Print ISSN:  2322-2050

@J Journal of Plant Production Research
Online ISSN: 2322-2778

Gorgan University of Agricultural
Sciences and Natural Resources

Biomass estimation of wheat fields using remote sensing plant indices
in Bandar-e-Turkmen county

Maral Niazmoradil, Hossein Kazemi*z, Javid Gherekhloos,
Afshin Soltani4, Behnam Kamkar’

1. Ph.D. Graduate of Agronomy, Dept. of Agronomy, Faculty of Plant Production, Gorgan University of Agricultural Sciences and
Natural Resources, Gorgan, Iran. E-mail: niazmoradimaral@gmail.com

2. Corresponding Author, Professor, Dept. of Horticulture, Faculty of Plant Production, Gorgan University of Agricultural Sciences
and Natural Resources, Gorgan, Iran. E-mail: hkazemi@gau.ac.ir

3. Professor, Dept. of Agronomy, Faculty of Plant Production, Gorgan University of Agricultural Sciences and Natural Resources,
Gorgan, Iran. E-mail: gherekhloo@gau.ac.ir

4. Professor, Dept. of Agronomy, Faculty of Plant Production, Gorgan University of Agricultural Sciences and Natural Resources,
Gorgan, Iran. E-mail: afshin.soltani@gmail.com

5. Professor, Dept. of Agrotechnology, Faculty of Agriculture, Ferdowsi University .of Mashhad, Mashhad, Iran.
E-mail: kamkar@um.ac.ir

Article Info ABSTRACT

Article type: Background and Objectives: Estimating the area under cultivation and
Full Length Research Paper  crop yield at the global level is one of the most vital issues for
policymakers and decision-makers to assess the annual productivity of
agricultural products and food supply. Nowadays, remote sensing (RS)
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Received: 09.21.2023 satellite and geographic information system (GIS) can estimate and
Revised: 10.21.2023 continuously monitor these production parameters in large geographical
Accepted: 12.02.2023 areas and thus also examine the health of fields. The aim of this study is to

estimate the amount of wheat biomass using remote sensing and the
efficiency of plant indices in estimating the amount of plant biomass in

Keywords: non-destructive sampling methods.
Biomass,

Plant indices, . . .
Sentinel 2 Materials and Methods: In order to estimate the biomass of wheat fields

Wheat using remote sensing plant indices, 59 wheat fields covering an area of 292
hectares were randomly and uniformly selected in the agricultural lands of
Bandar-e-Turkmen county in the 2019-2020 agronomy year. Plant samples
were collected on April 25, 2019, coinciding with the peak growth stage of
wheat, using 0.25 square meter quadrats from the fields and their dry
weight was measured. In this study, Sentinel-2 satellite images from the
nearest date to the sampling date, which was April 31, were used to
calculate the NDVI, SAVI, DVI, and RVI plant indices. Furthermore, the
regression relationship between the measured biomass values and the index
values was examined and analyzed using SPSS software and statistical
parameters such as coefficient of determination (R?), coefficient of
variation (CV%), correlation coefficient (r), and root mean square error
(RMSE).

Results: Based on the comparison of the examined plant indices, the RVI
index was recognized as the superior plant index. This index had the
highest coefficient of determination (0.885) and correlation coefficient
(0.941), as well as the lowest values of RMSE (21.32) and coefficient of
variation (1.5) compared to other indices. Therefore, the RVI index was
used to establish a regression relationship with the measured wheat




biomass. Establishing a regression relationship between measured biomass
and estimated biomass indicates the high efficiency of the satellite imagery
used and the remote sensing indices in estimating plant biomass. The RVI
map in the studied agricultural lands showed the lowest value of this index
(0.44) in the western and northwestern parts of the county. Higher soil
salinity and a higher level of stagnant water in these areas could be the
reasons for less vegetation cover and consequently lower values of the RVI
index in these points. This map displayed higher values of this index in the
central, eastern, and southeastern parts of the county. The high values of
this index indicate dense vegetation cover in these areas, which can be
attributed to higher carbon and organic matter content in the soil, sufficient
and well-distributed rainfall, proper farm management, lower soil salinity,
adequate soil nutrition, and other factors.

Conclusion: In general, the higher values of the RVI plant index and
consequently the higher production of biomass can indicate the desirable
health and growth status of wheat in the fields of Bandar-e-Turkmen
county. The results of this study can be used in precision agriculture
planning and optimal agricultural management; such as predicting plant
growth stages, estimating the area under gultivation, estimating yield and
yield gap, and assessing the health status of agricultural plants.
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1- Normalized difference vegetation index

2- Moderate Resolution Imaging Spectroradiometer
3- Soil Adjusted Vegetation Index

4- Normalized Difference Snow Index

5- Salinity Index

6- Deference Vegetation Index

7- Ratio Vegetation Index
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Fig. 1. The location of sampled wheat fields in the agricultural lands of Bandar-e-Turkmen county,
Golestan province.
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Table 1. Regression equations and statistics between plant indicators and biomass measured in wheat fields of
Bandar-e-Turkmen county.
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Fig. 2. The regression relationship between the measured wheat biomass and RVI plant index.
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Fig. 3. The regression relationship between the measured wheat biomass and DVI plant index.
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Fig. 5. The regression relationship between the measured wheat biomass and NDVI plant index.
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)Y



Oyt 5 (30503l o [ v by oIS £ 5150 2395 Camm 5 391 52

900
850 A
~  E 800 AL A
' AR
J o 2 750 A -
SRRSO
2w & 700
s < g _..h}‘ y = 0.8851x + 72.606
i % 2 650 ‘-ﬂ
30 Ap _
> N F 60 R R? = 0.8851
e s & A
% g 550 ‘ w A, eSS 638 s )
4] 500 ‘ A Estimated biomass
450
400
400 500 600 700 800 900 1000

(prre 2 pSsS) odd 5,8 o5kl 0355 o
Measured biomass (kg/m?)

RVI jasls s e €J.§ tj}a 23 ohded) e 9 AM‘_;;A}‘.M" 05455 Cms 5 Ol 50 =V JS.&
Fig. 7. Measured and estimated biomass in wheat fields by RVI index.

ol @ G (/A8)  Saer oo 5 (1/AAD)
Sr PAE perle Olsea K sbaparls
ol 35 candllas c,l:;‘u«;-j}l;,\.; Y
Ol 5 eslizulsyge slaisy s lasygl
S GJF Dosen Slolpale slal af cons
O3 20y 5 O3 pase iz 5 GBe
Slaosls 4 olg s oS AL Sl glasls
338 oo dlgdy sd e e oaibl 5l anelS
38 eop s B e adlas oy
o s BBy 5l (s5sliS DY pams
S G SEs ml Bl e s B8
6.1.@;&1»&&;—\);):)&);;»5&56&@4}&
slpl] Slilks @l ) opd eslindl olals
LS

LSS

Flr 03 S AS sl ol
NS L I QNGO P olals
Copde 5 G35 3sleS ol 5o Ol5 e
QLS gl Jle i aile 555l wup
@ Shas (pas (DY guame LIS 5 sl 5530
S Zals 5 sl s Shes Al 4SS

Y

6 5 4ol

Sheslenl L gl 5o AL il Sl )

(A slaar e Gk Sl s Glolale sl
Ll e JAL§ sla el C\f\ bl &S sls olas
A WS 3 e b S AL patla
ol 3 ekd (6, Se3lul o5 g b ) (Sasan
oo il Olgee Ol sk cpl 35 AL azils
s 5 dy pieS Do b ey abl o
e diod) e 63§l ol DS .s)ﬂﬂ 5 eSS
gy S g 53 (6305 sl U Wl s o
s ol bl SWS ey piy0e bE alS
Cupde 5 Skt e ag ks b bl S
sl Mg L GV e g palie LS e
O b AV Al el Lol cnlaly
oslatal L O 3 ges b yma JSVJLN Ll ol geas
L OblS ai,y Ly Olsor sl o (55l )
OBl el IS B gear 35 L 03 ged sy p
RVI al8 axls bl opl o as s Ss

o w2 Ol e SVL ) ol e



A ERZ | D)Low:} XY 093 ALS Wi gL pidg 5y g i

OXE atie LS 515 Aol sy oYL s
2 oS b s s sl gde L Sl
oS gdowe Loyl L2 el 5 e sk s e
OLBL Sl s Wl e ledbl ol o,
Locmlne 5 a8 13 Olpslas 5 Olubs,ls
Gio bodasyie Copde a0l b 5 Sl
Jpame Rl Cr 5SSl o 5w

Al et

1.Baret, F., Guyot, G., & Major, D. J.
(1989). TSAVI: a vegetation index which
minimizes soil brightness effects on LAI
and APAR estimation. Pp: 1355-1358,
The International Geoscience and Remote
Sensing Symposium (IGARSS). Canada.

2.Cho, M. A. (2007). Hyper-spectral remote
sensing of biochemical and biophysical
parameters: the derivate red-edge"
double-peak feature", a nuisance or an
opportunity? PhD Thesis, Wageningen
University, the Netherlands, 241p.

3.Coppin, P., Jonckheere, 1., Nackaerts, K.,
& Muys, B. (2004). Digital change
detection  methods in_ " ecosystem
monitoring: a review. International journal
of remote sensing. 25:(9),:1565-1596.
DOI:10.1080/0143116031000101675.

4.Lillesand, T., Kiefer, R.. W., & Chipman,
J. (2014). Remote sensing and image
interpretation. John-Wiley and Sons.
167p.

5.Rondeaux, G., Steven, M., & Baret, F.
(1996). Optimization of soil- adjusted
vegetation indices. Remote Sensing of
Environment. 55 (2), 95-107. DOI:10.
1016/0034-4257(95)00186-7.

6.Pordel, F., Ebrahimi, A., & Azizi, Z.
(2018). Modeling of green canopy cover
of marjan rangelands, Boroujen during
growing season using spectral indices of
OLI sensor. Journal of Geomatics
Science and Technology. 7 (4), 191-203.
[In Persian with English abstract]

V¢

ol Cundy e 5 OVgame 3 Shes
ol 05 S wslg Ko oS el el OblS
v bl S s b lde s e,
Szl Slals s b i o Ol
el 3l oslizel Sl s 51 S s Y puares
Lo, slacysgde b bli jlubs da el

Q;&NM&YJQMQJ&L&W

7.Chao, ZH., Liu, N., Zhang, P., Ying, T.,
& Song, K. (2019). Estimation methods
developing. “ with “.remote  sensing
information for . energy biomass: A
comparative review.” Biomass Bioenergy.
122, 414-425.
8.Zheng, G., Chen, J., & Tian, Q. (2007).
Combining remote sensing imagery
and forest age inventory. Journal of
Environmental Management. 85 (3), 616-623.
DOI: 10.1016/j.jenvman.2006.07.015.
9.Akbari, M., Karim Zadeh, H. R., Modares,
R., & Chakoshi, B. (2007). Assessment
and classification of desertification using
RS & GIS techniques (case study: the arid
region, in the north of Isfahan). lranian
Journal of Range and Desert Research,
14 (2), 124-142. [In Persian with English
abstract]
10.Bannari, A., Morin, D., Bonn, F., &
Huete, A. R. (1995). A review of
vegetation indices. Remote Sensing
Reviews. 13 (1), 95-120. DO1:10.1080/
02757259509532298.

11.Bao, Y., Gao, W., & Gao, Z. (2009).
Estimation of winter wheat biomass
based on remote sensing data at various
spatial and  spectral  resolutions.
Frontiers of Earth Science in China.
3 (1), 118-128. DOI:10.1007/s11707-
009-0012-x.

12.Baret, F., & Guyot, G. (1991). Potentials
and limits of vegetation indices for LAI
and APAR assessment. Remote Sensing
of Environment. 35 (2-3), 161-173. doi.
org/10.1016/0034-4257(91)90009-U.



Oyt 5 (30503l o [ v by oIS £ 5150 2395 Camm 5 391 52

13.Battude, M., Al Bitar, A., Brut, A,
Tallec, T., Huc, M., Cros, J., &
Demarez, V. (2017). Modeling water
needs and total irrigation depths of
maize crop in the south west of France
using high spatial and temporal
resolution satellite imagery. Agricultural
Water Management. 189, 123-136.
DOI: 10.1016/j.agwat.2017.04.018.

14.Elvidge, C. D., & Chen, Z. (1995).
Comparison  of  broad-band  and
narrowband red and near-infrared
vegetation indices. Remote Sensing of
Environment. 54 (1), 38-48. doi.org/
10.1016/0034-4257(95)00132-K.

15.Lefsky, M. A., & Cohen, W. B. (2003).
Selection of remotely sensed data.
P 13-46, In M. A. Wulder and S. E.
Franklin (eds.), Remote Sensing of
Forest Environments: Concepts and
Case  studies. Kluwer  Academic
Publishers, Boston. USA.

16.Farazmand, M., Jafari, R., & Ramezani,
N. (2014). Comparison the performance
of vegetation indices and spectral
mixture analysis for mapping rangeland
vegetation cover. [ranian Journal of
Remote Sensing & GIS. 5 (4), 105-120.
[In Persian with English abstract]

17.Zhang, H., Chen, H., & Zhou, G. (2012).
The model of wheat yield forecast based
on MODIS-NDVI: ~a=.case. study of
Xinxiang. P12, In Proceedings of the
ISPRS Annals ‘of the Photogrammetry.
Remote Sensing and Spatial Information
Sciences -Congress. DOI:10.5194/isprs
annals-I1-7-25-2012.

18.Mohammadi Ahmad Mahmoud, E.,
Kamkar, B., & Abdi, O. (2015).
Comparison of geostatistical- and
remote sensing data-based methods in
wheat yield predication in some of
growing stages (A case study:
Nemooneh filed, Golestan province).
Journal of Crop Production. 8 (2), 51-76.
[In Persian with English abstract]

19.Allbed, A., Kumar, L., & Aldakheel, Y.
(2014). Assessing soil salinity using soil
salinity and vegetation indices derived
from IKONOS highspatial resolution

Vo

imageries: Applications in a date
plam dominated region. Geoderma.
230-231, 1-8. DIO: 10.1016/j.geoderma.
2014.03.025.

20.Bakhshandeh, S., Kazemi, H., Soltani,

A., & Kamkar, B. (2022). Estimation of
carbon sequestration potential in
soybean farms using remote sensing
plant indices (Case study of Gorgan
County, Golestan province). ournal of
Plant Production Researchy29 (1), 19-37.
DOI: 10.22069/JOPP.2022.18657.2752.

21.Toscano, P., Castrignano,, A., Di

Gennaro, S. F., Vonella, A. V.,
Ventrella, D., & Matese, A. (2019). A
precision agriculture. “approach for
durum wheatyield assessment using
remote sensing, data‘and yield mapping.
Agronemy. 9 (8), 437. doi.org/10.
3390/agronomy9080437.

22 Xu, Ch., Ding, Y., Zheng, X., Wang, Y.,

Zhang, R., Zhang, H., Dai, Z., & Xie, Q.
(2022). A comprehensive comparison of
machine learning and feature selection
methods for Maize biomass estimation
using Sentinel-1 SAR, Sentinel-2
vegetation indices, and biophysical
variables. Remote Sensing. 14 (16), 4083.
doi.org/10.3390/rs14164083.

23.0nisimo, M., Timothy, D., & Omer, G.

(2017). Remote sensing of crop health
for food security in Africa: potentials
and constraints. Remote  Sensing
Applications: Society and Environment.
8, 231-239. DOI: 10.1016/j.rsase.2017.
10.004.

24.Bao, Zh., Shifaw, E., Deng, Ch., Sha, J.,

Li, X., Hanchiso, T., & Yang, W.
(2022). Remote sensing-based assessment
of ecosystem health by optimizing
vigor-organization-resilience model: A
case study in Fuzhou City, China.
Ecological Informatics. 72, 101889.
DOI: 10.1016/j.ecoinf.2022.101889.

25.Hunt, M. L., Blackburn, G. A., Carrasco,

L., Redhead, J. W., & Rowland, C. S.
(2019). High resolution wheat yield
mapping using sentinel-2. Remote
Sensing of Environment. 233, 111410.
DOI: 10.1016/j.rse.2019.111410.



A ERZ | D)Low:} XY 093 ALS Wi gL pidg 5y g i

26.Management of agricultural Jihad of
Bandar-e-Turkmen city. (2019).
Horticulture and agricultural products.

www.ajgol.ir/fa.
27.Cai, G., Du, M., & Liu, Y. (2011).
Regional drought monitoring and

analyzing using MODIS data - A case
study in Yunnan province. In, Berlin,
Heidelberg, Computer and Computing
Technologies in  Agriculture V.
Springer Berlin Heidelberg. 345, 243-251.
DOI:10.1007/978-3-642-18336-2_29.
28.Gillespie, T. W., Ostermann-Kelm, S.,
Dong, C., Willis, K. S., Okin, G. S., &
MacDonald, G. M. (2018). Monitoring
changes of NDVI in protected areas of
southern California. Ecological Indicators.
88, 485-494. DOI: 10.1016/j.ecolind.
2018.01.031.
29.Huete, A. R. (1988). A soil-adjusted
vegetation index (SAVI). Remote
Sensing of Environment. 25, 295-3009.
Doi: 10.1016/0034-4257(88)90106-X.
30.Balasundram, S. K., Memarian, H., &
Khosla, R. (2013). Estimating oil
palm yields using vegetation indices
derived from quickbird. Life
Science Journal. 10 (4), 851-860.
http://www.lifesciencesite.com. 109.
31.Panov, D. Yu., & Sakharova, E. Yu.
(2022). Using radar data for grain crops
yield forecasting inithe Novosibirsk
region.  Russian ' Meteorology and

"

Hydrology. 47, 473-478. DO1:10.3390/
pr11030647.

32 Niazmoradi, M., Kazemi, H., Gherekhloo,
J., Soltani, A., & Kamkar, B. (2022).
Health assessment of wheat
agroecosystems (Case of study: Bandar-
e-Torkeman county, Golestan province).
PhD thesis in Agronomy, Gorgan
University of Agricultural Sciences and
Natural Resources. 155 p. [In Persian
with English abstract]

33.Vuorinne, 1., Heiskanen, J., & Pellikka,
P.K.E. (2021). Assessing leaf biomass of
Agave sisalana  using . sentinel-2
vegetation indices. Remote. Sensing.
13 (2), 233. DOI: 10.3390/rs13020233.

34.Soltanian, M., Naderi khorasgani, M., &
Tadayyon;, A. (2021); Estimation of
above-ground biomass of winter wheat
(Triticumaestivum L.) using multiple
linear regression, artificial neural network
models remote sensing data. Journal of
Crop Production. 13 (3), 179-196.
DIO: 10.22069/EJCP.2021.18102.2343.
[In Persian with English abstract]

35.Meraj, G., Kanga, S., Ambadkar, A.,
Kumar, P., Kumar Singh, S., Farooq,
M., Alan Johnson, B., Rai, A., & Sahu,
N. (2022). Assessing the yield of wheat
using satellite remote sensing-based
machine learning algorithms and
simulation modeling. Remote Sensing.
14, 3005. DOI: 10.3390/rs14133005.



