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Fig. 2 Reflectance of the maize canopy seeding stage under drought stress and CK at different developmental stages

(a); Seedling stage; (b): Jointing stage; (c): Tasseling stage; (d): Milk stage
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Fig. 3 First derivative of the maize canopy seeding stage under drought stress and CK at different developmental stages

(a): Seedling stage; (b): Jointing stage; (c): Tasseling stage; (d): Milk stage
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Fig. 4 Spectra parameters of the maize canopy seeding stage under drought stress and CK at different developmental stages

(a): Red edge and red edge ampmitude; (b):
(c): Yellow edge and yellow edge amplitude; (d):

(e): Green peak and reflectance; (f):

2.3 ERXEREHERBEEH T R A8 #9Im RL

B A BT LU 38008020 31 Z%%ﬁﬁ%%%m%mﬁﬁ
DB O A Y SRR 8 A AR . HEAT T R

TR R R [ G B T 0D R A R B0 25 R v R B0 5 (B
5). AAIEL 5 R, AEANIE G R F A . W i i 0 T 5 h3g A
X B 2E SRR B S LI, BEA T2 R NDVI, MSI Al
ND705 [ 22 SEHEHR 40 FE 106 ~50% 24, HAT — & Ml X
431 s NDWI R NDW-2 1) 22 52448 838 76 50 %0 DL b, AT X
43 PEH B . NDW-1 Fl NDIT () 25 5 M8 B b X R K,
2 NDIT 22 5 M 48 B v W1k 80 7 477 %, i 76 3L #4300
{0 31%.,

Blue edge and blue edge amplitude;

Red valley and reflectance;

Area of red edge, yellow edge and blue edge

3 4 ®

(1) R AE 1 9132 50K 43 W3t s+ G D5 9 38 15 ) 491 K
SRl B K E B OGS AR H . AR TR T UL i B AN e Ok 4 A
W B ARG L LT AN B S R AR B G . LR R
. ERMEN R, FHMASE T 5% L. MEEY

A G s 22 S P W L) A0 AT O Ot D B S S R 22 i
EARE 1.
OFEW M S A LB T R e £

DK 0 39 68 I ) — - BB T AE T LG B3 i AL, 1P



S ST

2227

5T
% Average
&
% .
= Seedling stage
5|
g Jointing stage
a.
<
L Tasseling Stage —— NDVI ——WI —e— MSI
A NDWI  —+— NWI 1 —=— NWI 2
Milk stage —— NDII —— ND705
2100 0 100 200 300 400 500
Percentage difference/%
5 HETEBEMYREREREINERERERE

Fig. 5 Difference index of the maize canopy vegetation index
between seeding stage under drought stress and CK at

different developmental stages

W96 (528 nm [HE) FILT % (730 nm ) {7 5 BLIG(E, 41
A B U A A R A S B A K B B — B S BOk B
B4 2106 7 i 0 I 247 1 T TR0 00 o R, O R T T 25 S
B, 78 0.003 247, BIFLEIY . 2508 BN, [k 0.001,

A A I A B K S R IR R H B R, B I e
KRELHA BAFTE R — A" RS, L mR
AT 300 W (1 349 A0 T TR S0 00 JRE 5 7 300 M3 6 A & 0 5 8 5[] 300
X BRI LE - PAFAE A Y Ty 1 A S B BLG s T WM I8 R OK ¥
T AR ek IR E R T AR T 2 e LR

() EORTE A 32 K o W38 )5 > 300 o B8 1 4 e 7 1l B
By, W (AR AR B 30 o7 ) S Uy e A Sl . B3 (W]
T s A Al A SUT R FLBGET L Wb da R OK S [RS8 0 R A
oo BEVRAL . W T AR L B0 B AN B A B2 S R W
2,

(5) 21>t 1T 5 J 30 R0 %ok R ) L i 0LE AN ] DG B
BIRIAE A Horp Wil 22 SR 8O 1 50 LI .
AT 5 s NDWI Al NDW-2 14 22 53 PE 48 B 76 5006 A L
X e

SR EE 26 PR BT B, AT J& T b B T 5 ok AR X 3
A5 V0 ZE A ) KOG TE R AE 23 07+ S5 L BT 58 0L B X K 52 3]
B.oPEAEABETRERE. OFERBEMNOTRITE,

T X3 P e
3L S B (R W) 7 AT B DG R AE S AT J0) 31 2L

AW REER, RS DRBEML A, hRmE, R
T R AT ) T 5 5 ik S8 B 3 R A0 A 5 e K

References

[1]

[7]
[8]
[9]
[10]

[11]

QI Wei, ZHANG Ji-wang, WANG Kong-jun, et al(Gf  ffi. 3K#HE, 2%, 55). Chinese Journal of Applied Ecology (B fIAEZS24R)
2010, 21(1) . 48.

FENG Rui, ZHANG Yu-shu, WU Jin-wen, et alG% £, 5k £ 45, & XL, ). Journal of Catastrophology (R #E=£), 2019, 34(1).
162.

ZHANG Wei, WANG Xin-mei, PAN Qing-mei, et al(3k i, F M, %KM, %), Acta Ecologica Sinica(/E 522 4)) . 2018, 38(18):
6677.

LIN Yi, LI Qian, WANG Hong-bo, et al($f %, 2=
1323.

f&, F 1, ). Chinese Journal of Ecology (ZE#&2:24%&), 2016, 35(5);

Feng Rui, Zhang Yushu, Yu Wenying, et al. Acta Ecologica Sinica, 2013, 33: 301.
ZHAO Jun-fang. FANG Shi-bo, GUO Jian-ping, et alGX & 75, Frittil . S0EF, %),
&I, 2013, 25(3): 153.

ZHANG Feng, ZHOU Guang-sheng (7§

Remote Sensing For Land & Resources([H 1 % i

W, JEJ M. Chinese Journal of Plant Ecology (F§#) 4= 224 4%) . 2018, 42(5); 517,

Yi Qiuxiang, Wang Fumin, Bao Anming. International Journal of Applied Earth Observation and Geoinformation, 2014, 33. 67.
Zhang Feng, Zhou Guangsheng. Remote Sensing, 2015, 7. 15203.

CHENG Di, LIU Yong-mei, LI Jing-zhong, et al(F¢ 1, X|0k#F, 225758, 45). Chinese Journal of Applied Ecology (5 i 4E & 2#3R) .
2015, 26(8): 2307.

ZHANG Jia-hua, XU Yun, YAO Feng-mei, et al(5kHE4E, ¥ =, BkJRURE, 55). SCIENTIA SINICA: Technologica( 1 E B} 44 . AR
), 2010, 40(10) . 1121.



2228 i 2% 5 61 43 Hr %40 %

Influence of Drought Stress on Maize in the Seedling Stage on Spectral
Characteristics at the Critical Developmental Stage
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Abstract  The spectral characteristics of vegetation can be used to monitor their growth and development. Additionally,
exploring the changes in spectral characteristics of maize throughout its developmental period following water stress during the
seedling stage provides theoretical data for building vegetation spectral databases, as well as a basis for the hyperspectral
identification of vegetation water stress. Using the large-scale farmland soil moisture control field of Jinzhou Ecological and Agri-
cultural Meteorological Station in western Liaoning as the research area, an ASD FieldSpec Pro spectrometer was used to spec-
trally observe maize at the seedling, jointing, tasseling and milk stages in the seedling water stress and water-suitability control
areas. The differences in the spectral characteristics of the water stressed seedlings and those of the controls were identified
based on the original spectrum, the first derivative spectrum and multiple spectral parameters. The results were as follows: (1)
The characteristics of the original spectrum of maize subjected to drought stress in the seedling stage are significantly different
from those of maize that receives suitable water in the same stage. Specifically, the reflectance in the visible or short-wave infra-
red band was higher than that of control maize at the same stage, while that of the near-infrared band was significantly lower
than that of control maize, especially at the jointing stage, the difference was about 5% ; however, these differences gradually
decreased with crop growth. (2) The first derivative spectra of maize at the seedling, jointing, tasseling and milk stages revealed
double peaks in the visible bands, and the peak of the red light position reached the highest level at the tasseling stage. The
peaks of the red light position for the first derivative spectrum of maize from seedlings subjected to water stress were lower than
those of control maize, and the differences were significant, especially in the jointing stage, when the difference was about
0.003. In the milk stage, the peaks of red were significantly reduced relative to the concurrent control maize and the distinguish-
ability was weakened. (3) Comparison of the spectral parameters of maize under seedling water stress with those of control maize
revealed that the red edge position undergoes a blue shift-red shift-blue shift from the seedling stage to the milk stage, while the
green peak position undergoes a shift in the long-wave direction. However, the difference between the blue edge position and
blue edge amplitude and the yellow edge position and yellow edge amplitude was not significant at the tasseling and milk stages,
the red edge area is lower than that of the control, and the yellow edge area is higher than that of the control. (4) Among the
eight water-sensitive vegetation indices, the difference index of NDWI and NDW-2 reached more than 50% in the four Critical
developmental stages of maize, and the distinguishability was enhanced. Overall, this study provides basic data that can be useful
for plant water stress spectral libraries and a basis for selecting spectral bands and setting hyperspectral bands for identification

of crop drought.
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