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Abstract

Impact of planting dates in different agro-ecosystems on pest-
predator interactions in untreated cotton fields at three plant growth
stages; Plant Establishment (PE), Fruit Formation (FF} and Fruit Matura-
tion (FM) was studied in Egypt at Mallawi and Sakha Research stations in
the two successive cotton seasons 1992 and 1993. Direct counts of
pests and predators were taken weekly from the two planting dates/
location/season. Population of cotton pests and their associated preda-
tors was substantially different in the two areas and in the two planting
dates; Early (E) and Late (L}. Highest infestation rates by secondary
pests were recorded in E and L plantings at Mallawi and Sakha, respec-
tively in the two seasons. L plantings received higher populations of the
key pests; CLW, SBW and PBW than the E plantings in the two locations
and seasons except at Mallawi, 22 in case of the CLW. Generally, preda-
tors population was almost higher at sakha than at Mallawi as well as in
the E plantings than the L ones in the two seasons. Highest population
of predators was recorded during FF stage (by mid-season). Statistical
analyses showed different significant interactions between most of pre-
dators and both secondary and primary insect pests of cotten during
various plant growth stages. The interactions were ocbvicusly more sig-
nificant at Sakha.

Key words : Cotton, pest-predator, interaction, planting-date,
Egypt.
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INTRODUCTION

The relative value of beneficial insects in cotton agroecosystems is increas-
ingly récongnized, although much more quantification of their value is still needed.
This is particularly true with regard to the reiation of total populations of the com-
plex of the beneficial species to pest populations in the cotton fields.

The problem with the utilization of indigenous parasitoid and predator species
is a general lack of understanding of the details of their role in cotton agro-
ecosystems. The time of their impact on the pest poulation is of considerable impor-
tance . '

Certainly, there is no benefit from the biccontrol agents, when pesticides are
applied. In Egypt, the widespread and intensive use of insecticides to control the
bollworms; the spiny bollworm (SBW), Earias insulana (Boisd.) and the pink boll-
worm (PBW), Pectinophora gossypiella Saund., the major cotton pests, has eliminat-
ed or greatly reduced the impact from the native beneficial complex during the sea-
son, especially parasitoids (Hamed, 1984) .

Many studies have shown that the native predators are the most effective bi-
ocontrol agents in Egyptian cotton fields. Their active roles continue until the sched-
uled spraying of cotton, that starts by early July. At this time, a decline (up to
80%) in the predator population usually occurs (EL-Heneidy et af,, 1978, Fayad and
Ibrahim, 1981, Hamed et al.,, 1983 and El-Heneidy et al., 1987).

Acquiring quantitative information about the cotton agroecosystem and plant-
pest-natural enemies interactions in particular is a preliminary phase of any basic
or applied work in Pest Managment Programs .

The present study was carried out as an Egyptian-American collaborative
program on cotton IPM under the National Agricultural Research Project (NARP) fi-
nanced by USAID. In this study, the authors focused on pest-predator-interactions in
untreated cotton fields in Egypt, a series started with the location impact (EL-
Heneidy et al,, 1995) and continued with the present study on planting date impact.

METHODS AND TECHNIQUES

Two experimental plots 'per location were chosen in 1992 and 1993 cotton
growing seasons in two research stations; 12 feddans were planted at Sakha (Kafr
El-Sheikh Governorate (north of Egypt) and 4 feddans were pianted at Mallawi
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(Menia Governorate (middle-upper Egypt). These are two dist-irlu:t geographically
agro-ecosystems (Taher et al, 1978 and El-Heneidy et al., 1995). Experimental
plots were purposely surrounded by clover and wheat during winter seasons prior to
cotton and maize during summer seasons to enhance native levels of biocontrol spe-
cies. Cotton was planted as early (recommended planting dates) (E) and fate L)
planting, -3-4 weeks intervats in each of the twa areas and in the two seasons. Giza
68 and Giza 83 were the recommended cotton varieties planted at Sakha and Mallawi
experimental plots, respectively. Regular cultural practices were conducted
throughout the season. In order to evaluate the natural pest-predator interactions,
no insecticides were applied to the tested fields, Evaluations were done at three dis-
tinct plant growth stages : Plant Establishment (PE) (from planting date to 1st
square), Fruit Formation (FF) (from 1st square to 1st open bol!), and Fruit Matura-
tion (FM) (from 1st open boll to harvest) (Falcon, 1972; Garcia et al,, 1982; Gonza-
lez and Wilson, 1982; El-Heneidy et al., 1995).

weekly visual counts of pests and their associated predaceous species were
taken on the same plant, started few days after seed germination. The total area
sampled (each week in each plot of the early and late planting/location/season} was
25 meters ( = 100 hills = 200 plants). A stratified sampling technique was used
(Legaspi et al, 1989; Elington, 1990) .

Counts of thrips, aphids, whiteflies and jassids were estimated to be either
less or more than 10 individuals/leaf. Three leaves were sampled in each plant, one
from top,- middle and lower part of each plant. The percentage of infested leaves was
calculated from 600 leaves /200 plants. Actual numbers were counted for the cot-
ton leafworm (CLW), Spodoptera littoralis (Boisd.), SBW énd PBW,

Furthermore, direct counts of common predators were also carried out.
Counts of both immature and adult stages of the fallowing predators were recorded;
the two coccinelids; Coccinella undecimpunctata L. and Scymnus interruptus L., the
chrysopid; Chrysoperia carnea Steph., the anthocorid; Orius spp., the staphilinid;
paederus alfierii koch, ants and four groups of true spiders; Lunx, Jumping, Webbing
and Crab.

Rate of cotton boll infestation was estimated weekly by dissecting 100 ran-
dom green bollis collected from each of the early and late planting plots in the two lo-
cations and the two seasons, from mid-FF stage, and continued up to harvesting.

Multiple regression analyses were used between each predator species (using
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combined numbers of feeding immature stages and / or of adults) and the total num-
bers of each prey species, in each plant growth stage in the two locations and in the
two seasons (cite lit. method for analyses used). Statistical analysis was presented
by predator/growth stage / prey.

RESULTS AND DISCUSSION

Pests and predators incidencies during cotton piant growth stages
1- Plant Establishment (PE) stage

This stage lasted about 9 and 7-8 weeks at Sakha in E and L plantings, respec-
tively, in correspondence to 8 and 7 weeks at Mallawi in the two seasons. Germinat-
ed seeds and seedlings of E and L cotton in the two locations were liable to be at-
tacked by cutworms and mole-cricket and the foliage sucking insects; thrips, aphids,
mites, whiteflies and jassids. During this period, higher rétes of infestation were
found at Mallawi, 92, particularly in E planting, except that of thrips at Sakha in the
two planting dates of the two seasons'(TabIe 1). Furthermore, highest rates of in-
festation by secondary pests (aphids, whiteflies and jassids) were estimated as
16.3, 23.8 and 42.1% in E planting at Mallawi, 22. None of the primary insect
pests: CLW, SBW and PBW was found during this stage in the two locations .

Most of the predaceous species were counted during the PE stage in the two
areas and in the two seasons, except the green lacewings, C.carnea and partly the
rove beetle, P.alfierii and S.interruptus. As shown in Table 2, true spiders anda C,
undecimpunctata were the most abundant species during this stage. Except sakha, 93
E plantings received more predators compared with L ones. Generally, number of
predators was relatively higher at Mallawi than at Sakha in 1992 season and vise
versa in 1993 season (Table 2).

2- Fruit formation (FF) stage

This stage lasted about 12 and 11 weeks at Sakha in E and L plantings, respec-
tively, in correspondence to 10 and 9 weeks at Mallawi in i:he two seasons. The FF
stage is the most critical growth stage of the cotton plant because pests attack the
sensitive plant parts such as squares, flower buds and flowers. Damages usually
lead to the reduction in boll formation or the increase in fruit drop (Abul-Nasr et af.,
1978). In both cases, crop vyield is adversley affected.
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Table 1. Multiple regression analyses among cotton predators and pests at the
three growth stages of cotton plant in early planting at Mallawi in
1992 and 1993.
PR : Aphids*, whiteflies*
Coccinella  FF : Aphids***
' FM : Aphids**, SBW

e
Chrysoperla FF : Aphids***, whiteflies*, Jassids**, SBW***
FM : Aphids**, SBW

PR | mommmmmememccmecme e
Orius FF . Aphids***, Whiteflies*, Jassids**
FM : Aphids**, Whitefli_es***, Jassids**, PBW*

PR : Thrips*
Paederus  FF : Aphids*, Whiteflies*
FM : Aphids**, Whiteflies***, Jassids**, PBW*

PR : Thrips*
Ants FF : Aphids**, Whiteflies*
FM : Aphids***, Whiteflies*, Jassids*, PBW*

PR @ e
Scymnus FF @ mmmmmmeeccccccccccccrmmoem—ana

FM : Aphids**, Whiteflies***, Jassids**, SBW*

PR : Thrips**, Aphids*, Whiteflies***
True spidersFr : Aphids*, Whiteflies*, Jassids**
FM : Aphids**, Whiteflies**, Jassids*, SBW*

* Significant at P. = 0.1
**  Significant at P. = 0.05
¥k Significant at P. = 0.01
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Table 2. Multiple regression analyses among cotton predaters and pests at the
three growth stages of cotton plant in early planting at Mallawi in
1992 and 1993.

PE : Thrips*, Aphids*, Jassids**
Coccinella  FF . Thrips**, Aphids***, Whiteflies***, Jassids***
CLW**, SBW***
FM : Aphids**, Jassids*, CLW*, SBW

PE @1 sl
Chrysoperla fF . Thrips**, Aphids***, Whiteflies***, Jassids***,
CLW**, SBW***
FM : Aphids**, Whiteflies**, Jassids**, CLW*** SBW**,

PPBW*
PE : Thrips**, Aphids*, Whiteflies*, Jassids**
Scymnus  FF : Thrips**, Aphids***  Whiteflies***, Jassids***,

CLW**  SBW=**+
FM : Aphids**, Whiteflies***, PBW*

PE : Thrips*, Aphids*, Whiteflies*
Orius FF : Thrips**, Whiteflies*
FM : Aphids**, Whiteflies***, Jassids**, PBW*

PE ¢ mermemeemcrerme e
Peaderus  FF : Thrips***, Aphids*, Whiteflies*
FM . Aphids***, Whiteflies**, Jassids**, CLW?*,
SBW* PBW*
PE T e mm e ——————— e ———————

Ants FF : Thrips***, Aphids*, SBW**
FM : Aphids**, Jassids**, SBwW*

PE : Thrips*
True spidersfr : Thrips*, Aphids**, Whiteflies**, Jassids**, CLW**
FM : Aphids**, Whiteflies**, Jassids*, SBW*, PBW*

* Significant at P. = 0.1
**  Significant at P. = 0.05
*** Significant at P. = 0.01
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Table 3. Multiple regression analyses among cotton predators and pests at the
three growth stages of cotton plant in early planting at Mallawi in
1992 and 1993.

PE : Aphids***
Coccinella  FF : Thrips**, Aphids***, Whiteflies**, Jassids***,
CLW**, PBW**+
FM : Jassids*, CLW** PBW=**

PE & s
Chrysoperla FF : Whiteflies ***, SBW*+
FM : Aphids**, Whiteflies**, Jassids**, SBW**

PE : Thrips**, Aphids*, Whiteflies*, Jassids**
Scymnus FF : Thrips**, Aphids*** Whiteflies***, Jassids***, CLW**
FM : PBW*

PE : Thrips**, Aphids*, Whiteflies*, Jassids*
Orius FF : Aphids**, Jassids*, CLW***
FM : Whiteflies*, Jassids***, SBW**

PE : Thrips**, Aphids*, Whiteflies*, Jassids*
Peaderus  FF : Aphids**, Jassids*, CLW***
FM : Whiteflies*, Jassids***, SBW**

PE @ mmememm e
Ants FF @ e

FM : Aphids**, Whiteflies**, Jassids*, SBW**, PBW*

PE : Thrips**, Jassids*
True spidersfr : Aphids**, Whiteflies*, CLW**
FM : Jassids*

* Significant at P. = 0.1
**  Significant at P. = 0.05
*** Significant at P. = 0.01
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Table 4. Multiple regression analyses among cotton predators and pests at the
three growth stages of cotton plant in early planting at Mallawi in
1992 and 1993.

PE : Thrips**, Aphids***, Whiteflies***, Jassids***
Coccinella  FF : pOThrips**, Aphids*** Whiteflies**, Jassids***,
CLW**, SBW** PRW***
FM : Aphids*

PE @ oo

Chrysoperla FF : Thrips**, Aphids***, whiteflies***, Jassids***, CLW™*,
SBW***  PBW*

FM : Aphids**, Whiteflies**, Jassids**, CLW*, SBW**

PE : Thrips**, Aphids*, Whiteflies*, Jassids** _
Scymnus,  FF : Thrips**, Aphids*** Whiteflies***, Jassids***, CLW**
FM : PBW*

PE : Thrips**, Aphids*, Whiteflies*, Jassids*
Orius FF : Aphids**, Jassids*, CLW***
FM : Whiteflies*, Jassids***, SBW**

PE : Thrips**, Aphids*, Whiteflies*, Jassids*
Peaderus  FF : Aphids**, Jassids*, CLW***
FM : Whiteflies*, Jassids***, SBW**

PE : Thrips*
Ants FF : Thrips*, Aphids*, Whitefiies*
FM : CLW*, SBW* PBW*

PE : Thrips**, Aphids*, Whiteflies*, Jassids***
True spidersFF : Thrips*, Aphids*, Whiteflies***, Jassids***, CLW***,
SBW***’ PBW***
FM : Aphids**, Jassids**, CLW* SBW=**

* Significant at P. = 0.1
**  Significant at P. = 0.05
**+* Significant at P. = 0.01
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During this stage, all secondary insect pests were recorded in the experimen-
tai plots. Generally, higher infestation rates were relatively found at Sakha
(Diagram 1). A sharp decline in infestation rates in most of secondary pests, espe-
cially at Mallawi, 22, but the obvious decline was in case of thrips in the two areas
during this pericd. Except Mallawi, 92, an obvious build up of infestation rates of
most of these pests was found in E plantings at Mallawi, 93 as well as L plantings at
Sakha in the two seasons. The three principal insect pests, except the PBW at Mal-
lawi were recorded during this stage. CLW predominated the others in this FF stage.
SBW occurred early during this period in the two areas. Apparently, the populations
of these key pests were higher at Sakha than at Mallawi and particularly, in L plant-
ings {Diagram 1),

As shown in Diagram 2, highest numbers of most of the predaceous species
and / or groups except C.carnea, were recorded during this stage. The coccinellids,
C.undecimpunctata and S.interruptus, the true spiders and the rove beetles,
P.alfierii, particularly at Sakha, were the most abundant species in the two loca-
tions during FF stage. No pattern can be obtained for the abundance of predator spe-
cies in the two planting dates in the two working sites during this stage .

3- Fruit maturation (FM) stage

This stage lasted about 9 and 8 weeks at Sakha in £ and L plantings, respec-
tively, in correspondence to 7-8 and 7 weeks at Mallawi. Most of insect damage
during this period is sustained on green balis.

Highest rates of infestation by secondary pests throughout the study were re-
corded during this stage in the two locations, except jassids at Sakha, 92, Thrips
disappeared completely during FM period. L plantings received mostly the highest
rates with these species, except the jassids. CLW population decreased during this
stage. Highest numbers of the two bollworms, SBW and PBW were recorded in L
plantings during this period, especially at Sakha in the two seasons (Diagram 1) .

Although the predators population was recorded in relatively high numbers
during this stage, the total number was decreased compared with FF stage. Slight
difference, in numbers of each of the predaceous species, was found between the
two planting dates during this period. C.carnea continued the season as the lowest
population among the predator species. P.alfierii, which is recognised as mid-season
predator, increased at Mallawi, 92 in the two planting dates during this stage. Ex-
cept Mallawi, 92, 5. interruptus predominated all the other predaceous species in
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the two locations.

Statistical analyses of pest-predaior interactions in the two planting dates at
each of Mallawi and Sakha in the two seasons of work, 1992 and 1993, are sum-
marized in Tables 1,2,3 and 4 .

As shown in the diagrams, generally, most of the predaceous species and/or
groups, except C.carnea and ants during PE stage, interacted significantly with sec-
ondary and primary insect pests during various growth stages of the cotton plant.
Highly significant interactions were found between predators and secondary pests in
the two planting dates of the two areas, except thrips, particularly at Mallawi .

Predators interacted significantly with CLW, mainly during FF stage, when the
highest poputation of the pest was recorded, with SBW during FM and FF, and FM at
Maliawi and Sakha, respectively in the two pianting dates, and with PBW, mainly
during FM in the two locations, except L plantings at Sakha, when the interaction
was found during FF stage. Predators did not interact with CLW in E plantings at Mal-
lawi because of its low population {Table 1). Less interaction was found also at Mal-
lawi with PBW in L plantings {Table 3).

Highly significant interactions among predaceous species were found by the
coccinellids, C.undecimpunctata and S.interruptus, the chrysopid, C.carnea, the an-
thocorids, Orius spp. and the true spiders, particularly at Sakha in the two planting
dates. Although C.carnea was found in very low population throughout the study, it
interacted significantly with ali of the considered insect pests of cotton, especially
at Sakha (Tables 2 and 4) .

Rate of Naturai Infestation in the Green Bolls

Levels of infestations are given in terms of percentage infestation in green
bolls. The percentage infestation increased during the season and the highest infesta-
tion figures were obtained at the end of the seasons in the two planting dates in the
two locations, in particular at Sakha (Abdel-Salm et al., 1991). Data éhown in figure
{1) were deri\)ed from collections of green bolls at weekly intervals starting by
mid-FF stage up to harvest in each season. Clearly, trends of infestation increased
sharply towards the end of the season. Highest percentages infestation were record-
ed in L plantings of the two working sites in FF and FM stages and in the two seasons
(Fig. 1). Generally, percentages infestations were higher at Sakha than at Mallawi
and in season 1992 than in 1993.
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Generally, it could be concluded from the data obtained and the statistical
‘analyses that :

- The population of pests and natural enemies, particularly predators was
substantially different at the two sites {north and middle-upper Egypt) as well as in
the two planting dates, therefore no patterns can be obtained. (Taher et al, 1978
and El-Heneidy et al., 1995).

- An evaluation of pest-predator interactions during the three cotton plant
growth stages; PE,FF and FM was done exclusively because every stage has distinct
morphological and physiclogical plant characteristics. Considering these differnces
the reTationship between natural enemies and their pest species and numbers is
greatly affected (Legaspi et a/.,1989). E and L plantings have affectad also the inci-
dence of different pest and predator species as well as their interactions.

Infestation rates of secondary pests, except thrips (PE stage pest) increased
from mid-seaon ( FF stage ) by the end of the season to reach their maximum at FM
stage. Moderate rates of infestaticn by secondary pests were recorded at Mailawi
in the two seasons ,  while they were higher at sakha, particularly in season 1993
. In the two seasons, secondary pests’ infestation at Mallawi was mostly higher in E
pianting than in L one , the contrary of what was found at sakha.

- These pests are considered of minor economic importance during this stage
because the presence of relatively large numbers feeding on foliage didn"t signifi-
cantly affect crop yield or guality. On the other hand, they provided abundant food
for predators that enter cotton fields and then enhanced them build up their popula-
tions. This suggests that insecticide applications are not recommended during this
period.

- CLW is mostly a mid- season pest (FF stage) . CLW numbers were always
higher in L plantings in the two seasons and areas, except E planting at Mallawi
(season 1992) . Among the bollworms, SBW usually occurred first in cotton fields
followed by PBW. PBW was not recorded at all during FF stage at Mallawi in the two
seasons. Bollworm infestion and damage increased towards the end of the season. It
was higher in L plantings than E ones in the two areas.

- Predators population peaked by mid-season (FF stage) in the two locations
and continued relatively high through the season (Fig. 1) (El-Heneidy et al., 1995).
Further studies are needed to find reasons for predator population decline in the few
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Fig. 1. Percent of green boll infestation by bollworms in three cotton plant growth
stages in two planting dates, in untreated cotton fields at Sakha and Mallawi
reésearch stations in 1992 and 1993 seasons.
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weeks before harvest as occurred in the present study despite of no chemical appli-
cations and abundance of available prey.

- Numbers of predators counted at Sakha were larger than that of Mallawi to
coincide with the higher pest populations at Sakha (EL-Heneidy et al., 1995). Num-
bers were generally higher in E plantings than in L ones. Highest total population of
predators was recorded always in FF stage and then slight'decline was observed in
FM stage in the two sites and seasons (Fig. 2). Relative increase in numbers was
found in L planting at Sakha.

- C.undecimpunctata, true spiders and S.interruptus were the most abundant
predaceous species throughout the seasons. P.alfierii predominated all the other pre-
daceous species during FF stage. True spiders population built up throughout the sea-
son. These results were in contrary with the findings of El-Heneidy et al. (1995).
Lynx group was the most common one among the promising four groups of true spi-
ders, particularly at PE stage.

- Statistical analyses, showed that the interaction between pests and preda-
tors was more significant at Sakha than at Mallawi. Generally, pest and predator
numbers at Sakha were higher. Although C.carnea occurred in low numbers in the
two areas during this study, it was one of the most efficient species in interacting
with both secondary and principal pests at FF and FM stages at Sakha and Maliawi,
respectively, the efficiency is not related to the density. Ants interacted signifi-
cantly mainly with bollworms, especially at FF and FM at Sakha and Mallawi, re-
spectively.

- Synchronous plantings are clearly important in areas where climatic factors
allow continual development of pest infestation, and late crops are always more se-
verely infested than those sown early.
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Fig. 2. Total mean number of arthropod predators / 100 hills in three cotton plant
growth stages in two planting dates, in untreated cotton fields at Sakha and
Mallawi research stations in 1992 and 1993 seasons.
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