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TheNDVI was used to discriminate tobacco variety, assess fertilizer levels, and determine the impact of planting date on separating
crops. A split plot design with four planting dates, September, October, November, and December, as main plots, variety as subplot,
and fertilizer treatments as sub-subplots was used. Radiometric measurements were taken from 5m × 5m sampling plots, using
a multispectral radiometer. The September, October, and November crops had significant variety x fertilizer treatment differences
(𝐹 < 0.05) from the age of 10 weeks. T 66 and KRK26 varieties had similar (𝐹 > 0.05) NDVI values and these were greater (𝐹 < 0.5)
than those for K E1. The 100% and the 150% fertilizer treatments were similar (𝐹 > 0.05) and both were greater (𝐹 < 0.05) than
the 50% fertilizer treatments. All of the fertilizer and variety treatments at the December planting dates had similar reflectance
characteristics (𝑃 > 0.05), which were lower (𝑃 < 0.05) than the September and October planting dates. The results showed that
planting dates, varieties, and fertilizer levels could be distinguished using spectral data. Weeks 10-11 and 15 after the start of the
experiment were optimal for separating the planting date effect.

1. Background

Flue cured tobacco variety, planting time, and fertilizer man-
agement can be direct sources of yield and quality differences.
These variances affect plant canopy biophysical properties
and chemical composition. Su et al. [1] reported the consider-
able effect that different nutrients and fertilizer rates have on
plant leaf chemical composition. According toMackown et al.
[2] an understanding of the level of N fertilisation may be
a suitable diagnostic test of crop N sufficiency that could be
used for yield and quality predictions.

It is widely accepted that nitrogen (N) plays a key role
in the production of tobacco. Nitrogen is a constituent of
chlorophyll, the green coloring matter in plants that plays
a role in absorbing light for photosynthesis. The molecular
structure of the chlorophyll incorporates a large proportion
of total leaf nitrogen in the form of protein. Several studies

have found that foliar chlorophyll concentration provides an
accurate, indirect estimate of plant nutrient status [3].

Fertilizer management levels affect the crop canopy
mineral composition and the way the canopy interacts with
solar radiation. Interaction between light and intercepting
molecules in the canopy results in scattering and absorption
by the atomic bonds, electrons, or atoms in the molecule [4].
Thewavelength atwhich the processes of absorption or reflec-
tion take place is highly specific for the atomic bonds and
the molecular architecture of the intercepting target, making
the identification of individual chemical components within
the intercepting canopy possible [5].

Canopy reflectance of irradiance can be used as a rapid
means of assessing the N status of the crop and can be a
predictor of final yield [6].The spectral absorbance properties
of chemical components in plant leaves are manifested in the
reflectance spectra of leaves [7].This offers the opportunity of
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using measurements of reflected radiation as a nondestruc-
tive method for quantifying pigments as affected by level of
cropmanagement [3]. Similar cases of use of radiometric data
for crop assessment and N estimation were reported over a
wide range of crops [8, 9].

The spectral characteristics of vegetation vary with wave-
length. Analysing vegetation using remotely sensed data
requires knowledge of the structure and function of vege-
tation and its reflectance properties [10]. Leaf chlorophyll
strongly absorbs radiation in the red and blue wavelengths
but reflects in the green wavelength [11]. The internal struc-
ture of healthy leaves acts as a diffuse reflector of near-
infraredwavelengths.Measuring andmonitoring the infrared
reflectance can be useful in determining crop health [12].

Well managed crop canopies appear greenest and become
red or yellow with decrease in chlorophyll content due to
poor fertilisation [13]. Blackmer and Schepers [8] were able
to separate N treatments using the near 550 nm reflectance
measured on maize leaves detached from a field N fertilizer
experiment and also found that nutrient stressed canopies
had a lower spectral reflectance in the NIR and higher
red wavebands when compared with unstressed canopies.
Osborne et al. [14] and Graeff et al. [15, 16] could identify
and quantify nutrient deficiencies by means of reflectance
measurements based on selected stress specific wavelength
ranges. Aase et al. [17] reported a relationship between wheat
in-season dry matter and NIR/red ratios, suggesting that
reflectancemeasurements could be used to estimate plant leaf
dry matter.

The crop health and yield of tobacco depend on good
agronomic practices which include among other things
applying the recommended fertilizer rates and selection of
appropriate planting dates [18]. Tobacco planting starts from
the first day of September and to the end of the second week
ofDecember in Zimbabwe, depending onwhether the farmer
intends to irrigate the crop or rely on seasonal rainfall [19].
In Zimbabwe, the resource poor farmers resort to applying
half the recommended fertilizer rates to save on their costs of
production [19].These practices have an impact on the health,
physiological status, and final yield of the crop.

The Normalised Difference Vegetation Index (NDVI) is
the most commonly used spectral index in assessing crop
vigor, vegetation cover, and biomass production from mul-
tispectral satellite data [20, 21]. The index is calculated using
the formula NDVI = (NIR−Red)/(NIR+Red). As described
by Jackson et al. [20], the index is considered a good indicator
of the amount of vegetation and, hence, useful in distin-
guishing vegetation from soil. Benedetti and Rossini [22]
used the NDVI in assessing wheat growth vigor and applied
the information in estimating yield. Research at Kutsaga has
established that the index is positively correlated with most
biophysical characteristics of flue cured tobacco [23].

Monitoring of crop phenology by remote sensing is
very important for many practical agronomic applications
and notably for yield forecasting purposes [24]. Accurate
analysis of temporal and spatial variations throughout the
season can be used to interpret crop spectral response to
agronomic management, as emphasized by Tucker et al. [25].
It is essential to quantify the relationship between spectral

properties of tobacco and agronomic parameters in order
to utilize the full potential of remote sensing for assessing
crop condition and for forecasting yield. The use of effective
remote sensing techniques in crop growth studies would
eliminate the need for extensive field sampling by giving good
nutrient adequacy detection capability [14].

This paper presents the results of an experiment, which
was conducted to correlate the spectral indices with the
agronomic variables of three flue cured tobacco varieties,
four planting dates, and three fertilizer management levels.
By measuring the energy that is reflected by a crop canopy
surface over a variety of different wavelengths, it is hypothe-
sized that spectral signatures for the varying fertilizer levels,
varieties, and planting dates can be distinguished from the
adjacent bare ground. It is also hypothesized that, from spec-
tral characteristics of the canopies of the four planting dates,
one can identify the most suitable temporal windows for
meaningful measurements. This information could be very
useful in estimating the area covered by each planting date
treatment and in large area crop yield and quality predictions
using remote sensing.

2. Method

2.1. Study Area. This experiment was conducted for three
seasons at Kutsaga Research Station near Harare, Zimbabwe
(17∘55S, 31∘08E; Altitude 1480m above sea level [26]),
during summer and between 2010 and 2012. The experiment
was carried out under irrigation on a sandy loam soil (72.8%
sand, 8.8% silt, and 18.4% clay).The long-term average annual
rainfall for the station is 882mm.Before 2011 the research area
had been planted to tobacco followed by four years of Chloris
gayana cv. Katambora Rhodes grass [27]. The range average
monthly temperature for the station is 8∘C.

A split plot design with four planting dates, September,
October, November, and December, as main plots, variety as
subplot, and fertilizer treatments as sub-subplots was used
(Table 1). Three tobacco varieties, KRK26, T 66, and K E1,
developed by Kutsaga Research Station were used, while
three fertilizer management levels (50%, 100%, and 150%
recommended) were applied by hand (Table 2). The recom-
mended compound fertilizer rate from soil test results was
700 kg/ha, while that for ammonium nitrate (34.5% N) was
96 kg/ha at 4 weeks after planting and 75 kg/ha after topping.

An initial overhead preirrigation of 50–60mm was
applied at about 60 days before transplanting the tobacco. At
transplanting, 4-5 liters of water was applied in each planting
hole. A 15mm settling in irrigation run was applied just after
planting, followed by a 28-day stress period to promote root
development, after which, 25−30mm is applied to facilitate a
nitrogenous fertilizer application.

The experimental plots were located on well-drained
granitic sands and were low in available nitrogen, medium
in available phosphorus, and high in available potassium
content throughout the profile. During February of 2010 and
2011 the plots were disced after a three-year Katambora grass
fallow period to incorporate grass. Agricultural lime was
applied using recommendations given from soil test results
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Table 1: Soil analysis and fertilizer recommendations for experimental plots.

Lab Your Crop N : P : K fertilizers Required nutrients Suggested fertilizer Lime (kg/ha)
N P K Rate (kg/ha) Application top dressing

113315 Land block 1 Tobacco ∗ ∗ ∗ 140–160 70–100 ∗ : 20 : 17 800 (i.e, 2 cup no. 22/plant) 760
113316 Land block 2 Tobacco ∗ ∗ ∗ 100–120 70–100 ∗ : 20 : 17 600 (i.e, cup no. (30 + 5)/plant) NIL
113317 Land block 3 Tobacco ∗ ∗ ∗ 100–120 70–100 ∗ : 20 : 17 600 (i.e, cup no. (30 + 5)/plant) 600
113301 Land block 4 Tobacco ∗ ∗ ∗ 80–100 70–100 ∗ : 20 : 17 500 (i.e, cup no. 30/plant) 600

Table 2: Variety and fertilizer treatments.

Variety Fertilizer
KRK26 50% fertilizer
KRK26 100% fertilizer
KRK26 150% fertilizer
T 66 50% fertilizer
T 66 100% fertilizer
T 66 150% fertilizer
K E1 50% fertilizer
K E1 100% fertilizer
K E1 150% fertilizer

to raise the soil pH from 5.3 to 6.3 levels optimum for
tobacco production (Table 1). For the three years preceding
the 2010 experiments, the sites were under Katambora grass
to control nematodes. Recommended management practices
were followed [26] except for N : P : K levels and planting
times, which were treatments in the experiment. Fertilizer
and lime application was done using the results of the soil
analysis provided by the soil chemistry laboratory at Kutsaga
(Table 1).

2.2. Fertilizer Treatments. TheN : P : K treatmentswere hand-
applied in bands, about 10 cm deep and 30 cm to each side of
a row at planting, while N treatments were applied at about
4 weeks after transplanting after topping and at 6 weeks after
planting.

2.3. Procedure. Radiometric measurements were taken on
5m × 5m square sampling plots, using a hand-held multi-
spectral radiometer (Cropscan MSR-5, 450–1750 nm), with
the FOV centering over rows. Each sampling plot consisted
of 5 rows, each with 32 plants spaced at 56 cm. The interrow
distance was 1.2m. Normalised Difference Vegetation Index
(NDVI) was calculated from the spectral bands obtained in
Channels 3 and 4 which correspond to the red (630–690 nm)
and near-infrared (nir) (60–900 nm) regions of the MSR 5,
respectively, using the following formula:

NDVI = nir − red
nir + red

. (1)

Fasheun and Balogun [28] suggested that NDVI was sen-
sitive to the biochemical properties of leaf and phenological
stage of crop, respectively.

The multispectral radiometer (MRS 5) was positioned
facing vertically downward at 1m above crop canopies, and

measurements were taken around solar noon to minimize
the effect of diurnal changes in solar zenith angle. In total, 10
measurements were taken per sampling unit and reflectance
measurements were averaged for each sampling plot to esti-
mate a single reflectance value. Three-dimensional positions,
latitude, longitude, and altitude, for the whole experimental
area and for each treatment plot were taken using a Garmin
Personal Navigator (GPS V) to enable repeated sampling at
the same location.The averageNDVI data for the two seasons
were used for the analysis.

2.4. Data Analysis. NDVI data was analysed by analysis of
variance and statistically significant treatment effects were
separated using least significant differences (LSD). The data
was analysed using the Genstat 9.2 statistical package at 5%
level of significance. Student’s t-test calculations were done
to compare the planting date effect and graphs were plotted
using Excel 2007.

3. Results

The September planted crop’s NDVI reached a peak of
0.7–0.85 at 10–13 weeks after planting (Table 3). During
the juvenile stages, all the variety fertilizer management
treatments were statistically similar (𝑃 > 0.05). There were
significant (𝑃 < 0.05) fertilizer level differences in the NDVI
starting from the age of 10 weeks after planting. At peak
the NDVIs for 100% and the 150% fertilizer levels were
statistically similar and were both significantly greater than
the 50% fertilizer treatments.TheNDVI for the three varieties
were also significantly different (𝑃 < 0.05) from 7 weeks after
planting when canopy reflectance measurements started.The
varieties T 66 and KRK26 NDVIs were statistically similar
(𝑃 > 0.05) and were significantly greater than that for K E1
treatments. There was no variety x fertilizer level interaction
effect (𝑃 > 0.05).This trend was maintained beyond the peak
stage and as the NDVI fell to the lowest levels at 16-17 weeks
of age.

The NDVI for all the treatments in the October planted
crop rose sharply from week 6 after planting to peak at
approximately 9 weeks after planting (Table 4). Beyond the
peak, the NDVI also fell gently to reach the minimum at 13
weeks of age. Like the September planting, all the treatments
had similar (𝐹 > 0.05) NDVI from 6 weeks after planting
until the age of 10 weeks, when a peak NDVI was attained.
The 100% and the 150% fertilizer levels of T 66 and KRK26
were also statistically similar (𝑃 > 0.05) and were sig-
nificantly greater than both their 50% fertilizer and all
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Table 3: The NDVI temporal profiles for the September 15 planted crop.

Variety Fertilizer Weeks after planting
7 8 10 12 13 15 17 19 21 22

KRK26 50% fertilizer 0.65 0.79 0.79 0.78 0.70 0.54 0.41 0.32 0.37 0.50
KRK26 100% fertilizer 0.69 0.82 0.83 0.82 0.70 0.55 0.41 0.29 0.34 0.43
KRK26 150% fertilizer 0.69 0.82 0.85 0.82 0.76 0.61 0.48 0.40 0.35 0.43
T 66 50% fertilizer 0.64 0.80 0.79 0.78 0.68 0.54 0.37 0.29 0.40 0.50
T 66 100% fertilizer 0.65 0.82 0.85 0.83 0.75 0.67 0.52 0.41 0.46 0.40
T 66 150% fertilizer 0.65 0.82 0.84 0.85 0.79 0.70 0.60 0.34 0.39 0.47
K E1 50% fertilizer 0.61 0.75 0.76 0.75 0.65 0.52 0.23 0.27 0.34 0.58
K E1 100% fertilizer 0.61 0.73 0.73 0.75 0.63 0.53 0.30 0.30 0.42 0.59
K E1 150% fertilizer 0.63 0.76 0.78 0.80 0.70 0.65 0.53 0.32 0.39 0.53

Variety ∗ fertilizer
𝐹-Probability 0.84 0.62 0.01 0.26 0.10 0.33 0.11 0.09 0.21 0.32

S.E.D 0.03 0.02 0.02 0.02 0.02 0.05 0.06 0.05 0.04 0.05
L.S.D 0.07 0.05 0.03 0.04 0.05 0.10 0.13 0.10 0.08 0.10

Fertilizer

50% fertilizer 0.63 0.78 0.78 0.77 0.67 0.53 0.33 0.29 0.37 0.53
100% fertilizer 0.65 0.79 0.80 0.80 0.70 0.58 0.41 0.33 0.41 0.48
150% fertilizer 0.65 0.80 0.82 0.82 0.75 0.65 0.54 0.35 0.38 0.48

𝐹-Probability 0.51 0.32 0.001 0.004 <0.001 0.002 <0.001 0.10 0.15 0.15
S.E.D 0.02 0.01 0.009 0.01 0.01 0.03 0.04 0.03 0.02 0.03
L.S.D 0.04 0.03 0.019 0.02 0.03 0.06 0.08 0.06 0.04 0.06

Variety

K RK26 0.68 0.81 0.82 0.81 0.72 0.57 0.43 0.34 0.35 0.45
T 66 0.64 0.81 0.83 0.82 0.74 0.64 0.50 0.35 0.42 0.46
K E1 0.62 0.75 0.76 0.77 0.66 0.56 0.35 0.29 0.38 0.57

𝐹-Probability 0.01 <0.001 <0.001 0.002 <0.001 0.03 0.004 0.13 0.03 0.004
S.E.D 0.02 0.01 0.009 0.01 0.01 0.03 0.04 0.03 0.02 0.03
L.S.D 0.04 0.03 0.019 0.02 0.03 0.06 0.08 0.06 0.04 0.06

the K E1 treatments. The varietal NDVI differences were less
pronounced when compared with those for the September
crop. Like the September crop there was no interaction effect
observed (𝑃 > 0.05).

The November fertilizer treatment effect also followed a
comparable trend to the September and October plantings
(Table 5).Therewas a gentler decline of theNDVI values after
the peak stage (9-10 weeks after planting).Theminimum 0.5-
0.6 was attained at 15 weeks after planting. From the crop age
of 12 weeks after planting, the varieties showed significant
(𝑃 < 0.05) NDVI differences. The variety x fertilizer level
interaction was also absent.

The December crop peak was attained at 8 weeks after
planting and was maintained to the age of 10 weeks after
planting (Table 6).There were no significant (𝐹 < 0.05) treat-
ment differences from the first sampling to the end of reaping
in week 13 after planting.

The NDVI values for the September and October crops
were similar (𝑡 > 0.05) and both were significantly greater
than those for the November and the December crops
(Figure 1). There was a general fall of the NDVI with later
plantings. At all fertilizer levels, K E1 had the highest NDVI
in the October planted crop.

The September crop had the longest field life span of 22
weeks, as compared to the 17, 15, and 12 weeks for theOctober,
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Figure 1: NDVI profiles for the September, October, November, and
December crops.

November, and December crops, respectively (Figure 1).
The September planted crop could be separated from later
plantings in the first 9 weeks of establishment. Between 6
and 16 weeks of the tobacco growing season, the September,
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Table 4: The NDVI temporal profiles for the October 15 planted crop.

Variety Fertilizer Weeks after planting
5 6 8 10 11 12 14 15 16 17

KRK26 50% fertilizer 0.36 0.80 0.74 0.80 0.77 0.72 0.51 0.45 0.63 0.52
KRK26 100% fertilizer 0.37 0.82 0.78 0.82 0.78 0.70 0.60 0.51 0.74 0.57
KRK26 150% fertilizer 0.31 0.83 0.78 0.83 0.81 0.78 0.62 0.49 0.66 0.55
T 66 50% fertilizer 0.40 0.81 0.77 0.81 0.77 0.72 0.57 0.53 0.66 0.55
T 66 100% fertilizer 0.36 0.84 0.77 0.84 0.83 0.80 0.68 0.54 0.66 0.55
T 66 150% fertilizer 0.37 0.85 0.80 0.85 0.83 0.82 0.56 0.54 0.67 0.58
K E1 50% fertilizer 0.40 0.82 0.78 0.82 0.78 0.75 0.54 0.52 0.57 0.58
K E1 100% fertilizer 0.40 0.85 0.80 0.85 0.82 0.81 0.60 0.50 0.70 0.54
K E1 150% fertilizer 0.41 0.86 0.81 0.86 0.82 0.82 0.71 0.52 0.65 0.56

V ∗ F
𝐹-Probability 0.22 0.99 0.88 0.99 0.83 0.11 0.45 0.87 0.28 0.31

S.E.D 0.03 0.02 0.03 0.02 0.02 0.03 0.08 0.05 0.04 0.03
L.S.D 0.06 0.04 0.06 0.04 0.05 0.06 0.19 0.11 0.09 0.06

Fertilizer

50% fertilizer 0.39 0.81 0.76 0.81 0.77 0.73 0.54 0.50 0.62 0.55
100% fertilizer 0.38 0.84 0.79 0.84 0.80 0.77 0.63 0.51 0.70 0.56
150% fertilizer 0.36 0.85 0.79 0.85 0.82 0.80 0.63 0.52 0.66 0.57

𝐹-Probability 0.27 0.007 0.15 0.007 0.005 <0.001 0.15 0.84 0.02 0.54
S.E.D 0.02 0.01 0.02 0.01 0.01 0.02 0.05 0.03 0.03 0.02
L.S.D 0.03 0.02 0.03 0.02 0.03 0.03 0.11 0.06 0.05 0.03

Variety

KRK26 0.35 0.81 0.77 0.81 0.79 0.73 0.58 0.48 0.68 0.55
T 66 0.38 0.83 0.78 0.83 0.81 0.78 0.60 0.54 0.66 0.56
K E1 0.40 0.84 0.80 0.84 0.81 0.79 0.62 0.51 0.64 0.56

𝐹-Probability 0.008 0.04 0.23 0.04 0.19 0.005 0.71 0.23 0.47 0.61
S.E.D 0.02 0.01 0.02 0.01 0.01 0.02 0.05 0.03 0.03 0.02
L.S.D 0.03 0.02 0.03 0.02 0.03 0.03 0.11 0.06 0.05 0.03

October, and November crops could be separated because of
their significant (𝑡 < 0.05) average NDVI differences. This
was well before the December crop was established. The
September crop declined at 15 weeks after planting, when
the October crop was at peak. Only the December planted
crop was actively growing in the field beyond 24 weeks after
the start of the experiment. A summary of the approximate
times for collecting reflectance data for separating the crops
is presented in Table 7.

4. Discussions

The general NDVI profile followed the same pattern as the
leaf area index [25]. Similar to the findings of Peng et al.
[29], the spectral characteristics of tobacco in the luxuriant
growth stages between 0 and 10weeks after plantingwere very
similar, making it difficult to separate variety and fertilizer
effect using a single-phase remote sensing image.

The September and October crops had higher average
reflectance values than the November and December crops.
This could have resulted from the dry conditions underwhich
these crops are established. The crops are generally subjected
to 4–6 weeks of dry conditions before irrigation is applied or
rains received [26]. The moderate stress is considered ben-
eficial to the tobacco plants, as deeper root development is

encouraged in preparation for the rapid growth phase. The
additional root development results in increases in yield and
quality of the cured leaf [18]. In addition, the stimulation of
root development subsequently promotes the attainment of
desirable chemical composition.

Generally, periods of severe water stress, however, can
cause a negative spectral response as argued by Negeswara-
Rao et al. [30] and in the NDVI profiles. Such responses
were evidenced by the negative oscillations during weeks
9 and 10 of the September planted crop. The general decline
of theNDVIwith late plantingwas similar to the documented
response of tobacco yield to planting time [26], thus showing
the potential for NDVI to be used in developing yield
forecasting models [31].

The separation of flue cured varieties and fertilizer levels
using canopy reflectance could be done at the age of at
least 10 weeks after planting when NDVI differences among
these became significant. The 10-week stage coincided with
the period of intense reaping for most flue cured tobacco
varieties. At this stage, the potential of the different crops in
the field, as determined by variety and fertilizermanagement,
could easily be detected and considered in overall yield
estimation.

The higher NDVI for both 100 and 150% fertilizer level
treatments for T 66 and KRK26 could be an indication of
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Table 5: The NDVI temporal profiles for the November 15 planted crop.

Variety Fertilizer Weeks after planting
5 7 8 10 11 12 13 14 15 16

KRK26 50% fertilizer 0.25 0.49 0.62 0.62 0.57 0.57 0.54 0.54 0.59 0.59
KRK26 100% fertilizer 0.27 0.51 0.64 0.70 0.63 0.62 0.58 0.58 0.58 0.54
KRK26 150% fertilizer 0.24 0.57 0.64 0.74 0.68 0.68 0.64 0.64 0.60 0.54
T 66 50% fertilizer 0.31 0.51 0.67 0.67 0.61 0.61 0.59 0.59 0.62 0.58
T 66 100% fertilizer 0.30 0.55 0.71 0.70 0.65 0.68 0.67 0.67 0.66 0.57
T 66 150% fertilizer 0.27 0.52 0.69 0.75 0.73 0.75 0.69 0.69 0.67 0.61
K E1 50% fertilizer 0.25 0.46 0.63 0.56 0.54 0.56 0.56 0.56 0.60 0.59
K E1 100% fertilizer 0.28 0.55 0.68 0.72 0.67 0.69 0.59 0.59 0.59 0.54
K E1 150% fertilizer 0.27 0.51 0.73 0.77 0.71 0.76 0.69 0.69 0.59 0.59

VAR ∗ fertilizer
𝐹-Probability 0.65 0.71 0.72 0.25 0.52 0.34 0.58 0.58 0.74 0.49

S.E.D 0.03 0.06 0.05 0.04 0.04 0.03 0.03 0.03 0.04 0.03
L.S.D 0.06 0.13 0.11 0.09 0.09 0.07 0.07 0.07 0.08 0.07

Fertilizer

50% fertilizer 0.27 0.49 0.64 0.61 0.57 0.58 0.56 0.56 0.60 0.59
100% fertilizer 0.28 0.54 0.68 0.71 0.65 0.66 0.61 0.61 0.61 0.55
150% fertilizer 0.26 0.54 0.69 0.75 0.71 0.73 0.67 0.67 0.62 0.58

𝐹-Probability 0.46 0.28 0.29 <0.001 <0.001 <0.001 <0.001 <0.001 0.62 0.14
S.E.D 0.02 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02
L.S.D 0.04 0.07 0.06 0.05 0.05 0.04 0.04 0.04 0.05 0.04

0.58 0.59 0.56

Variety

KRK26 0.25 0.52 0.63 0.69 0.63 0.62 0.58 0.65 0.65 0.58
T 66 0.29 0.53 0.69 0.71 0.66 0.68 0.66 0.61 0.59 0.57
K E1 0.27 0.51 0.68 0.68 0.64 0.67 0.61

0.01 0.03 0.35
𝐹-Probability 0.10 0.83 0.12 0.61 0.31 0.03 0.01 0.02 0.02 0.02

S.E.D 0.02 0.03 0.03 0.02 0.02 0.02 0.02 0.04 0.05 0.04
L.S.D 0.04 0.07 0.06 0.05 0.05 0.04 0.04

higher yield potential for these treatments. According to Jiang
et al. [32], the NDVI reflects the growing status of green
vegetation, thusmaking the task of cropmonitoring and crop
yield estimation by remote sensing realizable. The different
rates of fall of NDVI after the peak could be due to fertilizer x
variety treatment related ripening rates [32].

A long life span in the field is important in increasing
the crop leaf area duration (LAD), which is very essential for
the crop to complete the development of sinks [33, 34]. In
the experiment, crop life span generally decreased with late
planting in the experiment.

The similarity of average NDVI for the three varieties
in September could be an indication of equal yield poten-
tial under such growing conditions, making it possible to
estimate combined area and yield forecast for the three.
The difference between the bare ground and crop canopy
reflectance could be directly related to biomass and should
be considered in yield forecasting models.

The NDVI profiles for the four planting dates could
be used to select window periods at which the single-
phase NDVIs were significantly different. This would enable
separate monitoring of crops for specific planting dates.

As Jiang et al. [35] pointed out, crop area estimation for
the different planting dates could be realised using remote
sensing techniques on the basis of time serial NDVI data
together with agriculture calendars.

5. Conclusions

Tobacco varieties and fertilizer management effect could be
distinguished using spectral data after the attainment of peak
canopy reflectance. Crops planted on different planting dates
had different temporal profiles. Periods where these were
significantly different could be used in calculating crop area
forecasts.

Varieties T 66 and KRK26 could not be distinguished by
both single-day remote sensing imagery and temporal NDVI
profile in the field while KE 1 could be separated from at
least 10 weeks after planting. Under-fertilized tobacco could
be distinguished in the field by its lower NDVI than the
optimally and over-fertilized crop from at least 10 weeks after
planting.

The results of this study indicated that the second to
last week of November and the period between late January
and late February to early March were the optimal times for
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Table 6: The NDVI temporal profiles for the December 15 planted crop.

Variety Fertilizer Weeks after planting
5 6 7 8 9 11 12 13

KRK26 50% fertilizer 0.34 0.43 0.54 0.63 0.51 0.48 0.40 0.38
KRK26 100% fertilizer 0.44 0.61 0.67 0.61 0.64 0.51 0.31 0.36
KRK26 150% fertilizer 0.37 0.47 0.57 0.53 0.55 0.45 0.40 0.39
T 66 50% fertilizer 0.39 0.51 0.61 0.58 0.59 0.51 0.35 0.36
T 66 100% fertilizer 0.39 0.52 0.61 0.51 0.63 0.49 0.37 0.41
T 66 150% fertilizer 0.35 0.54 0.61 0.66 0.68 0.53 0.38 0.40
K E1 50% fertilizer 0.28 0.39 0.50 0.49 0.56 0.48 0.34 0.39
K E1 100% fertilizer 0.39 0.51 0.63 0.60 0.61 0.53 0.36 0.40
K E1 150% fertilizer 0.31 0.50 0.58 0.58 0.66 0.56 0.27 0.41

V ∗ F
𝐹-Probability 0.53 0.47 0.45 0.04 0.51 0.30 0.17 0.74

S.E.D 0.05 0.07 0.06 0.06 0.06 0.04 0.05 0.03
L.S.D 0.11 0.16 0.12 0.13 0.13 0.09 0.11 0.07

Fertilizer

50% fertilizer 0.34 0.44 0.55 0.57 0.55 0.49 0.36 0.38
100% fertilizer 0.41 0.55 0.64 0.57 0.63 0.51 0.35 0.39
150% fertilizer 0.34 0.50 0.59 0.59 0.63 0.52 0.35 0.40

𝐹-Probability 0.05 0.08 0.05 0.79 0.07 0.55 0.79 0.47
S.E.D 0.03 0.04 0.03 0.04 0.04 0.03 0.03 0.02
L.S.D 0.06 0.09 0.07 0.07 0.07 0.05 0.06 0.04

Variety

KRK26 0.38 0.51 0.59 0.59 0.57 0.48 0.37 0.38
T 66 0.38 0.52 0.61 0.58 0.64 0.51 0.37 0.39
K E1 0.33 0.47 0.57 0.56 0.61 0.52 0.32 0.40

𝐹-Probability 0.13 0.43 0.51 0.55 0.18 0.28 0.24 0.53
S.E.D 0.03 0.04 0.03 0.04 0.04 0.03 0.03 0.02
L.S.D 0.06 0.09 0.07 0.07 0.07 0.05 0.06 0.04

Table 7: Optimum times for discriminating crops for different planting times.

Weeks from September 1 Spectrally dominant crop Crop area (A)
0–9 September (s) 𝐴 = 𝐴 s only
10–12 September (s) + October (o) 𝐴 = 𝐴 s + 𝐴o (𝐴 s > 𝐴o)

13–15 September (s), October (o), and November (n) 𝐴 = 𝐴 s + 𝐴o + 𝐴n
NDVIo > NDVIs > NDVIn

16–18 October (o) and November (n) 𝐴 = 𝐴o + 𝐴n
NDVIo ≥ NDVIn

18–20 October (o), November (n), and December (d) 𝐴 = 𝐴o + 𝐴n + 𝐴d
(NDVIo = NDVIn) ≥ NDVId

20–22 November (n) and December (d) 𝐴 = 𝐴o + 𝐴n + 𝐴d
NDVIo = NDVIn = NDVId

23–26 December (d) 𝐴 = 𝐴d
NDVId only

One has the following:
(1) 𝐴: crop area,
(2) 𝐴s, 𝐴o, 𝐴n, and 𝐴d: areas for the September, October, November, and December crops,
(3) NDVIs, NDVIo, NDVIn, and NDVId: NDVI for the September, October, November, and December crops.

discriminating the September-October planted tobacco from
the nonirrigated November-December tobacco. Although
the December crop remained in the field beyond 24 weeks
after the September 1 planting date, spectral confusion due

to weeds, other crops, and even sucker regrowth from earlier
planted crop could make its separation difficult.

Using time serial NDVI data with agricultural calendars,
tobacco planted on different planting dates can be separated
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and each crop area can be separately possibly determined
using remote sensing and agronomic techniques.

The temporal windows for planting date separation estab-
lished in this research have to be tested in future tobacco crop
area forecast research. More work is also needed to establish
the relationship between the Cropscan MSR 5 reflectance
and reflectances for selected satellite platforms like Modis,
Landsat 5, and Landsat TM, which have been used for the
same purpose over large areas in other crops [36].
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