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Abstract

The influence of NPK fertilizer on the population of two generalist pests, grasshopper (Zonocerus variegatus) and termites
(Isoptera spp.) on some cassava varieties (Manibot esculenta Crantz), was investigated in a field trial carried out at Teaching and
Research Farm of Department of Crop science, University of Nigeria, Nsukka. The treatments comprised all possible
combinations of four rates of fertilizer application (0 kg/ha, 200 kg/ha, 400 kg/ha and 600 kg/ha), four improved cassava
varieties ("TMS 01-1368’, “TME 419, “TMS 98-05-50’, “TMS 05 10°) and three modes of fertilizer application (Single, Split
and Split-split) arranged in a factorial experiment and laid out in a randomized complete block design (RCBD). There were
three replications of each treatment. Data were collected on Z. variegatus and termite incidences. In each season, incidence of
Z. variegatus on cassava showed significant (p<0.05) difference among varieties. Varieties “TMS 01-1368’, “TMS 05 10, and
“TMS 98-05-05,” were significantly (p<0.05) more susceptible to the pest compared to variety “TME 419’. Incidence of
termites on cassava differed significantly (p<0.05) among varieties in the late season and variety TMS 05 10’ was more
susceptible to this pest than other varieties. Rates of NPK fertilizer had significant (p<0.05) influence on Z. variegatus
incidence only. Application of various NPK fertilizer rates increased the incidence of Z. variegatus on the varieties compared to

plots without fertilizer (0 kg/ha). The abundance of Z. variegatus in cassava ficld was influenced by fertilization and variety

while termites were influenced by variety.
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Introduction

Soil fertility practices have serious influence on the
physiological susceptibility of crops to insect. It can either
affect the resistance of individual plant to attack or alter
plant acceptability to certain herbivores. Application of
nitrogen in form of urea to cotton plant enhanced the
population  build-up of whitefly while potassium
fertilization improved host plant resistance to pests
(Amtmann ez al.,, 2008; Sati, 2012). Also adjudged to have
low incidences of herbivores are plants growing in soils with
optimum fertility while experiencing little or no stress. Its
natural resistance is typically high and so is the incidence of
predators (NCO, 2019). Although organic manure supplies
nutrients to the soil, it improves the soil physical and
chemical conditions and the yield of crops. It could lead to
increase in pest numbers and damage caused to plants (Ikpe

and Powell, 2002; Ewulo, 2005; Dauda et 4/, 2008;
Ogedegbe et al., 2015; Baidoo ez al., 2018). However, the
compound fertilizer (NPK) has been seen to promote pest
infestation in some situations while enhancing host plant
resistance in others (Ogbalu, 1999; Yardim and Edwards,
2004). Even oviposition behaviour of bertha armyworm
and larval performance was influenced by fertilizer
treatment and canola variety, with moderate and high
fertilizer treatments, giving similar number of eggs laid
(Weedraddana and Evenden, 2018).

The behaviour of an arthropod as either generalist or
specialist pest could be relevant in insect-plant interactions.
Feller (1995) reported that the herbivory of dwarf red
mangrove trees by two specialist herbivores of the tree
increased with the application of P and NPK fertilizers.
Fertilization had no effects on the feeding rates of generalist
herbivores. Zonocerus variegatus (L), a tropical insect that
belongs to the order Orthoptera and family Pyromorphidae,
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can be classified as a generalist pest of many crops including
cassava. In Nigeria, it usually thrives on uncultivated land
with the nymphs and adult stage sharing the same habitat.
After cultivation, cassava (Manibot esculenta Crantz), is one
of the major crops damaged in the south (Youdeowei, 1974;
Page, 1978; Ademolu ez al, 2011). Z. variegatus attacks in
Africa are reported as causing severe crop damage, but
reliable data on actual root yield loss is scarce. In the region,
defoliation of several hectares of cassava has been linked to
its outbreaks (Bellotti, 2002).

In southern Nigeria, it has been observed that
abundance and population of grasshoppers could be
determined or influenced by certain human activities that
modify the environment including application of fertilizers
and pesticides (Oku ez 4., 2011). It is not clear, however
fertilizer rates that enhance infestation. Therefore, this
study is aimed at determining the influence of cassava
variety, rate and mode of NPK fertilization on the
abundance of Zonocerus variegatus and termites in the
cassava field.

Materials and Methods

The experiments were planted in May and July 2014 at
the Teaching and Research farm of Department of Crop
Science, University of Nigeria, Nsukka (06°52'N, 07°24 E;
44726 m above mean sea level). The soil is broadly
characterized as sandy clay loam ultisol (oxic paleustult) and

belongs to Nkpologu series (Mbagwu, 1992).

Experimental materials

Four improved cassava varicties were sourced from
National Root Crop Research Institute (NRCRI),
Umudike Umuahia, Abia state, Nigeria. Hardwood stem
cuttings were collected from healthy plants and used as
planting materials. The cassava varieties were: TMS 01-
1368, TME 419, TMS 98-05-05 and TMS 05 10 while
NPK: 15:15:15 were sourced from Ogige market Nsukka

was used.

Land preparation and treatment application

The field preparation for the first establishment
commenced in May, 2014 while that of second site started
in July, 2014 (accounting for carly and late planting) , with
ploughing and harrowing of the field. The field was further
demarcated into three blocks; individual blocks were later
divided into 48 plots each. Both blocks and plots were
separated by 1 m path way, each plot measuring 5 m x 2 m
to give 10 m” per plot. Planting was done at a spacing of 1 m
x Im (10,000 plants/ha) using stem cuttings, 20 to 25 cm
long. The treatments comprised all possible combinations
of four rate of NPK fertilizer with three modes of
application and four improved cassava varieties arranged in
a factorial experiment and laid out in a randomized
complete block design (RCBD) with three replications.

Factor A represented cassava varieties vizz TMS 01-
1368, TME 419, TMS 98-05-05 and TMS 05 10 while the
four rates of NPK fertilizer representing Factor B included:
Okg/ha (0 g/10 m?), 200 kg/ha (200 g/10 m?), 400 kg/ha
(400 g/10 m*) and 600 kg/ha (600 g/10 m?). The mode of

fertilizer application representing Factor C included the
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single applications (4 weeks after planting - WAP). Split
applications (each single rate divided into two equal parts
and applied at 4 and 8 wecks after planting). Split- split
applications (each single dose divided into three equal parts
and applied in three different periods at at 4, 8 and 12
weeks after planting).

Soil samples from the experimental sites were collected
using soil auger sampler at 25-cm soil depth before the
commencement of the experiment. The samples were
bulked together air-dried and a composite sample taken for
physical and chemical analysis and these properties were
determined: particle size distribution, chemical properties,
exchangeable bases, cat ion exchange capacity (CEC) and
exchangeable acidity. Cassava stems were kept under shade
days after collection to avoid dehydration. NPK fertilizer
corresponding to the appropriate treatment rates were
applied in band method. Hoe weeding was carried out three
times (3, 12 and 24 wecks after planting (WAP)). To avoid
undue interference with insect fauna, no insecticide was
applied to the plants. Climatic data such as: monthly mean
rainfall, temperature and relative humidity of the area were
collected from the meteorological station of Department of
Crop science, University of Nigeria for the period of the
study (2014-2015).

Data collection

Percentage incidence of Zonocerus wvariegatus: Z.
variegatus incidence was monitored starting from one (1)
month after planting (MAP) to twelfth (12) month after
planting (MAP). Zonocerus variegatus was collected using
sweep net from each plant sampled. Each plant was checked
thoroughly for the insect. Samples of Zonocerus spp. found
were taken to the laboratory for counting. Sampling was
done mainly in the relatively cool period of daylight,
between 7.00 and 10:00 a.m., or between 4.00 and 6.00
p-m., when the insects are less active than at other times of
the day. Zonocerus variegatus incidence was determined by
dividing the total number of Zonocerus variegatus (ZV)
infested plants by total number of plants, multiplied by one
hundred, thus:

Percentage infested plants= (No. of plants infested with
ZV per plot/total number of plants per plot) x100

Percentage incidence of termite: Termite damage was
monitored starting one (1) MAP and was continued
throughout the growing period, cassava cuttings damaged
by termites were noted. Termite damage was determined by
dividing the total number of termite-damaged plants
(TDP) by total number of plants, multiplied by one
hundred, thus:

Percentage infested plants= No. of plants infested with
TDP per plot/total number of plants per plot x 100

Statistical analysis of data

All data collected on incidences of Z. variegatus and
termite (insects count) were normalized using the square
root transformation procedure before analyses of variance
were carried out on them or their transformed values. Data
were analysed using GENSTAT Discovery Edition 4
software. Separation of treatment means was done using
%east )Signiﬁcant Difference (F-LSD) as outlined by Obi
2002).
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Results

Meteorological data

Results in Fig. 1 show the mean monthly rainfall,
temperature and relative humidity during the period of the

study (2014-2015).

Rainfall: considering the period of these experiments,

rainfall was hi
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Fig. 1. Mean monthly rainfall (mm), temperature (°C), and relative humidity (%) during the period of study (2014-2015)

gh with a better spread in 2014 compared to
2015. Although the rain stabilized earlier in 2015 compared
to 2014, it was sustained for a couple of months in 2014
compared to 2015. Finally, the peak of rainfall (401.99-
mm) in the period of the study was in September 2014
compared to highest rainfall (267.98-mm) in May 2015.
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Temperature: generally, temperature (maximum and
minimum) was higher in 2015 compared to 2014. In May
2014 both maximum and minimum temperatures were
(28.29 and 21.06 °C) while that of May, 2015 were (30.71
and 21.81 °C). Then in July 2014 both temperatures were
(27.74 and 201.81 °C) while there was a slight increase in
temperatures (28.87 and 20.61 °C) of July 2015.

Relative humidity: the data showed that the mean
monthly humidity at 10:00 am and 4:00 pm for 2014 (72.2
%, 71.98 %) were compared to that of 2015 (70.97 %, 69.3

%).

November 2014 to April 2015.
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The variables tend to interact at various points from
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Physiochemical properties of the experimental sites before
planting in 2014

The soil of the experimental site during the planting
seasons was highly acidic. Both sites had low pH: H,O and
KCL (4.7, 3.8 respectively for early planting season and 4.3,
3.7 respectively for late planting season). It was also
characterized with low organic matter, cat ion exchange

capacity (CEC) and exchangeable bases (Table 1).

Incidence of Zonocerus variegatus

Cassava varicties differed significantly (p<0.05) in their
susceptibility to Z. varigatus attack in both seasons (Table
2). At 4 months after planting (MAP), the incidence
(0.42%) of the pest on variety TMS 05 10 was significantly
higher than the incidence of the pest on other varieties but
similar to that on variety TMS 01-1368 for the early season
crops. At 6 MAP, incidence (0.53% and 0.25%) of the
insect on variety TMS 05 10 during the seasons was
significantly higher than that on other varieties, although
statistically similar (0.35%) with variety TMS 98-05-05 for
early and variety TMS 01-1368 (0.22%) for late season
crops.

};n the first six months, after planting fertilizer rates did
not significantly (p > 0.05) influence the incidence of Z.
variegatus on the field. At two MAP, the incidence of Z.
variegatus was generally low for late season crops.
Conversely, the incidence (0.50%) of the insect was
increased during the early planting through the application
of 200 kg NPK ha™ at six MAP.

Mode of NPK fertilizer application had no significant (p
> 0.05) influence on the incidence of Z. variegatus in both
planting seasons. However, split application of fertilizer gave
the highest incidence (0.42%) of Z. variegatus at 5 and 6
MAP of the early season.

Table 1. Physical and chemical properties of the soil of the experimental sites
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There was an interaction between varieties x NPK
fertilizer rates on Z. variegatus incidence at 6 MAP of carly
season (Table 2). Application of 200 kg NPK ha™ on variety
TMS 98-05-05 gave a significantly higher incidence (1.00%)
of Z. variegatus than other rates, while application of 0 kg
NPK ha' on variety TMS 419 and variety TMS 98-05-05
respectively, gave the least Z. variegatus incidence ( Table 3).

The incidence of Z. wvariegatus on cassava showed
significant (p < 0.05) difference among cassava varieties in
late planting season (Table 4). At 9 MAP, incidence
(10.97%) of Z. variegatus on the variety TMS 98-05-05 was
significantly higher than that on other varieties but similar
(10.65%) to that on the variety TMS 01-1368. Incidence
(7.56,7.50 and 2.58%) of the insect on variety TMS 98-05-
05 was significantly higher than that of other varieties at 10,
11, 12 MAP but similar to varieties TMS 01-1368 and
TME 419, (6.94, 1.64 and 6.61,2.50%), respectively.

Fertilizer rates increased the incidence of Z. variegatus
significantly (p < 0.05) in early season. At 10, 11 and 12
MAP, application of 400 kg NPK ha', the incidence
Zonocerus significantly increased (3.19, 3.44 and 6.67%)
compared to other rates; although not significantly higher
than at 200 kg and 600 kg NPK ha' (2.61%, 3.00% and
3.14%, 2.72% respectively).

Mode of fertilizer application had no significant (p >
0.05) influence on the incidence of Z. variegatus in both
seasons. However, split-split method of fertilizer application
gave the highest incidence of Z. variegatus (9.10%) at 9
MAP of late planting.

There was no significant (p > 0.05) interaction of
cassava variety x rate of NPK x mode of fertilizer application
(treatments) on the incidence of Z. variegatus on the field in

both planting seasons (Table 4).

Properties

Early season site Late season site

Particle size distribution (%)
Clay
Sile
Fine sand
Coarse sand
Textural class
Chemical properties
pH(H,O)
pH(KCL)
Organic carbon (%)
Organic matter (%)

Total nitrogen (%)
Exchangeable bases (Meq/100 g Soil )
Sodium(Na*)

Calcium (Ca*)
Magnesium (Mg*)

Cation exchange capacity (Meq/100 g Soil)
Base Saturation
Phosphorus (ppm)
Exchangeable acidity(Meq/100 g Soil)
Aluminum oxide (AL*)
Hydrogen oxide (H*)

10 14
5 7
33 43
52 36
Loamy Sandy Sandy Loam
4.7 4.8
3.8 37
0.95 1.25
1.63 2.15
0.084 0.098
0.12 0.15
0.15 0.19
114 132
0.4 24
13 16.4
92.85 972
653 373
24 24

- Not detected
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Table 2. Effect of varieties, rate, mode of NPK fertilizer and their interactions on the incidence of Z. variegatus on the field
Early planting scason Late planting scason
Treatments
2MAP 3MAP 4MAP SMAP 6MAP 2MAP 3MAP 4MAP SMAP 6MAP
Varieties
™, 0.03(0.78) 0.08(092) 025(127) 0.11(0.99) 022(1.24) 0.00(0.71) 0.36(1.62) 0.14(1.06) 0.06(0.85) 0.22(127)
™, 0.08(0.92) 003(078)  0.17(1.09) 022(1.24) 022(1.24) 0.00(0.71) 022(127) 0.11(0.99) 0.03(0.78) 0.06(0.85)
™, 0.14(1.02) 0.11(095)  0.11(0.99) 025(1.27) 0.39(152) 0.03(0.78) 0.17(1.13) 0.11(0.99) 0.06(0.85) 0.06(0.85)
™, 0.08(0.92) 0.19(117)  0.42(1.69) 025(1.24) 0.53(1.94) 0.00(0.71) 0.19(1.20) 0.14(1.06) 0.06(0.85) 0.25(1.34)
Mean 091 0.95 1.26 118 1.48 0.72 1.31 1.02 0.83 1.08
LSD(0.05) NS NS 0.50 NS 0.54 NS NS NS NS 0.42
Rates
(kg/ha)
0 0.08(0.88) 0.11(095)  028(1.34) 0.22(1.20) 028(1.34) 0.00(0.71) 022(127) 0.08(0.92) 0.00(0.71) 0. 17(1 13)
200 0.14(1.06) 0.17(1.10) 022(1.24) 0.22(1.20) 0.50(1.84) 0.03(0.78) 0.25(1.34) 022(1.27) 0.08(092) 14(1.06)
400 0.06(0.85) 006(085)  022(1.24) 025(1.27) 025(1.31) 0.00(0.71) 0.28(1.41) 0.08(0.92) 0.06(0.85) 0.11(0.99)
600 0.06(0.85) 006(092)  022(1.24) 0.14(1.06) 0.33(1.45) 0.00(0.71) 0.19(1.20) 0.11(0.99) 0.06(0.85) 0.14(1.13)
Mean 091 0.95 126 1.18 1.48 0.72 131 1.02 0.83 1.08
LSD(0.05) NS NS NS NS NS NS NS NS NS NS
Modes
Single 0.06(0.87) 0.06(0.87) 021(121) 0.29(1.40) 0.29(1.39) 0.02(0.76) 0.29(1.45) 0.13(108)  0042(081)  0.10(0.97)
Split 0.08(0.89) 021(118)  031(145)  042(1.63))  042(163) 0.00(0.71) 0.17(1.34) 0.10(1.02)  0062(087)  010(097)
Splicsplic  0.10(0.97) 0.04(0.81) 0.19(1.13) 0.31(1.42) 0.31(1.42) 0.00(0.71) 0.25(1.13) 0.15(097)  0042(0.81)  023(1.29)
Mean 091 0.95 1.26 1.18 1.48 0.72 131 1.02 0.83 1.08
LSD(0.05) NS NS NS NS NS NS NS NS NS NS
Interaction
VXR NS NS NS NS 1.07 NS NS NS NS NS
VXM NS NS NS NS NS NS NS NS NS NS
RXM NS NS NS NS NS NS NS NS NS NS
VXRXM NS NS NS NS NS NS NS NS NS NS

Note: ﬁgurcs in parcnthcscs are square root transformed values to which LSD is applicablc, TM,-TMS 01-1368, TM2-TME 419,TM3-TMS 98-05-05, TM4-TMS
0510, MAP-month after planting, V=variety, R=rate, M=mate, Early planting season-May planting, NS-non significant, Late plant season-July planting.

Table 3. Interaction effect of varieties and NPK fertilizer rates on the incidence of Z. variegatus on the field at 6GMAP

Early planting season

Late pl&nting season

Treatments Varieties Varieties
™, ™, T™; TM, ™, ™, T™; TM,
Rates(kg/ha)
0 0.44(1.70) 0.33(1.42) 0.11(0.99) 022(1.27) 022(127) 0.00(0.71) 0.00(0.71) 0.33(155)
200 0.22(1.27) 0.22(1.27) 1.00(2.69) 0.56(2.11) 0.111(0.99) 0.11(0.99) 0.11(0.99) 0.00(0.71)
400 0.11(0.99) 0.00(0.71) 0.00(0.71) 0.89(2.82) 0.22(1.27) 0.22(1.27) 0.22(1.27) 0.33(1.55)
600 0.11(099) 033(155) 0.44(1.70) 44(156) 033(155) 0.00(071) 022(127) 0.44(1.83)
Mean 1.48 1.48 1.48 1.48 1.08 1.08 1.08 1.08
LSD(0.05) 107 NS

Note: figures in parentheses are square root transformed values to which LSD is applicable, TM1-TMS 01-1368, TM2-TME 419TM3-TMS 98-05-05, TM4-TMS
0510,MAP-month after planting , Early planting season-May planting, ns-non-significant Late planting season-July planting

Incidence of termites

The incidence of termites on cassava showed significant
(p < 0.05) difference among varieties in late season (Table
5). At 2, 3,4, 5 and 6 MAP, incidence of termites on variety
TMS 05 10 (3.06, 6.19, 3.31 and 5.39% respectively), were
significantly higher compared to that on other varieties,
while the incidence on variety TMS 01-1368 (0.31, 0.97,
0.42 and 0.78% respectively) were the least.

Rate and mode of fertilizer application did not
significantly (p > 0.05) influence the incidence of termites
in both seasons, all through the sampling period.

There were interaction effects of varieties x mode of
NPK fertilizer application on incidence of termites on the
field at 2 MAP of early and 4 MAP of late seasons

respectively (Table 5). Single application mode of fertilizer
on variety TMS 01-1368 gave significantly higher incidence
(2.75%) of termites than other rates (Table 6), though the
effect was mainly from the variety.

The incidence of termites on cassava showed significant
(p < 0.05) difference among varieties in late planting seasons
(Table 7). At 7, 8,9, 10, 11 and 12 MAP, the incidence
(6.06, 5.67, 6.61, 7.28, 7.00 and 6.39%) of the pest on
variety TMS 05 10 was significantly high compared to that
on other varieties.

There was no significant (p>0.05) interaction of cassava
variety x rate of NPK x mode of fertilizer application on the
incidence of termites on the field in both planting seasons

(Table 7).
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Table 4. Effect of varieties, rate, mode of NPK fertilizer and their interactions on the incidence of Z. variegatus on the field
Early planting season Late planting season
Treatments
7MAP SMAP IMAP 10MAP 1IMAP 12MAP 7MAP SMAP IMAP 10MAP 11IMAP 12MAP
Varicties
™, 025(131)  006(085)  019(113)  258(453) 2.69(4.55) 5.14(6.85) 022(1.27) 150(3.14)  10.64(980)  6.69(7.61)  6.94(8.15) 1.64(3.86)
TM™: 025(134)  008(092)  022(127)  297(495) 2.69(4.61) 5.36(7.01) 0.08(0.92) 1.03(2.48) 8.44(8.89) 583(7.38)  6.61(8.06) 2.50(4.68)
™, 050(184)  0.14(106)  022(124)  2.47(468) 2.64(491) 525(7.06) 0.14(1.06) 125(262)  1097(1021)  756(839)  7.50(8.49) 2.58(4.78)
TM; 039(159)  011(099)  022(124)  267(471) 317(527)  617(755)  028(1400)  108(273) 3.56(5.41) 239(443)  3.00(496) 136(2.81)
Mean 1.52 0.95 122 4.72 4.84 7.12 1.17 274 8.57 6.95 7.41 4.03
LSD(0.05) NS NS NS NS NS NS NS NS 1.32 1.11 0.95 0.95
Rates
(kg/ha)
0 036(159)  011(099)  014(102)  176(361)  203(415)  419(630)  014(1.06)  089(232) 7.64(8.00) 478( 50)  547(7.08) 2.03(4.10)
200 039(159)  008(092)  028(1.38)  3.14(5.27) 2.72(4.62) 5.08(6.86) 0.08(0.92) 1.17(2.35) 7.94(832) 578(7.17) 5.83(7.42) 1.89(3.88)
400 025(131)  003(078)  022(124)  319(535)  344(550)  667(792) 025134  117(3.00) 956(921)  619(7.09)  656(7.74) 189(3.83)
600 039(159)  017(1129)  022(124)  2.61(464) 3.00(5.08) 5.97(7.39) 0.25(1.34) 150(331) 8.47(8.77) 572(7.04)  6.19(741) 228(4.32)
Mean 152 0.95 122 472 4.84 7.12 117 274 857 6.95 7.41 4.03
LSD(0.05) NS NS NS 0.96 0.94 0.89 NS NS NS NS NS NS
Modes
Single 038(155)  0.10(097)  025(134)  2.88(485) 325(5.35) 627(7.57) 0.15(1.08) 1.12(2.56) 8.67(8.65) 602(715)  6.46(7.68) 2.10(4.06)
Split 039(163)  010(097)  022(121)  2.73(481) 2.60(4.62) 5.00(6.86) 021(1.24) 129(2.77) 7.44(8.18) 506(675)  5.40(7.04) 192(3.88)
Spliesplic — 027(137)  008(092)  0.17(L10)  2.88(4.50) 2.54(4.54) 5.17(691) 0.19(1.18) 123(2.90) 9.10(8.89) 577(675)  6.19(751) 2.04(4.15)
Mean 1.52 0.95 122 4.72 4.84 7.12 1.17 274 857 695 741 4.03
LSD(0.05) NS NS NS NS NS NS NS NS NS NS NS NS
Interaction
VXR NS NS NS NS NS NS NS NS NS NS NS NS
VXM NS NS NS NS NS NS NS NS NS NS NS NS
RXM NS NS NS NS NS NS NS NS NS NS NS NS
VXRXM NS NS NS NS NS NS NS NS NS NS NS NS
Note: ﬂgurcs in parcnthcscs are square root transformed values to which LSD is applicablc,TMl—TMS 01-1368, TM2-TME 419, TM3-TMS 98-05-05, T M-
TMS0510, MAP- month after planting, V=variety, R=rate, M=mate ,Early planting season-May planting, Late planting season-July planting, NS-non significant
Table S. Effect of varieties, rate, mode of NPK fertilizer and their interactions on the incidence of termites on the field
Early planting season Late planting scason
Treatments
2MAP 3MAP 4MAP SMAP 6MAP 2MAP 3MAP 4MAP SMAP 6MAP
Varieties
™, 1.69(3.66) 153(3.15) 153(3.15) 167(3.36) 1.78(3.58) 0.31(1.37) 0.31(1.37) 0.97(2.61) 0.42(1.69) 0.78(2.25)
™, 139(329) 0.83(244)  0.83(2.44) 117(2.90) 117(2.90) 111(293) L11(293)  200(406)  075(224) 153(3.62)
™, 1.44(3.28) 1.22(2.82) 1.22(2.82) 1.67(3.54) 1.72(3.59) 2.06(4.26) 1.94(4.05) 3.61(5.87) 1.83(3.90) 2.69(5.02)
T™, 1.25(2.91) 1.28(2.89) 1.25(2.86) 1.50(3.19) 1.56(3.33) 3.17(5.38) 3.06(5.22) 6.19(7.74) 3.31(5.56) 5.39(7.26)
Mean 329 2.83 2.82 325 3.35 3.49 3.39 5.07 3.35 4.54
LSD(0.05) NS NS NS NS NS 0.74 0.80 0.82 0.86 0.79
0 1.44(327) 131(2.95) 128(2.88) 1.64(3.30) 172(351) 1.56(3.40) 167(355) 342(5.49) 150(3.19) 2.47(451)
200 161(3.61) 117(282) 1.19(2.89) 150(3.38) 158(3.50) 56(3.41) 128(3.04) 2.89(4.57) 1.64(3 33) 2.47(427)
400 1.14(2.81) 1.14(2.65) 1.14(2.65) 1.33(3.04) 1.36(3.07) 1.64(3.35) 1.58(3.21) 3.19(5.17) 61(3.49) 2.75(4.76)
600 158(3.45) 125(2.89) 122(2.85) 153(329) 156(3.32) 1.89(3.79) 1.89(3.79) 3.28(5.05) 1.56(3.39) 2.69(4.62)
Mean 329 2.83 2.82 325 335 349 339 5.07 335 454
LSD(0.05) NS NS NS NS NS NS NS NS NS NS
Single 154(3.39) 125(2.83) 127(2.88) 167(347) 171(352) 1.63(3.38) 158(3.26) 3.33(5.17) 158(3.32) 2.67(4.63)
Split 1.46(321) 1.19(2.78) 1.19(2.78) 1.46(323) 152(336) 1.92(3.86) 1.79(3.70) 3.35(5.20) 158(3.31) 273(4.63)
Split-split 133(3.26) 121(2.87) 1.17(279) 138(3.04) 1.44(3.17) 144(322) 1.44(322) 2.90(4.85) 156(3.42) 2.40(4.36)
Mean 329 2.83 2.82 325 335 349 339 5.07 335 454
LSD(0.05) NS NS NS NS NS NS NS NS NS NS
Interaction
VXR NS NS NS NS NS NS NS 1.64 NS NS
VXM 1.59 NS NS NS NS NS NS NS NS NS
RXM 1.59 NS NS NS NS NS NS NS NS NS
VXRXM NS NS NS NS NS NS NS NS NS NS

Note: figures in parentheses are square root transformed values to which LSD is applicable, TMi-TMS 01-1368, TM2-TME 419, TMs- TMS 98-05-05, TMs+-TMS
0510,MAP-month after planting, V=variety, R=rate, M=mate , Early planting scason-May planting, NS-non significant, Late planting season-July planting
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Table 6. Interaction effect of varieties and mode of NPK fertilizer on the incidence of termites on the field at 2MAP

Early planting scason

Late planting scason

Varieties Varieties
Treatments ™, ™, TM; TM; ™, T™, TM; TMy
Mode
Single 2.75(4.95) 1.58(3.72) 1.08(2.77) 0.75(2.13) 0.25(1.34) 0.83(2.24) 1.92(4.19) 3.50(5.73)
Splic 1.25(3.04) 1.33(2.93) 1.42(3.29) 1.83(3.58) 0.67(2.06) 1.25(3.23) 2.58(4.63) 3.17(551)
Split-split 1.08(2.99) 1.25(3.23) 1.83(3.79) 1.17(3.02) 0.00(0.71) 1.25(3.33) 1.67(3.95) 2.83(4.91)
Mean 329 329 329 329 3.49 349 349 349
LSD(0.05) 1.59 NS

Note: figures in parentheses are square root transformed values to which LSD is applicable, TM1-TMS 01-1368, TM2-TME 419,TM3-TMS 98-05-05, TM4-TMS

0510,MAP-month after planting , Early planting scason-May planting, Late planting season-July planting, NS-non significant

Table 7. Effect of varieties, rate, mode of NPK fertilizer and their interactions on the incidence of termites on the field

Early planting scason

Late planting scason

Treatments
7MAP SMAP IMAP 10MAP 1IMAP 12MAP 7MAP SMAP IMAP 10MAP 1IMAP 12MAP
Varieties
™, 258(477)  283(501)  3.47(561) 353(5.66) 353(5.66) 419(6.19) 1.44(3.61) 153(3.68) 153(3.70) 228(4.54) 2.33(4.60) 3.11(5.17)
T™: 183(411)  203(431)  2.67(499) 2.72(5.04) 2.72(5.04) 3.39(5.61) 2.14(4.46) 2.42(472) 2.47(476) 3.14(5.38) 3.14(5.38) 3.08(5.34)
TM; 2.44(4.67) 2.64(4.88) 3.31(5.50) 3.39(5.57) 3.39(5.57) 4.06(6.12) 3.31(5.53) 3.78(5.91) 3.92(6.05) 4.58(6.53) 4.58(6.53) 4.53(6.49)
TM: 2.22(4.38) 2.39(4.57) 3.06(5.19) 3.06(5.25) 3.06(5.25) 3.72(5.78) 6.06(7.69) 5.67(7.47) 6.61(8.10) 7.28(8.48) 7.00(8.22) 6.39(7.69)
Mean 448 47 532 5.38 5.38 592 532 5.44 5.65 623 618 617
LSD(0.05) NS NS NS NS NS NS 0.67 0.73 0.70 0.65 0.75 0.88
Rates (kg/ha)
0 2.44(4.52) 2.69(4.79) 3.33(5.35) 3.42(5.47) 3.42(5.47) 4.08(6.00) 3.06(5.18) 3.14(5.31) 3.67(5.71) 4.42(6.34) 417(6.11) 431(625)
200 231(457)  267(493)  328(549) 339(557) 339(557 406(607) 3.17(5.18) 322(525) 3.44(5.39) 411(5.96) 414(5.99) 433(613)
400 206(431)  217(444)  2.83(5.14) 294(5.25) 2.94(5.25) 361(5.82) 3.39(5.59) 3.69(5.86) 3.81(5.94) 447(653) 447(653) 442(643)
600 228(453)  236(462)  3.06(5.32) 2.94(5.24) 2.94(5.24) 361(579) 3.33(5.34) 333(5.37) 361(557) 428(6.10) 428(6.10) 406(5.89)
Mean 448 470 5.32 5.38 5.38 592 5.32 5.44 5.65 623 618 617
LSD(0.05) NS NS NS NS NS NS NS NS NS NS NS NS
Modes
Single 246(463)  269(487)  329(542) 325(5.39) 325(5.39) 3.92(5.93) 325(5.30) 327(5.39) 371(5.70) 4.38(6.25) 419(607) 452(6.37)
Split 2.23(4.42) 2.42(4.62) 3.08(5.24) 3.15(5.33) 3.15(5.33) 3.81(5.86) 3.40(5.45) 3.54(5.57) 3.77(5.76) 450(6.38) 4.44(6.33) 4.15(6.06)
Split-splic 212(440)  231(461)  3.00(531) 3.12(5.42) 3,12(5.42) 3.92(597) 3.06(522) 3.23(5.36) 3.42(5.49) 408(6.07) 417(6.15) 417(6.09)
Mean 448 47 532 5.38 5.38 592 532 5.44 5.65 623 618 617
LSD(0.05) NS NS NS NS NS NS NS NS NS NS NS NS
Interaction
VXR NS NS NS NS NS NS NS NS NS NS NS NS
VXM NS NS NS NS NS NS NS NS NS NS NS NS
RXM NS NS NS NS NS NS NS NS NS NS NS NS
VXRXM NS NS NS NS NS NS NS NS NS NS NS NS

Note: figurcs in parcn[hcscs are square root transformed values to which LSD is applicablc, TMi-TMS 01-1368, TM>-TME 419, TM3-TMS 98-05-05, T M-
TMS0510, MAP-month after planting, V=varicty, R=rate, M=mate, Early planting scason-May planting, Late planting season-July planting, NS-non significant.

Discussion

The influence of NPK fertilizer application on the
incidence of grasshopper (Zonocerus variegatus) and termite
(Isoptera) was investigated on four cassava varieties. There
was a considerable Z. variegatus attack on all the varieties,
especially varieties TMS 05 10, TMS 01-1368 and TMS 98-
05-05 in both seasons. While variety TME 419 showed
some levels of resistance to this pest considering the low
incidence of the pest on it. This indicates the enc%emic and
serious nature of this pest in the region, where its past
outbreaks has been reported. Almost all the activities of this
pest, from oviposition to feeding are centred on cassava
fields (Page, 1978; Bellotti, 2002; Oku et al, 2011;
Bamidele and Muse, 2012). Despite the presence of
hydrogen cyanide in cassava Z. variegatus still attack the
crop due to its ability to break the defence system.
According to Agboola ez al. (2013), the survival of Z.
variegatus depends on the presence of the enzyme
rthodanese, which shows high activity and has suitable
kinetic properties in the gut of grasshopper that feeds
mainly on cassava leaves, which are cyanogenic.

Termite attack spread to all the varieties, with variety
“TMS 05 10’, being the most attacked. The nature of cassava

stems could be responsible for variation of termite incidence
among varieties. Cassava varieties in which the stem bark is
thick and hard with a reduced diameter of marrow are more
tolerant to the action of termites, while those with thin and
fragile bark and large stem marrow are sensitive (Faye e# 4.,
2015). The reason for less damage on other varicties is
probably due to non-preference since termite as wood
degrader has cellulolytic abilities for efficient wood
degradation enabled by a special complement of gut
symbionts (Honogoh, 2011).

Application of NPK fertilizer increased the incidence of
Z. variegatus in all the plots, the magnitude of the increase
being associated with levels of fertilization to insect attack.
The significant more increase in Z. variegatus incidence in
plots with fertilizer such as 400, 200 and 600 kg/ha NPK
fertilizer application rates is notable, due to the vegetative
growth the crop caused by fertilization, which reflected at
the later part of the experiment when the crops could attract
the pest. This confirms the findings by Chau ez 4/. (2003)
who reported that some studies have also been documented
on how the shift from organic soil management to chemical
fertilizers has increased the potential of certain insects and
diseases to cause economic losses. Weedraddana and
Evenden (2018) stated that fertilizer treatment and canola
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variety influenced oviposition behaviour of bertha
armyworm and its larval performance, that moderate and
high fertilizer treatments gave same number of eggs laid.
Baidoo and Mochiah (2011) also stated that increased
nutrient application to the soil enhances plant growth and
thus improves the yield of crops. However, improved
vegetative growth can make the plant more attractive to
pests attack and destruction. The lack of any significant
influence of NPK fertilizer on termite incidence is line with
findings by Feller (1995) who reported that herbivory of
dwarf red mangrove trees by two specialist herbivores of the
tree increased with the application of P and NPK fertilizers
compared to N-fertilizers and control trees, while
fertilization had no effects on the feeding rates of generalist
herbivores.

The absence of any significant influence of fertilizer
mode on the incidence of both pests indicates that there was
a masking effect of fertilizer rates on it. Even though split
fertilizer ~ application helps to optimize nutrient
management and target plant needs (The fertilizer institute,

2015).

Conclusions

The abundance of Z. variegatus in cassava field could be
influenced by fertilization and cassava variety while termite
damage could be determined by cassava variety. It can form
the basis for determining the endemic nature of this pest in
an environment and help to predict future outbreak. This
underscores the importance of proper evaluation of new
cultivars in a place against pests that are of economic
importance to the crop.
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