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Wheat (Triticum aestivum L.)-based
intercropping systems for biological pest

control
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1 INTRODUCTION
Wwiaat (Trficum sestivum L) s one of the most Important cops
workdwide (ranksd fifth In tems of production accoeding to
FADSTAT, bittpfacstat? fan ongbrowsa Qe QL) Therefiore, find-
Ing atemiative methods 10 Impross s sustainabla production
15 3 major challange fior today's agriculture. Comventional fanm-
Ing practices contributed to inrease yikelds during the twenil-
ath contury, bt aro today contested for thair negative Impact on
tha erwironmant'” and human haalth? industrislisad monccul
bure systams, which ara h depandant on the wa of axtaral
Inpu':’?uﬁ = Ao hEHill],-;t symithesised fartiisers, chami-
@l pasticides, growth mguiators), favowrsd the smplficbon of
agmecosystams

In conkret, promoting functional biodhweesity, which supporis
ecological peocessos, may allow agrioutural systoms bo bone-
fit from varicus ecosystom services, iInduding nuirient oycling,
soll structuration and pest control®” Ona of the Sgrobiodiver-
sity strategles’ to improve the sustainability of wheat production
irawiewed by Costanzo and Barbar® s o increase plant specias
diversity at the field scale theough Interropping dasigrs -7
Intercropping is dofined as the cultivation of at kast two plant
spacies simuitaneousy In the same fisld, - without necssariy
beaing sown amdfor harvested at the sama me '

Crops Qrown in separate altemate rows (whon plant spacies ans
altorraied within the sama row, it 5 considersd o be within-row
Irercropping): (3] sirip Intercropping - several rows of a crop
|strip} aitarmabed with several rows of ona or morne othar crops; (4]
ralay Intarcropping - two o mona crops growm in ey, bat with
tha growth cydias overlapping to some degres. Choosinga bypa of
Iriter may do on the assodated and thalvalu-
ahmn;lprha'wﬂ,ln ﬁnnm&uknmhd;ﬁh farmar and
tha laval of mechanisation used.

Intarcrapping systems tend to produce Figher yialds compared
with monocubures and reduca the impact of agriouitee on the

erwbonment. Specifically, intercropping may Improve soll con-
servation, fortility and cop quality, while possibly reducing the
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Writing a review
like
a research paper

The methodology used to collect
the data and write this paper

By Séverin Hatt




“A review of prior relevant literature is an essential feature of
any academic project. An effective review creates a firm
foundation for advancing knowledge. It facilitates theory
development, closes areas where a plethora of research

exists, and uncovers areas where research is needed.”

Webster J. & Watson R.T., 2002. Analyzing the past to
prepare the future - Writing a literature review. MIS Quarterly
(26)2, pp. Xiii-xxiii



PART |

DEFINING AND DISSECTING
YOUR TOPIC



Step 1: Define your topic and set the boundaries of
your research

HOW WHY
WHERE

Wheat-based @ppinq svst)for biological pest control

WHAT

A broad topic !

Setting boundaries and being original




Step 2: Define your research questions

1. Effect of intercropping on pests and
natural enemies?

\ﬂ\%\zr\ﬁvs AR

2. Correlation between pest control
and yield?

3. Where such studies took place?

4. Technical characteristics of such
studied systems?




Step 3: Defining the terms and finding synonyms

Wheat-based

Intercropping systems for biological pest control

Wheat
Triticum aestivum

Intercrop*

Crop association
Crop combination
Combined crop
Associated crop
Crop mix

Mixed crop
Mixed cropping

Row cropping
Relay cropping
Strip cropping

Pest*

Herbivor
Natural enemy
Predator*
Parasit*




Step 4: Search for literature...

InCites™ | Journal Citation Reports® | Essential Indicators M

F SCIENCE

Web of Science '™ Core Collection [

Sign In Help | English

THOMSON REUTERS™

Basic Search

lE‘.\ampie.‘ oil spill* mediterranean

+ Add Another Field

Scopus

Search Alerts Lists

Document search | Author search | Affiliation search | Advanced search

My Tools Search History  Marked List

Welcome to the new Web of Science! View a brief tutorial.

Click here for tips to
improve your search

Scopus  Scival Login = Help ~

Join us for the webinar on September 29: Best practices to power up your research

Browse Sources  Compare journals.

[[searcn for Eg. heart attack” AND

s | [Article Title, Abstract, Keywords

o ' Learn more sbot
] Improy
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@ Add search field
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Step 4: ...by setting a request

using the boolean operators

Wheat-based intercropping systems for biological pest control

(intercrop* OR ‘crop association’ OR ‘crop
combination” OR ‘combined crop’ OR ‘associated
crop’ OR ‘crop mix’ OR ‘mixed crop” OR ‘mixed
cropping’ OR ‘row cropping” OR ‘relay cropping” OR
‘strip cropping’) AND (wheat OR ‘triticum aestivum’)
AND (pest* OR herbivor* OR ‘natural enemy’ OR
predator* OR parasit*)
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PART I

SELECT THE PAPERS &
CREATE YOUR
DATABASE
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Step 5: Read abstracts and select the relevant
papers according to criterias

1. Research papers from peer-
reviewed journals

s or_trade-offs in
ices?CA meta-analysis

2. Intercropping: wheat + harvestable
and consumable other crop(s)

3. Studying insect pests and/or
natural enemies + the effect of
biological control

%

> il

4. Comparison of intercropping
with a pure stand control
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it § 2xteriy (E § #%le i
Y 0 LiRRS, Rt
E\ | §7 > e [\ § §rp> e
SN i L\ 5” q L
Vr o o8 Vr &8
v WaE \WE W\
% WY/ o ST/ ¢ 7
;S 1] S ¥/ & S
N N N N N
\\. P \\. s \\‘ A \\. o \\. 4



Step 5: Read abstracts and select the relevant
papers according to criterias

A B C D E F G H
1 Title Authors Year Abstract | Research paper?| Association?| Including wheat? Analyzing pests and/or natural enemies?
2 Maize rev Smale, Melini 2011  There have | no no 1 no no
3 Should Af Larson, Donal 2012 In Africa, mo no no no no
4 Editorial Maylor, R.E.L. 2006 InourEditor no no no no
5 Annual MiNONE 2005 NONE no no no no
& Breeding MNjoku,D.MN.;' 2011 Thisreview j no no no no
7 Agriculturer R, ; Sayre, Ket 2008 e MO MO MO MO
8 fer. AGIS Hoogenboom, ¢ 2000 Mone NO MO MO MO
9 le,intensiv Giliomee, J 2000 et NO NO NO MO
10 ere 2:: 5tru Leigh, Linda; | 1999 s NO NO NO NO
11 Zereal Pronu; ). Krupnik, 2005 e NO MO NO NO

L SR L
83 Response Hummel, . 2010 Graphical| vyes yes yes yes
84 The ecolo Wang Hou 1993 In 1988-19 vyes yes yes yes
85 How to re Hansen, Li 2008 Thereis a yes yes VEes yes
86 IMPACT O Singh, H.P 1999 To compay  yes no yEes no
87 | Intercropg Reynolds, 1994 Two cereg  yes yes yes no
28 Rardrad : Hahhe D 1907 rhanmac i wac Fim wac Fim

50 papers answered our creterias and
were selected for further analyses



Step 6: Fill your data table by reading the 50
abstracts (and the full papers if possible and needed)

Each paper is : . :
. N . Other information _ Research guestion 2
identified with Location of the :

2 number potentially usefull study Indicator used

A E C [n] E F ] H | J [ L [l
MumPap Author_Date | Title “r'ear Plants | Latin_name Studied_for_inzects Type_associstion | Country Insect_studied Insect_class Effect | biological_control
z PO Skelton & Barretr, 2003 Acomparison of conwl 2005 JAlfalfa  Madivama savia draar Aiala trip cropping LISa Predators [spiders) Predator [-1 Abundance. ield
. - . . ; Lsa Eal Eaal il N 3
P_0z Zhou et al., 2013a Adaptation of WheatP] 2013 JPea Pl st L EETS [Sitrip cropping China Sitobion avenae F abricius Pest ] Abundance
P_0z Zhou et al., 2013a Adaptation of WheatP] 2013 JPea Pl st L EETS [Sitrip cropping China Ladybectle Predatar i+] Abundance
P_0Z Zhou et al., 20132 Adaptation of 'WheatP 2013 Pea FRnaT AT e [Sitrip croppin China P arasitaid Farasitoid [+] Abundance
o e et T s (e e e — T —— L — T o o
P_03 A Cher et al., 1334 Allathrombium pulvinull 1334 JCattan  Sonpodam 50 Fintton Felay cropping China Aphidiids Parazitaid ()] Abundance and predatory/prey ratio
P_03 Cher et al., 1334 Allothrombium pulvinu 1934 fCottan Siowesgmiam 50 Finetom Felay cropping Chira Coccinelids Predatar ()] Abundance
o P03 Chern et al., 1334 Allothrombium pulvinu ]l 1934 JCotton  Sanqudam 5o Findtan Fe=lay cropping China surphids Predatar ] Abundance
P_03 Chern et al., 1334 Allzthrombium pulvinu ] 1334 fCottan  Siawemgmiam 5o Findtan Fe=lay cropping China ectoparasite Allothrombium gualvi Parazive -1 Abundance
12 P03 Chen et al., 1334 Allothrombium pulvinu ] 1994 JCotton  Soansumdarn 5o Fiadtan Felay cropping China spiders Predatar ] Abundance
13 P04 Ma et al., 2006 Assessment of cotton | 2006 JCotton  Sowsusdsr splBtl [ostan Felay cropping China Aphis gossypi [Glowver] Pest -1 Abudance, nb mummies

! [

Crop associated Type of |
with wheat intercropping

Research question 1

Insect group Effect reported of

studied intercropping on
pests or natural
enemies compared
to pure stand

One line per Research question 4
information =

multiple

« responses »

for one paper




Step 6: Fill your data table by reading the abstracts

(and the full paper if possible and needed)

A data table to be analysed...

A E = E G H | J 4 )

1 MumPap Authar_Date | Title | ear | Plantz|  Latin_name Studied_for_inzects | Type association Country Inzect_studied Inzect_clazs biological_contral

2 PN Skelton & Barretr, 2005 A comparizonof cor 2006 Alfalfa  Adedicago sanies bhesr sk Strip cropping Usa, Predators [zpiders) Predator [-1 Abundance, vield

3 FPM Skelton & Barrett, 2006 A comparisonofcor 2006 Alfalka Adedieago satiee bes ek Strip cropping Lsa, Fest Fest [-1 Abundance, ‘ield

4 P_02 Zhow et al, 20123 Adaptation of Wheat 2012 Fea Sy satturr et Strip cropping China Sitobion avenae Fabricius Fest [-] Abundanece

5 P_nz Zhaow et al, 20138 Adaptation of Wheat 2013 Pea Seumy satborr e Strip cropping China Ladybest|e Predator [+] Abundanee

B P_0z Zhow et al, 20133 Adaptation of Wheat 2013 Fes Sy wattanrr e Strip cropping China Parasitoid Farazitoid [+] Abundance

7 OFP_03 Chen et al, 1934 Allothrombium pulvie 19594 Cotton  rmssyniers g el Felay cropping China Aphiz gossypii (Glover] Fest [-] Abundance

8 P_03 Chen et al, 1934 Allothrombium pulvie 19594 Cotton  rmssynier: g el Felay cropping China Aphidiids Farasitoid [ Abundance and predataryfprey ratio

9 P_nz Chen &t al., 1994 Allothrombium pulir - 1934 Cotton Syt e o' Relay crapping China Coccinelids Predator [ Abundanee

o |P_0% Chen &t al., 1994 Allothrombium pulir - 1934 Cotton Syt e o' Relay crapping China =yrphid= Predator [ Abundanee

1 F_03 Chen et al, 1934 Allothrombium pulvie 19594 Cotton  rmssyniers g el Felay cropping China ectoparasite Allothrombium pu Farasice [-] Abundance

12 P_03 Chen et al, 1934 Allothrombium pulvie 19594 Cotton  rmssyniers g el Felay cropping China spiders Fredator [ Abundance

12 |P_04 Mz et al, 2008 Azzeszment of otk 2008 Cotton Grensyniemr =p(B Cowvor Relay crapping China Aphizs gossypii (Glover] Pest [-] Abudance, nb mummies

14 |P_04 Mz et al, 2008 Azzeszment of -:ott-l 2006 A Catton Crorsyrtems sp(B Cotee Relay crapping China A gifuenzis Parasitoid [+ o0 Abundance and predataryprey ratio

15 F_04 M et al, 2006 Aszsessmentof cotke 2008 Cotton fFoessyeierr splB Sotton Felay cropping China Lacewings Fredator [ Abundance and predataryfprey ratio

& F_04 M et al, 2006 Aszsessmentof cotke 2008 Cotton fFoessyeierr splB Sotton Felay cropping China Coccinelids Fredator [+] Abudance, nb mummies

v P_0% Mz et al, 2006 Azzeszment of cotke 2008 Cotton fossgnivry, splB Sofrar Felay cropping China Farasitoid Farasitoid [+] Abudance, nb mummies

12 |P_04 Mz et al, 2008 Azzeszmentof cotte 2008 Cotton Gessyrierr sp(B Cowvos Relay crapping China zpiders Predator [ Abudance, nb mummies

19 P_05 Cheualier Mendes Lopes et 2 Associations of Whe 2016 Fea Sy sstiorr blese Ses Strip cropping and Mizec Belgium Acyrthosiphon pisum Pest [-1 Populations density and dynamics

20 F_05 Chewalier Mendes Lopes et & Associations of Whe 2016 Fea Sy satiedr blest Ses Strip cropping and Mizec Belgium Metopolophium dirthodum Fest [-1 Fopulations density and dynamics

21 P_05 Chewalier Mendes Lopes et 2 Associations of Whe 2016 Fea Sy satturr blest Ses Strip cropping and Mizec Belgium Adult lacewings Fredator [MEA]) Abundance and predatoryfprey ratio

22 |P_0% Cheyalier Mendes Lopes et § Aszocistions of Whe 2005 Pea Seumy sattom blest Ses Strip cropping and Mikec Bielgium Adult ladybirds Predator [-] Populations density and dynamics

23 P_05 Cheualier Mendes Lopes et 2 Associations of whe 2015 Fes Seury ssttannr blest Ses Strip cropping and Mizec Belgium Adult howerflies Predator [-1 Populations density and dynamics

24 P_05 Chewalier Mendes Lopes et & Associations of Whe 2016 Fea Sy satiedr blest Ses Strip cropping and Mizec Belgium Adult parasitoids Farasitoid [MEA] Fopulations density and dynamics

26 P_D8 Hurmmel et al, 20032 CanolaWheatintkercre 2008 Qilseed Srascivg mgrus Sanods Mited cropping Canada Flea beetle [Phyllatreta spp]  Pest [ Abundance and predatoryfprey ratio

26 |P_07 Wang et al, 2011 Combining intercrop) 200 Qilzeed Srassics saous bfhest Strip cropping China Sitobion avenae Fabricius Pest [-] Populations density, Parasitism rates, Yield
27 |P_O7 Wang et al, 2011 Combining intercrop) 200 Qilzeed Srassics saous bfhest Strip cropping China All ztages of Lady beetles Predator [+] Populations density, Parasitism rates, Yield
28 P_O7 Wwhang et al, 2011 Combining intercropp 2001 Oilzeed Sracsing mges dhes’ Strip cropping China aphid mummies Farasitoid [+] Fopulations density, Parasitism rates, Yield
28 F_0% Miklasiewicz & Hammond, 2C Density of Potato Le 2000 Soybea SEime SRa L S Felay cropping Lsa, piotato leathopper Empoasca b Pest [-] Abundance

a0 |P_03 Dong et al, 20123 Ecological effects of 2012 Qilseed Srassics mgeue biese Strip cropping China Sitobion avenae Fabricius Pest [-] Populations density and biolagical contral indes [BC1) ¢
A P_03 Dong et al, 20123 Ecological effects of 2012 Qilseed Srassics mgeue biese Strip cropping China All ztages of ladybestles Predator [+] Populations density and biolagical contral indes [BC1) ¢
32 P_03 Dong et al, 2012a Ecological effects of 2012 Oilzeed Sracsing mges dhes’ Strip cropping China Adult aphid parasitaids Farasitoid [ Fopulations density and biological control indes [BCI] #
33 P_10 Ma et al, 20073 Economic profit ofir - 2007 Cotton Srressymiers e el Felay cropping China Aphiz gossypii (Glover] Fest [-] Abundance, damage, ield

34 P10 Mz et al, 20073 Economic profit ofir - 2007 Cotton dresymters e o Felay cropping China ladybestles Fredator [+] Abundance, damage, ield

35 (P_10 13 et al, 20075 Economic profit ofir - 2007 Cotton Sroesyniers Se o' Relay crapping China mummified aphids Parasitoid [+] Abundance, damage, Yield

36 P10 Ma et al, 2007 Economic profitofir - 2007 Cotton Srressyniess e it Fielay cropping China spiders Predator [+] Abundance, damage, Yield

w PN Sherawat et al, 2012 Eftect of Brassica St 2012 Oilzeed Sracsing mges dhes’ Strip cropping Fakistan ‘wheat aphids Fest [-1 Abundance, yield

3PN Sherawat et al, 202 Effect of Brassica St 2012 Oilzeed Sransing meews s Strip cropping Fakistan Chrysoperla carnea Fredator [+] Abundance and predatoryfprey ratio
P Sherawat et al, 2012 Effect of Braszica St 2012 Qilseed Srassics mgrue blest Strip cropping Pakistan Lady beetles Predator [+] Abundanee, yisld

40 P11 Sherawat et al, 2012 Effect of Brazsica St 2012 Oilzeed Srannics mgous et Strip cropping Fakistan Spiderz Predator [ Abundance, yield

H P12 Masih et al, 1938 Eftect of differentint 1958 Sugarc: SzeedaTr S AL ¥ Fakistan ‘wihiteFly Fest [ Insect incidence

42 P12 Masih et al, 1988 Eftect of differentint 1958 Sugarc: AzeedaTr S AL ¥ Fakistan Frilla Fest [-1 Insect incidence

43 P_1z2 Magih et al, 1983 Effect of differentint 1933 Suganc: Sascodsirr o ST ? Pakistan BEarer Pest [-] Inzect incidence
M 4 v M| Feuill | Data %2 4

prét | B | ||| I st
A E— g m cx mm [ = [ &3 |



PART Il

ANALYSE YOUR DATA



Step 7: Perform data description...

Table 1. Plant species associated with wheat based on the type of intercropping
Type of intercropping Crops associated with wheat MNMumber of papers References
Strip cropping Alfalfa (Medicago sativa L.) 4 70-73
Garlic (Allium sativum L.) 2 74,75
Mung bean [Vigna radiata (L.) Wilczek] 2 76,77
Qilseed rape (Brassica napus L.) 7 42,66,74,78-81
Pea (Pisum sativum L.) 4 82-85
Chili pepper (Capsicum frutescens L.) 1 86
Relay cropping Cotton (Gossypium sp.) 10 44,45 87-94
Field bean (Phaseolus vulgaris L.) 1 95
Sorghum (Sorghum bicolor L.) 1 96
Soybean [Glycine max (L.) Merr.] 2 97 98
Mixed cropping Qilseed rape (Brassica napus L.) - 99-102
Bean (Vicia faba L.) 1 103
Strip and mixed cropping Pea (Pisum sativum L.) 2 43,104
MNon-specified Chickpea (Cicer arietinum L.) 3 105-107
Cotton (Gossypium sp.) 2 108,109
Bean (Vicia faba L.) 1 110
Mustard (5inapis alba L.) 3 111-113
Sugarcane (Saccharum officinarum L.} 1 114




Step 7: Perform data description...

Table 3. Effect on pests, predators and parasitoids according to the plant species that was studied in the intercropping

Effect
Crop (-] 1] [+ Mumber of papers References
Pest abundance
Bean L) 1 103
L ] » 1 95
Chickpea L) 3 105-107
Chili pepper L) 1 85
Caotton * 10 44 45 BT 88 90594 108
* » 2 89,109
Mustard L ) 2 112,113
L) 1 1m
Oilseed rape L) 3 99-101
& 2 79,102
Pea * 1 104
Songhum L) L) 1 25
Soybean L) 2 o798
Sugarcane L ] ] 1 114
Wheat L) 15 66,71-78,80-85
Wheat and alfzifa L) 1 70
Wheat and bean * 1 1o
Wheat and pea * 1 43
Predator abundance and pradation rate
Cotton » g 8991 .93, 108,109
] 2 44 45
& L) 2 9294
Ciilseed rape L) L) 1 42
Songhum L) 1 25
Wheat » 8 &6 72 75 76,78 B0 AT BS
] » 2 74 81
L) 1 73
Wheat and alfzifa L) 1 70
Wheat and pea L) 1 43
\Pargsitoid abundance and parasitism rate
Cottion * 1 45
» 2 9293
Dilseed rape & & 1 102
Wheat * 1 b
L ) » 1 74
» 8 &6 71,75,76,78 82 83 85




Step 7: Perform data description...
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Figure 2. Evolution through time of the number of papers published on the
effect of wheat-based intercropping on pests and their natural enemies.



Step 7: ...and statistical analyses

1. Effect of intercropping on pests and natural enemies?

Positive (1) or negative/neutral (0) ?

Bernouilli test

1.0 A

e

084 ®

0.6 1

0.4 4

0.2 4

Number of successes/number of responses

0.0 -

Pests (88/49)

Predators (50/24)
Parasitoids (19/14) -

Figure 3. Ratio of the number of responses reporting a positive effect
of wheat-based intercropping on biological control (i.e. decrease in pest
and increase in natural enemy populations) on the total number of
responses. The ratio given in brackets corresponds to the number of
responses/number of papers. Exact Bernouilli test. *** P < 0.001.



Step 7: ...and statistical analyses

2. Correlation between pest control and yield?

PN

Positive (1) or negative/neutral (0) ?  Increased/neutral (1) or decreased (0)

“ > Pearson correlation < ’l

ll

Pest reduction and yield increase: ¢=0.45, P =0.145
Increase of predator populations/predator rate and yield increase: ¢=0.77, P =0.024 *

Increase of natural enemies/rate and yield increase: ¢=0.81, P =0.002 **



Step 7: Perform statistical analyses

3. Where such studies took place? 4. Technical characteristics of such

studied systems?

> How these factors affect pest control? <=

Effects: Positive (1) or negative/neutral (0)

It

GLM — Binomial error distribution
&
Likelihood ratio-test (y?)

Table 2. Effect of wheat-based intercropping on pests and natural enemies according to the countries where the studies took place, the type of
intercropping and the crop of primary interest. Likelihood ratio tests on GLMs. * P < 0.05; ** P < 0.01; *** P< 0.001. A dash indicates that it was not
possible to perform the analysis

Pests Predators Parasitoids

Predictor variables df P Pr (> chi) df P Pr (> chi) df P Pr (> chi)
Country 10 19.47 0.035*% 5 2147 <0.007%*# 2 7.61 0.0223%
Type of intercropping? 2 18.39 <0.007*** 2 6.20 0.045* 2 7.85 0.020*
Crop 11 2763 0.004* 5 8.46 0.133 2 7.85 0.020%
Crop*type of intercropping?® - - - - - - - - -
Crop*country - - - 1 1.29 0.255 - - -
Country*type of intercropping® - - - 1 215 0.142 - - -

2 Papers where the intercropping design was not defined were not considered in the analysis.



Step 7: ...and statistical analyses
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Step 8: Lastly, write your review like a research paper

severin.hatt@ulg.ac.be



