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Background and Obijectives: 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°5222" 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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Figure 1. Location of the study area and sampling fields.
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Table 1. Selected plant indices (VIs) and calculation formula in this research.

ol el ey e
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)
Cwsl crop water stress index CWSI = (Ts — Teota)/(Thot —T cold) 17
si Salinity Index (BLUEXGREEN)"0.5 (27)
SI2 Salinity Index (BLUE2+GREEN"2+RED"2)"0.5 @7)
SI3 Salinity Index (BLUE~2+GREEN"2)"0.5 @7)
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
4.21 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 R?

X Juit 205 b a2 55 535 53 MLR Jas (808 0o 55 gl -8 Jpur
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.

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, Bl 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, Sl1, SI2, SI3, Bl, NDSI 10 0.773 3.00
EVI, NDWI, NMDI, GVMI, WI, LST, CWSI, SI1, SI2, Bl, NDSI 11 0.756 3.10

Y M’_“' ﬁ)ﬁb%diﬂ'w_ "J}M5C~$J:JMOM;J@\JJ—'\JJ.\?
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, Sl1, BI 6 0.463 4.80
NDW!I, SAVI, GVMI, WI, SI1, SI2, SI3 7 0.460 4.90
NDVI, NDWI, SAVI, NMDI, GVMI, WI, SI2, BI 8 0.443 4.90
NDVI, NDWI, SAVI, NMDI, GVMI, WI, SI2, Bl, NDSI 9 0.428 4.90
NDVI, EVI, NDWI, SAVI, GVMI, WI, SI1, SI2, Bl, 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 R? 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.

5 Sl e 30k glanl b Ol sdiasOlis
S Sushs e e 03 S35 530000
a1 251 ledislas Ol sieay
Sloslsale isla Jailsy 5l ol slaesls —Y
Slsme Olpr MB sty Jile ot 2 alal, b
S e asl Jed B cEs L1, S 2k
W MS s Jde U S5 5 Ssssba
a3 il L) o pimadin ot 0 g 5
B e oS Bldad 55 5 L e 235 L1 el
A Jel- VL cas b Jhe
olale 33 53 a5 S O g s aallls 3 Y
sl 55 S A3 edalia ¥ e 5 Cendd
o M5 s Jue s S5 sy b
5 Al s oite Ol gioas 0l (6 pSo3ll St b
Stan Jits ite Ol aLS sl el
Sl Sl s YL

S eslizal b olS T 25 385 susl e alal
Olyeas Ol 1y Glolsale a5l o glaosls
Sok Sl oowle 5 oA Ol m e OOl
PRSP AT SN
S s Jpame Candy 0y 3 S Sl

¢

IS (55 oS

JW ij u.l.J S48 3 Slllze (abu‘ CJ&

)‘ L}'&L} c@)\f LSLQUA}LS: )‘ oalaiul L’ 4«.3'
6Lau.a;-u SLS s (] e)\}ALa TIR o loew
9 g;M»J.J L_ELAO‘)‘}ALO OLI Ja.w}:.ﬂ Cyﬂ) L» dl.:lﬂ
Gl Sl b Lol bzl 5 Y iz
e vl Sl el Sl e Sandls
ol S e 285 Culge Al ol aadllas o
CJJM @L’b 9 JL.’.))\ aliss L;u)l.gu )l oalaiul L
Oprer S by b i gl asls o)
Osmar ol > sl 2xls s NDWI 5 NMDI
S ocogby L oY Ko CWSI 5 LST
G Sk ojlsale g3 blE 51 Sl
B TIR Syl gbaedoms 555 ¥ ot o)l 58l
Sl abas skl 5l ol sla jaestls LS
5 sk sbparls B e Sl 51 gl
2 ML Gpatls Olpen b G L
B 45@)}«.&)) Aol S L;J)b) 6‘)1”
ls Jp5 S s L Je e 2 a3,

S el casn Sl 5 b, gl esls



OSo 9 (63930 1150 | v bl o Ay (2 GRS (e (w1 |SKel

‘:’lf..\w’ “9-; “)m
g Sl CL?:.;\ (solspenls sl e &

P
B Cyhp\ LCJ)LE LUL,J) LgLA;Ab sl Zr}) e..\.'\m;”j}

(Shoperr
LUl (s sl sl slwl o g sl 5
LCJLs.wL>r.d JJ:.S cd)L&T

JJL:T 6]‘.#\) Z(}J )}L.f..d v ZCJL@;; oJ;..M..:Jj

W Jgeo!

Al 35 g3o5 ol 5 Nledsed Soley ode

ol AT dan

Sl Colos
slasy B s skl Jb sl
el oKl leg Wl ek il
el 035 OB S b b 5 (55,5l

1.Geerts, S., & Raes, D. (2009). Deficit
irrigation as an on-farm strategy to
maximize crop water productivity in dry
areas. Agriculture Water Manage J.
96 (9), 1275-1284.

2.Mahan, J. R., Young, A. W., & Payton, P.
(2012). Deficit irrigation in a production
setting: canopy temperature as an adjunct
to ET estimates. lrrigation Science J.
30 (27), 127-137.

3.Baret, F., Houles, V., & Guérif, M. (2007).
Quantification of plant stress using
remotesensing observations and crop
models: the case of nitrogen management.
Exp. Bot. J. 58 (4), 869-880.

ARL

Sl ol G e 23S s
b Sboale o (Stear 550k b el
Sl e GSeslul gbeesls 5 ol (25 yatls alex
Sl 4 ki cins bl O slubs
g Ssh g odlitul Jseme 3 Shes 0Ll
b Glp etle 55k 2 e sla i) Sl
P (FRFIEIP B PRI R QR e
Sae o clalbse S35 5l s,y
Ok 5o ilie Glagslmul 5 Shae Jlcpll

el Coslane Calises (gloyl gale (glasals

P gyl
Ul.o s 3 (6,8 ey JIB s rass ol

o pwd o SleMbl (osly
Jol e g dluy @ .Jaj.fja o5 ol slesls

NGV SRCIEY VIE S PUUP RS WONPR P el LW VP L LI

Ble 2,5
w‘ 9 J)‘Ju. bﬁ) Q;*.BL«.& JL.&-? 4.“.&4 LJJ*‘ L

! ulf.)m,.lyw.),ﬁb 340 dls

4Jackson, R. D., ldso, S. B., Reginato,
R. J, & Pinter, P. J. 1981. Canopy
temperature as  acropwater  stress
indicator. Water Resour. Res. J.
17 (4), 1133-1138.

5.Ranjbar, S., Akhoondzadeh, M., Brisco,
B., Amani, M., & Hosseini, M. (2021).
Soil moisture change monitoring from ¢
and 1-band SAR interferometric phase
observations. IEEE J. Sel. Top.
Appl. Earth Obs. Remote Sens. J.
14, 7179-7197. DOI: 10.1109/JSTARS.
2021.3096063.

6.Mazidi, M., Hesam, M., Ghorbani, Kh., &
Komaki, Ch. B. (2024). Evaluation of
Cotton Water Stress Estimation Using



VE-¥ Y a)h».fs AR 0,92 “5&9 &,’i cblis ‘_gl.hu.«.&:s).!

Multispectral Satellite Images Based on
M5 Tree Model. Water Research in
Agriculture J. 37 (4), 385-400. [In Persian]

7.Makaya, N. P., Mutanga, O., Kiala, Z.,
Dube, T., & Seutloali, K. E. (2019)
JAssessing the potential of Sentinel-2
MSI sensor in detecting and mapping the
spatial distribution of gullies in a
communal grazing landscape. Phys.
Chem. Earth Parts J. 112, 66-74.
DOI:10.1016/j.pce.2019.02.001.

8.Vanino, S., Nino, P., de Michele, C.,
Bolognesi, S. F., D’Urso, G., di Bene, C.,
Pennelli, B., Vuolo, F., Farina, R.,, &
Pulighe, G. (2018). Capability of
Sentinel-2 data for estimating maximum
evapotranspiration and irrigation
requirements for tomato crop in Central
Italy. Remote Sensing Environment J.
215, 452-470. DOI:10.1016/ j.rse.2018.
06.035.

9.Huete, A. R. (2012). Vegetation indices,
remote sensing and forest monitoring.
Geogr. Compass. 6 (9), 513-532.

10.El Hachimi, J., El Harti, A., Ouzemou,
J. E., Lhissou, R., Chakouri, M., &
Jellouli, A. (2021). Assessment of the
benefit of a single sentinel-2 satellite
image to small crop parcels mapping.
Geocarto Int. J. 35 (25), 1-17.

11.Zarco-Tejada, P. J.,, Rueda, C. A, &
Ustin, S. L. (2003). Water content
estimation in vegetation with MODIS
reflectance data and model inversion
methods. Remote Sensing of
Environment J. 85 (1), 109-124.

12.Rapaport, T., Hochberg, U., Shoshany,
M., Karnieli, A., & Rachmilevitch, S.
(2015). Combining leaf physiology,
hyperspectral imaging and partial least
squares-regression (PLS-R) for
grapevine water status assessment.
Photogrammetry and Remote Sensing J.
109, 88-97. DOI:10.1016/j.isprsjprs.
2015.09.003.

13.Rozenstein, O., Haymann, N., Kaplan,
G., & Tanny, J. (2018). Estimating
cotton water consumption using a time
series of Sentinel-2 imagery.
Agricultural Water Management J.
207, 44-52. DOI:10.1016/j.agwat.
2018.05.017.

"1

14.Romero, M., Luo, Y., Su, B. &

Fuentes, S. (2018). Vineyard water
status estimation using multispectral
imagery from an UAV platform and
machine  learning  algorithms  for
irrigation  scheduling  management.
Computers and Electronics in Agriculture
J. 147, 109-117. DOI:10.1016/j.
compag.2018.02.013.

15.Veysi, Sh., Naseri, A. A., & Hamzeh, S.

(2020). Relationship Between Field
Measurement of Soil Moisture in the
Effective Depth of Sugarcane Root Zone
and Extracted Indices from Spectral
Reflectance of Optical/ Thermal Bands
of Multispectral Satellite Images. Indian
Society of Remote Sensing J. DOI: 10.
1007/s12524-020-01135-2.

16.Jamshidi, S., Zand-Parsa, Sh., & Niyogi,

D. (2020). Assessing Crop Water Stress
Index of Citrus Using In-Situ
Measurements, Landsat, and Sentinel-2
Data. Remote Sensing Int. J.
42 (5), 1893-1916.

17.Veysi, S., Naseri, A. A., Hamzeh, S., &

Bartholomeus, H. (2017). A satellite
based crop water stress index for
irrigation scheduling in sugarcane fields.
Agricultural Water Management J.
189, 70-86. DOI:10.1016/j.agwat.
2017.04.016.

18.Ghorbani, K., Salarijazi, M., &

Ghahreman N. (2022). Developing
Stepwise m5 Tree Model to Determine
the Influential Factors on Rainfall
Prediction and to Overcome the
Greedy Problem of its Algorithm.
Water Resources Management J.
36, 3327-3348. DOI: 10.1007/s11269-
022-03203-3.

19.Ghorbani, K., Zolfaghari, P., Siahbalaei,

M., Rezaei Ghaleh, L., Komaki, C. B.,
& Valizadeh, E. (2022). Estimating soil
surface moisture by using landsat 8
and sentinel 2 satellites techniques
depending on the stepwise decision
tree. Earth Science Informatics J.
17, 1147-1160. DOI: 10.1007/s12145-
023-01203-4.

20.Rouse, J. W., Hass, R. H., Schell, J. A,,

& Deering, D. W. (1974). Monitoring
Vegetation Systems in the Great Plains


https://doi.org/10.1016/j.pce.2019.02.001
https://doi.org/10.1016/j.rse.2018.06.035
https://doi.org/10.1016/j.rse.2018.06.035
https://doi.org/10.1016/j.isprsjprs.2015.09.003
https://doi.org/10.1016/j.isprsjprs.2015.09.003
https://doi.org/10.1016/j.agwat.2018.05.017
https://doi.org/10.1016/j.agwat.2018.05.017
https://doi.org/10.1016/j.compag.2018.02.013
https://doi.org/10.1016/j.compag.2018.02.013
https://doi.org/10.1016/j.agwat.2017.04.016
https://doi.org/10.1016/j.agwat.2017.04.016

OSo 9 (63930 1150 | v bl o Ay (2 GRS (e (w1 |SKel

with ERTS, Third ERTS symposium,
NASA SP-35. A20. 309-317.

21.Huete, A. R. (1988). A soil-adjusted
vegetation index (SAVI). Remote Sensing
of Environment J. 25 (3), 295-309.

22.Steven, M. D. (1998). The Sensitivity of
the OSAVI Vegetation Index to
Observational ~ Parameters.  Remote
Sensing Environment J. 63 (1), 49-60.

23.GAO, B. C. (1996). NDWI a normalized
difference water index for remote
sensing of vegetation liquid water from
space. Remote Sensing of Environment
J. 58 (3), 257-266.

24.Wang, L., & Qu, J. J. (2007). NMDI: A
normalized multi-band drought index
for monitoring soil and vegetation
moisture  with  satellite  remote
sensing. Geophysical Research Letters.
34 (20), 57-61.

Yy

25.Penuelas, J., Filella, 1., Biel, C., Serrano,
L., & Save, R. (1993). The reflectance at
the 950-970 mm region as an indicator
of plant water status. Remote Sensing
Int. J. 14 (10), 1887-1905.

26.Ceccato, P., Flasse, S., & Grégoire, J. M.
(2002). Designing a spectral index to
estimate vegetation water content from
remote sensing data: Part 2. Validation
and applications. Remote Sensing of
Environment J. 82 (2-3), 198-207.

27.Zarco-Tejada, P. J., Ustin, S. L., &
Whiting, M. L. (2005). Temporal and
spatial relationships between within-
field yield variability in cotton and
high-spatial hyperspectral remote
sensing imagery. Agronmental J.
97 (3), 641-653.


https://www.sciencedirect.com/journal/remote-sensing-of-environment
https://www.sciencedirect.com/journal/remote-sensing-of-environment




