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Sweetpotato, Ipomoea batatas (L.) 
Lam., is the third most important root crop 
in the world after potato (Solanum tubero-
sum L.) and cassava (Manihot esculenta 
Crantz) (12). Although sweetpotato is 
grown in many African countries, the crop 
is most important in East Africa (7). In 
Uganda, sweetpotato is the second most 
important root crop after cassava and is 
grown in virtually all districts of the coun-
try. It plays a significant role in the farm-
ing and food systems (5). As a starch sta-
ple, it ranks second to banana in central 
and western Uganda and second to cassava 
in the eastern region. Sweetpotato provides 
household food security because it stores 
well in the soil as a famine reserve crop 
and performs well in marginal soils. Thus, 
the low level of agricultural inputs re-
quirement, high productivity per unit area 
(42), good nutritional value, and increasing 

demand for food make sweetpotato an 
ideal starch staple crop for food security in 
subsistence economies. However, produc-
tion is greatly constrained, particularly by 
viral diseases that cause yield reductions of 
56 to 98% (17,31). 

The first report of a suspected virus dis-
ease of sweetpotato in Eastern Africa was 
in 1939 from Ituri province of the Democ-
ratic Republic of Congo and then in 1944 
from Uganda (18). Later, viral diseases in 
sweetpotato were reported in Kenya, Tan-
zania, Rwanda, Burundi, Malawi, and 
Transvaal Province of South Africa (37). 
Early plant-infectivity studies in East Af-
rica indicated the occurrence of two vi-
ruses (virus A and virus B) that were 
aphid- and whitefly-transmitted, respec-
tively (37). The description of virus A is 
very similar to Sweet potato feathery mot-
tle virus (SPFMV, genus Potyvirus, family 
Potyviridae), while that of virus B closely 
resembles Sweet potato mild mottle virus 
(SPMMV, genus Ipomovirus, family Poty-
iridae), which has not been reported out-
side the East African region (9,19). Since 
then, many viral diseases of sweetpotato 
have been described from several parts of 
the world (8,30). Worldwide, up to 19 
different viruses have been described in 

sweetpotato, but only 11 of them are cur-
rently recognized by the International 
Committee of Taxonomy for Viruses (39). 
With the emerging sequence data for vi-
ruses and virus isolates from different parts 
of the world, it will be possible to more 
clearly distinguish the different viruses that 
infect sweetpotato. 

With changes in the cropping systems, 
vector population dynamics (41), and cul-
tivar introductions, sweetpotato viruses 
have become very important in Uganda, 
particularly in the Lake Victoria basin (22). 
Sweet potato virus disease (SPVD), caused 
by the co-infection of Sweet potato 
chlorotic stunt virus (SPCSV, genus 
Crinivirus, family Closteroviridae) and 
SPFMV (16), is the most important disease 
of sweetpotato in Uganda (17). Previous 
studies in Uganda concentrated on sero-
diagnosis of the SPVD, plant response to 
the disease (3,17,23), and molecular stud-
ies on the two casual viruses (1,25,26). 
Other studies have reported the incidence 
of SPVD (5,17) with less emphasis on a 
countrywide distribution and potential 
associations of co-occurrence of the known 
sweetpotato viruses. 

Serological detection of SPFMV, 
SPMMV, SPCSV, Sweet potato latent virus 
(SPLV, genus Potyvirus), Sweet potato 
mild speckling virus (SPMSV, genus Poty-
virus), sweet potato chlorotic fleck virus 
(SPCFV), sweet potato caulimo-like virus 
(SPCaLV), and C-6 virus (4,17) is possible 
with antisera available from the Interna-
tional Potato Center (CIP), Lima, Peru. 
However, this study mainly focused on 
SPFMV, SPCSV, SPCFV, and SPMMV, 
for which the serological and/or molecular 
diagnostic methods available are more 
specific, reliable, and sensitive than those 
for the remaining viruses. The aim of the 
study was to provide a quantitative as-
sessment of the incidence of these viruses 
and virus-diseased plants, and associations 
of co-occurrence between different viruses 
following a sampling procedure that took 
into account the four major agroecological 
zones of Uganda.  

MATERIALS AND METHODS 
Sampling and plant materials. A mul-

tistage sampling procedure (29) was fol-
lowed where Uganda was stratified into the 
four major agroecological zones repre-
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sented by 14 major sweetpotato growing 
districts (Fig. 1). From each district, one 
subcounty was selected, and sweetpotato 
farmers in the subcounty were used as the 
sampling frame. The number of plants with 
apparent symptoms of viruses (6) and/or 
symptoms typical of sweetpotato viruses 
(8,16) and the total number of plants as-
sessed were recorded for each selected 
farmer’s sweetpotato field. The observa-
tional unit was a sweetpotato plant, taking 
into account the trailing nature of the crop, 
in the selected sweetpotato field. A form of 
cluster sampling that takes into account the 
binary nature of diseased plants (21) was 
done. To minimize bias in estimation of 
actual disease incidence in a field, a system-
atic X sampling pattern (33) was followed 
and the disease status recorded for 25 plants 
along each of the four arms. Thus, 100 
plants were recorded in each field. Field 
disease incidence, percentage of visually 
diseased plants over the total number of 
plants assessed (27), was calculated as the 
average score of 10 sweetpotato fields per 
district where one-percent unit represents 
one diseased plant out of 100. 

From each of the 10 sweetpotato fields 
per district, five diseased and five symp-

tomless sweetpotato plants were systemati-
cally sampled. The top 20 to 30 cm of the 
apical sweetpotato vine was used to estab-
lish a disease nursery in an insect-proof 
screenhouse at Makerere University Agri-
cultural Research Institute, Kabanyolo. 
This allowed observation of symptoms for 
all the sampled vines in a similar environ-
ment and for subsequent virus disease 
diagnostic studies. A description of symp-
toms on each sampled sweetpotato vine 
was done both in the field and later in 
screenhouse. Information was collected 
from sweetpotato fields on agronomy, 
cultivars grown, and the incidence of 
plants with virus or viruslike symptoms. 

Sero-prevalence of viruses. Nitrocellu-
lose membrane enzyme-linked immu-
nosorbent assay (NCM-ELISA) (15) was 
used for routine serological testing of plant 
samples and was carried out using the kit 
provided by CIP. The kit contained poly-
clonal antibodies to eight viruses (SPFMV, 
SPCSV, SPMMV, SPCFV, SPLV, SPMSV, 
SPCaLV, and C-6) and NCM strips spotted 
with sap from virus-positive and nonin-
fected control plants. However, detection 
of SPLV, SPMSV, SPCaLV, and C-6 was 
not continued since reactions to virus-

positive controls were weak and some 
cross-reactivity with noninfected control 
samples was observed. A leaf disk (1 cm 
diameter) was taken from a top, middle, 
and lower leaf (preferably with symptoms) 
of each plant and tested for each of the 
eight viruses. Each sample was scored as a 
binary variable (virus-positive = 1; virus-
negative = 0). 

Graft-inoculation. Scions from selected 
sweetpotato plants that tested serologically 
positive for single viruses were grafted to 
Ipomoea setosa Kerr., a sensitive indicator 
plant for sweetpotato viruses (35). Graft 
inoculation experiments were carried out 
for SPFMV, SPMMV, SPLV, SPCFV, and 
SPCSV. Similarly, scions from vines that 
were negative in NCM-ELISA but had 
viruslike symptoms were graft-inoculated 
to I. setosa. In I. setosa, high virus titers 
can be obtained and symptoms due to dif-
ferent viruses and virus complexes com-
pared directly since this avoids symptom 
differences due to genetic differences of 
sweetpotato cultivars. The grafted I. setosa 
plants were (i) observed for symptoms, (ii) 
tested for viruses using NCM-ELISA, and 
(iii) tested for SPFMV, SPCSV, and 
SPMMV by IC-RT-PCR (see below). 

Virus detection by IC-RT-PCR. Virus 
detection by immunocapture reverse tran-
scriptase polymerase chain reaction (IC-
RT-PCR) was carried out on leaf samples 
as described (32). The following virus-
specific primers were used: CP1 and CP2 
for SPCSV (1), CP106 and UTR34 for 
SPFMV (25), and MMA1 (9) and a 
poly(T) primer for SPMMV. First strand 
synthesis of viral cDNA was carried out 
with the reverse primer using Moloney 
murine leukemia virus reverse transcriptase 
(M-MLV-RT) (Promega, Madison, WI) as 
described (32). PCR amplification of the 
viral sequence was carried out using the 
respective forward and reverse primers and 
the viral cDNA as a template. The PCR 
mix contained 1× PCR buffer, 2 mM 
MgCl2, 0.2 mM dNTPs, 0.6 µM forward 
and reverse primers, 5 µl of sample cDNA, 
2.5 U Taq polymerase (MBI Fermentas), 
and sterile, distilled, and deionized water 
to a final volume of 50 µl. The cDNA was 
first denatured at 94�C for 2 min and then 
amplified through 34 thermal cycles of 
94°C for 30 s, 50�C for 30 s, 72�C for 1 
min, and ended by a final extension step at 
72�C for 10 min. The PCR products were 
separated by electrophoresis on a 1% aga-
rose gel that contained ethidium bromide 
and visualized under UV light. 

Total nucleic acid extraction and 
broad-spectrum detection of viruses. 
Total RNA was isolated using the hot-
phenol method (40), or the TRIzol LS 
Reagent (InVitrogen Ltd., Groningen, 
Netherlands) according to the manufac-
turer’s instructions, from sweetpotato or I. 
setosa putatively infected with SPLV and 
SPCFV for which no amplification was 
realized from IC-RT-PCR. Similarly, total 

Fig. 1. Map of Uganda showing the surveyed districts representing the four agroecological zones. 
Mukono, Luwero, Kamuli, and Iganga are located in the tall grass–forest mosaic zone (I); Kabale
and Rukungiri districts are in the high altitude or Montane zone (II); Bushenyi, Mbarara, Rakai, 
Hoima, Mbale, and Tororo are in the southern and western tall grassland zone (III); Lira and Soroti 
are in the northern and eastern short grassland zone (IV). �
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RNA was extracted from plants with dis-
eases with an unidentified etiology 
(DUEs). The total RNA was used for RT-
PCR amplification with potyvirus-specific 
degenerate primers (14) since SPLV (10) 
and SPCFV (13) are thought to be potyvi-
ruses. Total DNA was extracted from 
sweetpotato plants with viruslike symp-
toms using a method described (34) and 
used for a broad spectrum PCR detection 
of Geminiviruses as described (43). 

Statistical analysis. The frequencies of 
occurrence of each virus or viruses in the 
same plant were used to investigate poten-
tial associations between the occurrences 
of two or more viruses in the same host 
plant. Use of logistic regression allows 
prediction or determination of association 
between a qualitative variable (presence or 
absence of a virus; 1 or 0) from observa-
tions of one or more other variables (vi-
ruses), by fitting a logistic function to the 
data using the maximum likelihood ap-
proach (20). Binary logistic regression 
analysis was done on the frequencies of 
occurrence of different viruses in the dis-
eased plants using MINITAB statistical 
software (State College, PA). Each virus 
was used as a response variable to deter-
mine the maximum likelihood of co-
occurrence with the rest of the viruses. The 
odds ratio, an estimate of the change in the 
odds for an outcome (virus 1) if the state of 
the second virus changes by 1, was deter-
mined for each virus combination.  

RESULTS 
Virus disease incidence. Farmers often 

associated virus and viruslike symptoms 
with other factors than viruses, e.g., sun 
scorching, low soil fertility, or soilborne 
insect pests, but acknowledged the need for 
clean planting material for improved pro-
ductivity. Most farmers grew more than 
three sweetpotato cultivars in the same 
garden. Over 200 cultivar names, many 
probably synonymous, were recorded in 
the surveyed areas. Some cultivars, notably 
Bitambi, Dimbuka, Kawogo, Kisakya-
maria, Muvasoroti, Sukaali, and Tanzania, 
were extensively grown in the surveyed 
districts. These cultivars were reported by 
farmers to yield well in different types of 
soil and/or to be resistant to pathogens. 

Diseases apparently caused by viruses 
were common in the areas surveyed. The 
highest average virus disease incidences of 
20% were observed in Mukono district 
(Fig. 2), which lies in the tall grass–forest 
mosaic zone (Fig. 1). Lowest disease inci-
dence levels of 2.7% were recorded in 
Soroti district (Fig. 2), which lies in the 
short grassland zone (Fig. 1). Incidences 
varied greatly from field to field within a 
district, giving rise to large standard errors 
(Fig. 2). Consequently, disease incidence at 
a district level was not significantly differ-
ent except for Lira and Soroti. For some 
districts that had high virus disease inci-
dences, it was possible to find sweetpotato 

fields that were devoid of symptomatic 
plants. However, a trend in disease inci-
dence could be observed at the level of 
agroecological zone, lower disease inci-
dences prevailing in the short grassland 
savannah zone of Soroti and Lira (Fig. 2). 
The “hairy disorder” was sporadic in west-
ern and eastern districts, while the “leaf-
clearing syndrome” was more widespread 
in eastern districts of Soroti, Tororo, and 
Kamuli. In Soroti district, the leaf-clearing 
syndrome was more prevalent than the 
symptoms associated with known viruses 
in four of the 10 fields surveyed. 

Incidence of sweetpotato viruses. A to-
tal of 1,260 sweetpotato plants from 140 
farmers’ fields were successfully estab-
lished in the screenhouse and tested for 
viruses. A total of 634 plants had viruslike 
disease symptoms. In these plants, SPCSV 
(67.5%), followed by SPFMV (63.8%), 
recorded very high incidences. SPCSV and 
SPFMV were detected in all the surveyed 
sweetpotato fields. SPMMV seemed to be 
the third most prevalent virus. It was de-
tected in 24.6% of the diseased plants and 
in 13 out of the 14 districts (Fig. 3). Inci-
dence of SPMMV was especially high in 
Mukono and Rukungiri districts. SPCFV 
was detected in 5.2% of the diseased plants 
and was the least frequent of the four relia-
bly detected viruses. It was prevalent in 
eight out of 14 districts, especially in the 
districts of Hoima and Lira (Fig. 3). Virus 
incidence per cultivar could not be deter-
mined due to many and sometimes syn-
onymous cultivar names. As many as 70 

plants (11.1%) of the apparently diseased 
plants did not react with any antisera used 
(Fig. 4). The symptoms resembled those 
caused by viruses (6). Hence, these Dis-
eased plants with Unidentified Etiology 
(DUE) could be infected with viruses that 
have been described but were not tested for 
in this study and/or viruses that have not 
yet been described in sweetpotato. 

Besides using virus-specific antisera in 
ELISA, SPCSV was detected in a few 
plants by IC-RT-PCR using the SPCSV-
specific primers CP1 and CP2, which am-
plify a 1.15-kb fragment of the SPCSV 
genome (1). Also, several plants that tested 
positive for SPMMV and SPFMV in 
NCM-ELISA were tested using IC-RT-
PCR with potyvirus-specific degenerate 
primers (14), resulting in the expected 1.8-
kb product. Negative control samples (vi-
rus-free leaves) gave no products. Virus 
identification was further confirmed by 
cloning and partial sequencing of the PCR 
products and comparison to the sequences 
available in databanks (data not shown). 
SPFMV and SPMMV were distinguished 
using virus-specific primers designed 
based on sequences of the 3�-terminal ge-
nomic region of the respective virus (9,25). 
However, the potyvirus-specific degenerate 
primers did not amplify any PCR products 
from plants that were positive for SPCFV 
in ELISA, which is not consistent with the 
previous suggestion that SPCFV may be a 
potyvirus (13). No amplification products 
were obtained using the primers designed 
for detection of geminiviruses. 

Fig. 2. Incidence of sweetpotato plants with viruslike symptoms in sweetpotato-growing districts of 
Uganda representing the four major agroecological zones (I to IV). Incidences in Soroti and Lira are 
significantly lower (P < 0.05) than in the other districts.  
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Multiple virus infections. Thirty-five 
percent of the diseased plants tested posi-
tive for only one of the four viruses stud-
ied, whereas 54% were naturally infected 
with two or more viruses (Fig. 4). The 
most common of the multiple infections 
was double infection with SPFMV and 
SPCSV (32.4%), followed by the triple 
infection of SPFMV, SPMMV, and SPCSV 
(12.6%). SPCSV was the most frequently 
detected virus, both in single and mixed 
infections (Fig. 4), and it was associated 
with severe and persistent symptoms. The 
odds for detecting double infections of 
SPCSV and SPFMV were significant 
(odds ratio = 2.89, P = 0.000; Table 1). 
Similarly, for plants infected with SPFMV 
there were significant odds (odds ratio = 
2.22, P = 0.066; Table 1) for detecting 
double infections with SPCFV. Further-
more, the odds for co-occurrence of 
SPFMV and SPMMV were significant 
(odds ratio = 1.74, P = 0.066; Table 1). 
However, SPCSV did not exhibit signifi-
cant co-occurrence with SPMMV (Table 
1), yet both viruses are reported to be 
transmitted by whiteflies (Bemisia tabaci) 
(19,41). 

Types of viruslike diseases. The virus-
like symptoms observed in plants in the 
field were more pronounced in new shoots 
grown from cuttings in the screenhouse. 
Some of the observed symptoms on differ-
ent cultivars included chlorotic spots, mot-
tling, general chlorosis, leaf clearing, leaf 
distortion/ruffle, leaf curling, mosaic, pur-
pling, stunting, thinning, vein banding, and 

vein chlorosis (Fig. 5). Most sweetpotato 
plants that tested positive for only SPFMV 
intermittently developed mottle symptoms 
(Fig. 5B). The type of mottling in most 

plants that tested positive for only 
SPMMV could be distinguished from the 
mottling in plants infected with SPFMV 
(compare Fig. 5C to 5B). SPMMV also 

 

Fig. 4. Natural occurrence of single and mixed virus infections in symptomatic sweetpotato plants. 
Number of plants detected with a virus or viruses is indicated above each bar.  

 

Fig. 3. Incidence of sweetpotato viruses in diseased plants sampled from sweetpotato-growing districts of Uganda representing the four major 
agroecological zones (I to IV).  
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induced mild vein chlorosis and sometimes 
reduced growth. In I. setosa, SPFMV in-
duced mottling and vein clearing (Fig. 5N), 
whereas SPMMV induced distinct yellow 
vein chlorosis (Fig. 5O). Symptoms asso-
ciated with SPCSV included stunting of 
the sweetpotato plant, curling of the leaf 
tips in some cultivars, general mild chloro-
sis that gave a pale appearance (Fig. 5D), 
and purpling of the lower leaves (Fig. 5E). 
Plants that were positive for SPCFV were 
generally pale with occasional leaf crin-
kling or mottling (Fig. 5I). Symptoms, 
particularly for single infections of 
SPFMV and SPMMV, in different cultivars 
and I. setosa were most prominent 3 to 5 
weeks after replanting or graft inoculation, 
after which they receded. However, symp-
toms associated with SPCFV and SPCSV 
could not easily be distinguished in I. se-
tosa; both viruses were associated with 
faint chlorotic spots, pale leaves, and stunt-
ing. Multiple infections, especially those 
involving SPCSV, were associated with 
severe and persistent symptoms (Fig. 4G 
and H). A hairiness disorder (Fig. 5L) was 
observed on several cultivars (and some-
times on neighboring weeds of the family 
Labiaceae) and was highly associated with 
fibrous root development. Some plants that 
were hairy were also positive for SPMMV 
only, and upon repeated propagation the 
hairiness could fade away but vein chloro-
sis could still be observed (Fig. 5F). In a 
previous study, the hairiness disorder was 
associated with feeding by Eriophyid mites 
(36). 

A severe DUE characterized by chlorotic 
leaves containing “dark green islands” 
(DGI) (28,38) was also observed on sweet-
potato plants (Fig. 5J). When scions of 
these plants were graft-inoculated to dif-
ferent sweetpotato cultivars, a range of 
symptoms was observed, including clear-
ing of leaf margins (Fig. 5K) or main 
veins, minor to severe leaf curling and leaf 
graying, and development of DGI. This 
DUE (leaf-clearing syndrome) was moni-
tored for 1 year in plants periodically cut 
down and regrown in a screenhouse and a 
glasshouse in Uganda and Sweden, respec-
tively, and the symptoms were found to 
persist. The affected plants tested negative 
with all virus antisera used. 

The vigorous and healthy looking plants 
sampled from the fields during the survey 
did not develop symptoms in the screen-
house and did not react with any virus 
antisera. 

DISCUSSION 
The use of cluster sampling (21) pro-

vided a means of comparing variation in 
incidence and distribution of sweetpotato 
viruses. SPCSV and SPFMV were detected 
in all the surveyed sweetpotato fields, sug-
gesting their occurrence in Uganda wher-
ever sweetpotatoes are grown. SPCSV was 
detected most frequently, both in single 
and mixed infections. It caused persistent 

symptoms and was associated with very 
severe symptoms in mixed infection with 
other viruses. These observations propose 
SPCSV as the most important virus that 
infects sweetpotato in Uganda. SPFMV 
was also very common. Earlier reports 
have indicated that SPFMV is the most 
prevalent sweetpotato virus in Uganda (17) 
and to be found nearly everywhere sweet-
potatoes are grown in the world (8). Many 
strains of SPFMV have been identified 
(23,25), and it has been referred to by 
many names in different parts of the world 
(8). 

Our data suggest that SPMMV is the 
third most prevalent virus in Uganda and 
was more frequently detected than earlier 
reported (17). SPCFV, previously sug-
gested to be a potyvirus (13), was the least 
frequent of the four viruses studied. In the 
plants reacting clearly positive for SPCFV 
in ELISA, the virus was not detected with 
IC-RT-PCR and RT-PCR with the potyvi-
rus-specific degenerate primers, which 
makes us suspect that SPCFV may not be a 
potyvirus. Sequence information is re-
quired for its precise classification. 

Almost 90% of the 634 symptomatic 
plants tested positive with at least one of 
the four virus-specific antisera used, which 
suggests that the four viruses studied are 
largely responsible for the virus diseases of 
sweetpotato in Uganda. However, it was 
noted that the high incidence of SPCSV 
and SPFMV impose a difficulty in observ-
ing novel types of symptoms and partially 
limited the possibilities of detecting puta-
tive new viruses. Some plants did not react 
with any available virus antisera, yet they 
displayed viruslike symptoms. Therefore, 
more viruses or viruslike agents than the 
four viruses tested in this study seem to 
infect sweetpotatoes in Uganda, the leaf-
clearing syndrome being the most signifi-
cant DUE. 

SPCSV (41) and SPMMV (19) are re-
ported to be transmitted by whiteflies, 
which are more abundant in sweetpotato 
fields than the aphids that transmit SPFMV 
and SPCFV but do not colonize sweetpo-
tato (4,13). It was hypothesized that the 
viruses with a common vector species 
could exhibit a high frequency of co-
occurrence. However, this was supported 
by our data only concerning the aphid-
transmitted SPFMV and SPCFV. In con-

trast, the incidence data (Fig. 4) and the co-
occurrence analysis (Table 1) suggested 
lack of association between the whitefly-
transmitted SPCSV and SPMMV in 
sweetpotato plants in the field. Our data 
may suggest that SPCSV and SPMMV are 
transmitted by different biotypes of B. 
tabaci, or may reflect differences in trans-
mission efficiency of SPCSV and SPMMV 
by whiteflies, which requires further study. 
Unexpectedly, there was a significant asso-
ciation with the aphid- and whitefly-
transmitted viruses (SPFMV and SPCSV, 
and SPFMV and SPMMV) (Table 1). The 
explanation for the observed common co-
occurrence of SPFMV and SPCSV may at 
least partially be that infection with 
SPCSV suppresses the natural resistance to 
SPFMV in sweetpotato cultivars, which 
results in elevated titers of SPFMV and 
makes it more readily detectable (24). On 
the other hand, SPCSV seems to synergize 
also with SPMMV (our unpublished data), 
which, however, was not reflected as a 
commonly found co-occurrence of SPCSV 
and SPMMV in sweetpotato plants in the 
field. Whether SPFMV and SPMMV ex-
press synergism in co-infected plants has 
not been studied. 

Most Ugandan farmers use the apical 25 
to 30 cm of the vines from their previous 
crop (or obtain them free from their 
neighbors) as the planting material. De-
spite the lack of a virus eradication system 
for production of indexed sweetpotato 
planting materials, our results (average 
disease incidence <20%) indicate that 
Ugandan farmers are successful in obtain-
ing a reasonable proportion of virus free 
plants by selecting for healthy and vigor-
ous vines for the next cropping cycle or 
season. This was in agreement with the 
previous observations of apparent absence 
of viruses in most symptomless field-
grown sweetpotato in Uganda (17). Similar 
to our results, the previous studies also 
report severe symptoms to be associated 
with co-infections with multiple viruses 
(2,11,16). 

The short grassland zone of Soroti and 
Lira districts exhibited low virus disease 
incidences. This agroecological zone 
mostly supports annual crops such as cot-
ton, finger millets, and sweetpotatoes. It 
has a markedly different cropping system 
from the other agroecological zones, and 

Table 1. Odds ratios and probability for detection of two sweetpotato viruses in the same host planta 

    95% CI for odds ratio 

Virus 1 Virus 2 Odds ratio P valueb Lower Upper 

SPCSV SPFMV 2.90 0.000 2.04 4.09 
SPCSV SPMMV 0.79 0.238 0.53 1.17 
SPCSV SPCFV 0.55 0.111 0.27 1.15 
SPFMV SPMMV 1.74 0.008 1.16 2.62 
SPFMV SPCFV 2.22 0.066 0.95 5.20 
SPMMV SPCFV 1.07 0.859 0.49 2.37 

a SPCSV = Sweet potato chlorotic stunt virus; SPFMV = Sweet potato feathery mottle virus; 
SPMMV = Sweet potato mild mottle virus; SPCFV = sweet potato chlorotic fleck virus. 

b Level of significance that the two viruses occur together in the same host at a given odds ratio. 
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sweetpotato is not continuously grown 
throughout the year. In contrast, in some 
parts of the tall grassland, mountain and 
particularly the tall grass–forest mosaic 

zones of central Uganda, piecemeal har-
vesting of sweetpotato is a common prac-
tice, and farmers may have many gardens 
planted in such a way that they get year-

round harvest (5). Probably the low disease 
incidence in the short grassland savannah 
zone could partly be explained by the dis-
continuity in cultivation of sweetpotato. 
Disease incidence there followed a random 
pattern, suggesting a less dynamic mecha-
nism for spread of sweetpotato viruses. 
Thus, phytosanitary practices such as 
planting healthy vines, early rouging of 
diseased vines, and discontinuous cropping 
can be good strategies in management of 
viral diseases in sweetpotato. 

This study provides a quantitative as-
sessment of the incidence and distribution 
of viruses and virus diseases in sweetpo-
tato plants in Uganda, taking into account 
the major agroecological zones and crop-
ping systems. The description of symptoms 
associated with sweetpotato viruses and 
viruslike agents may be a useful guide to 
diagnosis of sweetpotato diseases. The data 
will contribute to enhanced integrated dis-
ease management in sweetpotato crops.  
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