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AFTSEMU

The Agricultural Field Trials, Studies, Extension and 
Monitoring Unit (AFTSEMU) was established as a component of 
the Southern Highlands Rural Development Project (SHRDP). 
Part of its work was to research the subsistence agricultur­
al systems of the province so as to provide a better 
understanding of these systems and develop guidelines for 
their improvement.

The results of AFTSEMU's research are published as a 
series of Technical Reports, of which the following are com­
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(R. Crittenden, C.N. Floyd, R.D.B. Lefroy and 
R.A. Urben - Editors)

5. The Land Resources of Kiburu Experimental Farm.
(D.J. Radclif f e)
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canic Ash Soils in the Southern Highlands of Papua 
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11. Groundnut Variety Evaluation in the Southern High­
lands of Papua New Guinea.
(C.N. Floyd and E.J. D'Souza)



12. Composting and Crop Production on Volcanic Ash Soils 
in the Southern Highlands of Papua New Guinea.
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ABSTRACT
A feature of subsistence production of sweet potato 

(Ipomoea batajtas) in the highlands of Papua New Guinea is 
the number and dTversity of cultivars used. One possible 
reason for this is the apparent suitability of varieties to 
specific environments. Such effects have important implica­
tions for the design of sweet potato variety evaluation 
trials, and for the reliability of existing variety recom­
mendations. Thus, an experiment was conducted to 
investigate site x variety interactions for sweet potato in 
the Southern Highlands, and also to evaluate introduced 
sweet potato varieties and develop variety recommendations.

Nine contrasting sweet potato varieties were evaluated 
at six sites which covered a range of climate and soil con­
ditions. Although results were not unequivocal analysis 
showed that site x variety interactions were of limited 
irrportance. There were, however, important differences 
between varieties in their response to site differences in 
yield potential, and in their ability to yield at sites with 
pcor yield potential. Established varieties gave lower 
yields and a smaller variation in yield across sites than 
irtroduced varieties. Although of a reduced yield potential 
established varieties had the ability to give some yield at 
pcor sites, a characteristic shared by only some of the 
irtroduced varieties.

The incidence of sweet potato leaf scab (Elsinoe 
batatas) and insect damage were assesssed but results 
offered no explanation of yield differences between var­
ieties. Although leaf scab incidence was high in the crop 
it appears to be a minor constraint to yield at present. 
The possible involvement of viruses in the expression of 
variety yield effects are discussed and variety recommenda­
tions made.
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1. INTRODUCTION
A feature of subsistence production of sweet potato 

(Ipomoea batatas) in the highlands of Papua New Guinea is 
the number and diversity of the cultivars available to, and 
used, by growers. The summary by Bourke (1985: 97) shows 
that an average of thirty four sweet potato cultivars are 
grown by groups in the highlands. In the Tari basin of the 
Southern Highlands, Wood (1984) found that, of the approxi­
mately thirty cultivars available, six of them accounted for 
more than 90% of the plantings. Normally mixed variety 
plantings are used, but extensive single variety plantings 
may be found in specific environmental zones.

The reasons for the diversity of varieties are undoubt­
edly complex but probably include; the adoption of new 
cultivars derived from the spontaneous germination of seeds 
in what is normally a vegetatively propagated crop; the 
cultural isolation of growers; taste preferences of the 
growers; the need to produce sweet potato for both people 
and pigs; and an apparent suitability of varieties to spec­
ific environments.

While some cultivars are grown throughout the Southern 
Highlands, each locality will have certain varieties which, 
it is claimed, do particularly well in that locality. 
Although recommendations of sweet potato varieties for the 
highlands are given by Akus (1982), there is little informa­
tion on the suitability of varieties to specific 
environments, and to the Southern Highlands in particular. 
Furthermore, there appears to be no reported investigation 
of site x variety interactions for sweet potato in the high­
lands. Such interactions have important implications for 
the design of sweet potato variety evaluation trials and 
also for the reliabilty of existing recommendations.

Thus, the experiment reported here was conducted with 
the following objectives.
1. To investigate site x variety interactions for sweet 
potato in the Southern Highlands.
2. To evaluate introduced sweet potato varieties against 
existing varieties and develop improved variety recommenda­
tions .
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2. MATERIALS AND METHODS

a) Sites
Varieties were evaluated at the six sites for which 

descriptions are given in Table 1. Sites were in three dis­
tricts of the Southern Highlands Province; one site 
(Pomiorine) was in the Pangia district/ two (Egari and 
Karil) were in the Mendi distrTct~ and "three (Kugu, Wabia 
and Piwa) were in tKe Tari district. The Mendi districts 
sites were at a higher altitude (2170m) than the other sites 
(1560-1650m). Four of the sites (Pomiorine, Egari, Karil 
and Kugu) were airfall volcanic ash soils, while the Wabia 
site was on a mudflow soil and the Piwa site on an alluvial 
soil. Sites also differed in cropping history and climate 
(Table 1). Two sites, Pomiorine and Piwa were on land man­
ag ed by Division of Primary Industry, and the remaining 
sites were in village subsistence gardens.

Soil physical and chemical analyses for the 
are given in Table 2.

site soils

b) Varieties
Nine varieties were evaluated at all sites and can be 

classified into four groups as follows:
i) Local varieties

One popular local variety from each of the dis­
tricts (Goroka from Pangia, Kariap from Mendi, 
and Mamme from Tari), and one popular variety 
(Wanmun) common to all the three districts, were 
eval ua ted .

ii) DPI recommended varieties
Two DPI recommended varieties, Markham and 
NG 7570, were included. Markham is a variety 
originally collected in Papua New Guinea (see 
Akus, 1982), and NG 7570 a variety selected from 
germplasm imported from Nigeria.

iii) Polycross nursery progeny
Two varieties, K1 and K6, were varieties select­
ed in a sweet potato polycross seed nursery at 
Kiburu Farm, Mendi, for improved yield, resis­
tance to sweet potato leaf scab (Elsinoe 
batatas) and high dry matter contents. K1 and 
K6 were maternal half sibs of Mamme and Markham 
respectively, i.e. the mother of K1 was Mamme, 
and that of K6 was Markham.
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Table 2. Soil physical and chemical analysis for soils of experimental 
sites

Sites

Pomiorine Egari Karil Kugu Wabia Piwa

pH(H20) 5.2 5.2 5.0 5.4 5.2 5.0
Bulk density g/cc Ü.66 0.57 0.53 0.57 0.64 0.63
Organic matter % 19.3 20.0 19.8 19.5 12.1 12.5
Extr.phosphorus ug/me 3 4 3 2 6 7
P retention % 96 98 99 97 88 97
§ K me/100g 0.6 0.14 0.43 0.18 0.16 0.52
<3 Ca me/100g 2.1 4.8 1.2 3.9 4.4 5.5

3 Ms me/100g 0.83 1.12 0.51 1.30 1.04 1.96
3 Na me/100g 0.05 0.06 0.07 0.06 0.05 0.06
^ A1 me/100g 0.83 0.32 0.70 0.23 0.52 0.83

EC EC rae/100g 4.49 6.44 2.91 5.67 6.12 8.87
CEC me/100g 22 27 25 25 22 27c.

'3p K % 15.14 2.17 14.78 . 3 ..17 2.61 5.86
|S Ca % 46.77 74.53 41.24 68.78 71.90 62.01

Mg % 18.49 17.30 17.53 22.93 16.99 22.10
CL)
cS $ Na % 1.10 0.93 2.41 1.06 0.82 0.68

Total % 81.51 95.03 75.95 95.94 91.50 90.64
Sulphate Sulphur ug/g 65 12 14 70 3 56
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iv) Int ro d uced hig hi and v ariety
The remain i ng va r i ety evalua ted was Mund
var i e t y r ecen tl y in t rod uced to the
Hig hi ands from elsewh ere in the Hig hi and
abl y or ig i nail y from Simbu prov ince •

uwana, 
So uthe 
s, pro

a
rn
b-

c) Experimental design
At all sites a randomised complete block d 

replications was used to evaluate the vari 
sites the plot size was 2.5m x 2.5m (6.25m sq) 
single variety of sweet potato was grown on 
in the traditional manner (see Waddell, 1972).

d) Cultivation
Before marking out, the experimental areas 

and cultivated by hand to produce a suitable 
sequent operations.

esign in four 
eties. At all 
, on which a 
one mound made

were cleared 
tilth for sub-

An application of 30t fresh wt/ha of Ischaemum 
po1ystachyum grass was used as compost at all sites. For 
the Pangia and Tari District sites grass for composting was 
cut at a site adjacent to that of the experiment and immedi­
ately weighed into bundles suitable for application to one 
plot. For the Mendi District sites grass was cut at a cen­
tral site near Mendi and transported to the experiments.

The fresh compost was placed on the plots and allowed to 
decompose and dry out under prevailing weather conditions 
for approximately one month. After this time one mound was 
made per plot to incorporate the compost following tradi­
tional practice. To do this the compost was removed from 
the plot and a slight depression dug in the centre of the 
plot. The composting material was then heaped up in this 
depression and the mound made over the compost. Soil from 
the whole of the plot was used to make the mound which had a 
final diameter of approximately two metres. The compost 
supplied approximately 123kg N/ha, 15kg P/ha and 123kg K/ha, 
as well as other macro, and micro, nutrients.

Immediately after mound 
approximately 30cm in leng 
were planted on the mounds at 
pl/ha. For each mound thi 
four cuttings which were plan 
distributed over the upper s 
cuttings per station. At eac 
ing operations were completed

ing sweet potato cutting s,
th , o f the respectiv e var ieties
a plan t population of 38,400

s popul ation represented twenty
ted in eight stati ons evenl y
ur f ace of the mound, wi th three
h s i te the mounding and pi ant-
in one day.

During growth no plant protection measures were taken 
Dther than keeping the crop relatively weed free.
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In order to maximise the uniformity of cuttings for each 
variety across sites two central nurseries were used. One 
at Kiburu Farm, Mendi, served the Pomiorine, Egari and Karil 
sites, and one at Piwa Farm, Tari, served the other three 
sites. To establish the nurseries, cuttings for each var­
iety were collected from one source and divided between the 
central nurseries. Cuttings to plant the experiments were 
taken from the nurseries approximately four months after the 
nurseries were planted. For each site, cuttings were taken 
from the respective nursery and planted in the experiment on 
the same day.

All experiments were conducted at approximately the same 
time during 1984 and 1985. The planting dates and days to 
harvest for each experiment are given in Table 1. Harvest 
was later at Egari and Karil, than at other sites to account
for the increased ti me to mat urity of the crop with hi g her
altitud e .

An assessment of swee t po tato lea f scab incidence and
insect damage in th e c rop was made mon thly after plan ting
for eac h ex per iment. Fo r lea f scab i nc id ence , the numbe r of
plants per mound af fee ted by leaf scab were counted . For
insect damage , each mo und was scored for the proportion of
leaves having some i ns ec t dam age on a sea le of 0-5. On this
scale 0 represented no le aves damag ed , and 5 represented all
leaves having some d am ag e •

At harvest mound s wer e broken up and the yields as f r esh
weig ht of vines, sto c kf eed tubers ( i . e . tubers <100g) and
marketable tubers (> 10 0g) we re reco rded for each mo und .
Numbers of vines, and numbers of both stockfeed and market­
able tubers were also recorded.

Limitations of drying facilities and the 
sub-sampling necessary limited the accuracy 
yields could be expressed as dry weights across 
sites used. The dry matter of mature tubers 
leties in ehe Kiburu nursery were as follows.

extent of 
with which 
the range of 
for the var-

Variety % dry matter

Wanm un 30.2
Ka riap 27.7
Mamme 23.7
Goro ka 30.4
NG 7570 23.7
Mar kham 28 . 1
Mund uwana 31.5
K1 34.0
K6 33.2
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AFTSEMU (unpublished) data 
content of a variety is rel 
maturity and sites. Thus, the 
above can be taken as a reli 
are likely to attain over all 
vines are approximately 14% dr

ha s sho wn tha t the dr y ma tt er
at i V el y st able over a ra ng e of

d r y mat ter content s g iv en
abl e i nd ic at io n of val ue s that
si t es . Fr es h sweet po ta to

y m at t er .

e) Root-knot rating

At planting a composite sample of soil was taken from 
each site. Some of this soil was used for soil analysis 
(Table 2) and some was used in an assessment of the level of 
root-knot (Meliodogyne spp.) nematode infestation of the 
site soi1 .

To assess nematode infestation enough soil to fill a 201 
polythene growing bag was sieved and mixed with an applica­
tion of NPK compound fertilizer and triple superphosphate, 
equivalent to 40 kg N/ha, 151 kg P/ha and 47 kg K/ha. For 
each site one bag was filled with this soil and six seeds of 
tomato (var. Grosse Lisse) were sown. After establishment 
the seedlings were thinned to three per bag and these plants 
were grown for two months in an unheated greenhouse.

After this time the soil was washed from the roots of 
the plants and the occurrence of root-knots scored with a 
root-knot rating chart (Bridge and Page, 1980) on a scale of 
0 to 10, where 0 represented no knotting and 10 severe knot­
ting.

f) Statistical analysis
The results for each experiment were analysed initially 

by analysis of variance. At two sites, Pomiorine and Karil, 
there was significant (P<0.05) heterogeneity of variance for 
yield variables. Results of Bartlett's and Levene's tests 
for heterogeneity of variance for the fresh weight yield of 
tubers are given in Appendix I. At other sites there was 
also an appreciable degree of heterogeneity of variance for 
these variables even though effects were not statistically 
significant (^<0.05). Heterogeneity of variance was associ­
ated with low yields and concomitantly coefficients of 
variation were high.

In o rder to reduce heterog eneity of variance the or igi-
nal yi e Id data was transformed to the; log of X + 1 . This
log tran sf o rm ation red uced the heterog eneity of var ia nee and
the coef f ic ie nts of va riation (Appendix I) • Res ul ts , un less
other wis e sta ted , are presented as untreinsf o rmed yields but
the yi e Id rankings and the mean separ ations g iven for the
unt iransf o rmed yields a re those obtained from the means and
ana]L yses of variance of the log trans;formed d ata . Unless
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otherwise stated all further references to statistical sig­
nificance refer to significance at the P<0.05 level of 
probability.

A combined analysis of variance was also conducted on 
the totals of the log transformed yield data and leaf scab 
incidence data for all sites, in order to examine the signi­
ficance of site x variety effects, using the method of 
Cochran and Cox (1957:545-561).
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3. RESULTS

As all sweet potato produced in the subsistence system 
is consumed by either people or pigs, both total and market­
able tuber yields are relevant indicators of variety 
performance. However, in this report results will concen­
trate on marketable tuber yield because of the relevance of 
this parameter to human nutrition.

Ideally comparisons between varieties, in terms of human 
nutrition, should be made when dry matter, protein and car­
bohydrate contents of the varieties are known. In this 
experiment it was not possible to collect data on protein 
and carbohydrate contents, but inter-site, and 
inter-variety, variation in these factors may exist (Brad- 
bury at. al ,, 1985). In this experiment dry weight yield was 
considered the most appropriate criteria for establishing 
variety recommendations. However, in examining the 
site x variety effects, fresh weight yields will be used as 
the dry matter contents of the varieties were not determined 
at each site.

a) Yields
Varieties are ranked in descending order of mean market­

able tuber dry weight yield over all sites in Table 3. The 
same results for total tuber yield are given in Appendix II. 
When meaned over all sites, Munduwana was the highest yield­
ing variety although there was no significant difference 
between the yield of Munduwana and that of NG 7570 and Mark­
ham, the next two highest yielding varieties (Table 3).

The mean yield advantages over all sites, of Munduwana, 
NG 7570 and Markham were reflected in their relative yields 
at individual sites. Thus Munduwana was either the highest 
yielding variety, or its yield was not significantly dif­
ferent from the highest yielding variety, at all sites 
except Kugu. Similarly NG 7570 only gave a yield that was 
significantly lower than the highest yielding variety at 
Egari . The yields of Markham were lower; it gave a signi­
ficantly lower yield than the highest yielding variety at 
three sites, Pomiorine, Egari and Piwa.

The yield advantage of Munduwana, NG 7570 and Markham at 
individual sites, in comparison to the local variety, at 
that site, were limited. Munduwana and NG 7570 gave a sig­
nificantly higher yield than the local variety only at two 
sites; Egari and Piwa for Munduwana, and Karil and Kugu for 
NG 7570. The yield of Markham was significantly higher than 
the local variety at three sites, Egari, Karil and Kugu.
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The mean marketable tuber dry weight yields over all 
sites of the polycross progeny, K6 and Kl, maternal half 
sibs of Markham and Mamme respectively, were not signficant- 
ly different from that of their parent. Only at two sites 
was there a significant difference between the yield of 
parent and progeny; at Egari the yield of Mamme was signi­
ficantly higher than that of Kl, and at Karil the yield of
Markham was significantly higher than that of K6. Thus,
results show no yield advantage to the polycross progeny in 
comparison to their known parents.

While the district local varieties Kariap, Mamme and 
Goroka, tended to do well at the other sites within their
districts they also did well at some sites outside their
district. For example Goroka, the Pang ia district local 
variety, gave its highest yield relative to other varieties 
at Pomiorine, its local site, but also had the same yield 
ranking at Egari. Such effects were, however, small.

b) Site x variety effects
The combined analysis of variance for log transformed 

marketable tuber fresh weight yield, for the nine varieties 
at the six sites, is given in Table 4.

Table 4: Combined analysis of variance for sites and 
varieties.

Source required F 5%
of variation df SS MS F best worst
Sites(S ) 5 19. 103 3. 821
Varieties(V) 8 3.903 0.488 6. 85* 2. 18 6.61
S x V 40 2. 846 0.071 23.93*** 1. 48 2. 36
Pooled error 144 2.606 0. 018

In the combined analysis of variance the mean of the 
variances of the six individual site analyses of variance 
was used as the pooled error. The pooled error was then 
used to test the significance of the site x variety interac­
tion. Similarly, the significance of the variety effect was 
tested using the site x variety mean square. Because of 
significant heterogeneity, according to Bartlett's test, 
amongst the individual site variances which were combined to 
give the pooled error mean square , and evidence of a signi­
ficant site x variety effects in the combined analysis 
(Table 4), care is required in assessing the significance of 
the calculated F ratios. Of particular concern is that the 
distribution of the calculated F ratios is distorted and
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declares too many significant effects.
Cochran and Cox (1957) suggest that, to allow for this 

distortion, a best and worst required F should be used in 
testing the significance of the F ratios in a combined ana­
lysis of variance. These required F ratios are given in 
Table 4. The best (lower limit) required F is based on the 
degrees of freedom given in Table 4. The worst (upper 
limit) required F is based on modified degrees of freedom 
which account for the worst distortion of the F distribution 
that is likely to occur. The modified degrees of freedom 
used for testing the interaction effect are (t—1) and n', 
where t is the number of treatments (varieties) an n' is the 
number of error degrees of freedom at an individual site; 
here 8 and 24 degrees of freedom respectively (Cochran and 
Cox, 1957:554). The modified degrees of freedom for testing 
the significance of the treatment (variety) effect are 1 and 
(p-1), where p is the number of sites; here 1 and 5 degrees 
of freedom respectively (Cochran and Cox, 1957:551).

In the combined analysis of variance (Table 4) both the 
site x variety effect and the variety effect were signifi­
cant using the worst required F. The analysis therefore 
indicates that there are real differences in variety yields 
from site to site, and that there are also differences in 
variety yield which are consistent across sites.

These variety differences, across and between sites, are 
further examined in two ways. Firstly by comparing ranking 
of variety mean yields at individual sites against the rank­
ings for variety mean yields across all sites. Secondly, by 
a method, after Finlay and Wilkinson (1963), which examined 
the relationship between variety yield at the experimental 
sites and the mean yields of all varieties at those sites.

i) Comparison of rankings
For eacn site, ehe ranking of the mean yields of the 

nine varieties is compared with the ranking of the mean 
yield of varieties over all sites (Figure 1). In Figure 1 
linear regressions have been fitted to the data to illus­
trate the extent to which the ranking of varieties at 
individual sites are related to their ranking over all 
sites .

At all sites, except Pomiorine, there was a significant 
(P<0.05) linear correlation between the ranking of varieties 
at that site and the ranking of varieties over all sites. 
The poor relationship between site and mean rankings at 
Pomiorine is of limited practical importance as yields were 
lowest at this site (mean site yield of 1.1 t fresh weight 
marketable tubers/ha).
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The results in Figure 1 indicate that varieties which 
had the higher mean rankings over all sites in these experi­
ments can reasonably be expected to do well at other sites 
within the environmental range covered by the experimental 
sites .

ii) Finlay-Wil ki nson analysis
A method after Finlay and Wilkinson (1963) was used to 

examine the variation in yield of the nine varieties across 
all sites (Figure 2). In Figure 2, for each variety, the 
mean yield of the variety at each of the sites is plotted 
against the mean yield of all varieties at those sites. The 
mean yield of all varieties at a site estimates the yield 
potential of a site and the regression lines fitted to the 
data for each variety quantify the response of varieties to 
differences in yield potential between sites.

For all varieties, mean yield at a site increased with 
site yield and, with the exception of Goroka, there was a 
significant positive linear correlation between these two 
variables. The lack of significant correlation for Goroka, 
and the lower level of significance of the correlation for 
Kl, than for the other varieties, was caused primarily by 
variety yields at Egari. At Egari , Goroka gave an unusually 
high yield, and Kl an unusually low yield, compared to that 
which would be predicated from the yields of these varieties 
at the other sites.

The slopes and the elevations of the regression lines 
fitted in Figure 2 have practical significance. The slopes, 
or regression coefficients, indicate how the varieties 
respond to differences in yield potential between sites. 
This response is a measure of the vigour of a variety, a 
greater slope indicating greater vigour. In general terms, 
the elevations of the lines indicate the relative yield 
potential of the varieties, and the relative ability of a 
variety to yield at sites with poor yield potential. 
Positive intercepts indicate that some yield at poor sites 
is likely, whereas negative intercepts indicate that it is 
not. Deviations from the individual variety regressions, 
here linear models, are an estimate of the stability of the 
response of a variety to differences between sites. Reduced 
deviation indicates increased stability.
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Figure 2: The relationship between variety marketable tuber yield at a site 
and the mean yield of all varieties at that site.

NG 7570 Markham Mund uwana

0 *1 Mamme

0 q Kariap

0 -

» I I I I I 1 H'> I I I I I IT

10
Mean site marketable tuber yield (t/ha)
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Differences between the regression lines for all var­
ieties were compared using the method of Snedecor and 
Cochran (1972:432). Details of these comparisons are given 
in Appendix III. There was no significant difference 
between the slopes of the individual regression lines for 
all the varieties (Appendix Ilia). This result is surpris­
ing in view of the extent of significant correlations for 
the regressions and the range of regression coefficients 
amongst the varieties (Figure 2). The lack of significant 
differences between regression coefficients appears to be 
primarily due to the significant heterogeneity, according to 
Bartlett's test, of the residual variances amongst the indi­
vidual variety regression lines.

Despite the lack of significant differences between 
regression coefficients, varieties can be classified into 
two groups on the basis of these coefficients. One group, 
comprising NG 7570, Markham, Munduwana, Mamme, K6 and K1 
have regression coefficients in the range of 1.1 to 1.4. 
The other group, comprising the remaining varieties, Kariap, 
Wanmun and Goroka , have regression coefficients in the range 
of 0.5 to 0.7. Differences between the regression lines for 
the varieties within these two groupings are compared in 
Appendix Illb and IIIc. For both groupings, the F ratios 
for the difference amongst regression coefficients within 
the groupings were less than unity. The ratios were 0.92 
and 0.52 for the NG 7570 group (Appendix Illb) and the Kari­
ap group (Appendix IIIc) respectively. This result suggests 
that there are two definite groupings of varieties; a high 
coefficient, or high vigour group, i.e. the NG 7570 group, 
and a low coefficient, or low vigour group, i.e. the Kariap 
group.

Differentiation of varieties into these groups was 
further examined by comparing the pooled regression coeffi­
cient for varieties NG 7570, Markham, Munduwana, Mamme, K1 
and K6 (Appendix Illb) with that for the varieties Kariap, 
Wanmun and Goroka (Appendix IIIc). The comparison of the 
regression coefficients, using a t test, is given in Appen­
dix Hid. There was a significant (P<0.001) difference 
between the pooled regression coefficients for the two var­
iety groupings.

Differences in the elevations, or intercepts, between 
the individual regressions for all varieties were also sig­
nificant (Appendix Ilia). However, the practical 
implications of these differences is limited by the rela­
tively large differences in slopes that exist between the 
lines. In general terms, a higher elevation means that a 
variety will give a higher yield at all sites. Conversely 
negative elevations mean that a variety will give little or 
no yield at sites with poor yield potential.
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Of the more vigorous varieties, three varieties 
(NG 7570, Markham and Munduwana) have high elevations, while 
the other three (Mamme, K6 and Kl) have low elevations. 
This indicates that, although the vigour of the varieties is 
similar, NG 7570, Markham and Munduwana will give yield at 
poor sites and that Mamme, K6 and Kl will not. In contrast, 
the less vigorous varieties, Kariap, Wanmun and Goroka, 
while less able to respond to improved site conditions, do 
give some yield at poor sites.

c) Leaf scab incidence
Results for leaf scab incidence of the varieties at all 

sites, and when meaned over all sites, are given in Table 5. 
Leaf scab was worst in the Tari district with site means of 
13.4, 16.8 and 18.7 infected plants per mound for Kugu, 
Wabia and Piwa respectively. Leaf scab incidence was lower, 
and the same (3.5 infected plants per mound), at the other 
sites .

On average, Wanmun and NG 7570 were significantly the 
most affected of the varieties. The four least affected 
varieties were Munduwana, Kl, Kariap and K6. The remaining 
varieties had intermediate levels of infection.

The site x variety interactions for leaf scab incidence 
were examined by a combined analysis of variance in the same 
way as for yields (see Table 4). The effects of variety, 
and the site x variety interaction, were both significant. 
These effects were further investigated by examining the 
relationships between variety infection at a site and mean 
infection at that site, and the relationship between yield 
and leaf scab incidence.

For all varieties, leaf scab infection increased with 
increased level of site infection and there was a signifi­
cant positive linear correlation between the variables for 
all varieties (Figure 3). In general, variety susceptibili­
ty, i.e. slope of lines in Figure 3, increased with mean 
level of variety infection. Thus Wanmun, NG 7570 and Goroka 
not only are the most susceptible varieties, but are also 
more likely to become more heavily infected at heavily 
infected sites. The reverse is true of Kl, Kariap and K6, 
the least susceptible varieties.

There was no relationship between leaf scab incidence of 
a variety and its yield at individual sites, or across all 
si tes .
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Figure 3 relationship between variety leaf scab incidence at a site 
and leaf scab incidence of all varieties at that site.

Wanmun NG 7570 Goro ka

y=5.95+1.05x
y=-F.36+1.43x y=-0.79+1.27xr=0.96** r=0.95**

Mar kham

y=-l.23+1.23x

Mamme Mund uwana

y=0.80+0.95x 
r=0.97 ** y=2.26+0.65x

r=0.88*

Kariap
y=-2.84+1.07x 
r=0.99*** y=-2.47+0.73x 

r=0.90*
=-l. 18+0.60x 
r=0.82*

9 12 15 18 21 9 12 15 18 21

Site leaf scab incidence 
(no. infected plants/mound)
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The incidence of leaf scab in the polycross nursery pro­
geny was low, but in particular was lower than for their 
parents (Table 5). Mean leaf scab incidence over all sites 
was significantiy lower in the maternal half sibs, K1 and 
K6, than in their parents.

d) Insect damage
There were no significant differences in insect damage 

to the crop between varieties at any site, or in the mean 
variety effect over all sites. Neither was there any rela­
tionship between insect damage and yield at any site or when 
effects were meaned over sites (Table 6). Insect damage was 
uniform and low at all sites, with the mean insect damage 
score at each site ranging from 1.3 to 2.3. Thus, on aver- 
ag e some 40% of the leaves of sweet potato had some damage 
on them.

e) Root-knot rating
The results of the root-knot rating are given in Table

7.
Table 7: Root-knot rating for experimental sites.
Site Root-knot rating
Pomiorine 0
Egari 2
Ka r i 1 1
Kug u 0
Wabia 1
Pi wa 1
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4. DISCUSSION

a) Variety recommendations
Munduwana, NG 7570 and Markham gave the highest mean dry 

weight yields of marketable tubers over all sites. Although 
these yield advantages were consistent across sites, few of 
the yield advantages over the local variety were significant 
at individual sites.

Munduwana and Markham, although having a higher mean dry 
weight yield of marketable tubers over all sites, only gave 
yields which were significantly greater than the local var­
iety at two and three sites respectively. Despite the 
limited extent of significant yield increases, the yield of 
Munduwana was higher than the local variety at all sites and 
the yield of Markham was higher than the local variety at 
all sites except Pomiorine. These yield increases, coupled 
with the Papua New Guinea origin of Munduwana and Markham, 
and thus likely taste acceptability, may mean that these 
varieties are more readily accepted than NG 7570. High 
tuber dry matter contents tend to be the local taste prefer­
ence and Munduwana and Markham have a higher dry matter than 
NG 7570. Despite the limited significant yield advantages 
in comparison to local varieties, Munduwana and Markham are 
recommended for distribution throughout the province.

The yield of NG 7570 was higher than the site local var­
iety at all sites except Pomiorine, but these effects were 
only significant at Kugu. Again, despite the limited signi­
ficance of yield increases, NG 7570 is initially recommended 
for general distribution throughout the province. However, 
as taste appears to be an important criteria in local var­
iety choice NG 7570 may not be widely accepted, despite its 

, high yield, because of its different taste and texture to 
\that of the local varieties, partly as a result of its rela­
tively low tuber dry matter content.

An additional factor to be considered in variety 
recommendations relates to the differences in vigour detect­
ed between varieties. More vigorous varieties will be 
better able to respond to high yielding sites and to agro­
nomic methods that increase yield potential. For example, 
other AFTSEMU research (Floyd et_ al . , 1985) has shown that 
sweet potato yield can be markedly increased by increasing 
the rates of traditional composting. Should such methods be 
adopted, then vigorous varieties would better utilise the 
potential increases in yield. Thus, on higher fertility 
sites or where methods likely to markedly increase yield are 
used, Munduwana, NG 7570 and Markham are particularly recom­
mended .
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The results for the polycross nursery progeny, K6 and 
Kl, respectively maternal half sibs of Markham and Mamme, 
were disappointing. The only significant difference at any 
site between the yields of the half sibs and their parents 
occurred when the parent gave a higher yield than the pro­
geny. Therefore, despite the reduced leaf scab 
susceptibility of Kl and K6 (Table 5) and relatively high 
dry matter contents, in the absence of further evidence, for 
example in increased protein or carbohydrate contents, Kl 
and K6 are not recommended for distribution.

In general terms, particularly because of the complexity 
of factors involved in the acceptance of new varieties, the 
possibility of specific site effects, and the problems of 
equating varieties in terms of their nutritional yield, 
(i.e. as dry matter, carbohydrate or protein yield), the 
variety recommendations above should be interpreted with 
caution. It is suggested that new varieties are best pro­
moted by simple yield demonstrations against local 
varieties, combined with increasing availability of planting 
material at DPI stations within the province. In this way, 
other selection criteria, particularly taste, can be 
accounted for if the growers themselves are encouraged to 
evaluate the varieties under their own conditions.

b) Site x variety effects
The results of combined analysis of variance showed that 

there were consistent differences in the relative perfor­
mance of varieties from site to site. The significance of 
the site x variety interaction showed that there were impor­
tant deviations from this pattern.

The consistent nature of these effects was illustrated 
in two ways, firstly, by a comparison of variety yield rank­
ing at individual sites in relation to the ranking of 
variety yields over all sites (Figure 1), and secondly, by a 
modified Finlay-Wil ki nson analysis (Figure 2). The 
Finlay-Wi1kinson analysis demonstrates that, with the excep­
tion of Goroka, and to an extent Kl, variety yield at a site 
is well correlated with site yield, and that the main 
difference between varieties is in their ability to respond 
to site conditions that result in yield differences.

The evidence of the deviation from the general variety 
rankings, i.e. the specific suitability of a variety to a 
site, was more limited. The clearest example of specific 
site suitability of a variety was in the case of the rela­
tively poor yield of Kl and relatively high yield of Goroka 
at Egari. No explanation of this effect can be offered from 
the experimental data. In particular, the result does not 
appear to have been caused by experimental error. An ident­
ical experiment is being repeated at Egari, using the same



Page 24

methods, to confirm the discrepancy of this result.
In order to examine the extent to which the yields of

Goroka and K1 at Egari contributed to the significance of
the site x variety interaction, the combined analysis of 
variance of the log transformed marketable tuber yield data 
(Table 4) was reworked excluding the yields of Goroka and K1 
at Egari. In this analysis the F ratio for the site x var­
iety effect was reduced to 2.76 and the F ratio for the
variety effect increased to 16.4. Thus, the site x variety 
effect was only significant at P<0.05 (a worst required F of 
2.36), and the significance of the variety effect increased 
to P<0.01. This analysis confirms that the significant 
site x variety interactions in this experiment were limited 
primarily to the relative yields of Goroka and K1 at Egari 
in comparison to the other sites.

With the reservation of the lack of statistical proof, 
the result of the comparison between regression lines 
developed in the Fi nlay-Wi 1 ki nson analysis, indicates the 
existence of two groups of varieties. The first group, 
comprising recently introduced, or bred, varieties, NG 7570, 
Markham, Munduwana, Mamme, K6 and Kl, was vigorous and 
responsive to differences between sites that led to 
increased yield. The second group, comprising the esta­
blished varieties, Kariap, Wanmun and Goroka, were less 
vigorous and were less responsive to improved site condi­
tions .

Two explanations of the difference in vigour between 
these groups are suggested, however, neither can be substan­
tiated by experimental data and thus further work is 
required. The first explanation is that the established 
varieties have been subjected to unconscious selection by 
the farmers themselves, as well as to natural selection 
pressure of the ecosystem. This selection results in var­
ieties giving a similar yield over a range of sites, albeit 
at a low ievel. This characteristic was illustrated in the 
Finlay-Wi1kinson analysis where the established varieties 
had lower regression coefficients, i.e. less variation in 
yield across sites, and had higher regression intercepts, 
i.e. an ability to give some yield at poor sites. It is 
also possible that vegetative propagation tends to select 
for vegetative rather than tuber yield. In summary, the 
yield of varieties may tend to be reduced by mechanisms 
inherent to the system of cultivation.

The second explanation relates to the presence of 
viruses in the sweet potato crop in this area (Waller, 
1985). As a result of vegetative propagation, viruses may 
have accumulated to a greater level in the established var­
ieties, Kariap, Wanmun and Goroka, and this may account for 
their lower vigour. Further work is required to examine 
differences in virus accumulation between varieties to con-
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firm this suggestion.
Site x variety interactions and yield stability, and the 

methods of their analysis have been discussed by Finlay and 
Wilkinson (1963) and subsequent workers. In this investiga­
tion, an analysis after Finlay and Wilkinson (1963) was used 
but the discussion of results, particularly in terms of var­
iety stability, has been restricted. This is primarily 
because of the small data set, but also because such discus­
sion is of limited relevance to the aims of the experiment. 
In this experiment the importance of the Finlay-Wi 1 kinson 
approach lies in the illustration of the extent of the site 
x variety interaction (Figure 2).

In this experiment the comparison of variety stability 
as measured by deviations from the regression models is res­
tricted by the small data set. However, in these terms, all 
varieties, with the exception of Goroka and Kl, had a simi­
lar yield stabilty.

The analysis used here emphasised the concept of vigour 
as indicated by the value of the regression coefficients, 
and the ability of the variety to give yield at sites of low 
yield potential as indicated by the regression intercept. 
An ideal variety would be one which was both vigourous, i.e. 
had a high regression coefficient, and gave some yield at 
low yield potential sites, i.e. had a positive regression 
intercept. Amongst the varieties tested, the local ones had 
reduced vigour, thus similar yields across sites, but an 
ability to give some yield at poor sites. Although the 
introduced varieties were comparatively vigorous, only 
three, Munduwana, NG 7570 and Markham, combined this vigour 
with an ability to give some yield at sites with poor yield 
potential .



Le
af

 sca
b in

ci
de

nc
e 

(n
o.

 of 
in

fe
ct

ed
 pla

nt
s/m

ou
nd

)

Pag e 26

Figure 4: The relationship between leaf scab incidence and 
depth of purple pigmentation in the leaves of 
nine varieties.
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c) Leaf scab incidence
Leaf scab is the most prevalent and obvious disease of 

sweet potato in the Southern Highlands (Waller, 1985:4). In 
these experiments incidence was high (Table 5), with over 
half the plants in the most susceptible varieties being 
affected by the disease. Although Goodbody (1983) found 
that leaf scab reduced sweet potato tuber yield by 26%, 
there was no relationship in these experiments between var­
iety yield and leaf scab incidence at any, or across all 
sites. Results for NG 7570 and Wanmun illustrate the lack 
of any relationship. When averaged over all sites, Wanmun 
and NG 7570 were the varieties most affected by leaf scab, 
but they had the second lowest and second highest yields of 
marketable tubers respectively.

This result probably indicates, not so much that leaf 
scab does not cause yield loss, and thus resistance is 
desirable, but that varieties may show tolerance to the 
disease. In conjunction, or possibly alternately, it indi­
cates that there are more important differences between 
varieties in other factors that constrain yield. For exam­
ple, differences in environmental adaptation or, possibly 
differences in the level of virus accumulation between var­
ieties. In the latter case, virus accumulation would be 
expected to be greater in Wanmun, an established variety, 
than in NG 7570, an introduced variety (Waller 1985:6), and 
may account for yield differences between the two varieties.

The suggestion by Waller (1985:4) that leaf scab inci­
dence is lower in varieties lacking purple pigment in their 
leaves was examined using the results presented here. Leaf 
samples of the nine varieties taken from the Kiburu nursery 
were ranked on the depth of purple pigmentation in their 
leaves. This ranking was then related to the mean variety 
leaf scab incidence (Table 5). The result (Figure 4) shows 
a significant (P<0.01) linear correlation between increasing 
depth of purple pigmentation in leaves and variety suscepti­
bility to leaf scab.

One of the criteria for progeny selection in the 
polycross seed nursery, from which K1 and K6 were selected, 
was reduced susceptibility to leaf scab. The reduced inci­
dence of leaf scab in the polycross progeny (Table 5) 
confirms the effectiveness of this selection.

Although significant site x variety interactions in leaf 
scab incidence were indicated by a combined analysis of var­
iance, there was limited evidence of this in the subsequent 
analysis (Figure 3). This discrepancy may be related to the 
fact that mean site leaf scab incidence was the same at 
three sites and that the other three sites had a higher 
incidence but at levels which were similar to one another. 
Thus, small differences in leaf scab infection between var-
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ieties across sites may be more readily detected as a site x 
variety interaction.

c) Insect damage
The low levels of insect damage experienced in these 

experiments, and the lack of significant differences between 
varieties, are consistent with the finding that insect dam­
age is a minor constraint to the yield of sweet potato in 
the Southern Highlands (Thistleton and Masandur, 1985).

d) Root-knot rating
The low level of root knot rating scores reflect the 

cropping histories of the experimental sites (Table 1), in 
which grass fallows predominated. The highest root-knot 
rating was at Egari , the site with the most recent and 
intense sweet potato cultivation. However, a root-knot rat­
ing of 2 does not represent a serious level of infestation 
(Bridge and Page, 1980).

Other AFTSEMU (unpublished) results show that sweet 
potato varieties differ in their susceptibility to root-knot 
nematodes. Of the varieties tested here Markham is a sus­
ceptible variety and Wanmun a resistant variety. In this 
experiment the low levels of root-knot nematode infestation 
experienced would probably preclude the expression of varie­
tal differences in yield related to differences in 
susceptibility to root-knot nematodes.
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5. CONCLUSIONS
1. The investigation of site x variety interactions for 
sweet potato was not unequivocal but the balance of the evi­
dence suggested that such interactions are of limited 
importance. In general, the yield response of a variety to 
differences in yield potential between sites was predict­
able. There were, however, important differences between 
varieties in their vigour, i.e. in the extent of this 
response .
2. Recently introduced, or bred, varieties were not only 
higher yielding than the established local varieties, but 
were more vigorous, and are therefore particularly suitable 
for use on high yield potential sites and with improved 
agronomic practices.
3. It is suggested that a greater accumulation of viruses 
in established varieties, and selection pressure inherent in 
the cultivation system, may be implicated in the differences 
in vigour. Further study of the implications of the pres­
ence of viruses for sweet potato yield, and for differences 
in vigour between varieties, is a priority. j

4. Varieties differed in their ability to yield on poor 
yield potential sites. While local varieties gave such 
yield they also had reduced vigour. However, three of the 
introduced varieties combined increased vigour with an abil­
ity to give some yield at poor sites.
5. Planting material of the varieties Munduwana, NG 7570 
and Markham should be made available to growers throughout 
areas of the Southern Highlands within the altitudinal range 
of 1500 to 2200m. This recommendation is tentatively 
extended to other areas of the province.
6. Because of the complexity of factors involved in the 
acceptance of new varieties, and the possibility of specific 
site effects, new varieties should be promoted in such a way 
as to encourage growers to evaluate the varieties for them­
selves under their own conditions.
7. Dif f erences bet ween the yi e Id
prog eny and their kno wn pa ren ts
were , however , less susce pti bl
bata tas) , and had a hig her dr
known pa rents . Red uced leaf sc ab
dry matt er contents , we re cr i te r i
and the ex per imenta 1 results CO nf
this sei ection .

of the polycross selected 
were limited. The progeny 

e to leaf scab (Elsinoe 
y matter content than their 
susceptibilty, and higher 

a used in progeny selection 
irm the effectiveness of
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8. Because of the potential inter-variety, and inter-site, 
variation in tuber dry matter and carbohydrate and protein 
contents, variety evaluation should take these factors into 
account. This necessity requires a greater commitment of 
experimental resources but is essential if varieties are to 
be realistically evaluated in terms of human nutrition.
9. The incidence of sweet potato leaf scab (Elsinoe 
batatas) was widespread in these experiments but while there 
were large differences in disease susceptibility between 
varieties, these differences were not related to the yield 
differences between varieties. Thus, although tolerance or 
resistance to leaf scab is a desirable varietal characteris­
tic, leaf scab appears to be a minor constraint to yield at 
present. Results showed that susceptibility to leaf scab 
was lower in varieties with reduced purple pigmentation in 
their leaves.
10. Levels of insect damage experienced in these experi­
ments was low and did not affect yield.
11. The existence of significant site x variety 
interactions has important implications for variety evalua­
tion and development. The methods used here to examine the 
site x variety effects provide a basis for further, more 
extensive, testing to clearly establish the importance of 
such effects.
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Appendix III

Comparison of regression lines in Figure 2 after method of Snedecor and Cochran 
(1972:432).

(a) Regressions for all varieties.

(b)

«MB M - Reg. Regression deviations
df <£x2 2xy Coef df SS MS F

Within
NG 7570 5 110.70 142.18 217.37 1.28 4 34.77 8.69
Markham 5 110.70 126.09 137.55 1.14 4 29.89 7.47
Munduwana 5 110.70 149.65 233.55 1.35 4 31.24 7.81
Marame 5 110.70 139.46 181.46 1.26 4 5.75 1.44
K6 5 110.70 132.30 161.91 1.21 4 3.78 0.95
K1 5 110.70 119.38 182.26 1.07 4 53.47 13.37
Kariap 5 110.70 78.84 59.94 0.71 4 3.78 0.95
Wanraun 5 110.70 57.97 32.99 0.52 4 2.64 0.66
Goroka 5 110.70 50.51 50.2i 0.46 4 27.14 6.79

36 192.46 5.35

Pooled, W 45 996.30 996.38 1257.24 1.00 44 260.78 5.93

Difference between slopes 8 68.32 8.54 1.60 NS

Combined 52 782.29

Between adjusted means 8 521.51 65.19 11.0«*

Regressions for NG 7570, Markham, Munduwana , Mamrae , K1 and K6.

2xy
_ Reg. Regression deviations

df 2.y2 Coef. df SS MS F

Within
NG 7570 5 110.70 142.18 217.37 1.28 4 34.77 8.69
Markham 5 110.70 126.09 137.55 1.14 4 29.89 7.47
Munduwana 5 110.70 149.65 233.55 1.35 4 31.24 7.81
Mamrae 5 110.70 139.46 181.46 1.26 4 5.75 1.44
K6 5 110.70 132.30 161.91 1.21 4 3.78 0.95
K1 5 110.70 119.38 182.26 1.07 4 53.47 13.37

24 158.90 6.62

Pooled 30 664.20 809.06 1114.10 1.22 29 128.59 4.43

. 5 30.31 6.06 0.92 NS

Combined 34 376.35

Between adjusted means 5 247.76 49.55 11.2«*



Page 36

(2) Regressions for Kariap, Wanmun and Goroka

df 2*2 2*y 2y2

Within
5 110.70 78.84 59.94
5 110.70 57.97 32.99
5 110.70 50.51 50.21

Pooled 15 332.10 187.32 143.14

Combined

Between adjusted means

Reg. Regression deviations
Coef. df SS MS F

0.71 4 3.78 0.95
0.52 4 2.64 0.66
0.46 4 27.14 6.79

12 33.56 2.80

0.56 14 36.48 2.61

2 2.92 1.46 0.52 NS

16 61.59 3.85

2 25.11 12.56 4.81*

(d) Comparison of pooled regressions from (b) and (c).

i) For NG 7570, Markham, Munduwana, Mamme, K1 and K6.
Variance of regression coefficient Sa = 4.43 = 0.0067 with 29 df.

hi 664.2
so regression coefficient = 1.22 ± 0.167

ii)

iii)

iv)

For Kariap, Wanraun and Goroka.
Variance of regression coefficient Sa = 2.61. ,=

b2 332.10

so regression coefficient = 0.56 ± 0.1902.

Pooled variance = 0.0071 with 43 df.

and = 0.66/0.0266 = 24.812***

0.0079 with 14 df.

0.0266

NOTE: Formala used in (iv) above x nx + n2

M »1 X n2


