressing

In a related study, the taste of fresh rape leaf was found to
get bitterer with increasing nitrate concentrations in leaves
(Brown et al., 1999; Anjana & Igba, 2006). In its characteristic
N absorption pattern, a leaf rape plant accumulates most of the
N in the leaves which can be as high as 7% of the mass of leaves
resulting in a substantial proportion of N as storage N
(lammarino et al., 2014). Previous research results have
indicated that there are large amounts of amino acids found in
fresh rape leaves (Roggatz et al., 1999) associated with higher
concentrations of nitrate in fresh leaves.

While a delayed first harvest of fresh rape leaves after N
fertilizer side dressing increases opportunities for harvesting

(oM



73

Masaka et al.

higher leaf yield, the delayed first harvest contains escalated
concentrations of nitrate.

LAI at first harvest of rape leaf after N side dressing

Various recent studies have shown that the size of rape leaves
is largely determined by the nutritional status of the soil in which
the plant grows (Li et al., 2016). The LAI, which is defined as
the average leaf per unit of land, appear to respond positively
with increasing application rates of N fertilizer. The LAI is an
integral part of chlorophyll, a primary absorber of
electromagnetic radiation energy needed for photosynthesis
(Bahar et al., 2017). The daily biomass production in rape is the
product of the amount of radiation intercepted by the canopy and
critical radiation use efficiency (Johnson et al., 2010).

Regression analyses between measured variables

The concentrations of nitrate in fresh rape leaf and rape LAI
are important predictors of fresh rape leaf yield under field
conditions. The fact that the coefficients of regression for the
relationships between leaf nitrate content and fresh rape leaf are
considerably lower (r> = 0.04) than the coefficients of
determination for the relationships between LAI and rape yield
(r? values between 0.90 and 0.92, p<0.05; Figure 8) shows that
leaf area index is a stronger determinant of rape leaf yield. This
implies that the fresh rape yield can be more accurately predicted
by values of rape LAI. Nitrate concentrations in fresh rape leaf
is a poor predictor of rape yield under field conditions.

Conclusions

Increased rates of N fertilizer application have the effect of
considerably improving the yield of fresh rape leaf; LAl and
elevates concentration of leaf nitrate. When harvesting is
deliberately delayed after N fertilizer application rape LAI are
significantly increased. Delaying the first leaf harvests by 7; 14
and 21 days after N fertilizer side dressing amendments
increases the content of nitrate in fresh rape leaves. Delaying
rape leaf harvest after N fertilizer side dressing can be used as a
strategy to boost rape leaf yield for vegetable markets with high
single delivery demand. Fresh rape yield can be more accurately
predicted by values of rape LAI. Nitrate concentrations in fresh
rape leaf is a poor predictor of rape yield under field conditions.
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