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1- Partial least square regression

2- Support Vector Machine Regression

3- Normalized Different Vegetation Index

4- Ratio Vegetation Index

5- Optimized Soil Adjusted Vegetation Index
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Figure 1- Geographical location of the study area
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Table 1- Descriptive statistics of the N content of plant canopy of the study area.

) JUVES UPRO oSbe shro GBI ol S S N> PSlas BEIKES
CV Mean STD Kurtosis Skewness Max Min
0.18 1.11 0.20 -0.23 0.57 1.60 0.79

oS8 9yl Jlo i (yg0 @l -F Jgoa
Table 2- Normal Shapiro-Wilk test results

df Sig.

45 0.066
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Table 3- Correlation between remote sensing data and plant canopy nitrogen
Y.L o Wb £l At A gRH Y Y Wib
Band 7 Band 5 Band 4 Band 3 Band 2 Band 1
0.816™ 0.828" 0.100" 0.820™ 0.841™ 0.828™
o dime e NS g /40 o jd (g5 jme o/ o) aw 3 (g dme #x
** significant at the 0.01 * significant at the 0.05 level, ns: nonsignificant
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Figure 2- Principal component’s analysis of reflectance data of various bands of ETM* data
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Table 4- Pearson correlation between nitrogen content of plant canopy and PC: and PC: developed among

remote sensing data

Aol Jsl oot aidja 3 b ailie
Parameter FAC: FAC:
U"il)‘“ 0.841™ 0.080"

Pimeps NS /o waw )d (555 gine
** significant at the 0.01 level, ns: nonsignificant
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Figure 3- The regression relationship between nitrogen content of plant canopy and standardized Z parameter (Zpcz)

developed among remote sensing data
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Table 6- Analysis of variance of employed regression between nitrogen content of plant canopy (dependent variable) and
standardized Z parameter (Zrc1) (predictors) developed among remote sensing data

Jae ©lasyo ggoone @33 4y Olaryo (Sl F o905 09531 S I
Model Sum of squares df Mean square F test F Sig.
O3y . 1.280 1 1.280 104.087 0.000°
Regression
oile 0.529 43 0.012
Residual
& 1.809 44
Total
1.8 +
E -
L6 ¢ y=0.7074x + 0.3257 o
E R2=0.7077 e
1.4 T n =45 oA
2 I A &z
5 10 [ A ‘ &;‘/f A data
> T :,"‘ S ———1:1line
T 08+F _ T Linear (data)
= F -
= r
0.6 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
0.6 0.8 1.0 1.2 1.4 1.6 1.8
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Figure 4- The relationship between measured and predicted nitrogen content of plant canopy using the equation 2
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Figure 5- A. Land use map B. The map of canopy N distribution at studied dry land area
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Introduction: In cereal crops, nitrogen is the most important element for maintaining growth status and
enhancing grain yield. Nitrogen is an important constituent of the chlorophyll molecule and the carbon-fixing
enzyme ribulose-1, 5-bis-phosphate carboxylase/oxygenase. Therefore, providing enough nitrogen to achieve
optimal yield is essential. Common chemical analyzes are used to determine the nutrient elements of plants using
laboratory methods. Conventional laboratory techniques are expensive, laborious, and time-consuming.
Determination of plant biochemical content by remote sensing could be used as an alternative method which
reduce the problems of laboratory analyses. Expensive and time-consuming direct determination of the
nutritional status of the plant play an important role in the quantitative and qualitative yield of the product.
However, exposure to rainfed wheat nutrient stresses (in particular, nitrogen) compared to irrigated wheat
resulting in attempts to evaluate these features with acceptable accuracy without the direct measurement. In this
regard, remote sensing data and satellite images are of the basic dryland management and optimal wheat
production methods. As such, it collects massive information periodically from the surface of the planet, and it is
easy to use this timely information to identify the stresses and apply appropriate agronomic methods in order to
counteract them or reduce their negative impact on the production of this strategic product. Therefore, the goal of
this study was to determine the nitrogen concentration of dryland wheat in the laboratory and its fitting with
ETM* images, evaluate the accuracy of remote sensing in determining the total nitrogen content of the plant and
establish a regression relationship to estimate the amount of canopy nitrogen in the plant.

Material and Methods: This research was undertaken in parts of the south of the West Azerbaijan Province
in Iran. The sampling was done from 45 dryland wheat fields using a stratified random method in May 2016. The
wheat canopy nitrogen was determined using the Kjeldahl method. Satellite images of the ETM* were
downloaded on the USGS website. Then the required pre-processing was performed on images to reduce
systematic and non-systematic errors. Statistical analyses were performed by excel and SPSS. Descriptive
statistics and correlations were obtained between reflectance data obtained from various satellite bands and
nitrogen measured in the laboratory. Correlated variables among the reflectance data of different bands were
analyzed by principal component to reduce repeat calculations. The regression relationship between the plant
canopy nitrogen and the first principal component has been evaluated using the stepwise regression method. To
draw the plant canopy nitrogen, map, the equation was obtained and the ETM* image has been used for land
uses. Finally, the map of canopy N distribution at the studied area was drawn.

Results and Discussion: The results showed that nitrogen content varied from 1.6% to 0.79%, with an
average of 1.11%. The normality data was verified by the Shapiro Wilk test. The results of the Pearson
correlation showed that the wheat canopy nitrogen has a high correlation with digital number values of all bands
of satellite images except band 4, so that it has the highest and the least correlation with band 2 and band 4,
respectively. The correlation between remote sensing data in different bands was also evaluated using bi-plot
statistics, which results showed a high correlation between all bands except band 4 with the first one of the
principal component (PC1). Therefore, only PC1 data has been used to study the regression relationships
between wheat canopy nitrogen and remote sensing data. A regression equation N ganopy = 0-171x Z o, +1.114

between wheat canopy nitrogen and Zpc: (R?= 0.71) was developed. Zpc; is obtained according to the following
formula: Z,.; = (PC1 —FC1) /o5, where Zpc: is the standardized Z parameter, PC1 is the average of PC1 and

the oy is the standard deviation of PC1. Finally, the map of canopy N distribution was drawn to the studied
area. According to the results of this study, the application of remote sensing data such as Landsat ETM™ data is
a very important variable for improving and managing the prediction of wheat canopy nitrogen.
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Conclusion: Overall, the results indicated that the remote sensing data provide more accurate and timely
information from the drylands of Iran to manage farm fertilization and prevent the decline in yields at critical
points. However, proper management to avoid the fertilizer loss by precise and timely application of N-fertilizer
is needed.
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