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Background and Objectives: Water deficiency, as one of the factors of
cotton crop stress, is a reaction to the changes that occur in the plant
growth environment and has a negative effect on the productivity of crops,
which can be well prevented with different methods of agricultural land
management. Agricultural land management requires the use of sufficient
data and information from different parts of agricultural land, and this way,
productivity can be significantly improved.

Materials and Methods: The studied area is within the cotton lands of
Shir Ali Abad and Sistani villages, a neighborhood of the functions of
Engirab Agricultural Services Department, Gorgan, in the geographical
coordinates of 36°52'22" to 36°52'52" north latitude and 54°21'55" to
54°20'50" east longitude. Accurate and continuous monitoring of soil
moisture content, as a representative of soil moisture stress, was done with
field measurements of soil moisture and other environmental parameters
(air temperature, leaf surface temperature, leaf surface index and also
salinity) during the growth season (late May to late October) for 5 months.
After extracting spectral bands from Landsat and Sentinel 2 satellite
images, spectral indices were calculated. Using the methods of multivariate
linear regression (MLR) and M5 tree regression, the relationship between
spectral indices as an independent variable and soil surface moisture as a
dependent variable, search and finally, the optimal model by examining
error evaluation criteria with the highest accuracy and the lowest resulting
error became.

Results: The M5 tree model was more accurate than MLR in estimating
cotton water stress. In Landsat satellite, the explanation coefficient
increased from 0.51 to 0.79, and the error value decreased from 4.2% to
2.9%. Also, the Landsat satellite was more accurate than the Sentinel 2
satellite. Thus, in Sentinel 2, the maximum explanation coefficient was
0.46, and the error was 4.9%. In the Landsat satellite, the LST thermal
index showed a great influence on water stress changes. The combination
of 3 LST thermal indices, NDVI vegetation and SI2 salinity with an
explanation coefficient of 0.76 and an error percentage of 3.3 provided
acceptable results.
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Conclusion: The effect of water stress on reflection in the infrared and
thermal range; caused thermal and water indices such as LST, NMDI,
NDWI and WI to have a significant effect in the step-by-step
implementation of the M5 tree model. Thus, the LST thermal index in the
Landsat satellite and water indices NDWI and NMDI in the Sentinel 2
satellite played a more effective role in estimating water stress. On the
other hand, the lack of a thermal band in Sentinel 2 has reduced its
accuracy compared to the Landsat satellite.
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Table 1. Selected plant indices (VIs) and calculation formula in this research.

ol gL < &
NDVI normalized difference vegetation index (NIR-RED)/(NIR+RED) (20)
SAVI soil adjusted vegetation index 1.5(NIR-RED)/(NIR+RED+0.5) (21)
EVI Enhanced Vegetation Index 2.5(NIR-RED)/(NIR+6RED-7.5BLUE+1) (22)
NDWI normalized difference water index (GREEN-NIR)/(GREEN+NIR) (23)
NMDI normalized multiband drough difference index (NIR-(SWIR1-SWIR2))/(NIR+(SWIR1+SWIR2)) (24)
Wi water index NIR/SWIR1 (25)
GVMI Global Vegetation Moisture index ((NIR+0.1)-(SWIR+0.02))/((NIR+0.1)+(SWIR+0.02)) (26)
Cwsli crop water stress index CWSI = (TS — Teoia)/(Thot —Tcold) 17)
i Salinity Index (BLUEXGREEN)"0.5 27)
SI2 Salinity Index (BLUE"2+GREEN”2+RED”"2)"0.5 27)
SI3 Salinity Index (BLUE"2+GREEN”2)"0.5 27)
Bl Brightness index (GREEN"2+RED"2)"0.5 (23)
NDSI Normalized Difference Salinity Index (GREEN-RED)/(GREEN+RED) (20)
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Table 2. Model evaluation criteria.
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Table 3. The results of step-by-step regression, MLR model in estimating cotton water stress with Landsat image.

Step 8 Step 7 Step 6 Step 5 Step 4 Step 3 Step 2 Step 1 Variable
0.039 0.116 -0.032 -0.0058 -0.1877 -0.2111 -0.2180 0.0553 Constant
- - - - - 0.0147 0.7754 0.3245 NMDI

-3.07 1.697 2.099 1.974 1.379 1.364 0.835 - Bl
2.900 2.119 1.743 0.5103 0.4535 0.3902 - - SAVI
-0.0123 -0.01214 -0.00963 -0.000892 - - - - LST
-1.560 -1.034 -0.987 - - - - - EVI
-0.414 -0.336 - - - - - - NDWI
4.48 - - - - - - - SI2
421 4.24 4.34 4.45 4.80 4.80 5.09 5.62 RMSE (%)
0.510 0.506 0.481 0.451 0.358 0.361 0.279 0.119 R2

X Jotw g gos bty gl G5 e 53 MLR Jube plE sl 0o 55 i =¥ Jsur
Table 4. The results of step-by-step regression, MLR model in estimating cotton water stress with Sentinel 2 image.

Step 8 Step 7 Step 6 Step 5 Step 4 Step 3 Step 2 Step 1 Variable
-0.4750 -0.379 -0.2661 -0.334 -0.1967 -0.2074  -0.1448  0.0378 Constant
- - - - - 0.310 0.667 0.381 NMDI
-4.33 - - -2.21 1.331 1.086 0.537 - SI3
1.110 0.720 0.4071 0.521 0.3127 0.199 - - NDVI
4.95 1.351 1.157 2.95 - - - - SI2
-0.931 -0.256 - - - - - - NDWI
5.43 5.58 5.68 5.66 5.77 5.75 5.82 6.14 RMSE (%)
0.314 0.267 0.233 0.248 0.209 0.223 0.195 0.928 R?
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Table 5. Regression results of M5 tree model in estimation of cotton water stress with Landsat image.

Ay S s (Lo FA Jslee) +/F94 -5

Variable Number R? RMSE (%)
LST 1 0.512 4.70
NDVI, SI2 2 0.664 3.70
NDVI, LST, SI2 3 0.744 3.30
GVMI, LST, CWSI, BI 4 0.761 3.10
NDVI, GVMI, LST, SI2, BI 5 0.769 3.10
NMDI, WI, LST, CWSI, SI3, NDSI 6 0.784 2.90
NMDI, WI, LST, CWSI, SI1, SI3, NDSI 7 0.789 2.90
NMDI, WI, LST, CWSI, SI2, SI3, BI, NDSI 8 0.780 3.00
NMDI, WI, LST, CWSI, SI1, SI2, SI3, Bl, NDSI 9 0.778 3.00
NDWI, NMDI, WI, LST, CWSI, SI1, SI2, SI3, Bl, NDSI 10 0.773 3.00
EVI, NDWI, NMDI, GVMI, WI, LST, CWSI, SI1, SI2, BI, NDSI 1 0.756 3.10

Al MﬁwgﬁdTFM)AMSLﬁ)bd#brﬂﬁ;@b—;d}J’

Table 6. Regression results of M5 tree model in estimation of cotton water stress with Sentinel 2 image.

Variable Number R? RMSE (%)
NMDI 1 0.093 6.00
NDWI, WI 2 0.426 5.00
NDVI, NDWI, WI 3 0.450 4.90
NDVI, NDWI, WI, NDSI 4 0.457 4.90
NDVI, NDWI, GVMI, WI, NDSI 5 0.469 4.80
EVI, NDWI, SAVI, GVMI, SI1, BI 6 0.463 4.80
NDWI, SAVI, GVMI, WI, SlI1, SI2, SI3 7 0.460 4.90
NDVI, NDWI, SAVI, NMDI, GVMI, WI, SI2, Bl 8 0.443 4.90
NDVI, NDWI, SAVI, NMDI, GVMI, WI, SI2, BI, NDSI 9 0.428 4.90
NDVI, EVI, NDWI, SAVI, GVMI, WI, SI1, SI2, BI, NDSI 10 0.340 5.20
NDVI, EVI, NDWI, SAVI, GVMI, WI, SI1, SI2, SI3, Bl, NDSI 11 0.340 5.20
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Table 7. Error evaluation criteria to compare cotton water stress estimation models.

Satellite Regression Model RMSE MAPE MAE R2 NS
MLR 0.042 31.25 0.00 0.512 0.51
Landsat
M5 0.029 17.13 0.00 0.789 0.77
MLR 0.054 29.27 0.00 0.314 0.31
Sentinel 2
M5 0.049 27.06 0.00 0.469 0.45
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Figure 2. Fitting the estimated values of soil moisture with the M5 model against the values measured using
the Landsat satellite.
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Figure 3. Tree diagram of prediction of water stress estimation based on the best model with M5 tree
regression method of Landsat satellite.
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