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Outbreak, monitoring and control technology of desert locust Schistocerca gregaria
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Abstract: The desert locust Schistocerca gregaria is known as the most destructive migratory pest in
the world due to its powerful reproduction, feeding and migration ability. In this review, the outbreak
history and current situation of African desert locust were summarized; the development process and
technical progress in desert locust monitoring and early warning were summarized. Meanwhile, the pro-
gresses in prevention and control technology of desert locust were analyzed. It is concluded that the in-
telligent monitoring and sustainable control of locusts are the developmental trend, which can help elim-
inate the threat of locust disaster and protect the environment.
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Fig. 1 The life cycle of the desert locust
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Fig. 2 The evolution of desert locust plagues (Resource: FAO)
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Fig. 3 History of desert locust plagues during 1860—2014 (Resource: FAO)
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Fig. 4 Occurrence dynamics of the desert locust in recent years
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OSC: Open source community; RAMSES: reconnaissance and management system of the environment of Schistocerca; GIS:

geographic information system; GPS: global positioning system; DLTM: desert locust trajectory model, DLEP: desert locust

egg & hopper development model; IRI RFE: infrared image recursive feature elimination.
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Fig. 5 Technological developments related to locust early warning during 1935—2020 (Cressman, 2015)
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Fig. 6 Locust network intelligent monitoring and warning system (Nie Jiangwei, Beijing Zhongwei Innovation Technology Co., Ltd)

FAO b {50 W 42 1 2% 5% 2% [ ST ok, Vh i
LR 7 DA ) i e 81) 22 T 2 U TR ¢ 2 R 1
SR U A I B 5 FR R RS M 2R 45 R e
A N7 IR R 15 B TR R BGEAR DT e
SEVRGEE N TR A BRI A T AT
Kbt et T 145 T W B A% [ R B 45 TR BHAE T
WAL RENG 8 R A RN AR S
3 REMIER AN RHE

N5 VDA S 4 g 2 SR TR T — 24
VD B Y S W AR, MBS N T BRI IR A&
JREIL =B, B2 R AEYIB G FLs G BR S
3.1 WIERAE

VPR AR, AT AR TR 42510
KA AR I R Sy AR SR BT BOR B TR VO
WA ARAR SR Pl SR 45 3k S il A — e Y T
AR B IR VB Y b 78T B, [RIIEAT DLZE 45— 44

SHTE AR 1R o e B T B 1 B AR, R TR e
PR .
3.2 k=R

B iR EL R A T A a2 b A A
FAY . UHTEEBE IR TRV B P B4R AR
FHIAN . FEE A AR 2 B TR AR, B IR VD B Y
AL R B R AR )T s R EE KR
W PR A G B AR 2 S A T s
FIBTIA  AEJE T HXT AR s fapt, 04
AT IR Bl SRS i FL ) H B b AR
{815 A BAR A A ML AN 22 i T R RS A 24 il
AR BRI 2 2G50 A T 1, R R — e 5 2
a5 S, WARSRAB A 5 PR 2 iy 222
HEAF (T 1% v O Wil 2L sl W e AT L o 481 77 5%
1) 36 T 28 R 4% L b s A e 24 SR B 3 VD M | B
2 PR TR SR (g A 25 R BC s, T DAREAIG = w1 24
FUR I B R I BE 25 0 I B VA 23R (Lahr, 1998 ;



34 i 7/ A S 1 484

Gianessi,2013) . N E— R4 A2 25355, FAO 45
il R AR R R 25 AR 3R e
P2k By it B B A XL s Y EE AR O BR
Bi s e/ N REPE AR A, (H HA 7R g e A
AR(FAO,2017).
3.3 EWkhia

R AR IR RS I Y BE I AE DY)
BiiE , B A W B 16 XL HE 3G 58 78 A MBI i LA K
PRAP B YIBG o S MA Y B IR W PR AP R 3
FEREIORN 5 | 1 R, = BRI R &R 45 AP0 F 2R
P E R TR A . SR AVE YR IR R R
A g ARV B SRR R ) sl SR B BB R
FAMEERR T, WA= P3G 28GR R DB i A 4
U A A 5 PP B A W B U R A
BRGMEY ZRERE S A S RGBT ERE I
YRIZRETT , R E 7 S5V EY 55 -

22 A W A 1A R — I A 1 24 R B
IR VPBEE . FAO HEFE AT LU T VD B B 36 1 A= )
il 351 40, 5 1 5% 46 7 B2 Paranosema locustae | A5
T SRR AR S R A IR Y R I 2R
1&E PR Metarhizium acridum 157 i FH )5 10 d, HXFvb
TR (R B TR SR T 3K 3] 33%~66% ; 16 B fofftl 1~ U
RV e 5 3 ], G e B B iR AOR A B 419%0~
64% ; W) 25 FIAE FH AR B0 | 41 7 70 L ol 10 it P
(Pesticide Referee Group,2014) .

SR R A YR 6 32 B8 Ak B[] R A [ s el
9o SR DR 8 v i A %o e R P s VR R AR o Da-
khel et al.(2019) P57 A& BUAFHE HURLL T 1R S 2R R A
Metarhizium brunneum [}7)F) FH AT LA 21 B 8 1 3%
VEF B i P i H A7 i sl SR AR AT 2 S s k)
VU () B RLAAE 30% Ay, 1 (R At i ] 3
HEME B IR B T LAIR B 60% LA Lo Wit o
HZE VD 75 [C R Serriatia marcescens 525 P= R {5
Ml & Pseudomonas pseudoalcaligenes %517 T IR &
AR AR , T DA R B — T A 1 R R (H
SERCRANKAGE (FH IS, 2004)

PRI RIA Y B 6 F2 B R o S AR A SR
X, PP R R e B2 0 Fritcher et al. (2004) JH & &
I, SRR AR L, R X s S 2R 0 =5 B
B, A= 2R T, Bt R R R T [

2K )i (phenylacetonitrile , PAN ) 2 Vb i 5 58 42
FRRM ETAH S, 2o FA IS s BT B A

2 U TR, AT AR 5 25500 B B TR RICR R
DA R IR EREE, s A S R A R S
PAN B3] {1 AT LA 7 24 2 755 50% LA | (Obeng-
Ofori et al.,1994) .

B — (R B IR B AR A — 2 1 B AR BRE
IV 1) By 45 A8 Z A By iR 5 RN AR B
i Bl e A BRI U 2R B DG Tk 1
TR TR FEosRas AR SRS NG — .

4 12N 5 KRR E 24T

AR I AR E gl — A2k =
SRV TN R A B, AR PO A P N R AR
TR B R UM . WY B R R R R 4%, 1
SEATAEIE FL R R, R A S T AR R R
B HVEFE ) PREE , AL HE A 9 0 5 R 3 0 U Y
AR AR Py A RIS B A KR B IR 4%
P AEIE L EREE T R R ) B RS ] LR R
TR — 5 B S L, A SR A in DA B Bt sl 11
TR R TR Y BT RS, 5
W TR R 5 X YR ELA A 4 HORITE KRR
T3, W R THL K, A R4 A R T K RV
LA N A S IR 0 E— 25 IR, AR sk
i DXL AR ALK, 2 B RO, B A S IR B Ak, VDR
AR E, YOV S A HBE N, i 2 A ERAARE S
o Y R ) M) U S i A, 1 — 2 T Vb i
LT 2 B AR o

JRUE AT AR 22 I X ¢ 118) 3R s RN A (H
WG — H T R S DY R DA, R R
VRIBIE G 7 2 AR AR 1 600 J7~3 000 )7 km?;
Tk R UDTEMEL () DX IR IR , 2838 AN 5 — SOl X2 4
B 2 2 A (AN TR BIAATE ) | BT VDI e Y B
P55 — L2 YD IO ¢ S0 A ) 5% T M I s i et
A TEIRA B 5 1P 22 & AR VR g 1 [ R e = B iR
AT T et e A e G % R K A,
B Lol () Ak BB i A W IR B 3 T AR
B3 DR R BV 6 2R (4552 L O S i) [ 52 ) AN RE IR &
17 8)y, ARMETITH 21 2 St R AR 1) 1 2 A 245 17 2 B
VEAT SN 5 08 e A e = T U3 AR ¢ b IX S
SR B P, 7R TNy ThT A7 PRI XS

5 REE
g SR 5 AL — TR S R, JL P



148 TLLYPAE YRR M R B HoR Bt 35

JITA [ ARG 2o A AE T A2 WA, JEPH VTR T
I LR R M B —Fh A9 B AT EAE A
VY R BB A DA B E P B R AT
Fefie J1AniE R, b s bl s L R P T
RAIESE, I AR E KA T AR E G R AL, R
N7 12 1A 45 A Sk L [R 9F 3] 7 9 0 1B M 1Y) SR ek AL
Ko Gt o it FHng f b2 X FAO VD BEIE 75 0 2%
R A5 TR R i o0 TAE A B S3 0, vb i i
T B 45 R B T AR K28 . FAO Vb ibiig
WM T 2 2] DL A shakBok A TR AR FAA
PRI e JER P 5 ) A B P i R ¢ 7y B e A= e L 485
AL N TR A REHYE , il 1t GIS 2l
DA B A 0 VR 11 A 1 O R ¢ AU, 38 3k
IR DR T S R 1 B A M g AU i X AT R s
A R %, Al ] Bl I Hh L VST 5
O IRIE 1% R G5 AT LIHERT 34N A T vy s % A 1
Do VDB I B 4 S AR G 08 X[ R AL BUPAT
FAO VDR 2 By S35 BT 48 5 (H i T Ub e
&I A MR R A S AR A Tk b X, PR e Bl T A A
FOARTEAN G, ALE B IGER 7 b, FAO I8
5 5 BLAE Y B R] A AT ) 2020 VR BLIE 42 BRI Y
TR SAB A IR BE A B HFE AR R BH L Vb b
N AR GIE | LR IR A A ) a4 R fd
FR AR A B il 300 RS A A R TR R R i k2R 2
FI, — 2 ] GG A= P 3R 5N T e A 2 R W 44
B A VU I R B s AR ) R R DL AT
IR R I — 2 s RS A B R B T2
FH VBRI [ K A ATR N G T 25 1 A R, B S
PRVD R AT R

& % 3 Bk (References)

Alexandre VL, Ramesh S. 2010. Locust habitat monitoring and risk as-
sessment using remote sensing and GIS technologies.//Ciancio
A, Mukerji KG. Integrated management of arthropod pests and
insect borne diseases, integrated management of plant pests and
diseases, Vol. 5. Dordrecht: Springer, pp. 163188

Capinera JL. 1993. Differentiation of nymphal instars in Schistocerca
americana (Orthoptera: Acrididae). Florida Entomologist, 76:
176-179

Ceccato P, Cressman K, Giannini A, Trzaska S. 2007. The desert locust
upsurge in West Africa (2003—2005): information on the desert
locust early warning system and the prospects for seasonal cli-
mate forecasting. International Journal of Pest Management, 53

(1):7-13

Chapman JW, Drake VA. 2010. Insect migration.//Breed MD, Moore J.
Encyclopedia of animal behavior. Pittsburgh: Academic Press,
pp. 161-166

Chapuis MP, Bazelet CS, Blondin L, Foucart A, Vitalis R, Samways
MJ. 2016. Subspecific taxonomy of the desert locust, Schistocer-
ca gregaria (Orthoptera: Acrididae), based on molecular and
morphological character. Systematic Entomology, 41(3): 516—
530

Cressman K. 2015. Desert locust.//Shroder JF, Sivanpillai R. Biological
and environmental hazards, risks, and disasters. New York: Else-
vier, pp. 87-105

Dakhel WH, Latchininsky AV, Jaronski ST, Wahid HD, Alexandre
VL, Stefan TJ. 2019. Efficacy of two entomopathogenic fungi
Metarhizium brunneum strain F52 alone and combined with
Paranosema locustae against the migratory grasshopper Melano-
plus sanguinipes under laboratory and greenhouse conditions. In-
sects, 10(4): 94-127

Deveson T, Hunter D. 2002. The operation of a GIS-based decision
support system for Australian locust management. Entomologia
Sinica, 9(4): 1-12

Dinku T, Ceccato P, Cressman K, Connor SJ. 2010. Evaluating detec-
tion skills of satellite rainfall estimates over desert locust reces-
sion regions. Journal Applied Meteorological Climatology, 49
(6): 1322-1332

Dirsh VM. 1953. Morphometrical studies on phases of the desert lo-
cust. Anti-Locust Bulletin, 16: 33-34

FAO (Food and Agriculture Organization of the United Nations). 1989.
International strike force to control the desert locust, Schistocer-
ca gregaria (Forsk): plan for 1989 and early 1990. Rome, Italy:
FAO

FAO (Food and Agriculture Organization of the United Nations). 2017.
Desert locust watch. http://www. fao. org/ag/locusts/en/info/info/
indiz/html

Faure JC. 1932. The phases of locusts in South Africa. Bulletin of Ento-
mological Research, 23(3): 293-424

Fritcher SC, Mark Arumble MA, Flake LD. 2004. Grassland bird densi-
ties in seral stages of mixed-grass prairie. Journal of Range Man-
agement, 57(4): 351-357

Gianessi L. 2013. Desert locust plagues managed with insecticides: in-
ternational pesticide benefits case study no. 100, December
2013. Washington, USA: Crop Life Foundation

Gunn DL, Hunter-Jones P. 1952. Laboratory experiments on phase dif-
ferences in locusts. London: Anti-Locust Bulletin, 12: 35-36

Homberg U. 2015. Sky compass orientation in desert locusts: evidence
from field and laboratory studies. Frontier of Behavior Neurosci-
ence, 9: 346

Lahr J. 1998. An ecological assessment of the hazard of eight insecti-
cides used in desert locust control, to invertebrates in temporary
ponds in the Sahel. Aquatic Ecology, 32: 153-162

Magor JI, Ceccato PN, Dobson HM, Pender J, Ritchie L. 2007. Pre-



36 N7/ I Tl O 114 8%

paredness to prevent desert locust plagues in the central region,
an history review.//Desert locust technical series. No. AGP/DL/
TS/35. Rome: Locusts and Other Migratory Pests Group, Plant
Production and Protection Division

Misha N, Peter F. 2007. Proving: locust (Schistocerca gregaria). The
School of Homeopathy, http://www.alternative-training.com

Nailand P. 1993. The feasibility of using remote sensing to predict and
monitor irruptions of the brown locust, Locustana pardalina
(Walker). South African Journal of Science, 89(9): 425-426

Nelson RC. 2019. Epigenetic principles of evolution. 2nd edition. Pitts-
burgh: Academic Press, pp. 493-534

Obeng-Ofori D, Torto B, Njagi PGN, Hassanali A, Amiani H. 1994. Fe-
cal volatiles as part of the aggregation pheromone complex of
the desert locust, Schistocerca gregaria (Forskal) (Orthoptera:
Acirdidae). Journal of Chemical Ecology, 20: 2077-2087

Pesticide Referee Group. 2014. Evaluation of field trials data on the ef-
ficacy and selectivity of insecticides on locusts and grasshop-
pers. http://www.fao.org

Rainey RC. 1951. Weather and the movements of locust swarms: a new
hypothesis. Nature, 168: 1057-1060

Rainey RC. 1963. Meteorology and the migration of desert locusts: ap-
plication of synoptic meteorology in locust control. London: An-
ti-Locust Memoir No. 7: 1-115

Rainey RC, Joyce RJV. 1990. An airborne radar system for desert lo-
cust control. Philosophical Transactions of the Royal Society B:
Biological Sciences, 328(1251): 599-618

Riley JR, Reynolds DR. 1979. Radar-based studies of the migratory
flight of grasshoppers in the middle Nigerarea of Mali. Proceed-
ings of the Royal Society of London, Series B: Biological Sci-
ence, 204(1154): 67-82

Riley JR, Reynolds DR. 1983. A long-range migration of grasshoppers

observed in the Sahelian zone of Mali by two radars. Journal of

Animal Ecology, 52: 167-183

Riley JR, Reynolds DR. 1986. Orientation at night by high-flying in-
sects.//Danthanarayana W. Insect flight: dispersal and migration.
Berlin Heidelberg: Springer, pp. 71-87

Roffey J, Popov GB. 1968. Environmental and behavioural processes
in a desert locust outbreak. Nature, 219: 446-450

Rowe T. 2006. The desert world: a homeopathic exploration. Phoenix,
AZ: Desert Institute Publishing, pp. 1-7

Showler AT. 2019. Desert locust control: the effectiveness of proactive
interventions and the goal of outbreak prevention. American En-
tomologist, 65(3): 180-191

Steedman A. 1988. Locust handbook. London, England: Overseas De-
velopment Natural Resources Institute, pp. 219

Steinbauer MJ. 2011. Relating rainfall and vegetation greenness to the
biology of spur-throated and Australian plague locusts. Agricul-
tural and Forest Entomology, 13(2): 205-218

Tahany HA, Moataza AD, Amr AM, Taha TMB. 2010. Corrigenda:
specificity and developmental changes in hemagglutinating ac-
tivity of serum of the desert locust Schistocerca gregaria (Or-
thoptera: Acrididae). Journal of Orthoptera Research, 19(2):
387-392

Uvarov BP. 1921. A revision of the genus Locusta, L. (=Pachytylus,
Fieb.), with a new theory as to the periodicity and migrations of
locusts. Bulletin of Entomological Research, 12(2): 135-163

Yin HX, Zhang J, Hou RT, Wang JD, Yang ZR. 2004. Isolation and
identification of a chitinase-producing bacteria and its synergis-
tic effect on locust biocontrol. Plant Protection, 30(2): 37-41 (in
Chinese) [F A, KA, oY, TR, HEo . 2004 —Hk
JUT TSy 4= 1 43 188 S 2 MO IR . A IR, 30
(2): 37-41]

(FrAE 24 5= £ 4R)



