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ABSTRACT

Citrus red mite, Panonychus citri Mcgregor (Acarina: Tetranychidae), is an
important mite pest on citrus and the population patterns are known being
largely variable according to practical conditions as found in other
Tetranychid mites. However, the causing factors for the occurrence patterns
are rarely tested quantitatively or qualitatively. In this study, consequently,
split-plot degsin of grass planting (W: manual weeding, NW: chemical
weeding, herbicide sprays) and pyrethroid spray (P: pyrethroid spray, NP: no
pyrethroid spray) were treated to investigate the pattern of P. citri population
among different cultural practices.

1. Two essential hypothesis were made to test the population dynamics: 1)
weed planting promotes natural enemies via offering habitat and alternative
food sources, resulting in the reduction of P. citri populations, and 2)
Pyrethroid spray removes natural enemies via its non-selective toxicity,
resulting in the increasement of P. citri populations. Habitat and pesticide
effects were arbitrarily arranged from 0.1 to 1.0 by 0.1 intervals according to
the relative impact, and the population sizes of phytophagous mite and natural
enemy were estimated under the assumption of linearity and equality of the
two variables. For the purpose of quantification of the hypothesis, the relative effects
of factors were assigned as NW = 0.2, W = 0.8, NP = 0.2, and P = 0.8. Consequently,
resultant expected population sizes were NW+P > NW+NP = W+P > W+NP for
mite population and NW+P < NW+NP = W+P < W+NP for natural enemy
population.

2. The populations of P. citri were converted to cumulative mite days
(CMD) for the purpose of comparison. Based on autumn population, CMD
was highest in NW+NP plot with the order of W+NP, NW+P and W+P plot
in 2011. CMDs were lower in pyrethriod treatment plots than iIn

non-pyrethriod treatment plots, being different from expectation in hypothesis.



In non-pyrethriod plots, also, CMD was lower in W plot than in NW plot.
The results in 2012 showed a similar trend with those in 2011.

3. The observed natural enemy populations (mainly Phytoseiids and
Agistemus sp.) were not different largely from the expected values in the
hypothesis. Although some discrepancy was occurred in NW+NP and W+NP
plots in 2011, the observed values were almost same with expected values in
2012. In overall, pesticide effect was strongly significant and pyrthroids
removed largely natural enemies. Although habitat (weeds) effect showed a
conflict result, natural enemy population increased in W plots, when
considering the increased autumn population relatively compared with that of
spring population.

4. The hypothesis that pyrethroid sprays cause the outbreak of spider mite
populations has been a widely—accepted theory. So, the decreased P. citri
populations in pyrethroid (cypermethrin or deltamethrin) plots would be
explained under the assumption of a strong repellent behavior of P. citri to
the pyrethroids. A severe migration of P. citri populations may occurred in P
plots with the establishment of natural enemies to some extent, resulting in
being very lower P. citri population. Meanwhile, P. citri population may
increase more in NP plots, because of limited P. citri migration out of NP
plots and a possible influx of P citri into NP plots from adjacent P plots.
Being delayed natural enemy population under the conditions above, P. citri

population might exceed temporarily a economic injury level.
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o 7k A& AEA AlE ARt FAll 2AAME Skl Ao A
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8o Panonychus citri (McGregor)= )% (Acarina) A 7] o} (Trombidif
ormes) ¢-§ofl Z(Tetranychidae)ol| &3tH, 47 AF-2 045mm W&, FH -2

036mm FEE HEA vasiFelth AR HF RFe GdFolm, AN
o}

AARoRZ 24 oA, &, d& 5 Cirus(FE)E& 2E9 T3 3%
o2 dd#x At (McMurtry, 1985). #wk ofygl Yd4<l wjel E-Ho} >~
3Fo] B - (Japanese holly trees, Ilex crenata Thunb)ol %= wA)3kch(Ehara

& Shinkaji, 1975; Jeppson et al, 1975; Gotoh & Kubota, 1997). =-3-ofo] U4t

Ar A% FAA YA et eARRH FEE A2L AMaRd Fyol
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Aol HEx3t QrHSmith & Pena, 2002.). A@dH oz AL Jlafstes dHFo
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2 ofF3 4ol FRatel 24 o Ao} 22 FFe/] gEd 9
Sk sasel Fagge] AskEn A Aol o] Mah WA 274
9o zda PR e Nale wA =Hw Hao] HepsiA A 64

&} 7 (Tetranychid mites) oA e SHAA Fae F-&ofet i
He AT d&olF TS Hutol&of et AtGofeta & & k. ol g
A&7 s 1544 ALdER o] Fd x4 < x8F(man-made
pests) 2 ZFE 3 QtH(Cranham, 1979). = &34 HZ o] EAste] AE A

AEE dSolFY ¥t 3 X (equilibrium position) 7} S
frAETh ey A vAda Al s f7IEAE woks dxste Ae A
Aol AAHOZN Sl WAL ETE A A A 3 847 (economic injury level)

olo g7 F7hslth= Aol A olth(Metcalf & Luckman, 1994). 234 o2 3}
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Table 1. Pesticide spray and weed control program in 2011.

Date Active ingredient Application rate Target or purpose

2011. 5.14 Imibenconazole (a.i. 15%) 2,500 Diseases
Thiamethoxam (ai. 10%) 2,500 Aphids

2011. 5.28 Mancozeb (a.i. 75%) 500 Diseases
Cypermethrin (ai. 5%) 1,000 Pyrethroid

2011. 6.3 Glyphosate(a.i. 41%6) 200 Weeds

2011. 6.6 Manual weeding

2011. 6.13 Mancozeb (a.i. 75%) 500 Diseases
Cypermethrin (ai. 5%) 1,000 Pyrethroid

2011. 6.27 Mancozeb (a.i. 75%) 500 Diseases
Cypermethrin (ai. 5%) 1,000 Pyrethroid

2011. 7.11 Mancozeb (a.i. 75%) 500 Diseases
Cypermethrin (ai. 5%) 1,000 Pyrethroid

2011. 7.24 Mancozeb (a.i. 75%) 500 Diseases
Cypermethrin (ai. 5%) 1,000 Pyrethroid

2011. 84 Glyphosate(a.i. 41%6) 200 Weeds

2011. 8.15 Mancozeb (a.i. 75%) 500 Diseases
Cypermethrin (ai. 5%) 1,000 Pyrethroid

2011. 8.29 Manual weeding
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Table 2. Pesticide spray and weed control program in 2012.

Date Active ingredient Application rate Target or purpose

2012. 3.27 Glyphosate (ai. 41%) 200 Weeds

2012. 5.12 Imibenconazole (a.i. 15%) 2500 Disease
Deltamethrin (ai. 1%) 1000 Pyrethroid
Dimethomorph (a.i. 25%) 1000 Disease

2012. 6.3 Deltamethrin (a.i. 1%) 1000 Pyrethroid

2012. 6.6 Manual weeding
Mancozeb (a.i. 75%) 500 Disease

2.126. 20 Deltamethrin (a.i. 1%) 1000 Pyrethroid

2012. 7.7 Mancozeb (a.i. 75%) 500 Disease
Deltamethrin (a.i. 1%) 1000 Pyrethroid

2012. 7.19 Mancozeb (a.i. 75%) 500 Disease
Deltamethrin (ai. 1%) 1000 Pyrethroid

2012. 7.28 Glyphosate (ai. 41%) 200 Weeds

2012. 8.12 Dimethomorph (a.i. 25%) 1000 Disease
Deltamethrin (a.i. 1%) 1000 Pyrethroid

2012. 8.31 Mancozeb (a.i. 75%) 500 Disease
Deltamethrin (a.i. 1%) 1000 Pyrethroid

2012. 9.16 Manual weeding

2.12. 9.20 Mancozeb (a.i. 75%) 500 Disease
Deltamethrin (a.i. 1%) 1000 Pyrethroid

2012. 10.3 Glyphosate (ai. 41%) 200 Weeds
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Fig. 1. Hypothetical relative abundance of mite and natural enemy populations
according to the effects of habitat quality (ground weed management) and
pesticide intensity in the orchard ecosystem. The symbols used in this study
indicate as follows: W = Wild weeds on the ground were manually managed,
NW = A herbicide was sprayed to remove weeds, P = Pyrethroid insecticide
was sprayed periodically, and NP = No pyrethroid was applied. Habitat and
pesticide effects were arbitrarily arranged from 0.1 to 1.0 by 0.1 intervals
according to the relative impact, and the population sizes of phytophagous
mite and natural enemy were estimated under the assumption of linearity and
equality of the two variables. The expected outputs marked on B and C (see
symbols in circles) were estimated with NW = 02, W = 0.8, NP = 0.2, and P
= 0.8, for the purpose of quantification.
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Julian date (month/day)

Fig. 2. Seasonal population abundances of P. citri in experimental plots in 2011 where different
practices of weed management and pyrethroid spray were applied. The means with same letters on
the figure at same date are not significantly different by Tukey test at P=5%. Weeds = Wild weeds
on the ground were manually mowed on 6 June and 29 August. No weeds = Glyphosate (ai. 41%, 200x) was
sprayed on 3 June and 4 August. Pyrethriod = Cypermethrin (ai. 5%, 1,000x) was sprayed six times (see Table

1). No pyrethriod = No pyrethroid (cypermethrin) was applied.
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Table 3. Two-way ANOVA table for the cumulative mite days (CMD) in 2011: weed and pyrethroid effects on

autumn mite population.

Source of variable df Sum of square Mean square F-value P> F
Model (Treatment) 3 22771658.8 75886.3 12.52 0.0002
Weed 1 65170.1 65170.1 10.75 0.0047

Pyrethroid 1 132302.2 132302.2 21.83 0.0003
Weed x Pyrethroid 1 30186.5 30186.5 4.98 0.0403
Error 16 96963.2 6060.2

Total 19 324622.0

The CMDs were calculated from 17 August to 26 December in 2011.
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NP P Sub-mean
W 153 8.0 23.3b
NW 329 24.2 57.1a
Sub-mean 48.1a 32.2b

Cumulative mite days

400

300

200

100

W MNP

C

B

b

_

wpP

Treatment

NwW P

Fig. 3. The 2 x 2 contingency matrix of cumulative mite days (CMD) for the pairs of weed and pyrethroid

treatment in 2011. The CMDs were calculated from 17 August to 26 December in 2011. W = Wild weeds on the

ground were manually mowed on 6 June and 29 August. NW = Glyphosate (ai. 41%, 200x) was sprayed on 3 June and 4

August. P = Cypermethrin (ai. 5%, 1,000x) was sprayed six times. NP = No pyrethroid (cypermethrin) was applied.

The sub-means with same letter are not significantly different by Tukey test at P = 5% (see left table) based on

two-way ANOVA.

The means with same letters on bars are not significantly different by Tukey test at P = 5% (see right figure)

based on one-way ANOVA.
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Fig. 4. The population abundances of natural enemies of P. citri in experimental plots in 2011 where different
management measures were applied. Weeds = Wild weeds on the ground were manually mowed on 6 June and
29 August. No weeds = glyphosate (ai. 41%, 200x) was sprayed on 3 June and and 4 August. Pyrethriod =
Cypermethrin (ai. 5%, 1,000x) was sprayed six times. No pyrethriod = No pyrethroid (cypermethrin) was

applied. _ oo



Autumn population

Spring population
P NP Sub-total
w 23 16 39
NwW 11 150 161**
Sub-total 34 166**

Fig. 5. The 2 x 2 contingency

P NP Sub-total
w 65 70 135
NW 51 435 291**
Sub-total 116 505**

of matrix the total natural enemies for the pairs of weed and pyrethroid

treatment in 2011. W = Wild weeds on the ground were manually mowed on 6 June and 29 August. NW = Glyphosate (a..

41%, 200x) was sprayd on 3 June and 4 August. P = Cypermethrin (ai. 5%, 1,000x) was sprayed six times. NP = No

pyrethroid (cypermethrin) was applied.

? Chi-square test within sub-totals: ns, not significant; * significant at 5%; ** significant at 1%.
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Fig. 6. Seasonal population abundances of P. citri in experimental plots in 2012 where different
practices of weed management and pyrethroid spray were applied. The means with same letters on
the figure at same date are not significantly different by Tukey test at P=5%. Weeds = Wild weeds
on the ground were mowed on 6 June and 16 September manually. No weeds = Glyphosate (a.i.
41%, 200x) was sprayed on 27 March, 28 July and 3 October. Pyrethriod = Deltamethrin (ai. 1%,
1,000x) was sprayed eight times (see Table 2). No pyrethriod = No pyrethroid (deltamethrin) was

applied.
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Table 4. Two-way ANOVA table for the cumulative mite days (CMD) in 2012: weed and pyrethroid effects on mite

populations.

Source of variable df Sum of square Mean square F-value P >F
Spring population

Model (Treatment) 3 4865.5 1621.8 1.18 0.3485
Weed 1 100.8 100.8 0.07 0.7900
Pyrethroid 1 2140.4 2140.4 1.56 0.2300
Weed x Pyrethroid 1 2624.3 2624.3 1.91 0.1860
Error 16 21991.3 1374.5
Total 19 26856.8

Autumn population
Model (Treatment) 3 35323.6 117745 17.22 < 0.0001
Weed 1 981.4 981.4 1.44 0.2483
Pyrethroid 1 34023.0 34023.0 49.76 < 0.0001
Weed x Pyrethroid 1 319.2 319.2 0.47 0.5042
Error 16 10939.8 683.7
Total 19 46263.4
Total
Model (Treatment) 3 59695.7 19898.6 7.71 0.0021
Weed 1 1716.8 1716.8 0.67 0.4267
Pyrethroid 1 53220.2 53220.2 20.62 0.0003
Weed x Pyrethroid 1 4758.6 4758.6 1.84 0.1934
Error 16 41295.2 2581.0
Total 19 100990.9

The CMDs were calculated for spring population from 29 March to 26 August and for autumn population from 26

August to 24 November in 2012.
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Spring population Autumn population Total
p NP Sub- p NP Sub- p NP Sub-
mean mean mean
w 122 166 143.9a w 28 119 73.5a w 150 284 217.4a
NW 150 147 148.4a NW 50 125 87.6a NW 200 272 236.0a
Sub- | 1358, | 1565a Sub- 393b | 121.8a Sub- | o b | 273.3a
mean mean mean

Fig. 7. The 2 x 2 contingency matrix of cumulative mite days (CMD) for the pairs of weed and pyrethroid treatment in
2012. The CMDs were calculated for spring population from 29 March to 26 August and for autumn population from 26
August to 24 November in 2012. W = Wild weeds on the ground were mowed on 6 June and 16 September manually. NW =
Glyphosate (ai. 41%, 200x) was sprayed on 27 March, 28 July and 3 October. P = Deltamethrin (ai. 1%, 1,000x) was
sprayed eight times (see Table 2). NP = No pyrethroid (deltamethrin) was applied.

The sub-means with same letter are not significantly different by Tukey test at P = 5% (see left table) based on two-way

ANOVA.
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Fig. 8. Comparison of the cumulative mite days (CMD) among plots of weed and pyrethroid treatment; one-way ANOVA was
applied. The means with same letters on the bars in each population are not significantly different by Tukey test at P=5%.

The CMDs were calculated for spring population from 29 March to 26 August and for autumn population from 26 August to

24 November in 2012.
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Fig.9. The population abundances of natural enemies of P. citri in experimental plots in 2012 where
different management measures were applied. Weeds = Wild weeds on the ground were mowed on 6
June and 16 September manually. No weeds = Glyphosate (a.i. 41%, 200x) was sprayed on 27 March, 28
July and 3 October. Pyrethriod = Deltamethrin (a.i. 1%, 1,000x) was sprayed eight times (see Table 2).
No pyrethriod = No pyrethroid (deltamethrin) was applied.
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Spring population

Autumn population

P NP Sub-total P NP Sub-total
w 69 59 128** w 4 39 33**
NW 55 28 83ns NW 1 7 8ns
Sub-total 124** 87ns Sub-total Sns 46*

Fig. 10. The 2 x 2 contingency matrix of the total

treatment in 2012. W = Wild weeds on the ground were mowed on 6 June and 16 September manually.
NW = Glyphosate (ai. 41%, 200x) was sprayed on 27 March, 28 July and 3 October. P = Deltamethrin

(ai. 19, 1,000x) was sprayed eight times. NP = No pyrethroid (deltamethrin) was applied.

natural enemies for the pairs of weed and pyrethroid

? Chi-square test within sub-totals: ns, not significant; * significant at 5%; ** significant at 1%.
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Three Dimensional view Contour view
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Fig. 11. Comparison of P. citri population between expected and observed values (relative
size) according to the combination of pesticide and habitat effects in the citrus orchard (see
Fig. 1 for the hypothesis). For the purpose of comparison, mite population sizes (autumn

population) were scaled to 0.8.
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Fig. 12. Comparison of Natural enemy population between expected and observed values
(relative size) according to the combination of pesticide and habitat effects in the citrus
orchard (see Fig. 1 for the hypothesis). For the purpose of comparison, natural enemy

population sizes (autumn population) were scaled to 0.8.
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