J. Plant Prot. and Path., Mansoura Univ., Vol. 3 (11): 1241 - 1251, 2012

RELATIONSHIP BETWEEN LUNAR LIGHT AND
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ABSTRACT

This work aimed to study the relationship between phases of lunar lighting and
population peaks of American bollworm (ABW), Helicoverpa ammigera (Hub.) moth. It
was carried out at Zefta district, in Gharbia Governorate, Egypt during four successive
cotton seasons (2005-2008), Results showed that of H. armigera moths population
had five 10 six peaks per season. At Gregorian months, moth peaks occurred at
different dates per month, during the four seasons. Whereas, at lunar months, they
occurred at constant moon phases (at the new moon or at the first quarter every
month) in the same seasons. The scoto phase period {new moon) had a positive
effect on the activity of moth populations, while, a negative effect was during the
highest luminosity (full moon). The relationships between the percentages of moon
light and moth populations were, in general, negative and highly significant and led to
a linear regression equation. This information, cold aid the decision makers to better
except the timing of the highest moth populations that produces different stages of
this pest and reduces / eliminate their damage to cotton plants using available control
methods.
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INTRODUCTION

American bollworm (ABW) Helficoverpa armigera (Hb.) is one of the
most important economic insect pest in Egypt (lbrahim et al, 1994; Ragab,
1999 and Nada et al., 2004) and in many parts of the world (Fitt, 1989).This
insect is highly polyphagous. Eggs and /or larvae have been recorded on
more than 60 plant species belonging to 47 families including maize,
sorghum, tomato, Lucerne, tobacco, cotton clover and cowpea. Direct
damage to flowering and fruiting structures by larvae and extensive periodic
sprayed insecticides resulted in low yield and high control costs. Many
investigations suggested that generation's cycles of ABW are synchronized
by lunar cycles, independently of host plant phenclogy, climatic factors and
accumutated heat units (Zalucki ef al,, 1994 and Nada & Ragab, 2010). An
inverse relationship has been established between light trap catches of ABW
moths and maon light with the highest trap catch occurring during new moon
and lowest during full moon {(Nemec, 1971; Agee et al., 1972; Bowden, 1973,
Hartstack ef al., 1973 and Youssef & Ismail, 1999). Dufay{1964) and Bowden
& Church (1973} established the hypoth of the competition between the light-
trap and the |unar luminasity. They reported that the global Jlunar luminosity
fraction could be represented by ten intervals; the phase at the end of these
ten classes could be reported as a function of one lunation days/ month
(29day &13Hrs). The curve showed that the first and 10" phases occurred
during seven days form each one. On the other hand, Gyorfi (1948)
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attributed that the much smaller number of insects caught by light traps at full
moon to decreased activity. Nemec (1971) reported that in his laboratory
studies (in bioclimatic chambers) on the effects of various photoperiods and
low fight intensities on bollworm moth activity confirm the theory of moth
activity suppression by moonlight. The present work aims te study the
relationship between lunar light and population of American bollworm H.
afmigera moth.

MATERIALS AND METHODS

The present study was carried out at a private farm located in the
Viltage of Kafr El-Guindy, Zefta district, Gharbia Governorate, in an
aggregation of cotton about 50 feddan, during four successive cotton
seasons (2005 to 2008). The fields were sown by the Egyptian cotton,
Gossypium barbadense {L.) variety Giza 89 during 2005 and 2006, and
variety Giza 86 during 2007 and 2008 cotton seasons. Cotton cultivated
dates ranged between the second half of March to the first week-of May. The
experimental area was subjected to normal agricultural practices. The applied
cotton pest control procedures were according to the Ministry of Agriculture
cotton pest control program. Cotton fields were surrounded by clover, wheat
and vegetables during the winter seasons prior to the cotton, and with maize
and vegetables during the summer seasons.

One light trap, modified by Hosny (1258), was set on the roof of a
village house six meters above the ground near the cotton fields. The light
trap catches were collected and sorted to species and the collected of H.
armigera adults were counted every week. The whole data of the four
seasons were converted to daily catch. The experimental periods extended
from the first week of April to the last week of September throughout the four
cotton seasons of 2005-2008. To determine the population fluctuations of H.
armigera adults, the data was represented graphically. |t _was plotted
according to lunar and Gregorian months. Every lunar month consists of four
moon phases, the first quarter (FQ), full moon (FM), last quarter (LQ) and
new moon (NM) (Bowden, 1873). it corresponds to the visible moonlight
percentages of 50 100 50 and 0%, respectwely Also, these moon phases
correspond 7™ , 21% and 29" or 30™ . of the lunar month, respectively
(Fig. 1). Daily data dlwded into two halves according to the visible moonlight
percentages. The first halve from 1 to 15 and the second from 16 to 29 or 30
of the lunar month which: corresponded with moonlight percentages of 1 to
100% (FQ- FM) and of 99 to 0 % (LQ- NM}, respectively. Each halve of the
lunar month is called period which was subjected to statistical analysis to
determine the relationship between the percentages of the visible moonlight
and number of H. armigera adult catch,

The percentages of visible moonlight were obtained from the site
(Calendar-365.com). Data in (Fig.1) show that moon lighting ratios during the
lunar cycle is going through four main phases.
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RESULTS AND DISCUSSION

The seasonal fluctuations of Helicoverpa armigera moths, the actual
numbers of H. armigera moths for the experimental period in the four
seasons are graphically illustrated in (Fig. 2) and (Table 1). Data were plotted
according to Gregorian and lunar months.

Table (1}: Peaks occurrence of Helicoverpa armigera (Hub.) moths per
trap according to lunar cycles and Gregorian calendar
during four successive cotton seasons

eneration) The first The d The third The fourth The Fifih The sixth
Lunar Lunar Lunar Lunar Lunar Lunar

S eason cycles AD. cycles AD. cycles A.D. cycles AD. cycles AD. cycles AD.
2005 NM 85 | NM | 78 NM 67 NM | B8 NM 459
2006 FQ 45 | NM [ 27/5] NM 25/6 | NM 257 | NM 124/8 | NM |229
2007 NM 17/4 [ NM | 17/6 NM 15/6 NM | 157 NM 1448 NM 12/9
2008 FQ 135 | FQ [ 116 FQ 17 NM 38 FQ 89

A.D., Gregorian calendar -

New moon: NM, First gquarter: FQ

In Gregorian months, the experimental periods extended from the
first week of April to the last week of September throughout the four cotton
seasons of 2005-2008. Data showed that in 2005 season, the population of
H. armigera moths occurred in five peaks. The appearance date of each
peak was 8/5, 716, 6/7, 5/8 and 4/9. In 2006 season, the popuiation occurred
in six peaks. The appearance date of each peak was 4/5, 27/5, 25/8, 25/7,
24/8 and 22/9. In the third season of 2007, six peaks of the population were
recorded and the date of occurrence for each peak was 17/4, 17/5, 15/6,
15/7, 14/8 and 12/9. Throughout 2008 season, it was occurred in five peaks,
at 13/5, 116, 11/7, 3/8 and 8/9. Aaccording to Gregorian months, the
population of the H. armigera moths per trap in the experimenta! periods
occurred in five to six peaks per season at different dates per month,
throughout the four seasons of the experimental period (Table1).

When using the lunar months to interoperate the data they showed
that in 2005 season, the H. armigera moth population was recorded in five
peaks appeared at the new moon phase. In 2006 season, the population
occurred in six peaks; the first at the FQ moon phase and the other five at the
NM moon phase. In 2007 season, the population occurred in six peaks that
oceurred at the NM moon phase. In 2008 season, the population occurred in
five peaks. The moon phases for each peak were at FQ, except at the fourth
the peak was at the NM moon phase. The number of H. armigera moths
peaks, according to the lunar cycles, were five to six per season in constant
moon phases, at the end of lunar month (the NM) and at the FQ of the next
funar month {Table 1).

Data in (Fig. 1) showed that the percentages of the visible moon light
differed in the four phases. The LQ in the previous lunar month and the NM
in the next one had the lowest percentage of the visible light of the moon. it
decreases irreguiarllx from 50 % at the 21% day of lunar month to 0% at the
29™ day or the 30™ . Then, it increases also irregularly to 35%.This period
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was extended for 15-16 days, from the twenty-one day in the previous lunar
cycle to the sixth day in the next lunar cycle (LQ to NM), contained the
Jongest period of the scote phase. The FQ and the FM in the lunar cycle had
the highest percentage of the visible light. It increased irregularly from 50 %
in the FQ of moon light to 100% in the FM and decreased aiso irregularly to
75%.This period was spanned for 14 days, from the seventh day to the
twentieth day in the lunar cycle (FQ to FM). It contains the longest period of
phases of the lunar lighting and the highest luminosity (Fig. 1).

The relationship between the visibie percentages of iunar phase light
and moths catch. Results obtained in Tables (2-5) showed the simple
correlation and regression equations values established between the visible
percentages of lunar light cycle (independent factor) and moth populations of
H. armigera per trap (dependent factors). in 2005 season, Data in (Table 2)
cleared that the experimental periods were thirteenth period. The simple
correlation (r) values were highly significant negative correlation except in the
periods 2 and 11 that were highly significant positive correlation. The periods
1 and 13 were incomplete periods. The r values were ranged between -
0.9216 and 0.9314. The slope values of the simple regression were 0.0000,
0.0011, -0.0181, -0.0130, -0.0247, -0.0296, -0.0186, -0.0247, -0.0792, -
0.0750, 0.0118, -0.0087 and 0.0000 for the thirteenth period, respectively.

Table (2): Relationships‘ between the percentage of the visible of the
moonlight and Helicoverpa armigera (Hub.) moths indicated
by Gregorian calendar and lunar cycles during 2005 cotton

season
Lunar .

Lunar |Percentages{ simple Equation

;:;"::s Gregorian calendar phases of moonlight correlgtion pa(l!ameu‘s

From To From | To a b

1 Aprii] 1 April .9 NM - 53 1 [4] [1] [
2 April] 10 T April 24 +Q -FM 1 100 [ 0.6520 [0.113 [0.0011
3 Aprill 25 | May | 8 LO-NM 99 0 -0.9074 [ 2.067 |-0.0181
4 May| 9 | May | 23 FQ -FM 1 700 { -0.8768 |2.164 [-0.0130
5 May| 24 | Jun 7 LQ-NM 99 0 -0.8796 | 3.281 [-0.0247
[] Jun | 8 un 22 FQ- M 1 100 .0. 7545 [4.864 1-0.0296
7 Jun § 23 Jul [ L) 99 [¥] -0.8876 | 3.604 |-0.0186
[} Jul T 7 Jui 21 FQ -FM 1 {10 -0.8997 [3.282 [-0.0247
[ Jul | 22 | Aug. 5 LO-NM 49 0 -0.3960 "1 8.163 [-0.0792
10 |Aug| 6 | Aug. | 20 | TQ-FM | 1 | 100 | -0.9216 [9.664 |-0.0750
11 Aug.| 21 | Sept. 4 LQ-NM EE] 0 0.9314 [0.993 10.0118
12 iSept] 5 | Sept. | 19 FQ -FM 1 100 | -0.8558 | 0.808 |0.0087
LE [Sept.] 20 T Sept. T 29 — 50 21 0.0000 [ 0.604 [ 0.G000

n= 13, rvalues at P_0.05= 0.5139 and at P_0.01= 0.6411

In 20086, results in (Table 3) showed that the experimenial periods
were also thiteenth period. The simple correlation values: were highly
significant negative correlation except in the periods 1, 12 and 13 that were
incomplete periods. Also, the r values were ranged between -0.9248 and -
0.7186. The slope of the simple regression values were 0.000, -0.002, -
0.003, -0.012, -0.013, -0.036, -0.023, -0.012, -0.031, -0.024, -0.045, 0.000
and 0.000 for the thirteenth periods, respectively. In 2007, (Table 4) showed
that the periods were twelve period. The simple cormrelation values were
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negative correlation except in the period 11 that was positive. Also, it was
highly significant correlations in the all periods except the periods 2, 8, 9 and
11 that were insignificant. The r values were ranged between -0.919 and
0.452. The slope values of the simple regression values were -0.0081, -
0.0031, -0.0169, -0.0139, -0.0232, -0.0258, -0.0255, -0.0058, -0.0113, -
0.0176, 0.0031and -0.0111 for the twelve period, respectively. In 2008,
(Table 5) indicates that the periods were also twelve period. The r values
were negative in the all periods except the periods 8, 10 and 12 that were
positive, Also, it was highly significant at negative positive correlations except
the period 10 that was insignificant correiation. The r values were ranged
between -0.884 and .A%. Also, the slope values of the simple regression
were ranged between -0.0054 and 0.01.

Table (3): Relationships between the percentage of the visible of the
moonlight and Helicoverpa armigera (Hub.) moths indicated
by Gregorian calendar and lunar cycles during 2006 cotton

Season
Lur:ar G . lend L hase Percentages of simple |°  Equation
:eyg:dss regonan calendar unar p s moonlight correlation parametrs
From To - | From To a b
1 Aprilf 1 Aprii 13 FM — 53 1 0.0000 [0.000 | ©.000
2 April] 14 | April 27 LQ-NM 99 1] -0.8747 ].0.296 | -0.002
3 Aprif] 28 | May 12 FQ -FM 1 100 -0.8050 [0.459} -0.003
4 May| 13 [ May 27 LQ-NM 99 1] -0.7478 11.314 | -0.012
5 May | 28 Jun 11 FQ-FM 1 100 -0.9248 {2.7031-0.013
] Jun | 12 Jun 25 LQ-NM 99 [1] -0.9245 | 4.668 | -0.036
7 Junt 26 Jul 10 FQ —FM 1 100 -0.8667 | 5.462 [ -0.023
8 Jul { 11 Jul 25 LQ-NM 99 ] -0.8930 13.930 ] -0.012
9 Jul | 26 [ Aug. 9 FQ -FM 1 100 -0.7186 {4.987 { -0.031
10 Aug.[ 10 | Aug. 24 LQ-NM 99 0 -0.8807 13.4421-6.024
‘I 1 Aug.t 25 | Sept. 8 FQ -FM 1 100 -0.7896 16.2251-0.045
Sepii 9 1 Sept. 22 LQ-NM 99 1] 0.0000 [0.C00 | 0.000
13 [Septi 23 | Sept. 29 ---FQ 99 21 0.0000 10.000 | 0.000
n= 13, r values at P 005‘05139 and atP_0.01=0.6411 ]

Table (4): Relationships between the percentage of the visible of the moonlight
and Helicoverpa armigera {Hub.)) moths indicated by Gregorian
calendar and lunar cycles during 2007 cotton season

Lunar - ] i
Lunar |Percentages| simple Equation
ng’,?l,‘i,ss Gregorian calendar phases |of moonlight| correlation pa?'ametrs
From To From | To a b
1 April] 3 April 17 LQ-NM [E] 0 -0.9078 1.3 [-0.0081
2 April| 18 | May 2 FQ -FM 1 100 -0.436 1.1 [-0.0031
3 May( 3 | May 17 LQ-NM 99 0 -0.544 2.5 |-0.0169
4 ay| 18 [ Jun 1 FQ- FM 1 160 -0.912 2.6 [-0.0138
5 Jun| 2 [ Jun 15 LO-NM 99 0 -0.803 53 [-0.0232
6 Jun | 16 [ Jun 30 FQ -FM 1 160 -0.871 4.0 |-0.0258
7 Jul | 1 Jul 15 LQ-NM 99 1) -0.773 | 4.4 ]-0.0255
8 Jul [ 16 | Jul 30 FQ -FM 1 100 -0.259 2.4 1-0.0058
k] Jul | 31 ug. 14 LQ-NM 99 1) -0.356 [ 4.8 [-0.0113
10 A 15 | Aug. 29 FQ -FM 1 100 0706 | 28 |-00176
Aug 30 | Sept. | 12 LQ-NM 99 1] (.452 1.5 [0.0031
12 [Sept] 13 | Sept | 27 FQ -FM 1 100 -0.919 12 1-0.011
n=13, rvalues at P 0. 05— 0.513% and at P 0.01=0.6411 i ]
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Table {5): Relationships between the percentage of the visible of the
moonlight and Helicoverpa armigera (Hub.) moths indicated
by Gregortan calendar and lunar cycles during 2008 cotton

season
Lunar Percentages . .
cyc‘:les Gregorian calendar pLh":;; of moon cof':-emlg’t‘i’on ;‘::::::,‘s
periods light
From To From | To a b
1 April[ 7 | April 21 LQ-NM 1 100 { -0.884 0.59 |-0.0054
2 April 22 | May | ® F£Q -FM 99 0 -0.873 1.47 [-0.0063
3 May| 7 | May 21 LQ-NM 1 00| -0.884 2.5¢ |-0.0147
4 May{ 22 { Jun 4 FQ- FM 29 0 -0.869 2.03 {-0.0063
5 Jun| 5§ Jun 19 LQ-NM 1 100 -0.884 4.94 [-0.0317
6 Jun | 20 | Jul 4 FQ -FM 29 1] 0.873 3.27 | 0.0100
7 Jul | & Jul 19 LQ-NM 1 100 | -0.884 5.13 |-0.0308
8 Jul 120 Aug. | 3 FQ -FM 99 4 0.154 3.49 10.0032
9 Aug.| 4 | Aug. 18 LQ-NM 1 100 [ -0.884 4.32 [-0.0257
10 Aug.| 19 [ Sept. 1 FQ -FM 99 0 0.869 1.79 {0.0070
11 Sept.; 2 | Sept. 18 LQ-NM 1 100 -0.8584 423 |-0.0319
12 |Sept| 17 | Sept. | 29 FQ FM 99 0 0.865 0.42 |0.0009
n=13, rvalues at P 0.05=0.5139 and at P 0.01= 0.6411

In general, the relationships between the percentages of the moon
light and H. armigera moths catch were significantly high negative correlation
and it has led to tinear regression equation.

As mentioned before, moon lighting ratios during the lunar cycle is
going through main four phases, which were NM, FQ, FM and LQ. The scoto
phase period was at NM and the highest luminosity was at FM. And, the
number of the ABW moths in the four seasons was occurred in five to six
peaks per season in constant phases of lunar cycle. These constant phases
were of end of the iunar cycle (NM) and the FQ of the next lunar cycle, which
are, in general, compatible with the scoto phase. This meant that, the
population of moths prefers the dark times for its activity. Also, the lowest
number of the ABW moths was appeared in periods of FQ to FM that had the
highest luminosity of the moonlight. Moth populations’ activities do not favor
the highest luminosity (Figs. 2 and 3).The highest percentages of moon light
of had led to negative effect on H. armigera activity with positive effect in the
towest luminosity.

These results are consistent with Dufay (1964) who reported that the
luminosity of FM at zenith is 3*10° w/m? it reduced to 6*10° w/m? by the
atmosphere absorption. He expressed that the lunar luminosity of zenithal
distance “in summer are 0.2 lux during the FM, decreased 5Stimes during
-5days before or after FM. The sky during the NM {No mocn, but there are its
stars) has a Natural Nocturnal Luminosity. Luminosity was more weakly 140
times than during FM (about 350-500nm.). Bowden {(1973) fixed up the
hypothesis of the competition between the light-trap and the lunar luminosity .
(Shrivastava ef al., 1987 and Bowden & Church, 1973). Also, an inverse
relationship has been established between light trap catches of ABW moths
and moon light with the highest trap catch occurring during new moon and
lowest during full moon (Nemec, 1971 and Agee et al., 1973).
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Fig.(2).Effect of moon phases on peaks occurance of Helicoverpa armigera (Hub.) moths catch in light
trap throught four successive cotton seasons of 2005-2008, Full moon =
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Figure (3): The percentages of Helicoverpa armigera (Hub.) moths in Moon phases for the four
successive cotton seasons of 2005-2008.
FQ= First Quarter, FM= Fuli Moon, NW=New Moocn and LQ= Last Quarter.
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Shrivastava et al. {1987) reported that a significant linear relationship
between the degree of moon phase and the size of light trap catches of
Spodoptera litura (Fab.}). The catches were more around new moon * 3days
period as compared to the full moon + 3days. The same results on Agrotis
ipisilon (Huf.} and Operophthera brumata (L.) were obtained by Nag, 1991
and Lasazio et al,, 2012. On the other hand, Gyorfi (1948) attributed that the
much smaller number of insects caught by light traps at full moon due to
decreased activity. Nemec (1971} reported that in his taboratory studies (in
bioclimatic chambers) on the effects of various photoperiods and low light
intensities on bollworm moth activity confirm the theory of moth activity
suppression by moonlight.

This information could 2id the decision makers to better expect the
timing of the highest moth populations that produces different stages of this
pest and reduces / eliminate their damage to cotton plants using available
control methods.
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