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Identification of the Tritrophic Interactions in the Local Agroecosystems lailJ 
INTRODUCTION 

Agricultu re makes the spine of the economy and survival of India . About 
-00 million peo ple directly or indirectly depend on agriculture for their 
ivelihoods. Various sorts of amateur agricultural practices without proper 
~uidancc and organization are done by rural people to meet the daily need of 
3gricultural prod uce. They go for chemical strategies to protect the crop from pests 
:md di~eases despite the health hazards of the same. Agroecosystems make up 
la rge areas in our country and contribute to considerable variety of natural 
h.abila~ fo r diverse kinds of organisms. But conservation of biodiversity in 
agroecosystems has not yet been focused much as on natural ecosystems. Large 
JY-'. rcentage of areas is used for various kinds of agriculture, nurseries and gardens 
in Jndia . Even if the primary habitat of many organisms is in natural areas, most 
<;p<:ci~s interact wi th these agricultural systems in one or other ways such as for 
habi tats or fo r fo raging and breeding. 

\1a inlaining high biodiversity m agroecosystems makes agricultural 
pmd uction more sustainable and economically viable. Agricultural biodiversity 
en'-> u n-:<,, for example, pollination of crops, biological crop protection, maintenance 
of proper structure and fertility of soils, protection of soils against erosion, 
nutri(:nt cycling, and control of water flow and distribution. In this context, 
promoting agricultural practices with promising strategies for economical and 
<, u<; lain.able agriculture becomes necessary. Scientific cropping patterns and 
intq:i;ratcd pest management strategies are the essential ones to be practiced in 
af:ri culture to maintain the beneficial fauna and control the pest populations in 

/)1•,·-ntatwn of the project work of B.Sc in Zoology, 2015-18 



Identification of the Tritrophic Jnlr>ructions in Lite I ocai Agroccosy tem 

agroecosystems. They comprise planting compatible crops in terms of pc ,t , 

natural enemies and nutrient requirements in nearby plots, biological pc.><;t and 

weed control measures1 and reduction of synthetic chemicals and fertilizers. 

In order to execute the strategies for conservation of biodiversity1 it 1s 

essential that all species which are highly associated with the agroecosystem are 

properly understood and identHied scientifically. Long tenn sus tainable 

conservative measures may have to take into account the type of balance tha t 

exists within a community. ·1 his can only be assessed by the proper identification 

of the various tri-trophic interactions, i.e., species inhabiting the area comprising 

the food stuff/ crop plants, the primary consumers and their naturaJ cnemirs. 

Every species differs from its related species in food preference, breeding season, 

tolerance to various environmental factors, resistance to predators, pathogens, etc. 

Such information is required for effectively implementing a pest management 

programme without destroying the diversity and richness of beneficial and 

neutral fauna in an agroecosystem. So attempts were made to identify and 

document various tri-trophic interactions existing in the agroecosystems in the 

study areas. 

l>z sr,tn/11ll of J/1c ,,,o/1!< I fl 'Ork of [j _',c i11 /Lx.,log11, 2015 18 



Ide1Ztificatio11 of the Tritropl1ic Interactions in the Local Agroecosystems __ iiilJ 

OBJECTIVES 

► To obse1Ye and scientifically identify the fauna associated with various 

agricultural crops 

► To figure out the tri-trophic interactions existing in various agroecosystems 

► To create an awareness of conserving biodiversity in agroecosysterns 

l)is~erlntio11 of the project work of B.Sc in Zoology, 2015-18 



REVIEW OF LITERATURE. 

tv1ciny stud i1 ·s l'1111')lia siz," I hl' r"l"vanu! of lrilmphic interactions in 

c1groecosystc111s. l~vr>n ii th«· pr iinary k1bitnt of many oreani"m~ is in natural ~reas, 

J11()St siwriP!:i inl1'J"Zh t with <1 gric11 I l u 1\d eu)sy:;lerns in ,me or otheT ways r,uch as for 

habitc1ts or for fpraging ;1nd h1n~ding. Sq mancigin?; lheHe areas wHI drarnati<"aJiy 

benefit ovcia]I I~w,ls of the biodiv<1 rsily in thos8 areas and contribute to tt--ie 

survival of many species to successfully assume their ecological 

Agroecosystems arc the most at risk of losing biologJCal div!:rsjty J.,:ing the fast 

decades, worldwide losses of biodiversity have occurred at an unprecedented 

scale and agricultural intensification has been a major driver of this global cri ange 

(Matson et al. 1997). A part from the usual natural factors, biodiversi~· m 
agroecosystems is influenced by farming activities such as tillage, irrigation, 

fertilization, weeding, crop establishment and pesticide application and inreren t 

properties such as monoculture and intensification. The indiscrimina;:e us€ of 

synthetic fertilizers can have significant effects on the highly diverse conuT,unity 

of soil microorganisms and invertebrates that regulate nutrient cycling in 

ecosystems (Matson et al. 1997). Some pests and predators are found specificaLy in 

agroecosystems. 1n a study covering four districts in central Kerala, 49 spceies of 

spiders were recorded unique to the agricultural ecosystems, and 85 specie.s were 

shared by both agro and forest ecosystems (Sebastian et al. 2012). For p1ants, 

natural enemies can serve as jndirect plant defences and can mediate rhe efficacy 

of direct defences (Price ct al., 1980; Gassmann and Hare, 2005; Dicke, 2(X)()). 

Exploitation of tri-trophic interactions has the capacity to direct1y benefit 

agricultural systems. Significant biocontroJ of crop pests can be exened b\· the 

Dissertation of t/ze project work of H. Sc rn loology, 2015-18 



third lh)ph i\· 11.'\ t'I , :~ 1\ 1. 'n .u, ,11kqu,tl,' 1'\'l'lll.\!tdll 111 n.,hn.ll l'lh'lnh':• ((\wh',l'h' d 

~11.. lqql)) . l'lh' \\ 1dl'~j) ll '. h t u~\' \,1 l',',•,th i1k:, 1 11 HI, t-T··, .m unJ\'11~,1th' n.\lur,\l 

l~IWl1lll'S
1 

S lH\ 1.'~ .... ,t11,1 ,,k1 'lh)f ~ •ll' i 'l ,Hhl lhd,l' ~no.:; 1\Tll\ .mJ Sutlh'fl4.llhi 

2004) . ;\,1lu r ,1l 1.'l h'lll\ }'1.' J'\il,\11,1 1, 1l111 , \ . ..., "lwH m, 11.'.i-.int; 1.ltH.i•.,.,pl:' Jl\t't,il\ 

thrr1u~~h 1.' l'H1p.1t111.'ll f'l. m tin;~' 1,,,,,kr I l1'l'' \ m 1'1 \ h)rs ll\\l'l"{'t'Oi't'lll~; ,,, 

,11IL)\\·i11t~ ~,,nw \\ ,'1.' d :~11.'" th 1,,1 f'h'' him:~ th', l.1t ,,1 c1 llll·r ,uf,\l •th h J\',1.H!h·c-, 

(\\-~kk1.'rS ~Ott,) . S1.,nw ,,t tlw , 1~i t,,,~ in .h'l\'1.', \, .. , ,t ... ·nk- .\:,..-..unw thP :--.tdh1, 1.lf 
'' 

habi tats could be lx•nc•fkial t1.w ,,l)t-1inin~: r,,lluut1-1 n ~('n 1,.: 1.' ~ .1:,: L lu~ been ft)!mJ 

that pollination sen kL~s dc1..·lin1..' .1~ th1..' ... i.i~t.m 1..·._, , 1 ,,n1 .1 rutl,r.1i luhL,t irtiV.l -- 1..' " 

. l ' . ' l ' i l availability of locations for iwstmt~ 1..w 1w~t ' l1lL ,':m~: n1 .~t 1.• ,·,.!. ~ \ "" L :-: 1..' . J. 

maintain naturally occurrint~ f'('llin.1hw ~p.Yi~•~ 

agricultural fields (Ricl,,.et ts et ,11. 200~ 1' .. hkr 1.'t .1: ~~\'·'' 



Identification of the Tritrophic Interactions in the Local Agroecosystems 

STUDY AREA 

The study areas include various domestic and commercial agricultural 

landscapes especially horticultural ecosystems in Kallam District (Plate 1 ). This 

district is located on the southwest part of Kerala State and extends from 

Lakshadv-.reep Sea to the Western Ghats. It is bordered by T rivandrum district on 

the South, Alapuzha and Pathanamthitta districts in the North, Thirunelveli 

district of Tamilnadu State in the East and Lakshadweep sea in the west. It lies 

beh-veen North latitudes 8° 45' and 9° 07' and East longitudes 76° 29' and 77° 17'. It 

has a geographical area of 2491 sq. km which is about 6.48% of the total 

geographical area of the State. This district has been gifted with sea, lakes, plains, 

mountains, rivers, streams, backwaters, forest, vast green fields and tropical crop 

of every variety, both food and cash crop, hence called God's mvn Capital. The 

district is drained by three west flowing rivers, Achenkovil, Kallada and Ithikara, 

originating in the eastern hilly region. These rivers together with their tributaries 

exhibit dendritic pattern of drainage. The whole district of the study area has a 

tropical humid climate, with an oppressive summer, plentiful seasonal rainfall and 

cool winters. Temperature is almost steady throughout the year. The average 

temperature is around 25° C to 32° C. Summers usually begin from i\farch and 

extend till May. The res t of the year is generally dry. The monsoons begin by June 

and end by September. The district receives an average rainfall of about 2555 mm 

annually. The major source of rainfall is Sou th West monsoon from June to 

September which contributes nearly 55 % of the total rainfall of the year. The North 

East monsoon season from October to December contributes about 24% and the 

Dinertation of tire project work of B. Sc in Zoology, 201 5-18 



Identification of the Tritrophic Interactions in the LocalAgroecosystems 

balance 21 % is received during the month of January to May as pre-monsoon 

showers. Winter is from November to February during which temperature is 

moderately cool hovering from 18° C to 25° C. The Relative humidity is higher 

during the monsoon period and it is higher all through the year during the 

morning hours. Ecologically Kallam district belongs to Agasthyamalai Biosphere 

Reserve. The vegetation consists of typical southern subtropical flora. Though the 

rural areas are gifted with many undisturbed habitats, most areas are on the threat 

of unscientific construction activities and destruction of wetlands and rain groves. 

M:m:ik a 

Kottarakkara 

Plate 1. The study area 

Dlalertation of the project work of B.Sc in Zoology, 2015-18 



ldc11l ~f'i(f/ / io11 ,~r /111• fril /f)/l /1i, / 11 ,, /Ill ( /Ill/', Ill ,,,,.//II ,ti"'>:' 111'I II 1/ , (I'll/ ,_ 

MATERIALS ANI) Mlt l'l-l<) l)S 

Identification of the lri - lrophir inlcr.1ctio11 1- in lo<', il ,11•, ro• •<'o•,y!i l,•111•, 

Var ious agrocc0<.;').., tcms in tlH' loctt l .in·.i w1•f'I• , ,·,•,11lr1 1ly v r•,11,,rl i111 l l 11,, , 

fauna a~s<.1L ialed wi th llwrn \\'l'l'C' l'i llw 1 rnil<·d or, ol l,·1 ll·d .·1111· 1•1rli11 • 1,L,1rt J1t11f 1-, 

and thf' c1 rl'c1 c1round L',1ch p lt1n l w1 1 n• 1•xi1 111i 1wd fo r· ]H",h, 11n·1Lt1,,P,, .., ,,,t1,,, W 1 ·I,•,, 

nest of Wt1spc..., and moulted ski ns ol v,\J 'io11s i11•,<·< h ,11,d '·l'id1·1•, 1,y" vit, 11,il ,1 •,11c.:I, . 

Each crop li l'l d \\ as s.1mplL'd 1·,c1y w1•1•"- frn ,n Il l<' firs t w,·d~ of Nov1•11d,, r :ml/ t,, 

thr firsl \\ ed-. of tvlard1 20 1H. A ..,o fl cc1 11 w l '1 .iir l> r 11 sli wi1s 11•,1·d 1,, i:c•rrtly, ,,11, ,, I lh1
• 

specimen mto lhe v it1ls or il wc1s (\1rdully pi1·k1•d off hy l1r11HI. ·1111' < ,,11,., t"d 

specimens were pul in 70~'~ l'lh,rnol in spt•cinwn hol ll c•s, ;,•, surJ:c·st1•d i11 M,in.: "' \ii , 

(1999), w ith proper labc l111g or thl' nt1nw o( tlw pl,111t from whic Ii tl1r• sr,"1 irr1P11 ~, 

were collected . In order lo ident ify the lri-trnphic i11Lcri11 lron', 1·xisti111~ in 11,,. 

agroecosystems, the pcs l crnd predator spPci mcn.s w<·n· fir~l ~orl<·d nwdn~t lh" 

name of the plants from which they were collected. Tlw 1ws ls and pn•d,1lo1 <, w<.:11• 

identified using appropriates lilcra lu rcs and datc1h,1s<'S. /\n ocul,,r lc·ns wt1~, 1J\,1•d t1, 

examine the minute delc1ils of lhc parls of spccinwns. Smt1ll spr•c.:i1r1Pt1s Wf'r<' 

identified under microscope. Obscrvdl ions wc.•re lubul al<·d nml ~~rriph~ w<·r<· 

plotted. 

Oitae,Wir,n of* project work of B.Sc m Zoology, 20JS- IB 



RESULTS AND DISCUSSIO 

Identification of the tri-trophic interactions in local agroecosystems 

A wide array of pests and natural enemies exists in each agroecosystem. 

Among them most pests are present in more than one crop and are predated by 

different species of natural enemies, and most natural enemies prey on different 

types of pests, making a complex food web in each agroecosystem. The pests and 

natural enemies associated with various crop plants were identified. The tri­

trophic interactions identified as existing in the agroecosystems in the study areas 

are given in Table 1. 

The important pests observed in the present investigation in agroecosys tems 

include Leafhoppers, Whitefly, Aphids, Epilachna beetles, Mealybugs and 

caterpillars of various moths. Ladybird beetles, Praying mantises, Spiders, 

parasitic and parasitoid wasps and Reduviid bugs of various species constituted 

major natural enemies. Crops showed difference in hosting pests as well as 

harbouring natural enemies (Figure 1). Spinach and Brinjal hosted more species of 

pests (8 each) followed by Tomato (5). Spinach harboured more species of natural 

enemies (14) followed by Brinjal and Tomato (9 each). Various species of 

leafhoppers, whiteflies, mealy bugs and aphids were found to cause high 

infestation in most of the crops. Other insect pests showed either moderate or 

miner infestation level. 

The proportion of plants, herbivores and natural enemies observed is · 

in Figure 2. The 35 species of pests observed from 16 species of plants W: 
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to be predated up on by 23 species of natural enemies. This num~ 

species seems to be less compared to th b f . e num er o pest species they 

consume. A conservatory aspect in agricultural methods needs to be implem 

in the context of very low nu1nber in the di·vers·t f tu 1 · 1 y o na ra enemies. 

A heal thy agroecosystem can be set by understanding the pest profile and 

probable incidence and succession of pests and predators in each crop in different 

seasons (e.g., Kumar et al. 2015). This will help farmers to take wise decision in 

selecting different crops for different seasons and compatible crops for mixed and 

inter cropping. Natural enemies, parasitoids and predators are the main sources of 

reduction in the populations of noxious insect pests (Pfadt, 1980). Since the 

synthetic pesticides used against pests are harmful to natural enemies and cause 

health hazards in consumers, farmers have to switch over to biocontrol methods 

adopting botanicals and natural enemies in the field. 

Temperature, relative humidity and rainfall have effect on the incidence of 

the pests and survival of natural enemies in agroecosystems. Singh et al. (2013) 

reported that whitefly and leafhopper population showed negative correlation 

·th · ,__.....;..--,.,,,um and 1nean temperature and maximum and minimum ,v1 m aximum, .UL.U.LLL'-L 

relative humidity w hereas positive correlation with rainfall. Meena and Kanwat 

W th P
arameters (minimum temperature and relative 

(2010) reported that ea er . . 
. . . tive correlation with coccmelhd predato 

humidity) showed significant nega . . . 
had non-significant positive and rainfall 

whereas maximum temperature 
, . I f with coccinellid population. So C 

nonsignificant negative corre a ion . . 

ff on the biodiversity m agncultur 
r)..ass/ net houses may have e ect 

and pesticide pallution in 



Kuttanad, the rice bowl of KeraJa as 

concentrations of heavy metals and organochlorine pesticide residues 

sediment. This may badly affect the healthy tri-trophic interactions 

agroecosystems and thereby natural control of pests, biogeochemical 

rejuvenation of soil etc. Adopting scientific cropping patterns and sustaina 

developmental and agricultural activities in compliance with the legal and 

scientific regulations are recommended to accomplish the aim of biodiversity 

conservation in agroecosystems. 

Other beneficial or neutral fauna associated with agroecosystems 

Various species of Frogs, Earthworms, Butterflies, Honeybees, Wasps, 

Ground beetles, Dung beetles etc. constituted other beneficial/ neutral fauna in 

agroecosystems. Butterflies, oney ees an wasp · h b d s act as good pollinators. The 

general natural enemies observe cons1s e o arv d · t d f 1 al and adult ladybird beetles 

. . (Hymenoptera Braconidae), syrphid (Coleoptera, Coccinellidae), parasitic wasps ' 

b (Hemiptera Miridae) and many larvae (Diptera, Syrphidae), predatory ugs ' 

species of ants. 



Identification of the Trltrophic lnteracHons in th 

CONCLUSION 

This s ludy makes a database for forming tri-trophic matrix for 

sowing/planting compatible crops that better facilitate the survival of beneficial 

fauna in local agroecosystems. Caution can be taken to sow/ plant the crops which 

are infested by same array of pests in a noncontiguous manner so that during 

ha1Yesting of various crops, the pest will be deprived off undisrupted supply of 

feeding, breeding and resting places. Similarly, the planting can be done in such a 

way that the plants that host similar array of natural enemies but with different 

blooming seasons and crop period in nearby patches so that the predators can 

migrate from one crop to another when one is harvested. This will facilitate the 

survival of natural enemies which will bring about efficient natural control of 

many agricultural pests. 

It is highly recommended that people have to practice scientific cropping 

patterns in order to conserve the biodiversity in these ecosystems. The 

developmental and agricultural activities in the rural areas should be sustainable 

and in compliance wilh the legal and scientific regulations and strict conservatory 

measures have to be implemented . I Iighly systematic and long term survey i$ 

needed to record the fauna associated with various agroecosystems in detail 

people have to be trained on scientific cropping practices to 

conservation of biodiversity in agroecosystems. 



14mtifia,tion of the Tritrophic Interactions in the LoailNO ... 

SUMMARY 

, The fa una and tri-trophic interactions existing in various agroccosystems 

were observed and documented. 

, A,vareness on the importance of conserving biodiversity of natural enemies 

in agroecosystems ,vas created. 

, The data generated ,vill facilitate the fo]Jowing things during sowing or 

planting different crops in same agroecosystems. 

• to determine the spacing and timing of sowing/ planting various 

crops in different areas 

• to so,-v or plant the crops which have same array of pests m non­

contiguous plots so that the pests will not get undisrupted feeding, 

resting and breeding sites throughout the year 

• to smv or plant the different crops ·whose pest populations are 

predated up on by same natural enemies in almost nearby rows/ plots 

as intercropping so that once the prey population in a crop is 

devoured completely, natural enemies can migrate to nearby crops 

and survive 

• to select suitable trap crops/ bio fencing to attract pest population and 

destroy them without allowing to infest main crops 

• to provision natural areas adjacent to agricultural 

providing habitat for pollinatois and natural enemies, and 

and execute suitable pest control pactitollf 
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