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Spectral data was collected at the
same time as soil sampling using
a SR-3500 spectroradiometer
from Spectral Evolution with 25o
(field of view) bare fiber optic.
Spectral data were pretreated with
standard normal variate, moving
average smoothing and SavitzkyGolay derivation. Partial least
square regression (pls) was then
used to calculate the relationship
between pretreated spectral data
and nitrogen and water data.

Results
Grain yield
In Minnipa, low rainfall conditions
(122 mm from sowing to maturity)
affected the overall crop yield
performance to an average yield
of 1.2 t/ha. Lock had better rainfall
conditions (215 mm from sowing

to maturity) resulting in an overall
crop yield of 2.8 t/ha. Highly
significant (P<0.001) variation
for grain yield was found across
extra water treatments, varieties,
environments and growth stages.
Significant
interactions
were
observed
between
varieties
and environments (P<0.001),
and between environments and
growth stage (Z65 and Z70).
No significant variability and
interaction was detected for extra
nitrogen application, as previously
observed in Minnipa 2016. This
result may suggest the varieties
performance may depend on a
better adaption to nitrogen use
and responsiveness to extra
water application with a significant
impact of environment and growth
stages.

Scepter and Mace were equally
the best performing varieties
in both sites (Table 1). At Lock,
Scepter and Mace yielded an
average of 3.55 t/ha with an extra
50 mm of irrigation reaching a
yield advantage of 0.5 t/ha. In
Minnipa, both varieties had an
average yield of 1.67 t/ha with the
extra 50 mm of irrigation at stem
elongation and 0.6 t/ha of yield
advantage. In Minnipa rainfed
conditions, Scepter yielded an
average of 1.14 t/ha, while Mace
was 1.04 t/ha. The lower yielding
varieties were Spear in Lock
(average grain yield 1.73 t/ha) and
Halberd in Minnipa (0.73 t/ha) in
rainfed conditions.

Table 1. Grain yield averages (t/ha) across varieties, treatments and environments.

Environment

Treatment

Variety

Mean grain yield
(t/ha)±SE

Lock

Irrigated

Halberd

2.53 ± 1.19

Lock

Rainfed

Halberd

1.73 ± 0.69

Lock

Irrigated

Spear

2.81 ± 2.34

Lock

Rainfed

Spear

2.38 ± 1.35

Lock

Irrigated

Mace

3.55 ± 1.73

Lock

Rainfed

Mace

2.97 ± 1.57

Lock

Irrigated

Scepter

3.55 ± 1.43

Lock

Rainfed

Scepter

3.11 ± 1.36

Minnipa

Irrigated

Halberd

1.1 ± 0.97

Minnipa

Rainfed

Halberd

0.96 ± 1.20

Minnipa

Irrigated

Spear

1.18 ± 0.86

Minnipa

Rainfed

Spear

0.73 ± 0.64

Minnipa

Irrigated

Mace

1.66 ± 0.21

Minnipa

Rainfed

Mace

1.05 ± 0.36

Minnipa

Irrigated

Scepter

1.68 ± 0.95

Minnipa

Rainfed

Scepter

1.14 ± 1.16

Partial least square regression
(pls) was used to calculate the
relationship
between
pretreated
spectral data and nitrogen and water
data Across all remote sensing

(spectroradiometry) calibrations
for water and nitrogen content at
maturity, the R2 was greater than
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0.93 (Figure 1a-b). These values
suggested the regression was
good with no overfitting on the
calibration models. Minnipa had
similar calibration curves (Figure
1a, maturity) to Lock (Figure 1b,
maturity). At both sites, water
content data tended to cluster at

maturity (Figure 1a-b), maybe due
to leaves starting to senesce. The
resulting reflectance predictions
of water and nitrogen were then
added in the WSI and NSI formulas
as water content at maturity (mm)
and harvested biomass N (kg/ha)
at maturity.
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Figure 1a and b. Calibration lines of water and nitrogen RS predictions vs. actual values at Minnipa (a, maturity) and
Lock (b, maturity). The RMSECV (Root mean square error of cross validation) is a measure of deviation between
actual and predicted data.

Nitrogen and water content
RS predictions vs oven dried
method
Water and nitrogen remote sensing
predictions were plotted against
the actual water and nitrogen
values taking into effect the
environments and corresponding
treatments (Figure 2a-b). As a
result, water data seemed to have
the best fit (R2=0.97, SE=6.03,
Figure 2a) compared to the
nitrogen treatment (R2=0.75,
SE=10.97, Figure 2b).
An ANOVA test was performed to
look at the relationships between
variables. In both trials, significant
variability (P<0.001) was found
across water and nitrogen
measurements. Lock had also
significant (P<0.01) variation in
nitrogen treatments (P<0.001),
while Minnipa had significant
(P<0.001) differences in water
treatments. These results suggest
that remote sensing can predict
water content and nitrogen,

however, treatments and variety
detection were affected by the
environment.
Co-limitation indices traditional
methods vs. RS
At maturity, co-limitation indices
and biomass (kg/ha) were
calculated for each cultivar at both
trials (Figure 3a-c and Figure 4ac). In Lock, positive significant
relationship (P<0.001) have been
found between grain yield (kg/ha)
and co-limitation indices at both
water (R2=0.72, SE=544.5) and
nitrogen treatments (R2=0.64,
SE=619.3).
Interestingly,
remote sensing predictions at
both trials had a better fit for
nitrogen treatment (R2=0.64,
SE=613) compared to the actual
measurements (Figure 3b). In
Minnipa, significant relationships
(P<0.001, R2=0.29) between colimitation indices and grain yield
were found only under water
treatment (Figure 3a).
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What does this mean?
Lock results were in line with
the Minnipa 2016 co-limitation
experiment and confirmed the
positive relationship between
co-limitation indices and yield.
Nitrogen and water measurements
of remote sensing and traditional
methods were highly correlated
at both stages and environments.
However, remote sensing was not
capable of detecting differences
between varieties and treatments
in a consistent way across
environments.
Remote sensing technology has a
great potential for estimating water
and nitrogen content in wheat
instead of applying traditional
methods, however, further studies
need to address environment
confounding effects and lack of
genotypic variability.
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Figure 2a and b. Relationships between traditional and RS methods
for assessing water (a, mm) and nitrogen (b, kg/ha) content.

Figure 3a and b. Comparing traditional and RS methods for assessing co-limitation indices and grain yield
relationships at maturity in Lock and Minnipa.
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