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Abstract

Cassava adaptive trial was planted in ten sub counties across West Nile Agro-ecological Zone (WNAEZ) with
six cassava varieties to test their performance and reactions to major pests and diseases present in the Zone. Th
six cassava varieties comprised of improved (TME 14 and 204, NASE 13 and 14 and Akena — TMS 192/00067)
and a local (Abiria) were selected based on their availability and preference in the region. The experiment was
planted in RCBD design with three replicates. The experiment was planted in ten locations with the plot size was
6x6 metres. Results showed Cassava green mite (CGM), Cassava mosaic disease (CMD) and cassava bacterial
blight (CBB) as major pest and diseases across all sites. Cassava Anthracnose (CA) and Cassava mealy bug
(CM) were not present in the study sites. Cassava brown streak disease (CBSD) foliar symptoms was observed
in three locations of Dranya s/c, Gimara s/c and Nyaravuru s/c on the three varieties of TME 204,
TMS-192/00067 and TME 14, whereas CBSD root necrosis was seen across all sites on TME 204,
TMS-192/00067, NASE 13, TME 14 and the Local except on NASE 14. In terms of yields, results showed that it
was highest in TMS-192/00067 (53.0 t/ha), TME 204 (46.0 t/ha), NASE 14 (39.4 t/ha), TME 14 (34.6 t/ha),
NASE 13 (33.4 t/ha) and the local (22.7 t/ha) in that order. Farmers’ ranking of the studied cassava varieties in
order of preference was in the order of NASE 14, TME 204, TMS-192/00067, TME 14, NASE 13 and the Local.
In conclusion, absence of both foliar and root symptoms on NASE 14 across all sites indicated that this variety is
still tolerant to CBSD and can still be multiplied for production in West Nile Agro-ecological Zone.

Keywords: prevalence, reactions, performance, root necrosis, preference, ranking
1. Introduction

Cassava (Manihot esculenta Crantz) is cultivated throughout the lowland tropics, typically between 30°N and
30°S of the equator, in areas where the annual mean temperature is greater than 18°C (Nasser & Ortiz, 2007).
Cassava is an important crop in Africa where it serves as a famine reserve crop, industrial raw material and
livestock feed (Nkweke et al., 2002). The crop stores well in the soil, has high starch productivity and performs
relatively well in low fertility soils and marginal areas (Hershey, 2010). The diverse uses of cassava largely
explain its popularity in the tropics (Hershey, 2010). In Africa most cassava produced is used for food
consumption, with 50% in processed form, and 38% in the fresh and/ or boil form; 12% is used for animal feed.
Ugwu and Ay (1992) noted that in Africa, there are five common groups of cassava products: fresh root, dried
roots, pasty products, granulated products and cassava leaves. Cassava yields vary with cultivars, season of
planting, soil type and fertility IFAD & FAO, 2000) as well as with the level of infestation and infection with
pests and diseases respectively (Bock, 2004). In Uganda, cassava is the second most important food crop after
bananas (Semakula et al., 2004) and in Westnile region it ranks as the most priority crop (NARO Report, 2004).
However, many pathogens and pests reduce cassava yields, especially in Africa (Dixon et al., 2003; Oerke,
2006) including Uganda. Diseases such as cassava mosaic disease (CMD), transmitted by a whitefly (Bemisia
tabaci) vector and spread by infected cuttings, cassava brown streak virus disease (CBSD), Cassava bacterial
blight (Xanthomonas axonopodis pv. manihotis) (CBB), and anthracnose (Colletotrichum gloeosporoides) (CA)
are among the most important diseases. Pests with a wide African spread are the cassava mealybug
(Phenacoccus manihoti) (CM), African root and tuber scale (Stictococcus vayssierei), cassava green mite
(Mononychellus tanajoa) (CGM) and nematodes (particularly Meloidogyne spp.). Therefore, in this study the
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main objective was to test for the prevalence of major cassava pests and diseases and subject some of the elite
cassava varieties to on-farm farmers’ evaluation to test their acceptability in North Western Agro-ecological
zone through adaptive trials.

1.1 Materials and Methods
1.1.1 Cassava Varieties Evaluated

Six cassava varieties of symptomless plants that comprised of five improved (NASE 13, NASE 14, TMS
192/00067, TME 14, and TME 204) and a local variety “Abiria” were used. The varieties NASE 13, TMS
192/00067 and TME 14 are among the commonly grown varieties in this region, NASE 14 is a newly released
cassava variety that is tolerant to CBSD and TME 204 is a very susceptible variety to CBSD. The local cassava
variety “Abiria” was used to compare the responses between improved and landraces across this region.

1.1.2 Experimental Sites and Design

Ten adaptive trial sites were planted in five out of eight different districts of North Western region of Uganda
during the first rains of April 2012. The ten sites were in Manibe sub county in Arua district, Kijomoro and Yivu
sub counties in Maracha district, Abuku and Dranya sub counties in Koboko district, Gimara and Moyo sub
counties in Moyo district, Nyaravuru sub County in Nebbi district and Abanga and Jangu-okoro sub counties in
Zombo district. These sites differ in altitude, soil texture, mean annual temperature and rainfall and cultural
practices. The plot sizes were six by six meters, in a randomized complete block design (RCBD) with three
replicates in every site using a spacing of one by one meter. The site in Jangu-okoro was affected by hailstones
and thus its results could not be considered for analysis. Weeding was done mechanically using hand hoes and
no fertilizer and or herbicide was applied.

1.2 Data Collection and Analysis

The established cassava varieties were evaluated at 4, 8, and 12 months planting (MAP) for CBSD foliar
symptoms, CMD, CBB, CGM, CA, CM and whitefly infestation. CBSD root severity and incidence for CBSD
were evaluated at 12 MAP at harvest. Plants were assigned disease severity scores based on the standard five
point scoring scale for CBSD (Gondwe et al, 2003), where 1 = no apparent symptoms, 2 = slight foliar feathery
chlorosis, no stem lesions, 3 = pronounced foliar feathery chlorosis, mild stem lesions, and no die back, 4 =
severe foliar feathery chlorosis, severe stem lesions, and no die back, and 5 = defoliation, severe stem lesions
and die back. Root symptoms assessment was done using a scale of 1-5 (Gondwe et al, 2003), where 1 = no
apparent necrosis, 2 = less than 5% of root necrotic, 3 = 5-10% of root necrotic, 4 = 10-25% of root necrotic,
mild root constriction and 5 = >25% of root necrotic with severe root constriction. For CMD the scales used
were, 1 = Un-affected shoots, or no symptoms observed, 2 = Mild chlorotic pattern on most leaves, mild
distortions at the bases of most leaves, while the remaining parts of the leaves and leaflets appear green and
healthy, 3 = Pronounced mosaic pattern on most leaves, narrowing and distortion of the lower one- third of the
leaves, 4 = Severe mosaic distortion of two-thirds of most leaves and general reduction of leaf size, and some
stunting of shoots, and 5 = Very severe mosaic symptoms on all leaves, distortion, twisting and severe leaf
reduction of most leaves accompanied by severe stunting of plants (IITA, 1990).

CBSD Foliar evaluation

Figure 1. Foliar and root scoring scales; Root scales adapted from IITA, 1990

117



www.ccsenet.org/jas Journal of Agricultural Science Vol. 6, No. 1; 2014

At harvest, two agronomic traits harvest indices (HI) and root dry matter content (DMC) were computed as
described by Abaca et al. (2012b). The disease incidence and severity, DMC and HI data were subjected to
analysis of variance (ANOVA) to establish whether or not significant difference exists among cassava
genotypes. All this analysis was done Genstat, 13™ Edition computer Package (Goedhart & Thissen, 2010).

3. Results

Results showed that significant differences exist among the cassava varieties and locations, diseases and pests
incidences and severities (p<0.001). Table 1 below shows the average pests and diseases foliar incidence (Inc)
and severity (Sev) accessed through scoring over the study period. Cassava green mite was highest in NASE 13
(67%, 2.1) and lowest in the local (38.9%, 2.0), cassava mosaic disease was highest in the Local (82.5%, 3.4)
and not present on NASE 14 (0%, 1), Foliar CBSD was highest in TME 204 (22.5%, 2.0) and not present on
NASE 14, NASE 13 and Local (0%, 1), cassava bacterial blight was highest in TME 14 (100%, 2.3) and lowest
on NASE 14 (73.8%, 2.0), cassava anthracnose and cassava mealybug were not observed across all study sites.

In terms of locations (Figure 1), Foliar CBSD with the highest incidence of 23.1 percent was observed at Gimara
sub-county in Moyo with a severity score of 2.3 and not present at Abanga, Abuku, Kijomoro, Moyo and Yivu
sub-counties, CMD was highest at Gimara and Yivu sub-counties (100 percent) with a severity of 3.1 and lowest
at Abanga (37 percent) with a severity score of 2.3, CBB was highest at Abuku and Kijomoro sub-counties (100
percent) with severity score of 2.7 and lowest at Abanga (72 percent) though with the highest severity score of
3.6, and CGM was highest at Nyaravuru (92.5 percent) with severity of 2.5 and lowest at Kijomoro (15.5
percent) with a severity score of 1.3.
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Figure 1. Presence of foliar symptoms for pests and diseases at different locations within the West Nile
Agro-ecological Zone at 4 and 8 MAP
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Table 1. Mean foliar incidence (Inc) and Severity (Sev) for cassava green mites (CGM), cassava mosaic disease
(CMD), cassava brown streak disease (CBSD), cassava bacterial blight disease (CBB), cassava anthracnose
(CA) and cassava mealy bug (CM) across sites in West Nile Agro-ecological Zone during April 2012 to April

2013 seasons

VARIETY CGM CMD CBSD foliar CBB CA CM
Inc  Sev Inc  Sev Inc Sev Inc Sev Inc Sev Inc Sev
TME 204 64.1 22 15.0 2.0 225 2.0 973 34 00 1.0 0.0 1.0
TME 14 448 2.0 300 22 5.0 2.0 100.0 2.3 00 1.0 00 1.0
TMS 192/00067 483 2.0 233 23 175 25 976 25 00 1.0 00 1.0
NASE 13 67.0 2.1 420 20 0.0 1.0 8.0 22 00 1.0 0.0 1.0
NASE 14 40.0 2.0 00 1.0 0.0 1.0 73.8 20 00 1.0 00 1.0
LOCAL 389 2.0 825 34 0.0 1.0 81.7 2.1 00 1.0 00 1.0
Mean 50.52 2.05 32.13 2.15 7.50 11.58 89.40 242 00 1.0 0.0 1.0
CV (%) 24.07 4.08 88.49 3576 133.33 4197 11.8 21.17 - 0.0 - 00

Table 2 shows that, at harvest (12 MAP), CBSD root necrosis was highest on TMS 192/00067 (21.7%, 2.1),
NASE 13 (14%, 2.0), TME 204 (15%, 3.0), TME 14 (10%, 2.0), Local (5.0%, 2.0) and was not observed on
NASE 14 (0.0%, 1.0). Highest yields were observed on TMS-192/00067 (53.0 t/ha), TME 204 (46.0 t/ha), NASE
14 (39.4 t/ha), TME 14 (34.6 t/ha), NASE 13 (33.4 t/ha) and the local (22.7 t/ha) in that order. The harvest index
also follow this same order of yields that is, highest in TMS 192/00067 (0.64) and lowest in the local (0.48).
Plant height was highest with NASE 13 (166.1 cm) and lowest in NASE 14 (133.8 cm). There was no much
difference observed in terms of average number of roots per plant ranging from 7-9, whereas much difference
was observed in root weight per plant, highest in TMS 192/00067 (5.3 kg) and lowest in the local (3.1 kg).

Table 2. Mean CBSD root Incidence and severity, Plant height, Number and Weight of roots per plant, yields,
harvest index and farmers’ ranking of the cassava varieties studied.

Average no. of Average root CBSD root . P].a n Fa@ers’

VARIETY roots/plant weight/plant (kg)  ne Sev Yield (t/ha) HI height Ranklr?g .of' the
(cm) varieties

NASE 13 8 3.7 14.0 2.0 36.7 0.54 166.1 5
NASE 14 9 3.9 0 1 39.4 0.60 133.8 1
TME 14 7 3.5 10 2 34.6 0.55 141.7 4
TME 204 9 4.6 15 3 46.0 0.63 160.2 2
TMS 192/00067 9 53 21.7 2.1 53.0 0.64 161.8 3
LOCAL 8 3.1 5.0 2.0 30.7 0.48 150.7 6
Mean 8.33 4.02 1095 2.02 40.07 0.57 152.38
CV (%) 9.8 19.94 70.44 3143 20.33 10.68 8.30

Table 3 below shows the mean CBSD root incidence and severity, plant height, number and weight of roots per
plant, yields and harvest index of the cassava varieties studied by different locations. CBSD root necrosis was
observed in almost all sites except Yivu sub county, though it was highest in Dranya sub county (16.7%, 2.0) and
lowest in Manibe and Kijomoro sub counties (5%, 2.0 and 5%, 3.0 respectively). In terms of yields, it was
highest in Abuku sub county (65.3 t/ha) and lowest in Moyo sub county (21.9 t/ha). Average weight per plant
also followed this same trend, highest in Abuku sub county (6.5 kg) and lowest in Moyo sub county (2.2 kg).
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Table 3. Mean CBSD root Incidence and severity, Plant height, Number and Weight of roots per plant, yields
and harvest index of the cassava varieties studied by different locations

LOCATION Average no. of Average weight/plant CBSD root Yield (Vha)  HI Plant height
roots/plant (kg) Inc Sev (cm)
Abanga 12 4.8 10.0 2.0 48.3 0.54 169.7
Abuku 11 6.5 10.0 2.0 65.3 0.58 185.1
Dranya 9 32 16.7 2.0 32.1 0.56 143.8
Gimara 7 5.6 13.8 2.5 55.9 0.56 172.2
Kijomoro 7 3.1 5.0 3.0 29.6 0.52 158.1
Manibe 8 4.0 5.0 2.0 40.1 0.66 128.4
Moyo 5 22 14.0 2.0 21.9 0.56 129.1
Nyaravuru 11 52 12.5 23 52.0 0.60 172.5
Yivu 7 3.6 0.0 1.0 35.8 0.61 117.7
Mean 8.56 4.24 9.67  2.09 42.33 0.58 152.96
CV (%) 27.48 32.48 55.54 25.49 33.12 07.25 15.67
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Plate 1A. A Farmer group in Yivu Plate 1B. A farmer in Abuku s/c Plate 1C. Researchers collect yield
s/c excitedly poses for a group struggles with harvesting very big data at Manibe s/c in Arua
photo and long cassava roots

Plate 1. Researchers and Farmers actively participating during on-farm cassava evaluation across the different
sites in West Nile region of Uganda

4. Discussion

The main purpose of this adaptive trial was to establish the reactions to major pests and diseases and other
performance by the different cassava varieties that were evaluated. Foliar results indicate the Presence of cassava
brown streak disease on TME 204, TME 14 and TMS - 192/00067(Akena). This is true as these varieties were
bred only for CMD and not CBSD resistance. This supports the finding of Abaca et al., 2012b, when only five
cassava varieties were found tolerant to CBSD, amongst which was NASE 14. However, lack of CBSD foliar
symptom on the local does not mean that cassava brown streak viruses (CBSV) could be absent in this variety.
This confirms problems associated with phenotypic evaluation that was pointed out by Abaca et al., 2012b, that
the severe presence of CMD on a cassava plant tend to mask the symptom of CBSD. It’s only under rare
circumstance that dual symptoms of both CMD and CBSD can be seen clearly. While the presence of CBSD in
Gimara in Moyo and Nyaravuru in Nebbi districts support the earlier idea that CBSD is a disease of lowland
areas (Alicai et al., 2007; Abaca et al., 2012a) since these areas are located along the river Nile lowland belt. In
addition, the wider distribution of CBSD in these areas can be attributed to a slightly higher number of whiteflies
in these areas compared to other areas of WNAEZ. CBSD root necrosis was observed in five varieties (TME
204, TMS-192/00067, NASE 13, TME 14 and the Local) and was not observed on NASE 14 across all the study
sites. The highest CBSD root necrosis severity was observed in TME 204, which confirms it high level of
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susceptibility. This result confirms the tolerance of come cassava varieties to CBSD and can be used to manage
the disease (Abaca et al., 2012a, 2012b).

The results further confirm that CMD is presents at all experimental sites and on all varieties except NASE 14.
However, for TME 14 and 204, Akena and NASE 13, CMD had a severity score of 2 compared to the landrace
that had a severity score of 3.4. This has a lot of implications on cassava production for WNAEZ as cassava
farmers have to rely of research institutes for their improved varieties as source of cassava planting materials.
This result further showed that there is an urgent need to sensitize cassava farmers that are engage in local
cassava production that harbour CMD and has low yield per unit area. This is in agreement with the finding of
Ekwe and Njoru, 2011 for cassava farmers of Nigeria.

CGM and CBB were also present on all cassava varieties at all experimental sites. However, it should be noted
here that CGM effects was observed to be greatest during the dry period than the wet period. Skovgérd et al.
(1993) had a similar finding with the cassava green mites in Kenya, when both the root yield and dry matter of
cassava was affected by cassava green mites. CBB was observed on all varieties with very high incidences
(73.8-100%) and equally high severities (2.0-3.4). This confirms that CBB is still a serious disease of cassava in
this region. Again for CBB, it was observed that the infection is common in, and frequently limited to young
plant tissues in all varieties studied. This is similar to the findings of Lozano (1986).

Varying yields were observed on both locations and varieties. This could be attributed to soil types, varietal
differences and management practices employed by the different farmer groups. Specifically low yield was
observed in Moyo s/c due to poor field maintenance (field left in bush of weeds) and the soil type being clayish,
compared to high yield in Abuku and Gimara s/counties where the fields were well managed (free of weeds) and
the soil type being sandy. These variations in yields explain the need for proper site selection and management in
cassava production. Farmers’ ranking of cassava varieties was not based on yield alone but a combination of
factors; CBSD root necrosis, root size and shape, taste and prior knowledge on milling qualities of some
varieties, processing techniques required amongst others. This is also similar to the finding Githunguri et al.
(2005). These factors partly explain why NASE 13 was ranked 5" as most farmers explained that it has poor
milling quality, hence good for fresh boiled roots only.

In conclusion, presence of CBB and CGM in high incidences and severities across sites in WNAEZ implies the
need for concerted efforts to manage them in order to maximize cassava production in this zone. Similarly,
absence of both foliar and root symptoms on NASE 14 across all sites indicated that this variety is still tolerant
to CBSD and can still be multiplied for production in WNAEZ. In addition, proper cassava field management is
required to achieve a better cassava yields. Host plant tolerant/resistance should continuously be use to manage
some of these major pests and diseases.

Acknowledgements

The authors wish acknowledge the financial support from Agricultural Technology and Agribusiness Advisory
Services (ATAAS) cassava project that has allowed the team to undertake this adaptive study. We also wish to
thank the entire Crops Scientists and Technicians of Abi ZARDI for their continued support that has allowed us
to collect the data used here accurately.

References
Abaca, A., Kawuki, R., Tukamuhabwa, P., Baguma, Y., Pariyo, A., Alicai, T., ... Bua, A. (2012a). Progression

of Cassava Brown Streak Disease (CBSD) in Infected Cassava Roots in Uganda. Uganda Journal of
Agricultural Sciences, 13(1),45-51.

Abaca, A., Kawuki, R., Tukamuhabwa, P., Baguma, Y., Pariyo, A., Orone, J., ... Bua, A. (2012b). Evaluation of
Local and Elite Cassava Genotypes for Resistance to Cassava Brown Streak Disease (CBSD) in Uganda.
Journal of Agronomy, 11(3), 65-72. http://dx.doi.org/10.3923/ja.2012.65.72

Alicai, T., Omongo, C. A., Maruthi, M. N., Hillocks, R, J., Baguma, Y., Kawuki, R., ... Colvin, J. (2007).
Re-emergence of cassava brown streak disease in Uganda. Plant Dis, 91, 24-29.
http://dx.doi.org/10.1094/PD-91-0024

Bock, K. R. (1994). Studies on cassava brown streak virus disease in Kenya. Tropical Science, 34, 134-45.

Calvert, L. A., & Thresh, J. M. (2001). The viruses and virus diseases of cassava. In A. C. Bollotti, R. J.
Hillocks, & J. M. Thresh (Eds.), Cassava: Biology, Production and utilization. CABI, Wallingford, UK.

121



www.ccsenet.org/jas Journal of Agricultural Science Vol. 6, No. 1; 2014

Ekwe, K. C., & Njoru, D. N. (2011). Participatory Approach: Farmers’ Competence Status in the Use of
Improved Cassava Stem Multiplication Technology in Nigeria. ARPN Journal of Agricultural and
Biological Science, 6(5), 30-34.

Githunguri. C. M., Ariithi, C. C. K., & Migwa, Y. N. (2005). Farmer evaluated and selected cassava cultivars in
semi-arid setting of Kangundo. KARI Katumani, P.O. Box 340, Machakos.

Goedhart, P. W., & Thissen, J. T. N. M. (2010). Biometric GenStat Procedure Library Manual (13th ed.).
Wageningen University and Research center (Wageningen UR), P.O. Box 100 6700 AC Wageningen, The
Netherlands.

Gondwe, F. M. T., Mahungu, N. M., Hillocks, R. J., Raya, M. D., Moyo, C. C., Soko, M. M., ... Benesi, I. R. M.
(2003). Economic losses experienced by small-scale farmers in Malawi due to cassava brown streak virus.
In J. P. Legg, & R. J. Hillocks (Eds.), Cassava Brown Streak Disease: Past, Present and Future (pp.
28-35). Proceedings of an International Workshop, Mombasa, Kenya, 20—30 October 2002. National
Resources International Limited, Aylesford, the United Kingdom.

Hershey, C. (2010). Cassava breeding: theory and practice. A publication by Food and Agriculture Organisation
(FAO), In Press.

Hillocks, R. J., Raya, M., & Thresh, J. M. (1996). The association between root necrosis and above-ground
symptoms of brown streak virus infection of cassava in southern Tanzania. Int J Pest Manage, 42(4),
285-289. http://dx.doi.org/10.1080/09670879609372008

IFAD (International Fund for Agricultural Development) and FAO (Food and Agriculture Organization of the
United Nations). (2000). The world cassava economy: Facts and outlook. Rome.

International Institute of Tropical Agriculture (IITA). (1990). Cassava in Tropical Africa. A Reference Manual.
Chayce Publication Services, U.K (ed).

Lozano, J. C. (1986). Cassava bacterial blight: A manageable Disease. Plant disease, 7(12), 1089-1093.
http://dx.doi.org/10.1094/PD-70-1089

Nassar N. M. A., & Ortiz, R. (2007). Cassava improvement: challenges and Impacts. Journal Agricultural
Science, 145, 163-171. http://dx.doi.org/10.1017/S0021859606006575

Nkweke, F. 1., Spencer, D. S. C., & Lynam, J. K. (2002). The Cassava Transformation: Africa’s Best-kept
Secret. East Lansing, USA: Michigan State University Press.

Skovgard, H., Tomkiewicz, J., Nachman, G., & Miinster-Swendsen, M. (1993). The effect of the cassava green
mite Mononychellus tanajoa on the growth and yield of cassava Manihot esculenta in a seasonally dry area in
Kenya. Journal of Experimental and Applied Acarology, 17(1-2), 41-58.

Ssemakula, G. N., Sserubomwe, W. S., Bua, A., Jagwe, J., Ferris, R. S. B., & White, J. B. A. (2004). Constraints
and potential for cassava commercialization in Uganda. In proceedings of regional workshop on improving
the cassava sub-sector (pp. 57-60). Nairobi, April 2002.

Ugwu. B. O., & Ay, P. (1992). Seasonality of Cassava Processing in Africa. COSCA Working Paper No.9.
Collaborative Study of Cassava in Africa, Internationa Institute of Tropical Agriculture (IITA), Ibadan,
Nigeria.

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/3.0/).

122




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


