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Figure 1. The study area: four watershed basins of Golestan province (Zaringol, Mohammad Abad, Qaresoo

and Gharnabad).
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Figure 2. Land use disturbution in four basins of Golestan province (Zaringol, Mohammad Abad, Qaresoo

and Gharnabad).

1- NDVI: NIR-RED/NIR+RED
2- Ratio Vegetation Index: RED/NIR

3- Ratio Difference Vegetation Index: NIR-RED/SQRT (NIR+RED)

4- Difference Vegetation Index: NIR-RED

5- Soil Adjusted Vegetation Index: NIR-RED/ (NIR+RED+1)}* (1+L)
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Figure 3. NDVI maps (A) April, (B) May, (C) June, (D) August, (E) September, (F) November.
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Figure 4. RVI maps (A) April, (B) May, (C) June, (D) August, (E) September, (F) November.

(\QJ\.\)%J;%JMJA“SJ{‘}CE.W fbjay_’amwﬁ)@uﬁcu
055 dslms Jsame SIS 55 mhe s b NDVI glaaias Jdow 5 a5 L
(O dsa) B 5SSV pame ol B B8

anag)}) SdS Olwl 31 ad g S CE.»-J.S (Lgw s Er dS (g ur.&f) Jsazws 0 CiS 55 ch.w a)‘,iﬁ -\ Jad>
AYAENYA0 ol)5 lu 5 (guo b 5 3bT0 5 csbiese

Table 1. Cover areas for wheat, barley, canola, rice and soybean in four basins of Golestan province (Zaringol,
Mohammad Abad, Qaresoo and Gharnabad) in 2015-2016 years.
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Table 2. r’ determinant coefficient and P value between vegetation index and measured biomass In different Month.
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R2 P R2 R2 R2 P R2 Month Crop
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sk . Lv
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Table 3. Total biomass amount in four watershed basins of Golestan province (Zaringol, Mohammad Abad,

Qaresoo and Gharnabad).
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Figure 5. Residue biomass map for (A) wheat, (B) barley, (C) canola, using NDVI in four watershed basins of Golestan
province (Zaringol, Mohammad Abad, Qaresoo and Gharnabad). Spatial resolution of the rasters is 15x15 m.

240000 280000

g g 2 260000 280000 300000 120000 L
g /\ N, o g ' g- e A tg‘
% EAN i )
B)~ / G (A)s & \\\
P \x // N
- —— ) LA s s
‘ / « /
: s A~ ab
3 AN AT o AT
I A% ?"M e ‘&r"g Legend laf, £ 8 / a “‘,}\%‘f” - j g
5% % % P g 5|\ % 1A & Legend L2, H
1 \wys\ o (i 53 0,598 gws sag5 g 7\ ” Q’?ﬁ N ) S
e Soybean biomass (Kg/pixel) e i ﬁicebimr;ass (Kg/pixel) i
B 124-153 @2 7599 g 1-48 83443 g 1.24
§ o TR 100-12305 4974 £ B Ol 4452 525338
¥ Zu0000 260000 280000 300000 320000 ¥ ¥ 2000 260000 280000 300000 320000 .

5 () NDVI el 5l el b bgw Ll o965 9 (AN RVI sl 5l eslinal b Er bl e gi) 4t Jss

FoN0 53 710 s e CokS (g 3 5 LT O3 obldeses (800 53) DS Sl 1 ad > ler o
Figure 6. Biomass map for rice using RVI (A) and Biomass map for soybean using NDVI (B) in four basins of Golestan
province (Zaringol, Mohammad Abad, Qaresoo and Gharnbad. Spatial resolution of the rasters is 15x15 m.
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Figure 7. Fitness chart of the measured against estimated residue biomass (kg/per pixel; 225m?) for (A) wheat,
(B) barley, (C) Canola using NDVI index.
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Abstract

Background and Objectives: Biomass plays an important role in providing energy and the
global carbon cycle and monitoring the biomass is one of the most important issues in the
agricultural sector. Using remote sensing techniques is an effective tool for estimating biomass,
which reduces field studies and saves time and money. Today, management practices can be
improved using remote sensing technology and vegetation indices. The suitability of the
weather in Golestan Province for producing most agricultural products has made the province
highly diversified in terms of crop and biomass production. For this purpose, in this study,
satellite images of Landsat 8 and Sentinel 2 were used to estimate the residue biomass of crops
in the watershed of the southwest of Golestan province (Mohammad Abad, Qaresoo, Zaringol,
and Gharnabad).

Materials and Methods: For this, field surveys were carried out to sample the fields at
different stages of plant growth, in the winter and spring of 2016. The number of samples for
wheat, barley, canola, rice, and soybean were 90, 70, 65, 67, and 80, respectively. The biomass
data were also measured from field survey using four quadrates (0. 25m?®) and their moisture
content was determined by weighting. The Landsat 8 and Sentinel 2 images were downloaded
from the USGS site in the early and middle of the growing season for mapping satellite-based
vegetation indices including, NDVI, SAVI, RVI, DVI, and RDVI. The relation between the
indices and obtained biomass was evaluated using regression analysis to produce biomass maps
for five crop residues.

Results: The results showed that the NDVI index is the best indicator to estimate the wheat,
barley, and rapeseed residue biomass, in April, with a determination coefficient of 0.61, 0.65,
and 0.65, respectively, according to the vegetative growth peak, and for the soybean crop in
September, according to the peak of vegetative growth with a determination coefficient of 0.65,
and the RVI index is the best indicator for estimating rice residue biomass in August in line with
peak vegetative growth in the study area. The total amount of wheat, barley, canola, rice, and
soybeans residues in the study area were estimated as 751657, 175637, 14979, 42628, and
93712 tons, respectively. The results of this study can be used to determine the potential for
agricultural production and the amount of their residues which can be considered by managers
and decision-makers of the agricultural sector in the province.
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Conclusion: The results of this study showed that the residue biomass of different products can
be estimated by using the vegetation indices extracted from satellite images with acceptable
accuracy in the study area. In this research, the overlaying for determining the cultivation area
of wheat and soybean products was 97.74% and 97.6%, respectively. The precision of this
method for peak vegetation periods was higher than the early stages of plant growth. Also,
instead of a vegetation index, several vegetation indices were used and the NDVI and RVI index
were the best indicator for estimating the residue biomass of different products.

Keywords: Golestan, Remote Sensing, Residue biomass, Sentinel 2, Vegetation Indices
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