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EFFECTS OF GOAT MANURE, NPK-FERTILIZER, INSECTICIDES
AND FUNGICIDES, AND COMPOST ON POTATO YIELD AT THE
YASUBIRURAL EXTENSION CENTRE

J.A. Pitala’? and S. Sivasupiramaniam’

ABSTRACT

Two preliminary field trials were conducted at the Yasubi Rural Extension Centre in the South Fore
Census Division of the Okapa District in the Eastern Highlands Province as a part of the ongoing
research to develop a low input potato production system(s) for the Okapa SMAFSP area. In Trial
1, conducted during the dry period of March - July, application of goat manure increased marketable
tuber yield and numbers significantly (P<0.01). Tuber yield increase was almost 200%. There was
no response to either mixed NPK-fertilizer or routine spraying of insecticides and fungicides. In Trial
2, conducted during the wet period-of November-March, application of 500 kg/ha of mixed NPK-
fertilizer increased total tuber yield significantly (P<0.01). Increasing the fertilizer rate from 500 to
750 kg/ha did not increase the total tuber yield significantly (P<0.05). Application of additional P
as triple superphosphate (TSP) and N as urea failed to influence total tuber yield significantly
(P<0.05). There was no response to application of compost and the possible reason for this is
discussed.
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INTRODUCTION

The South Fore Census Division (CD) in the
Okapa District of the Eastern Highlands Prov-
ince is under the Smallholder Market Access
and Food Supply Project (SMAFSP) area.
SMAFSP is directed at iess developed areas
where economic and social developmentis gen-
erally lacking. Therefore, one of its main objec-
tives is to increase and diversify opportunities
for earning cash income. Improving the produc-
tion and marketing of potato has been identified
~ as cne of the methods to achieve this objective

in the Okapa SMAFSP area.

At present, Okapa district produces about 20%

of the total potato produced in the country
(Department of Agricuiture and Livestock 1989)
but most of it is cultivated in the North Fore which

' Department of Agricuiture and Livestock, P.O. Box 1075,

Goroka, E.H.P, Papua New Guinea.

2 Present address: Department of Agriculture and Livestock,

P.O. Box 1984, Lae, Papua New Guinea.

is outside the project area. Entire production is
by small farmers. Although production data are
unavailable at present, it is believed that yields
are generally low due to low soil fertility, use of
either no or little inorganic fertilizers, poor man-
agement, and perhaps lack of quality seed.

Potato usually responds to inorganic fertilizer
application. In Papua New Guinea the general
recommended rate of inorganic fertilizer is 750
kg of 12-12-17-2 NPK fertilizer mixture plus 250
i\g of txiple auperphosphqtb (TS”) per | heclare

msectimdes and fungaudes because of hsgh C ost
of transport and lack of capital.

Using locally available organic fertilizers is an
option to substitute expensive inorganic fertiliz-
ers. Quality seed potato is expensive and not
freely available.Therefore, yields have to be
increased to maximize returns for farmers’ in-
vestments on seed. Using either optimum level
of inorganic fertilizer or organic manure are two
options available to the farmer to maximize re-
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turns. Hence, there is a need for low input
technology for potato production to match the
local physical and socio-economic environment.

| ThIS paper reports the results of two preliminary

field trials conducted, as a part of the ongoing
research, to develop a low input potato produc-
tion system(s) for this area.

MATERIALS AND METHODS

Two trials were conducted at the Yasubi Rural
Extension Centre in the South Fore CD of the
Okapa District in the Eastern Highlands Prov-
ince (1600 m a.s.l.). The first trial (Trial 1) was
started in March and concluded in July, 1991
while the second trial (Trial 2) commenced in
November, 1991 and terminated in March, 1992.
The soil is a brown clay soil which is the dominant
soil type in the area. The soil analysis data are
presented in Table 1.0. The treatments in both
trials included: :

Trial 1

1. Control

2. 250 kg NPK/ha

3. 500 kg NPK/ha

4. 250 kg NPK/ha + Spraying

5. 500 kg NPK/ha + Spraying

6. 25t manurefha

7. 25t manurefha + Spraying

Trial 2

1. Control

2. 750 kg NPK/ha + 250 kg TSPiha

3. 500 kg NPKiha + 250 kg TSP/ha + 50 kg Niha
4. 500 kg NPK/Mha + 250 kg TSP/ha + 100 kg N/

na

500 kg NPK/Mha + 250 kg TSP/ha + B0 kg N/ha
500 kg NPK/ha

. Compost .
Compaost + 50 kg N/ha

in Trial 2, nitrogen application in treatments 3
and 4 were applied four weeks afier planting
whereas in treatments & and §, nitrogen was
applied at planting.

Trial 1 was laid out using a randomized complete
block design (RCBD) with three replicates. The

spective

. plots were raised beds and 8.0 m? in size. The

manure treatment was applied in bands five
weeks before planting and mixed thoroughly

with the soil. The goat manure used was-col- - -

lected from the cement floor underneath the
goat night house at Bena Bena Goat Breeding
Station which is situated about 20 km south of
Goroka along the highlands highway in the
Eastern Highlands Province. It contained 1.98%
nitrogen, 0.5% phosphorus and 3.47% potas-
sium on a dry matter basis.

Five weeks after the application of manure,
potato (Solanum tuberosum Linn.) cultivar Se-
quoia was planted in furrows. The spacing was
70cm betweenand 30 cm withinrows. The NPK-
fertilizer was applied in furrows and mixed thor-
oughly with the soil. Immediately after the appli-
cation of the NPK-fertilizer, potato seeds were
plantedinthe same farrows. Insecticide (Orthene)
and fungicide (Topsin-M DO) were applied to
treatments 4, 5 and 7 atthe recommended rates
from the third week at ten days interval. The last
spraying was done 88 days after planting.

In the second trial, the compost was applied two
weeks before planting.The size of the plots,
spacing, potato cultivar and the method used for
fertilizer applicaticns were the same as in Trial 1.

" However, the trial was laid out in a completely

radomized design (RCD). Samples of the third
compound leaf from the top of the plant from ali
plots were coliected 80 days after planting for N,
P and K determination. Normal cultural practices
were eimployed during the duration of the re-
trials. Al maturity, 12 plants from xhe
centre of the plots were harvested. In the first
triad, tubers less than 30 g were considered as
unmarketable. The datacoliscted ontha number
and vield of tubers were subjected to the respec-
tive analysis of variances for RCBD (Trial 1) and
RCD (Trial 2) and the means were tested using
the least significance difference (LSD) test (Lit-

tle and Hills 1978). . . . . . . . . . .

RESULTS

In Trial 1, applicaticn of goat manure at 25 tYha
significantly (P<0.01) increased the marketable
tuber yield and numbers.The total number of
tubers per plantwas also increased significantly
(P<0.01) (Tables 2 and 3). Application of mixed
NPK-fertilizer at either 250 or 500 kg/ha failed to
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Table 1. Chemical Analysis of Soil Samples (0-15cm) from Yasubi Rural Extension Centre.

ELEMENT VALUE INTERPRETATION
pH (1:2.5; soil:distilled water) 5.60 moderately acidic
Olsen Available P (mg/kg) 5.26 very low
Extractable Cations:
Potassium (K) (me/100 g) 0.54 medium
Calcium (Ca) (me/100 g) 6.10 medium
Magnesium (Mg) (me/100 g) 2.16 medium
Sodium (Na) (me/100 g) 0.08 very low
Sulphate sulphur (mg/g) 18.00 medium
Boron (mg/g) 0.70 low
Cation Exchange Capacity (CEC) 21.00 medium
Percentage Saturation K 2.50 desirable

Ca 29.00 < desirable

Mg 10.20 desirable

Na 0.40 < desirable
Organic Matter (%) 8.80 medium
Total Nitrogen (%) 0.42 medium
Phosphate Retention (%) 56.00 medium

influence either tuber yield or numbers signifi- DISCUSSION

cantly (P<0.05). Spraying with insecticide and
fungicide had no effect on tuber yield or num-
bers (Tables 2 and 3).

in Trial 2, application of 500 kg NPK/ha of mixed
NPK-fertilizer increased total tuber yield signifi-
cantly (P<0.01) (Table 4.0). Increasing the fer-
tilizer rate from 50010 750 kg/ha did not increase
the total tuber yield significantly (P<0.05). Addi-
tion of additional P as TSP and N as urea and the
time of N appilication failed to influence total
- tuber yield significantly (P<0.058). There was no
response to application of compost (Table 4).

The nitrogen and phosphorus concentrations of

leaf were not significantly (P<0.05) affected by
the treatments applied (data not presented).
However, the potassium concentration of the
leaf showed significantly (P<0.05) higher levels
in treatments 1, 7 and 8 (Table 5).

Generally, most nitrogen recommendations for
potato in tropical areas are in the range of 80-
150 kg/ha. For phosphorus and potassium, most
recommendations are in the range of 100- 200
kg/ha and 60-180 kg/ha as P,O, and K,O, re-
spectively (FAO 1984). The soil from the ex-
perimental site at Yasubi appears to be fertile.
However, the phosphorus leve! is very low as
indicated by the scil analysis data (Table 1).

Pstato needs a good supply. of readily available. .

phosphorus and because its root system is not
extensive, it does not readily utilize the less
available forms of phosphorus. In most cases,
therefore, phosphorus fertilizer applications are
considerably higher than the 30-50 kg/ha of
P,O, taken up by the crop (FAO 1984).

The lack of response to NPK fertilizer in Trial 1
may be largely attributed to the dry conditions
prevailed during the experimental period. Ob-
servations during this period indicated that plant
canopy development was poor in the treatments
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Table 2. Effect of NPK-fertilizer, goat manure and spraying on the yield of potato tubers.

TREATMENT . - TUBER YIELD (tha) - . . .
MarketableTubers Unmarketable Tubers
1. Control 9.33 0.59
2. 250 kg NPK/ha 8.04 0.82
3. 500 kg NPK/ha 7.09 0.95
4. 250 kgNPK/ha + Spraying 9.95 0.72
5. 500 kg NPK/ha + Spraying 11.63 0.92
6. 25 t Manure/ha 26.75 1.29
7. 25 t Manure/ha + Spraying 29.67. 1.59
LSD (P < 0.05) 3.42 0.57
LSD (P < 0.01) 479 0.80
CV (%) 13.10 33.20

except those that received goat manure.The
canopy duration too was relatively short as
compared to that of the manurial treatments.
For maximum light interception, better canopy
development and longer duration are neces-
sary (Mengel and Kirkby 1987).This in turn
would enhance photosynthesis, and consequent

ranslocation of photosynthates to tubers, re-

suiting in increased tuber yield. Furthermore, it
is generally accepted that there must be enough
moisture available in the soil for a fertilizer to be
efficiently utilized by a crop. Because of the
nrevailing dry conditions during that period, soil
moisture may have been limiting, thereby con-
iributing to the poor response of potato to the
applied NPK fertilizer.

The highly significant respense {0 manure may
be attributed to the fact that since it was applied
five weeks before planting, there was probably a
high degree of breakdown by the micro-organ-

tion of nutrients. This is highly possibia because
even though there were dry conditions, the
rasidual moisture in the manure could have
contributed te the favourabie conditions for mi-
crobial activity to proceed, thus, rendering the
nutrients available for plant uptake.

The significant response to NPK in Trial 2 which
was conducted during the wet season demon-
strates the importance of the time of planting of

potato in this area. Also, the recommended rate
of 750 kg NPK/ha + 250 kg TSP/ha (SAPPRD
1986), although gave higher tuber yield, it was
not significantly (P<0.05) higher than those of
treatments 3, 4, 5 and 6 (Table 4). Furthermore,
because of the high cost of fertilizers, transport
and lack of capital, it would be prohibitive for
farmers in the South Fore area to use higher
amounts of inorganic fertilizers. There appears
to be little or no benefit in using NP fertilizer
rates of more than 500 kg/ha and using of
additional TSP and urea.

in the current study, compost application failed
{o influence fuber vield. The nutrient content

of the compost and the nutrients availability
depend on the nature of the vegetation used
and the stage of decomposition. The compost
material usedwas obtained from fallen dry leaves
which appear to be of low quality. The material
was only partially decomposed when appliedtwo

.............

of the compost used the resulls from the com-
post treatments should be treated with caution,
and the use of compost as an organic fertilizer
requires further investigation.

Potassium concentration of the leaf showed no
correlation with the total tuber yield (Tables 4
and 5). Tuber yields in the NPK-fertilizer treat-
ments were significantly (P<0.01) higher than
those of the compost and control treatments.
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Table 3. Effect of NPK-fertilizer, goat manure and spraying on the number of fresh potato

tubers.
TREATMENT NUMBER OF TUBERS/PLANT
Total tubers Marketable Unmarketable

per plant tubers tubers

1. Control 3.64 2.22 1.42
2. 250 kg NPKha 3.22 1.89 1.33
3. 500 kg NPK/ha 3.75 2.03 1.72
4. 250 kg NPK/ha + Spraying 3.52 2.19 1.33
5. 500 kg NPK/ha + Spraying 4.33 2.47 1.86
6. 25 t Manure/ha 8.55 5.61 2.94
7. 25 t Manure/ha + Spraying 8.41 5.83 2.58
LSD (P < 0.05) 1.84 1.17 1.13
LSD (P < 0.01) 2.59 1.65 1.59
CV (%) 20.50 20.80 33.80

Table 4. Effect of NPK-fertilizer, TSP, N and Compost on the yield of potato tuber.

TREATMENT TOTAL TUBER YIELD (t/ha)
1. Control 12.43
2. 750 kg NPK/ha + 250 kg TSP/ha 37.03
3. 750 kg NPK/ha + 250 kg TSP/ha + 50 kg N/ha* 26.72
4. 500 kg NPK/ha + 250 kg TSP/ha + 100 kg N/ha 34.13
5. 500 kg NPK/ha + 250 kg TSP/ha + 50 kg N/ha 25.27
6. 500 kg NPK/ha 29.36
7. Compost 10.71
8. Compost + 50 kg N/ha 14.94
L8D (P < 0.05) 13.32
LSD(p < CG'}) ...................... 1i835. . . . . .. e
CV (%) 32.30

* N application in treatments 3 and 4 were applied four weeks after planting whereas in
treatment 5 and 8, N was applied at planting time.

Papua New Guinea Journal of Agriculture, Forestry and Fisheries 1994, Vol. 37 No. 2 PP 40-46




45 Effects of goat manure, NPK-fertilizer, insecticide and fungicide

Table 5. Potassium content (dry matter basis ) of the third compound leaf at 60 days after

planting.
~ TREATMENT POTASSIUM CONTENT (%)

1. Control 5,25
2. 750 kg NPK/ha + 250 kg TSP/ha 3.43
3. 500 kg NPK/ha + 250 kg TSP/ha + 50 kg N/ha* 3.07.
4. 500 kg NPK/ha + 250 kg TSP/ha + 100kg N/ha 3.11
5. 500 kg NPK/ha + 250 kg TSP/ha + 50 kg N/ha 3.28
6. 500 kg NPK/ha 4.08
7. Compost 4.93
8. Compost + 50 kg N/ha 463
LSD (P < 0.05) 0.81
LSD (P < 0.01) 1.12
CV (%) 11.80

* N application in treatment 3 and 4 were applied four weeks after planting whereas in
treatment 5 and 8, N was applied at planting.

This is in contrast to the findings of
Sivasupiramaniam et al. (unpublished) who found

significant correlations between potassium con-

tents of leaf and potato tuber yieid. The critical
concentration to define the deficiency limit of
potassium in leaf 50 days after planting was
found to be 3.8% (Singh 13887). in the present
study, the relative sufficiency level of potassium
was observed in treatments 1, 6, 7 and 8.
However, apart from treatment 6, treatments 1,
7 and 8 had significantly (P < 0.01) lower tuber
yields. Therefore, it may be assumed that potas-
sium was not the limiting nutrient. This is consist-
ent with the soll analysis (Table 1)

CONCLUSION

The potential use of goat manure as a organic
fertilizer for crops such as potale can not be
overemphasized. However, at present goat (as
well as sheep) population in the South Fore CD
is very small. Therefore, the availability of ma-
nure and its potential use as a fertilizer source
may not be fully realized in the immediate future.

Potato responded poorly to NPK-fertilizer during
the dry season; but, in the wet season higher

‘tuber yields were obtained. This indicates the =

proper time of planting potato in the South Fore
area (October-March) for maximum tuber yields.

Application of additional P andfor N is not
necessary. The present study indicates that ap-
plication of insecticide and fungicide in a small-
holder situation may not be necessary provided
healihy seeds and normal cultural practices are
empioyed. Further study is required on the use
of compost on potato preduction in the South
Fore area. Some aspects which need o be
considered are the type of compost material
used and the labour requirement for material
collection.
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