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Remote sensing monitoring on maize flood stress and yield evaluation at
different stages
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Abstract: In order to set up remote sensing monitoring and evaluation technology of maize flood stress and loss, a simulation
experiment with different flood stress degrees was developed at different stages. Chlorophyll content, canopy spectral reflectance
and coverage were monitored in vivo, and yield level was tested finally. The results showed that chlorophyll content decreased
under flood stress at jointing and filling stages. The decreasing extend was significant at jointing stage and the value of maximal
relative change reached —56.30%. There was little influence on chlorophyll at silking stage. Flood stress could reduce the cover-
age, especially at jointing stage, the most serious treatment was only 46.33%, followed by silking stage and filling stage. Flood
stress reduced production at last, and the reduction was more serious in the early stage than in the later stage. There was a negative
correlation between reflectance and flood stress degree at jointing stage and silking stage. It was extremely significantly difference
at near infrared platform bands and significantly at green peak bands. There was no significant positive correlation between re-
flectance and flood stress degree at filling stage. Reflectance and spectral indexes with extremely significant correlation can be
used to monitor flood. Two models with DSIPI were set up to evaluate flood loss at jointing and silking stage separately.
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Table 1 Experimental design
Growing stage Treatment Flooding period (d) Starting time (month/day) Ending time (month/day)
E-9 9 7/31 8/9
Jointing stage E-7 7 7/31 8/7
E-5 5 7/31 8/5
E-3 3 7/31 8/3
E-1 1 7/31 8/1
E-0 0 (CK)
M-9 9 8/8 8/17
Silking stage M-7 7 8/8 8/15
M-5 5 8/8 8/13
M-3 3 8/8 8/11
M-1 1 8/8 8/9
M-0 0 (CK)
L-9 9 8/23 91
Filling stage L-7 7 8/23 8/30
L-5 5 8/23 8/28
L-3 3 8/23 8/26
L-1 1 8/23 8/24
L-0 0(CK)

E: F30; M: 3 L e CK: X RR
E: early; M: middle; L: last; CK: control.
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Fig. 3 Spectral reflectance curves of flooding stress treatments
at jointing stage on August 14
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Fig. 4 Spectral reflectance curves of flooding stress treatments
at silking stage on August 23
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Fig. 5 Spectral reflectance curves of flooding stress treatments

at filling stage on September 3
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Table 2 Correlation of flooding stress period with spectral shape parameters and vegetation indexes

25

Parameters Abbreviation Author and year Jointing stage Silking stage Filling stage
DVI [867, 671] Richardso et al. (1977) -0.9491" -0.8220" —0.3405
Difference vegetation index DVI [550, 464] —0.8906" —-0.2548 -0.7216
DVI [550, 671] -0.9515" —0.6641 -0.6018
RVI[867, 671] -0.9274" -0.9373" 0.7446
Ratio vegetation index
NDVI [550, 671] Rouse et al. (1974) #! 0.9635" 0.7552 -0.5113
Normalization difference NDVI [671, 867] -0.9432" -0.9481" 0.6828
vegetation index
ho Liu (2002) 24 —0.9660" -0.8396" 0.6613
Location of red valley
RFDMax -0.9614" -0.7990 -0.2701
Maximum value of the first
derivative at the red edge
Depth [670] -0.9384™ -0.7593 0.6003
Depth of red absorption valley
P_Depth [540] -0.9378" —0.5346 0.5522
Depth of green peak
Area [670] -0.9378" -0.6942 0.6217
Area of red absorption valley
P_Area [540] -0.9220” -0.5719 0.5028
Area of green reflectance peak
- -0.9194™ -0.8586" 0.7817
Red edge position
o -0.7454 -0.7925 0.8302"
Red edge width
P_ND [540] 0.5344 0.6719 0.7217
Normalized depth of green
reflectance peak
ND [670] 0.9020" 0.0476 —0.6463
Normalized depth of red
absorption valley
Vari700 Singh et al. (2002) > —0.9442" -0.8037 0.6074
Visible atmospherically resistant VariGreen -0.9695™ -0.8293" 0.5179
index
PRI [570, 531] Gamom et al. (1992) %] -0.9546" -0.8661" 0.5112
Photochemical reflectance index
OSAVI Rondeaux et al. (1996) 27 -0.9527" -0.8567" 0.2736
Optimization of soil-adjusted
regulatory vegetation index
SAVI Huete et al. (1988) ¥ -0.9493" -0.8384" -0.1070
Soil-adjusted vegetation index
TCARI Haboudane et al. (2002) ") —0.5457 -0.3166 -0.7241
Tidal constituent and residual inter-
polation
CCII Haboudane et al. (2002) %) 0.5441 0.6918 -0.7130
Canopy chlorophyll inversion index
GreenNDVI Baret et al. (1991) % 0.8977° 0.8795° 0.8039
Green normalization difference
vegetation index
SIPI Penuelas et al. (1995) B! 0.9514" 0.9564" -0.5422
Structure insensitive pigment index
" 0.01 ! 0.05

" and " indicate significance at the 0.01 and 0.05 probability levels, respectively.
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Table 3 Model of maize yield loss rate under flooding stress at jointing stage and silking stage

Parameter calculation

Model of maize yield loss rate under flooding stress at

Model of maize yield loss rate under flood-

Parameter formula jointing stage ing stress at silking stage
DNDVI NDVLger — NDVIpefore »=-86.051 x*+470.53 x + 9.5564 y=-2803.8x" - 586.71 x+13.8
(—0.04 <x<0.14,0 <y <75%) (-0.07 <x<0.03, 0 <y <45%)
R*=10.8969 R*=10.9337
DRVI RVIager = RVIpefore y=-1163.9x’-855.71 x + 9.8187 y=-91182x"+1024.7 x + 13.888
(-0.09 <x<0.02,0 <y <75%) (-0.02 <x<0.05,0 <y <45%)
R>=0.8951 R2=0.9320
DSIPI SIPLger — SIPTbefore »y=-19600 x*— 1985.3 x +15.814 y=-13599 x* —814.11 x +26.53
(-0.06 <x<0.01,0 <y <75%) (-0.03 <x<0.03, 0 <y <45%)
R?=0.9433 R?=10.9697
DNDVI )1 — AL ZZfH A 35 B0 22 (5, DRVI 4 ELE B B 228, DSIPI b &5 M) AU (R IR B 22 (8 . after 5d
, before

DNDVI is the difference of NDVI; DRVI is the difference of RVI; DSIPI is the difference of SIPI. The “after” indicates the time five days
after flooding stress, and the “before” indicates the time before flooding stress.
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Fig. 7 Fitting chart of maize yield loss rate with DSIPI under
flooding stress at jointing stage
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flooding stress at silking stage



183

[33-34]

> DSIPI

References

(1]

s ,2015.
Teng T. Analysis on the Situation and Influence Factors of Chi-
nese Maize Export and Import Trade. MS Thesis of Nanjing
Agricultural University, Nanjing, Jiangsu, China, 2015 (in Chi-
nese with English abstract).

, 2019 [2020-03-01]. http://www.stats.gov.cn/tjsj/ndsj/
2019/indexch.htm.
National Bureau of Statistics of the People’s Republic of China.
Citations format of China Statistical Yearbook. Beijing: China
Statistics Publishing House, 2019. [2020-03-01]. http://www.
stats.gov.cn/tjsj/ndsj/2019/indexch.htm (in Chinese).

[10]

[11]

[12]

[13]

. , 2012. pp
104-105.
Pan R Z. Plant Physiology. Beijing: Higher Education Press,
2012. pp 104105 (in Chinese).

. s ,2014.
Yu W D. Research on the Effect of Waterlogging on the Growth
and Yield of Summer Maize and Its Temporal-spatial Distribution
in Huang-Huai-Hai Region. PhD Dissertation of China Agricul-
tural University, Beijing, China, 2014 (in Chinese with English
abstract).
, 2014, 30(9):
119-125.
Zhou X G, Han H L, Li C X, Guo S L, Guo D D, Chen J P.
Physiological characters and yield formation of corn (Zea mays
L.) under waterlogging stress in jointing stage. Trans CSAE, 2014,
30(9): 119-125 (in Chinese with English abstract).
, 2009, 29: 3977-3986.
Liang Z J, Tao H B, Wang P. Recovery effects of morphology and
photosynthetic characteristics of maize (Zea mays L.) seedlings
after waterlogging. Acta Ecol Sin, 2009, 29: 3977-3986 (in Chi-
nese with English abstract).
. ,2015,41: 329-338.
Ren B C, Zhu Y L, Dong S T, Liu P, Zhao B, Zhang J W. Effects
of waterlogging on photosynthetic characteristics of summer
maize under field conditions. Acta Agron Sin, 2015, 41: 329-338
(in Chinese with English abstract).
. , 1998, 10(4): 20-24.

Yang J P, Chen J. The effects of soil waterlogging at different
growth stages on the growth and development of spring corn.
Acta Agric Zhejiangensis, 1998, 10(4): 20-24 (in Chinese with
English abstract).

, 2013, 29(5):
44-52.
Liu Z G, Liu Z D, Xiao J F, Nan J Q, Gong W J. Waterlogging at
seedling and jointing stages inhibits growth and development,
reduces yield in summer maize. Trans CSAE, 2013, 29(5): 44-52
(in Chinese with English abstract).

,2004. p 47.

Guo Q C, Wang Q C, Wang L M. China Maize Cultivation.
Shanghai: Shanghai Scientific and Technical Publishers, 2004. p
47 (in Chinese).
Zaidi P H, Rafique S, Rai P K, Singh N N, Srinivasan G. Tole-
rance to excess moisture in maize (Zea mays L.): susceptible crop
stages and identification of tolerant genotypes. Field Crops Res,
2004, 90: 189-202.
Ren B Z, Zhang J W, Li X, Fan X, Dong S T, Liu P, Zhao B.
Effects of waterlogging on the yield and growth of summer maize
under field conditions. Can J Plant Sci, 2014, 94: 23-31.

> >



184

47

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

. ,2014, (6): 7-8.
Sun Z X, Tang P K, Kang R Q. The effect of flood stress on
maize’s growth and countermeasures. Modern Agric, 2014, (6):
7-8 (in Chinese with English abstract).
2000. pp 1-254.
Pu R L, Gong P. Hyperspectral Remote Sensing and Its Applica-
tion. Beijing: Higher Education Press, 2000. pp 1-254 (in Chi-
nese).
GIS .

( ) s ,2016.
Bi J J. Estimation and Simulation of Flood Inundation Using
Remote Sensing and GIS. MS Thesis of Institute of Oceanology,
Chinese Academy of Sciences, Beijing, China, 2016 (in Chinese
with English abstract).

s ,2018.
Su Y L. Study on Remote Sensing Monitoring Method of
Multi-source Satellite for Rainstorm and Flood in Farmland. MS
Thesis of Xi’an University of Science and Technology, Xi’an,
Shaanxi, China, 2018 (in Chinese with English abstract).
, s . 2018
. ,2019, 41(5): 83-87.
Jiang B, Meng L, Xing Q G. Monitoring of flood disaster foot-
prints based on remote sensing: Shouguang floods of 2018,
southern Laizhou Bay. Environ Impact Assess, 2019, 41(5):
83—-87 (in Chinese with English abstract).
WOFOST
. (
) s ,2018.

Wang Y M. Improvement of Crop Yield Estimation under
Drought Condition Based on WOFOST Model and Remote
Sensing Data Assimilation. MS Thesis of Institute of Remote
Sensing and Digital Earth, Chinese Academy of Sciences, Beijing,
China, 2018 (in Chinese with English abstract).

, 2012,
28(6): 162-173.
Jin H A, Wang J D, Bai Y C, Chen G F, Xue H Z. Estimation on
regional maize yield based on assimilation of remote sensing data
and crop growth model. Trans CSAE, 2012, 28(6): 162—173 (in
Chinese with English abstract).
. ,2009, 28: 2142-2146.
Hou Y Y, Wang J L, Mao L X, Song Y B. Dynamic estimation
models of corn and wheat yields in USA based on remote sensing
data. Chin J Ecol, 2009, 28: 2142-2146 (in Chinese with English
abstract).
. , 2013.
pp 362-367.
Zhao Y S. The Principle and Method of Analysis of Remote
Sensing Application. Beijing: Science Press, 2014. pp 362-367
(in Chinese).

Richardson A J, Wiegand C L. Distinguishing vegetation from

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

soil background information. Photogram Eng Remote Sens, 1977,
43:1541-1552.

Rouse J W, Haas R H, Schell J A, Deering D W, Harlan J C.
Monitoring the Vernal Advancement and Retrogradation of
Natural Vegetation, NASAGSFC, Type I, Final Report, Greenbelt,
MD, USA. 1974. p 371. http://www.doc88.com/p-60352201375
82.html.

, ,2002.

Liu L Y. Applications of Hyperspectral Remote Sensing in Preci-
sion Agriculture. PhD Dissertation of Institute of Remote Sensing
Applications, Chinese Academy of Sciences, Beijing, China,
2002 (in Chinese with English abstract).
Singh R, Semwal D P, Rai A. Small area estimation of crop yield
using remote sensing satellite data. /nt J Remote Sens, 2002, 23:
49-56.
Penuelas J, Filella I, Gamon J A. Assessment of photosynthetic
radiation-use efficiency with spectral reflectance. New Phytol,
1995, 131: 291-296.
Lukina E V, Freeman K W, Wynn K J, Thomason W E, Mullen R
W, Stone M L. Nitrogen fertilization optimization algorithm
based on in-season estimates of yields and plant nitrogen uptake.
Plant Nutr, 2001, 24: 885-898.
Huete A R. A soil-adjusted vegetation index (SAVI). Remote Sens
Environ, 1988, 25: 295-309.
Haboudane D, Miller J R, Tremblay N, Zarco-Tejada P J, Dex-
traze L. Integrated narrow-band vegetation indices for prediction
of crop chlorophyll content for application to precision agricul-
ture. Remote Sens Environ, 2002, 81: 416-426.
Baret F, Guyot G. Potentials and limits of vegetation indices for
LAI and APAR assessment. Remote Sens Environ, 1991, 35:
161-173.
Penuelas J, Baret F, Filella I. Semiempirical indexes to assess
carotenoids chlorophyll a ratio from leaf spectral reflectance.
Photosynthetica, 1995, 31: 221-230.

, 2017, 33(5):
170-177.
Wang L M, Liu J, Shao J, Yang F G, Gao J M. Remote sensing
index selection of leaf blight disease in spring maize based on
hyper spectral data. Trans CSAE, 2017, 33(5): 170-177 (in Chi-
nese with English abstract).

,2010, (8): 20-21.
Wang C Y. The effect on growth and development and yield of
summer maize. J Henan Agric Sci, 2010, (8): 20-21 (in Chinese
with English abstract).

> > 5 > s >

2017, 49(4): 26-29.

Chen Z, Liang S Z, Wang M, Yan B T, Yao H M, Sui X Y, Wang
Y. Effects of simulated flooding stress on yield and leaf charac-
teristics of summer corn. Shandong Agric Sci, 2017, 49(4): 26-29
(in Chinese with English abstract).



