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Fig. 1 Geographical location of the study area
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Table 1 Some chemical and physical properties of studied paddy field

) Silt  Sand . Balk density Organic EC Depth

Soil texture o 5 oy Clay (%) @/em?) carbon (%) (@S/m) PP cm

Clay 39 14 47 1.10 1.72 0.71 7.15 0-10

Clay 39 17 44 1.20 1.54 0.60 7.23 10-20

Silty Clay 44 9 47 1.32 1.25 0.56 7.26 20-30
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Table 2 Average meteorological data for rice growth period in the study area in seasonal year of 2017

Average RH RH

ETo Rain Wind Max Min Thmax Twin Rs (radiation)
Month
mm m/s % °C KJ/m?/day
3.44 18.6 2.30 93.03 56.97 28.28 18.79 19860.71 Khordad
3.51 13.8 2.00 93.74 53.87 31.16 20.67 19857.74 Tir
4.52 0.00 2.40 90.08 46.72 33.87 21.76 21358.36 Mordad
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Table 3 Date of downloaded satellite images and plant sampling for studied paddy field

Plant growth stage Sensor Satellite Date of satellite imagery Plant sampling date
Vegetative - May 22,2017
vegetative ETM* Landsat7 May 28, 2017 -
vegetative - June 3, 2017

reproductive - June 18, 2017
reproductive MSI Sentinel2A June 25,2017 June 25,2017
reproductive MSI Sentinel2B June 30, 2017 -
reproductive - July 2, 2017
reproductive - July 9, 2017
reproductive MSI Sentinel2A July 15, 2017 -
reproductive - July 16, 2017
reproductive OLI Landsat8 July 23, 2017 July 23, 2017
Ripening - July 30, 2017
Ripening MSI Sentinel2A August 4, 2017 -
Ripening - August 6, 2017
Ripening OLI Landsat8 August 8, 2017 -
Ripening - August 12,2017
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Fig. 2 Measured and simulated yield of paddy, straw and biomass of rice plant with
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Table 4 Comparison of statistical variables of measured straw, paddy and biomass yield with simulated values
by SWAP model

R? EF nRMSE RMSE Equation Grow Period Yield
0.71 0.97 1.93 134.21 Straw = 0.959x + 115.8 Vegetative
0.74 0.97 3.02 410.96 Straw = 0.818x + 919.97 Reproductive Straw
0.72 0.93 2.13 385.98 Straw = 0.416x + 3032 Ripening
0.82 0.99 2.16 471.21 Straw = 0.873x + 541.89  whole growth period
0.78 0.9 2.75 111.25 Y1d =0.812x +929.58 Reproductive
0.83 0.97 3.05 307.44 Yld =0.994x — 153.6 Ripening Paddy
0.88 0.98 3.01 300.72 Yld = 0.924x +449.27 whole growth period
0.71 0.93 2.74 250.18 BM = 0.729x + 44.52 Reproductive
0.76 0.87 6.54 470.43 BM =1.001x + 87.43 Ripening Biomass
0.79 0.96 4.55 425.37 BM =1.017x + 36.05 whole growth period
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Fig. 3 Normalized difference vegetation index (NDVI) and soil adjusted vegation index (SAVI) values of the
studied paddies during the grow period
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Table 5 Extracted equations from satellite images for estimating yield of paddy, straw and biomass from
vegetation indices

Vegetation indices

Yield  grow period NDVI SAVI
equation R? Equation R?
vegetative Straw =-24.172x + 576.88  0.52  Straw =1707.9x + 186.05  0.52
Straw reproductive Straw = 12553x - 4488 0.74  Straw =18907x —7654.2  0.68
Ripening Straw = 3216x + 44985  0.48  Straw=13279x—-1762.6  0.42
whole growth Straw =2682.2x +2370.2  0.67  Straw=10193x-1679.6  0.58
period
reproductive Yld =3216x +4498.5 0.81 Yld =-319.63x + 280.5 0.64
Paddy Ripening Yild =-9361.3x + 6739.7  0.65 Yld =-15324x + 11850 0.54
whole growth Y1d =-9361.3x + 6739.7  0.69 Yld =-47770x + 29678 0.62
period
reproductive BM = 12553x - 4488 0.76 BM = 18989x — 7680.4 0.68
Biomass Ripening BM =3216x + 4498.5 0.51 BM=-2044.7x + 10088 0.49
whole growth BM=-61453x + 11238  0.63 BM = 11850x — 1622.5 0.59
period
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Abstract

Given the importance of soil and water resources in the development of sustainable agriculture, increasing
world population and the growing need for crop production, predicting crop yields using plant simulation
models and remote sensing technology is very crucial. The aim of this study was to estimate the yield of
rice components including straw, paddy and biomass of Hashemi cultivar during different growth stages
with SWAP model and to provide regression equations by extracting NDVI and SAVI plant indices from
Sentinel-2 and Landsat-7 and 8 satellite images. It was done in the National Rice Research Institute.
Comparison of statistical variables indicated that the mean values of coefficient of determination (R?) and
model efficiency factor (EF) in estimating the yield of rice components in different stages of growth with
SWAP model were more than 0.70 and 0.90, respectively, and with an error of 1.93 to 6.54% was equivalent
to 134.21 to 470.43 kg/ha. The slight difference between the measured and simulated values showed that
the SWAP model estimates the rice yield in the study area with appropriate accuracy. The results also
showed that the extracted NDVI and SAVI indices with very good accuracy estimate the yield of rice
components at different stages of growth. However, the highest amount of correlation was related to the
reproductive development stage. Finally, R? for NDVI at different growth stages as well as the entire growth
period for straw, paddy, and biomass were higher than the SAVI index, revealing more accuracy of NDVI
than SAVI.

Keywords: Biomass; Rice; Satellite Images; SWAP Model; Vegetation Indices.
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