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The effect of different grazing intensities on hyperspectral remote
sensing and locust abundance in typical steppe
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Abstract To study the correlation between the normalized difference vegetation index (NDVID) of typical steppe
and above-ground biomass and locust abundance in the Inner Mongolia grasslands with different grazing intensi-
ties, the reflectance spectra and above-ground biomass were measured by spectrometer in five different grazing
treatments. The results indicated that the models of NDVI and above-ground biomass with different grazing inten-
sities were correlated significantly: y=0.034 8+0.002 9x(R*=0.645 5, P=0.000 2), and locust abundance was
y=—0.067+0.013x(R*=0.415, P=0.006). The effects of grazing intensities on the abundance of locust and
plant parameters with NDVI were examined with redundancy analysis (RDA). The results showed that the above-
ground biomass, plant height and Cleistogenes squarrosa biomass were the main factors of locust abundance and
NDVI, among which the significant factors was above-ground biomass (P=0.001). There was a significant posi-
tive relationship between NDVI and the abundance of locust. Above all, we can provide a theoretical basis for re-
mote sensing monitoring of locust plague in grazing regions, and scientific and rational use of grassland resources.

Key words hyperspectral remote sensing; NDVI; grazing; locust

WREH: 2017-02-21 1&iTHHE: 2017-03-15
EEWMB: EZEAKRPAEEE(31672485)
* WIEE#E  E-mail: zhzhang@ippcaas. cn



43 55 6 1

L 1 45 ORI 0) S 7 e

TR 1 R L o 285 2 ) 5 ) VAR

N B b 1) TP =X 3 e TIOR3
BB R VE S5 R R e g L,
A= 7 7 A e R i PR R A S Al A w7 T
R A R ) R AR OBk R
EERY ST NITR A 0787 NN B 1 = BNl =W e B i
TERE R W 5 A B R, B gk
W B b b AR RS RE E N AN R IZ
5817100 Prabhakar %5 1] F 8 i 22 i W i i x4
AEM 1 e B A i s BORE R AT DA AT b W
T A R e R Y L TR A R B Myzus
persicae (Sulzer) 3 i BUE RIS SO 3R %L Ik
CIANE B R R T R O BB, B SR AE X A
G I RN 6B KR 1Y b T A 5
ST G S S AR R R () A 2 Rl A, DA
SR FAR 1) 5 R 0t 28 I 28 7 30k W 0 4 - 36 4
REVR WA BRI EEGRB IR T
TR o b S 7R S X RN A A X)) A 9 ) R0 AS [
T R Wy S S Y O 0 A B A AU
RIUST H AT A [ s B s A Ak 5 ke
Py FmE RV Z (8] 1) 6 RICA T ifE— PP A
S 3 R G T R R 1 W A S R R G S
FEB A 4y RN OB 2 1) 9 DG R B L SRy 0 AN
[F) TS0 A R 5 D% L ) A0 5 R ke A A i A 4l o B
T R Rk 2 B b 1) FH 5 1 0% 05 R0 4 7 7 0Lk vl F
LR ARSI

1 #MREFZE

1.1 fARKEERR

RS DXL T A 58 ol B AT e T 00 0 S L I AR
Hh L RO R e B B r e SR AR S R ]
A IS 575 0 5 4 (E116°32 08", N 44°15'24") ,
MR 1 111~1 121 m, S fi oy ORI Rl 22 XU ik
DI 4 - 24 B W9 B 350 ~ 450 mm, 4 - 1 i i
—0.1C, 1 i FHUE —22. 0°C, W s il B
—A41.1Cs7 Ay il 8 ey » S EIRE 18, 3°C L 1l g
AL 38.5°C . =5 CRYRIRAE 2 100~2 400 C, f4
RS A A R R LR B R R (typical steppe) , 3
B Leymus chinensis \38L K28 Stipa krylovii FIK
5 S. grandis TEREV 5 0207 B R T 5L
Cleistogenes squarrosa Y% Artemisia frigida %
AR A N WA, — AR R K3
Chenopodium glaucum JEFE3¢ Salsola collina %,

IR 2007 —2014 AFE[AIEE M, DL A N

F AR R AR T 2014 4E S IR AR BE
Schénbach [ B HE L 15 B 5 AN TRCHCIR B TC AR
(non-grazing, CK) : U Ry 05 542 B HUH (light graz-
ing, LG): Rp/NXJHFR 4 HAE U 170 SSU - d/
(hm? « y) s BTN (moderate grazing, MG) JiltF: 8 H
U R340 SSU » d/ (hm « y) 3 T AR (heavy
grazing, HG) i35 12 HFE, RN 510 SSU « d/
(hm?® « y) ;33 3 & U (over grazing, OG):JiltFE 16
FUE LTI 680 SSU » d/ (hn® + ), Hirf SSU oy
FRFEFERAL o d/ (hm « y) . B UHGRERE 3 1N
S/NK S BRSO MR TR 1. 33 ho' (ZRPG K 125 m,
FALK: 110 m, B Jeffy 787, 2014 48 6 A 10 HIJF
AU FRSE R 90 d GRIGH [ 5 3 — ELAE AU IX.
P IR EE SN BRI 2 IR FE 2, 76 G ik i Jk
JE et W PP DAy S AR AN [ O R R A
AEASTR] s DT 52 Ml v i W i A8 4k, e R
6 kgfif o, 7EREBE A AE 1. 14 Yoot i AR 4% o
NDKEEE 0. 500 . HR REHICHOI FE35. 97 0 e i AU
B H/NX RS 16720, TR HURONRE 42. 41204k
i T AR A 5N X R 3. 81 %0, i B RIS R
43. 15 V0 POy TR - /X R 7. 6304,
1.2 I8

AvaSpeC-2048 X 14 X 2 fe #0058 18 Hi 4y I 3%
Ao BRI g AR < 2 Fe 2 048X 14 R R WAL
B CCDs BB I < 2. 24 ms~10 min; B#5 R4
BT 2. 24 ms/ P GIEASCRAE M BR 0. 5 nm; S35
Bl :200~1 160 nm; R KAEE: +0. 1 nm; JG1E5 9
2.4 nm; AMERSFRIE R 175 mm X110 mm X
44 mm, 720 g; TAERE .0~55C,
1.3 @AEFE

JEE IR Ty %« AR — /N X SR BB AL B
PR3 LR A D 5 N RIS M, B
JE I E AT AR AR 7 AR T

TR T B AER AL =, 10:30—14:30
I ) B A SR A RS BRI TET 5 32 1. 5 m, 6 Sk 3 )
TIEXPEM . RV AR, B 30 min R FIR
KEIE 1 KBSk BE MR 20 em 2247 BEGR A% S0 48 e
PRAVEN 53 B B RE V& FE AR A o [R] Bl g A
T B T IS 225017

R R IR 5 2% : AR/ NI B ALE 5 55 1 m X1 m,
A A 5 B A RO S AT 1, e R AR AR
PR AE T 1 em DL_E 55 RS B ] T
PRI,



080

5 4Ly 2017

FL O A 50k - B/ N DR IR R Mk R
B 38 em, 554 100 ML AE/NX 3R 200 2R, 2R
SRTETON B A% 8] 55 55 35 A VKA VR R AL B
S REE NN
1.4 SthAE

P AR H R g H B0 (8 DG A
WEHR AT Viewer 143t (NDVL mod) Xt 2
SHEEIEAT M . A — (bR R 20 NDVI 280
T T GRS S 21 A1 S S W O =2 25 FHaX A~
BB BUEZ A (. Ha AR’ .

(oNIR — pRED)
(oNIR + pRED)

A oNIR S 3 £1 51 i B i 3 38, pRED Ry 2156
B AR

PR 55 P T TR OO SR i ) — A
PR E NDVI #g b iz iE 0. Hl FZARZ |
ZRIW52m , NDVI (22 A6l — e fE —0. 1~0. 2 Z
[0 TEHCH /I DX R B e 7 26 B 1 NDVI 23 B
A5, PR AESEBR R F R R OC A AR
PR IE L /Y

NDVI =

= (NDVI—NDVI,,)
(NDVImax — NDVImin )

i, NDVI i e A a5 i U — A 4 45 550 NDV L.
F1 NDV L, 435I 52 X N NDVI (9 55 KRR/ IMEL

iz Ff] SAS 8. 0 Duncan [T M 2= 1E 2 H i
%F NDVI #4775 225387 (@=0. 05) . 3 Origin 8 fif
Bl R F CANOCO 4. 5 X NDVI. A 9 24 5% K+ F1
8 5 BT TR AT (RDAD

2 ER5SH

2.1 BBEEANREMAGEEIT NDVI B30
WFFT LS S0 76 i A 2 A b R 48 £ NDVI
TE TGS e B O 22 () B B Pk 25 5 s e v
RS TR 2 TR 3 22 S (P<<0. 05) 52015
A Y B0 A B I I NDVT S K T P R i
e (P<C0. 05) 52016 4F 4l ek 2] v B2 I LA BB
NDVT & 2 FA% (P<C0. 05), % 22 W 4F 1) 1 9k 125 %
T W 5 B 5 B T O NDVT A 5 0] 4 488 o
L b e i 2 s NDVI(P<<0. 05) (& 1),
2.2 AEMYEE NDVI 58 S EYEFEH
ZTEMXER
2015 4E & /NX AP i 5 NDVI 9 AH 561 43 B

2E L LR AR W) N NDVT Ry i 25 ek 1
K Z,y=0. 034 84+0. 002 9x(R*=0. 645 5,P
<20. 000 2) ([ 2a).

071 a a a g
INNESEINN %
oo\ \\ &3

(KRN

%
3 %
ot
Q’Q‘Q’
Z
%
2K

|

X2 \ X
£ \.E:Z:,., \;.g.;i: N 2015
6%%% KX
.l ] e 2016
Szoq | b
2o | N
| \ \ \
= \.:.:.:.: \m:« \ b b
o \ \ \ ¢ pEy C mim
XXX KRXS S NNV I N NSS!
ol
§ o o o )
FENNES NS S N N N\t
CK LG MG HG oG
MR

Grazing intensity

CK: FoHtHs LG: B MG: b BEBUG HG: UG OG:
BUR:W;:97 €34

CK: Non-grazing; LG: Light grazing; MG: Moderate grazing; HG:
Heavy grazing; OG: Over grazing

B 1 AEERE 2015 71 2016 FEHIEH NDVI{E
Fig. 1 Analyses of vegetation indices NDVI with

different grazing intensities

AN]SR T 1 i R S5 AR R 1% 1) () A
KA AT AE R W, 18 U FE 5 NDVI & I 3 1E A
K(P<C0. 05), HHr 2015 08 g & F1 NDVI —
UAH S X B (& 2b) R y=—0. 06740. 013,
R*=0. 415, P=0. 006, M B3F FAHX,

0.9r y=0.034 8+0.002 9x, R>=0.645 5, P=0.000 2
0.8t .

0.7F
0.6r
0.5F
0.4r
0.3
0.2f

0.1F

0.0! L L L 1 L

0 50 100 150 200 250 a
H EAYIR/g - m®

Above-ground biomass

JA— LR BNDVI

097 )=_0.067+0.013x, R=0.415, P=0.006
0.8 .

0.7r

0.6 * e

0.5r .

0.4 *

0.3

0.2r e °

0.1 ° .

0.0 L . 1 \ 1
0 10 20 30 40 50

RSO / 3k - (2009)
Population quantity of locust

2 TEHGEE NDVI 5EH S A ENERZERXR
Fig. 2 Relationships between NDVI and plant biomass and

JA— AR B R BIND VI

b

locust density with different grazing intensities



43 55 6 W

Ly 45 HCHCT %) SR R JSURE 3O e et el 5 B2 1 52 9 .

2.3 AEMYIEE NDVI 5 4EmE e f i
ELRSH

X FE ) L R RCE A NDVI 22 6] 56 R -7 I04
G3HT. HERFEWT], 5 — MR BT IS Y S
KB II R B % F (F=4. 023, P=0.036),
It RDA HEFPE5 R E A HER (R D,

S — BRI S SRR 3 R TR A B
SRR 73, A%/ 17, 6%, RN 1 o S BT RE B IR
55 7 R A A i (Bio) L (Hed) VB
Fa R A Y (Csq) RARBHE D 1 (Gra) (92210
P, WA B s e, x4 A Sl 1 A
KRBTk 0. 810 2,0. 805 4,0. 753 0,0. 712 4,
TERh 2 v S 1 AR PR DR v A AR R A i B 1 AR
e, I3RS B o B R S 2 A
FRKECH 0.539 1K 3)(F& 2), [EIETA] LLE H, 2
H SR R E (Hed) A 8 S 2E P4 (Bio) \NDVIL B
P B A (Cs) R IEAHICE R s NDVI HE 5L Y)
i (Leh) AR B (Bio) FIAR % 4 35 1 (Cov) &
IEFHOCOCR (B O, I s S A (Bio) JEY)

2 (Hei) i a7 B A 1) (Csq) S it %5 #1 NDVI
AR R T R PR, P AR R A e X I
F1 NDVI i i A B E PR RE(P=0. 001) (3£ 3).,

1.5 1
!
Csq For i
—_ Hei i Gra
°\° k 1
$ |LocusT !
= I
Pl I A\ S
; :
o r 1
= NDVI i
Lch Cov Ser gl
1
-15 - l - -
-1.5 i1 Axis 1 (73.4%) 2.5

Cov: FE# 5 35 BE; Hei: MR JE; Bio: Mgl BB AR, Gra: RA
FHEY)R; For: JERAR LY & Leh: FRAEYR; Ser: KEFF4EY)
#; Csq RefaFEAWE; Col: KEFEYR; Sco: BEREME
Cov: Coverage; Hei: Height; Bio: Biomass; Gra: Grass biomass; For:
Forb biomass; Lch: Leymus chinensis Biomass; Sgr: Stipa grandis
Biomass; Csq: Cleistogenes squarrosa Biomass; Cgl: Chenopodium
glaucum Biomass; Sco: Salsola collina Biomass

3 NDVIE# E FFisg HEE RDA HEF &
Fig. 3 RDA ordination of NDVI with plant biomass

factors and locust abundance

& 1 NDVI 5iE¥IMEEFIE A A RDA SHFER

Table 1 Redundancy analysis results of NDVI with plant environmental factors and locusts

S8 i h 2 h 3 il 4 F {8 B ERF
Parameters Axis 1 Axis 2 Axis 3 Axis 4  F value P value
FHE{E Eigenvalues 0. 734 0.176  0.078 0.013  4.023 0. 036

WP AH e Species-environment correlations

Wy 2 i B3 E 43 Bt Cumulative percentage variance of species data

PIFFEREESE 2R A8 1 BT F A b

Cumulative percentage variance of species-environment relationship

0. 984 0. 852 0. 000 0. 000
73. 4 91.0 98.7 100. 0

80. 7 100. 0 0.0 0.0

x2 EHEMEETS RDA HFHEXRYR
Table 2 Correlation coefficients between plant environmental

characteristics and RDA ordination axes

x3 EHERMEEFHRIRERSTAISREFTRESWN
Table 3 Forward selection with Monte Carlo permutation test of

vegetation environmental factors

T SHL L] il 2 T SEL FSEe Al F  RBERF
Vegetation parameter Axis 1 Axis 2 Vegetation parameter Conditional effect F value P value
TP E S5 Total coverage 0.641 8 0.539 1 A% 55 B Total coverage 0. 06 2.06  0.160
MW Height 0. 805 4 0.282 6 B B Height 0. 02 0.45  0.609
THAE MY Total biomass 0. 810 2 0.282 5 Ak M A= Y)H Total biomass 0.52 13.90  0.001
BARARE A Y Grass biomass 0.712 4 0.371 5 MORAPBHEY R Grass biomass 0.07 2.69 0.123
JERARHE YA Forb biomass 0.621 2 0.132 2 JERAFHEY B Forb biomass 0.01 0.28 0.714
FrREY R Leh 0.678 7 0.331 6 SEEA i Leh 0. 04 2.06 0.153
KEFE Y Ser 0.302 3 0. 406 0 KEFFEY) & Ser 0. 01 0.53  0.537
RERR T E A& Csq 0.753 0 0.258 6 BERTFE A YR Csq 0. 07 3.05 0. 076
IREFFE A YE Cgl 0. 667 1 0.162 2 REFE A YE Cgl 0. 04 2.72  0.104
W EY &R Sco 0.613 5 0.023 6 B R Sco 0. 08 2.32 0.138
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