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Abstract

In Papua New Guinea extrem e clim atic even ts such as the EI Nift o Southern Oscillation
phenomenon (ENSO) pose a significant threat to food security. It is believed that the im pacts of
climate change in Papua New Guinea are m ainly related to the ENSO phenomenon, whereas an
increase of this event would bringm  ore or longer droughts or periods of heavy rainfall.
Consequently this exacerbates the problem of f ood insecurity especially in rural areas where a
high percentage of the population practices subs istence farm ing. To overcom e this problem,
agricultural m anagement strategies need to be adapted or new technological options for rural
farmers developed. On that account an investigati on of the soil and water conditions of two pilot
areas has been conducted in the course of the pr esent master thesis. The pilot communities were
both located in the highlands of Papua New Guinea , whereas one was in an area of high rainfall
and therefore suffered from excess soil moisture and the other lied in a seasonally d ry area that
suffered from deficit soil moisture. The soils of the selected areas were surveyed during March
and April 2012 and analysed in terms of their physical and chemical properties.

It was found that the soils of the dry site were clay soils of non volcani c origin w ith very low
hydraulic conductivities and m oderate com paction. Furtherm ore they were less acidic, had
higher contents of exchangeable bases and lowe r contents of organic m atter com pared to the
soils from the wet site. A comm on charac teristic of the soils from both sites was a def icit in
potassium. At the dry site, the situation of local farmers could be improved through soil moisture
conservation practices as well as nutrient recycl ing and supplem entary irrigation during periods
of drought. At the wet site soil conservation prac tices, the improvement of drainage systems and
mounds could be enhanced.

Kurzfassung

In Papua Neuguinea stellen extreme Klimaereignisse so wie das Phanomen der El Nifio Southern
Oscillation (ENSO) eine erhe bliche Gefdhrdung der Erndhrungssi cherheit dar. Man nimmt a n,
dass die Auswirkungen des Klim  awandels in Papua Neuguinea hauptséchlich im ENSO
Phianomen zu spiiren sind, wobei eine Zuna hme m ehrere oder ldngere Trockenperioden
beziehungsweise Perioden von Starkniedersc hldgen bedeutet. Das Problem der
Erndhrungsunsicherheit wird da durch speziell in ldndlichen Ge genden, in welchen zum groBten
Teil Subsistenzlandwirtschaft be trieben wird, verschérft. Um die Erndhrungsunsicherheit auch
dort zu sichern, m  iissen neue la ndwirtschaftliche Managem entstrategien oder technische
Losungen erarbeitet werden. Im  Hinblick auf di eses Ziel wurde im  Zuge der vorliegenden
Masterarbeit eine Untersuchung von Boden und W asserhaushaltes zweier P ilotregionen
durchgefiihrt. Beide Untersuchungsgebiete lieg en im Hochland von Papua Neuguinea, wobei
eines durch hohe Niederschlagsmengen und daher tiberschiissige Feuchtigkeit im Boden, und das
andere durch ausgedehnte Trockenperioden und fehlende Bodenfeuchtigke it ausg ezeichnet ist.
Der Boden wurde wihrend der Monate Mérz u nd April 2012 untersucht und Proben hinsichtlich
der physikalischen und chemischen Eigenschaften analysiert.

Die Boden des trockenen Untersuchungsgebietes waren Tonbdden nicht-vulkanischen Ursprungs
und zeigten eine sehr geringe W asserleitfdhigkeit und eine moderate V erdichtung. Des weiteren
waren sie im Vergleich zu den Boden des feuc ~ hten Standorts weniger sauer, hatten hohere
Gehalte an austauschbaren Basen und einen ge ringeren Gehalt an organischem Material. Die
Bdden beider Standorte zeigten ein Kalium defizit. Zur Verbesserung der Situation im trockenen
Gebiet konnen eine ergéinzende Bewisserung wé hrend lang anhaltender Trockenperioden sowie
MalBnahmen zur Erhaltung der Bodenfeuchte und ~ Néhrstoffrecycling eingefiihrt werden. I m
feuchten Gebiet kdnnte eine Optim  ierung vo n Entwisserungs- sowie Hiigelanbautechniken
gefordert werden.



Introduction and Objectives

1 INTRODUCTION AND OBJECTIVES

In Papua N ew Guinea (PNG), 81% of the populati on lives in rural areas (Bourke R.M. et al,
2009a). Most of them are smallholder farmers who practice subsidence farming and are therefore
very vulnerable to extrem e cli matic events an d changing weather patter ns. The o ccurrence of
periods with extrem e climatic conditions such as the E 1 Nifio and the la Nifia phenom enon are
expected to increase in the future. The result is an arising need of smallholder farmers to adapt
their agriculture to the changing conditions in order to be capable to suppl y themselves with
food.

To attend to this problem atic, the EU funded project Generation and adaptat ion of improved
agricultural technolog ies to mitiga te climate ¢ hange-imposed risks to food produ ction within
vulnerable smallholder farming communities in Western Pacific countries was launched in 2011.
The aim of the project is to achieve food securi ty for smallholder farmers of Papua New Guinea,
Solomon Islands and Vanuatu in ar eas where precip itation deficits or e xcess prec ipitation are
significant threats to food production. The main causes of food insecurity in local rural areas are:

- Very low or insufficient soil m oisture for crop production during prolonged droughts (EI
Nifo)

- Too much precipitation and hence excessive soil m oisture for crop production during
extended wet seasons (La Nifia)

- Sea water inundation of farmland due to rising sea levels and cyclones

- Inappropriate livestock and fish production system s capable of coping with changing
climatic conditions

During the project, the far ming sy stems in hig h risk areas shall be ad apted to co pe with the
extreme and changing clim atic conditions. Am ongst other things that can be achieved through
the identification of appropria  te types of water and soil management technologies, the
introduction of more suitable crop varieties and alternative livestock feeding systems.

In Papua N ew Guinea, five study s ites in high risk areas have b een selected dur ing the initial
phase of the project (Table 1). In those comm unities pilot actions will be conducted to develop
and provide smallholders with new or adapted technology options.

Table 1: The Papua New Guinean study sites of the project

Study Site District Province

Hisiu & Yule Island Kariuku Central

Kopafo Bena Bena Eastern Highlands
Murukanam Sum kar Madang

Kiripia & Alkena Tambul Western Highlands
Derin Transgogol Madang

The investigations for this thesis include two out of the five Papua New Guinean study sites. One
is the Kopa fo community, and the other in cludes the two communities Kirip ia a nd Alkena
(Figure 1). Kopafo is located in the Bena Bena district of the Easter n Highlands Province and
was chosen for pilot actions because of its de ficit soil m oisture ¢ onditions. The comm unities
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Introduction and Objectives

Kiripia and Alkena are situated in the Tam bul district of th e W estern Highlands P rovince and
suffer from excess soil moisture.

Figure 1: The two study sites Tambul (Western Highland Province) and Kopafo (Eastern Highland Province)

Objectives
The aim of this thes is is to provide the basic in formation and data that is necessary for further
actions in the course of the project. The research objectives are:

to identify the possible impact of clim ate change on agriculture and the consequences for
smallholder farmers
to provide an integrated desc ription of the study sites and their problem s concerning the
availability or the excess of water, including

o the acquisition of climatic as well as topographic data

o the identification of locations of water sources and water infrastructure
to analyse the soils of the food gardens of smallholder farmers in order to gain knowledge
about the prevalent soil fertility status as well as the soil water dynamics

Specific research objectives for the Tambul study sites are:

to identify the influence of the prevalent excess of soil moisture on soil conditions

to identify specific locations with problems related to excess water such as water log ging
and flooding

to dete rmine curren tly used f arming techni ques used to cope with periods of excess
rainfall and to mitigate excess soil moisture

Agnes ULREICH 2
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Specific research objectives for the Kopafo study site are:

- toiden tify the inf luence of the pr evalent sea sonal def icit of soil moistur e on soil
conditions

- to identify locations that are especially dry

- to determine currently used farming techniques used to cope with periods of drought and
to preserve soil moisture

With the information gained through the research and the field inve stigations, a first approach of
how to cope with the prevalent problems is given.

Agnes ULREICH 3
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2 GENERAL BACKGROUND

Papua Niugini, as it is called by its inhabitants, is a very diverse country in m any ways. A large
mountain range divides the countr y into various valleys with different environm ents and people
and consequently creates a great diversity of languages, tradit ions and cultures. Papua Ne w
Guinea lies at the east end of  Indonesia just south of the equa tor and north of the Australian
continent. It has a total area of 465,000 km? with a population of 5.2 million people including the
many islands. 81% of the population lives in rural villages where m  ost people practice
subsistence farming. Hence the agriculture, whic h depends a lot on clim atic and e nvironmental
circumstances, is very important (Bourke R.M. et al, 2009a, pp.28).

The so-called highlands of PNG contribute with 16% to the total land area and cover the Eastern
Highlands, Chi mbu, Western Highla nds, Enga and Southern Highl ands Provinces (Figure 2).
The landscape is a diverse high plateau of faults and deep dissections w ith its a Ititude ranging
between 1500 and 3000 m eters above sea level. About 37% of the popul ation inhabits the
highlands and 98% of them live inrural areas, which a 1so em phasises the im portance of the
highlands agriculture (Benjamin A.K et al., 2000).

Figure 2: Highlands districts of Papua New Guinea
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General Background

2.1 CLIMATE OF PAPUA NEW GUINEA

The climate of Papua New Guinea is mainly influenced by the following factors: The location of
the country between Australia an d the equator im plicates a tropi cal clim ate with plenty of
rainfall and excess heating because of solar radiation. The east- west or walker circu lation
accounts for a year to year variability as it is regularly disrupted by El Nifio /La Nifa years (see
Chapter 2.1.1). Local clim ate patterns are also influenced by the  topography, especially the
height and orientation of the mountain ranges (Saulei S. et al, 2000).

Generally, Papua New Guinea is characterised by a high amount of rainfall, high tem peratures
and high humidity. While the rainfall varies significantly across the country, the temperatures are
relatively steady. The average rainfall in P NG lies between 2000mm and 4000mm per year in
most of the country, while som e regions rece ive up to 7000mm and others less than 1500mm
(Bourke R.M. et al, 2009a, p.56). On the m ainland the areas with the highe st amount of rainfall
are along the north, south and west end of the m ain highlands valleys (Figure 3). There are two
monsoonal seasons, one occurring from December to March being the northwest m onsoon and
the other from May to October being the southwest monsoon.

! " 50 0 100 200 300 00
i -
L2
1.;

i per year
[ 10001500
[ 1500-2000
Bl 2000-3000
30004000

4000~ 7000 €T
Bl 000> 7000 K oy

Figure 3: Rainfall in Papua New Guinea, Source: Bourke R.M. et al, 2009a, p.57

BOURKE (2009a) states that the climate in Papua New Guinea is changing as the global clim ate
is. [t is b elieved that the impacts o f climate change in PNG are m ainly re lated to the ENSO
phenomenon, which is explained in the following chapter (Saulei S. et al, 2000).

2.1.1 EL NINO SOUTHERN OSCILLATION (ENSO)

In a normal year the water temperature of the sea surface in the western pacific (Indonesia, PNG)
is higher than in the eastern pacific (South Am erica). The high water temperature in the western
pacific leads to a convergence of hum id air, which rises to a depression and causes clouds. The
air is carried along the equator and descends again in the areas of high pressure along the eastern
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pacific ("The Walker Circulation", Figure 4). The following dissolution of the clouds implicate
that these areas only receive little rainfall. Eventually the air flows back towards the Papua New
Guinean depression.

In an El Niflo year the w ater temperature of the eastern pacific rises and is no longer colder than
the water temperature o f the western pacific. This caus es the W alker Circula tion to reve rse
(Figure 5), and therefore air of high pressure which is cooler a nd drier is brought to Papua New

Guinea. As a result fewer clouds are developed. The El Nifio phenomenon occurs approximately
once in ten years and has a big in fluence on rainfall in Papua New Guinea. It causes moderate to
severe droughts and as a conseque nce of little cloud cover and clea r night skies frosts can occur
in areas above 2000masl. A severe ENSO event happens approximately every 50 - 100 years and
can cause a serious degree of dam age. The m ost severe ENSO event of th e past 70 years took

place in 1997 and caused serious food shortages all over the country (Allen B.J. et al, 2000a).

Typical Walker circulation pattern

air
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Figure 4: The Walker Circulation in a normal year, Source: BOM, 2012

Walker circulation during El Nifio
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Figure 5: The Walker Circulation in an El Nifio year, Source: BOM, 2012
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The phase called La N ifia is opposite to the El Nifio phenom enon and occurs when the sea
surface tem peratures in the eastern pacific are colder th an normal. A La Nifa year is often
subsequent to an El Nifio year and is connected with higher rainfall in Papua New Guinea.

2.1.2 CLIMATE CHANGE IN PAPUA NEW GUINEA

The effects of clim ate change have an influe nce on life everywhere in the world. The m ost
important effect is the rise of the world averag e temperature due to increasing concentrations of
greenhouse gases, but th ere are several o ther impacts that possibly go on the account of climate
change. For exa mple natural hazards, especially floods, droughts and  the sea-lev el rise are
expected to increase in frequency, magnitude and intensity due to climate change. In Papua New
Guinea the ENSO phenom enon has by far the most important influence on climate variability
and has already been found to cause m ore intensive drought and flood even ts (Saulei S. et al,
2000).

According to BOURKE (2009a), studies show that the temperature in PNG has increased during
the 20th century with a bigge  rin crease of m inimum anda lesser increase o fm aximum
temperatures (Figure 6). In El Nifio years tem peratures tend to be lower, and in f ollowing La
Nifa phases higher than the average. In the high lands only little long-ter m data exists, but one
can deduce a trend fro m the altitu dinal growing lim its of certain cr ops. Plants like coconut or
pandanus now grow at altitudinal levels where they either did not grow before, or grew, but did
not bear fruits before. Observing this, BOUR KE (2009a) points out that the increase of
temperatures in the highlands was 0,7°C over 20 years. This is in accordance with measurements
in Aiyura (Eastern Highlands Province), where th e maximum temperature shows an increase of
0,75°C over the years 1977 - 2001 (Bourke R.M et al., 2009a, p.75). In opposition to the national
trend, the Aiyura station shows no change of minimum temperatures.
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Figure 6: Temperature trend 1960 - 1999 in Papua New Guinea, Source: Inape K. et al, 2000

The change of rainfall patterns is more difficult to tell since most rural rainfall recording stations
have stopped recording around 1980. In Goroka (Eastern Highlands Province) a shift to longer,
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but less distinctive rainy seasons was found during 1946 and 2002. People of both, lowlands and
highlands say that seasonal ra infall patterns are changing o r are less predictable now (Bourke
R.M. et al, 2009a, p.77). SAULEI (2000) writes about a significant overall reduction of rainfall,
but due to discontinuous record s no conclusive precipitation tr ends for recen ty ears can be
drawn. Figure 7 shows the rainfall trend over the years 1959 - 1999 for PNG.
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Figure 7: Rainfall trend 1950 - 1999 in Papua New Guinea, Source: Inape K. et al, 2000

2.1.3 IMPLICATIONS OF CLIMATE CHANGE FOR RURAL FARMERS

Climate Change alread y affects the agricu Iture in Papua New Guine a, but as its im pacts are
diverse, the consequences are difficult tote  11. As m ost of PNGs population are subsistence
farmers, they depend on the yield of their food gardens or cash crops, which are highly
vulnerable to strong clim atic fluctuations (Inape K. et  al, 2000). In the following, the
implications for sm allholder farmers r esulting from a change of the factors tem perature and
rainfall will be discussed.

Temperature

Due to the increase of minimum and maximum temperatures, the altitudinal limits of some crops
will change and consequently th ey can be gr own at hig her altitud es which m eans that the
growing area of a crop expands. In addition, temperatures above 34°C significantly decrease the
tuber formation of sweet potato, which is the most im portant food crop in PNG ( see Chapter
2.2.4.1). This could reduce sweet potato production especially in the lowlands. Further, a
decrease of the diurnal tem perature range could also reduce crops yields . Temperature also has
an influence on som e crop diseases like taro bli ght or coffe e rust, which are sensible to low
temperatures and theref ore only occur up to a cer tain altitude. A r ise of tem perature due to
climate change could result in an expansion of some crop diseases to higher altitudes. If there is
an increase of ENSO events due to clim ate change, farmers will have to expect m ore or longer
droughts an d m ore frosts at high -altitude loca tions, which also would have a bigim  pact on
agricultural production. Overall, one can say that the pr oductivity in the lo wlands and in the
main highla nd valleys will p robably be r educed s lightly, while it will be inc  reased at high
altitude locations due to temperature increase (Bourke R.M. et al, 2009a, p.78).
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Rainfall

In areas with usually low rainfall, an increase of precipitation and a decr ease of seasonality of
distribution would be positive for agriculture. On the other hand this would be negative for most
areas of PNG as they already receive high amounts of rainfall. With an increase of ENSO events
there would be more episodes of droughts as well as periods of very heavy rainfall, which again
has a negative im pact on agriculture. But it is difficult to predict the c hanges of the patterns of
ENSO events as they are not very well understood (Bourke R.M. et al, 2009a, p.78).

On the contrary, if there is moderate ENSO activity a sequence of heavy rainfall with an adjacent
one- to two-year period of lower rainfall is expected. This can lead to a reduction of sweet potato
production, but due to a four to eight m onth delay of this event the correlation between ENSO
activity and lower sweet potato production is ofte ~ n unknown to villagers (Allen B.J. et al,
2000a).

These are just som e of the m any possible imp acts of clim ate change. Others concern water
supply, fish availability, sea level rise, m alaria occurrence in the high lands and changes in the
global econ omy, which also have an im pact on PNG. These ef fects will not be discussed in
detail. An idea of the effects of clim ate change that are important for sm allholder farmers in
PNG can be given by looking at the impact of the 1997 drought.

The 1997 drought

Between 1876 and 2005 there were four ENSO events with severe impacts to farmers in PNG:
1902, 1914, 1941 and 1997 (Bourke R.M. et al, 2009a , p63). The event in 1997 was by far the
strongest and caused a prolonged drought which lead to severe food shortages for almost 40% of
the population. Another big problem was the supply of drinking water for ru ral villagers. About
400.000 people were su pplied inadequately, which m eans that they only had lim ited access to
water or that it was of bad quality or at great distances (Allen B.J. et al, 2000a).

The respond of rural people to the drought was dive rse. They started to eat food whic h normally
is not eaten in large amounts and as the drought got more severe even fam ine food was
consumed. People moved to areas closer to water s ources, started to plant close to riverbanks or
in drying swa mps and fed less food to their dom estic animals. In areas above 2000m asl heavy
droughts are also associated with frosts as a resu It of the clear night sk y. There, people reacted
with migration to lower areas, but moved back as soon as food relief was provided because lower
lying areas were also affected by the impacts of the drought. Farmers who had access to markets
where they could sell goods to make money or had relatives who could do so, were able to
reduce the impacts of the drought by buying imported food like rice and flour. The most affected
people were those without any income, savings or relatives who could support them. They could
mostly be found in rem ote areas where education and health standards are low. Relief food was
provided by the local Governm ent, the Australian Government and other organisations, but 75%
of the imported extra rice during the drought wa s purchased by the PNG population itself (Allen
B.J. et al, 2000a).
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2.2 AGRICULTURE IN PAPUA NEW GUINEA

The agriculture in PNG is about 10. 000 years old and still the most important occupation for the
majority of the Papua N ew Guineans today (Bour ke R.M. et al, 2009a, p.6). About 85% of the
population is sustained by cash crops as well as  subsistence food production (Saulei S. et al,
2000). That m akes subsistence farm ing the mo st im portant part of Papua New Guinean
agriculture, especially in the highlands.

This chapter first prov ides a brief overview abo ut the history of agriculture and th en shows the
soils found in this country. Furthermore the most important agricultural techniques are explained
and some important crops for subs istence agriculture are d escribed. A special focu s is given to
the highlands of Papua New Guinea as both of the later discussed study sites are situated there.

2.2.1 HISTORY OF AGRICULTURE

The first humans are estimated to have arrive d in PNG about 50.000 years ago. At that tim e the
world climate was different from now with lower temperatures and a lower sea level. By then the
current island of New Guinea was still connected to Australia and Tasm ania by land, form ing a
continent called Sahul. People s upplied themselves with food by gathering, fishing and hunting.
The first signs of agriculture come from the Whagi valley in the W estern Highlands Province of
PNG and are dated abo ut 10.000 years ago. People used s tone tools to cultivate plants in small
gardens and to dig drainstom  ake swam plands arable f or cultivati on. The arrival of the
Austronesians about 3500 years ago brought new crops and already dom esticated animals like
dog, chicken and pig to New Guinea. The first ¢ ontact of New Guinea with European explorers
was in the 1500s, but there is no evidence that new plant species were introduced. Before 1800
the Europeans brought species li ke sweet potato, tobacco, cassa va, lim a bean and bixa to
Indonesia and from there they spread to PNG. Th e main staple food before that tim e was taro,
yam, banana and sago (Bourke R.M. et al, 2009a, pp.13).

The first foreigners settled down perm anently at the coasts of PNG  in 1870. Since then the
agriculture has gone through a lot of changes. Hundreds of ca sh crops, fodder plants, weeds and
other plants were introduced. A lot of different types of cash cr ops like oil palm , c offee, tea,
copra, coco a, rubber and tobacco were produced and exported. Since 1950 the cash cro p
production on village level increased while the one on plantation level decreased and by now it is
dominated by smallholder farmers (except for palm oil).

Since 1940 the agriculture has again changed a lo t. Reasons for these changes were population
growth and the associated pr essure of land, alie nation of land, cash cropping by sm allholder
farmers and plant diseas es. This lead to th e adaption of new crop spec ies like sweet potato an d
cassava, m ore intensive land use, practice of soil f ertility preserva tion techniques and the
integration of cash crops in the food crop system.

2.2.2 AGRICULTURAL TECHNIQUES

There is a wide range of differe nt agricultural techniques that are practiced in PNG, depending
on the location and environm ental circum stances. Some of these techniques are very old, like
burning to clear land, drainage and mounding, while others have developed more recently. Most
of the techniques are strongly conne cted with the intensification of agriculture and are supposed
to maintain soil fertility.
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Common agricultural practices are (Bourke R.M. et al, 2009a, p.232):

- Fallowing

- Crop rotation

- Tillage and construction of mounds and beds
- Green manuring (composting)

- Drainage

- Soil erosion control

Some other agricultural techni ques include fencing, irrigati on, mixed cropping, the support of
crops with stakes, growth of yam tubers in deep holes and the usage of animal manure, inorganic
fertilizer or silt from floods. These techniques w ill not be d escribed more closely as they are
either of minor importance or not used in the highlands region.

2.2.2.1 Fallowing

When a land is lef t uncultivated during several weeks to 40 years and the natura | vegetation is
left to grow freely, itis called a f allow. Shifting cu Itivation with lon g fallowing period s is
practiced by most farmers in the lowlands to restore soil fertility. When the land is believed to be
ready for cultivation again, the fallow vegetation is cleared by burning or slashing and new crops
are planted (Bourke R.M. et al , 2009a, p.235). In the agricultural systems of the highlands long
fallow periods do not ex ist and peop le practice rather semi- permanent cultivation than shifting
cultivation (Wood A.W., 1987). In these agricultur al systems only very short fallow periods are
used, which is probably because the population dens ity and hence the land use inten sity is very
high. In some regions of the highlands there is a practice to plant trees in sweet potato gardens as
a fallow m anagement strategy. The most im portant tree is the Casuarin a tree, whic h is p lanted
mainly in sweet potato gardens towards the end of a cropping phase (Bourke R.M., 2001).

2.2.2.2 Crop rotation

In PNG this technique is prac ticed by cultivating le guminous crops alternating with food crops.
It is norm ally practiced in sweet potato based systems with the legum inous crops being m ostly
peanut and sometimes winged bean. Most legumes host bacteria in their roots who are able to fix
nitrogen and therefore increase the nitrogen level of the soil. Another advantage of this technique
is the reduction of a num ber of sweet potato pe sts and diseases (B ourke R.M. et al, 2009a,
p-249). This for m of crop rotation is comm only used in parts of the highlands as well as the
Gazelle Peninsula of New Britain. In the highlands sweet potato is normally planted as first crop
and replanted until yields decline. T he second crop is peanut, which is fo llowed by one or m ore
cycles of s weet potato. After the 2nd cycle mo st probably a short fallow perio d will follo w
(Bourke R.M., 2001, p.229).

2.2.2.3 Tillage and construction of mounds and beds

Mounds

The construction of mounds is a very comm on practice in the highlands and already exists since
about 7000 years (Bourke R.M. et al, 2009a, p.21). The soil is tilled to mounds that can be small
(1040 cm high and 40—-100 ¢ m in diameter), medium sized (40—70 cm high and 100-250 ¢ m in
diameter) or large (m ore than 70 cm high and more than 250 cm in diameter) and the crops are
planted on top of it (Bourke R.M. et al, 2009a, p.251). The great advantage of this method is that
the soil is drained ve ry well, which m eans that the water can run off freely in-between the
mounds and the crop does not suffe r from excess moisture. Another positiv e effect is that the
depth of the topsoil is increased by putting it to a mound. Agricultural systems with mounds are
mostly sweet potato based and can be mixed with other crops (Figure 8).
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Figure 8: Sweet potato cultivated on mounds in Kiripia/Western Highlands Province; single cultivation (left)
and mixed cultivation with sugar cane (right), pictures: Agnes Ulreich, 2012

Small mounds have becom e more and m ore common since sweet potato has spread over PNG.
The reason is, that saturated soils decrease sweet potato yields whic h can be avoided by
constructing small mounds and thereby raising the crop above the wet soil. Sm all mounds are
sometimes also used for other crops like cassava , yam and green vegetables. They are not only
important in Chi mbu and Eastern H ighlands prov inces, but also in Bougainville, O ro, Central
and Milne Bay provinces (see Figure 9).

Medium sized mounds are often constructed su bsequent to an initial sweet potato crop on sm all
mounds. Several planting cycles of m edium sized m ounds fo llow with the break down and
reconstruction of the mounds after each cycle. They are recons tructed in a way, that eith er one-
third of the nearest three m ounds or one-quarter of the nearest four mounds are put together to a
new one. Medium sized m ounds are used in larg e parts of the Southern Highlands- and Enga
Province (see Figure 10).

Large mounds differ from medium sized mounds by th eir way of reconstruction. When broken
open, the mound for ms a depression in the m iddle which will be filled with green manure later
on (Figure 13). Large mounds are always constructed in com bination with com posting and are
rebuild on the same place as the old one after a short fallow period. Large mounds are only used
by five percent of the rural population who mos  tly live in the western part of the W estern
Highland Province and parts of th e Enga Province (see Figure 11) (Bourke R.M. et al, 2009a,
p.252).

Figure 9 to Figure 12 show the di stribution of small, medium sized and large m ounds. One can
see that the use of m edium sized mounds as well as la rge mounds is restrict ed to the highlands
provinces while small mounds are build in many parts of the country.
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Figure 9: Distribution of small mounds, Source: Bourke R.M. et al, 2009a, pp.252
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Figure 10: Distribution of medium sized mounds, Source: Bourke R.M. et al, 2009a, pp.252
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Figure 12: Distribution of composting, Source: Bourke R.M. et al, 2009a, pp.252
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Beds

Beds can be divided into two ki nds: square beds a nd long beds. To build square beds, farm ers
dig a grid of shallow drains th rough the garden while throwing th e excavated earth in the space
between the drains. Cleared grass is norm ally le ft on the field and after a harvest and a short
fallow period, the new drains are dug. Those drai  ns are constructed staggered to the previous
ones and the old drains are filled with earth. Square beds lower the water table so that crops don't
suffer from excess soil moisture. L ong beds are not build as regular as square beds and have the
function of letting th e surface water pass through the garden with a minimum loss of topsoil. In
the Southern Highland -, W estern Highland - and Chim bu Province both, long and square beds
are practiced, but in th e Eastern Highland Province long beds ar e more common. In the areas
where both kinds of beds are used, square beds are mostly constructed on gently slopes or flat
land while long beds are found on steeper slopes. In  the southern part of the W estern Highland
Province square beds are often us ed to decrease the water table and drain the excess water to be
able to plant crops on very poor ly drained soils. In the wester n part of the W estern Highland
Province large mounds are practiced rather than square beds (Bourke R.M. et al, 2009a, p.253).

Tillage

Tillage is mostly used in com bination with mounds or beds, but in rare cases it can also be us ed
with grass fallows. It has an influence on soil part icle size, soil tem perature, water infiltration
and water retention (Bourke R.M. et al, 2009a, p.251). Through tillage the soil is well aerate d
and the decomposition of organic matter is increased.

2.2.2.4 Green manuring (composting)

Composting is m ostly practiced in areas of hi  gh altitude, with very high rainfall and lower
temperatures. This can be found in the Southe  rn Highland Province, Enga Province and the
western part of the Western ~ Highland Province. The practic e of composting was probably
developed by villagers of the Enga Province about 150 to 200 years ago (Bourke R.M. et al,
2009a, p.255). Usually grass, weeds and crop residues ar e dried and then put in the garden to be
covered with soil. The green manure decomposes and thereby increases soil organic matter, adds
nutrients to the soil and reduces the bulk de nsity. (Wood A.W ., 1987). Co mposting is strongly
connected to the construction of mounds and beds  and nearly always a ssociated with sweet
potato cultivation. Composting is always used in com bination with large m ounds, som etimes
with m iddle sized m ounds and ne ver with sm all m ounds. W hen middle sized mounds are
composted, the ground between the old m ounds is covered first with greenm  anure and
consequently with soil and thereby for msa new m ound in-between the old ones. W hen
composting large mounds, they are already broken open in a way that there is a depression in the
middle of t he m ound ( Figure 13) which is fille d with green m anure during a short fallow.
Afterwards the m ound is rebuilt by putting the so il from outside of th e m ound on top of the
green manure (Bourke R.M. et al, 2009a, pp.252).

Agnes ULREICH 15



General Background

Figure 13: Opened up large sweet potato mound prepared for composting in Kiripia/Western Highland
Province, picture: Agnes Ulreich, 2012

2.2.2.5 Drainage

Drainage has a long tradition in Papua New Guinea since it was already used 4500 - 5000 years
ago (Bourke R.M. et al, 2009a, p.21). However, drainage systems were not very widespread until
the introduction of sweet potato, because the high percentage of agricultural land on slopes made
them unnecessary (Bourke R.M. et al, 2009a, p.260). Today they ar e widely used to rem ove
excess water and thus  to increas e the prod uction in poorly drained soils or enable crop
production in saturated soils. Drain s are m ostly dug downhill to rem ove excess rain fall, but in
some areas a raster of drains is constructed across the garden to lower the water table. Especially
in the Highlands drainage system s with regu lar spaces (width typ ically 3 - Sm and depth 20 -
40cm) and with irregular spaces (deeper than regular spaced drainage systems) are very common
(Bourke R.M., 2001). Drainage system s are very im portant throughout the H ighlands and in
swamps of other regions.

2.2.2.6 Erosion control

Erosion control is not v ery common, but is pr acticed at s ome places of higher altitud e where
slopes are s teeper and the inten sity of agriculture is lower. Retention barriers and terraces are
used to ho 1d back th e soil that would be ca rried downhill and out of the garden (Bourke R.M.,
2001).

2.2.3 SoiLs

Soils in PNG are generally young soils which can vary a lot within short distances due to the
change of the factors climate, vegetation, slope or parent material. Human activity also has a big
influence on soils as they are altered by  tillage, com posting, m ounding or erosion caused by
cultivation (Bourke R.M. et al, 2009a, p.81). G ood inform ation about soils in PNG based on
black and white vertical air photographs is provided by the Papua New Guinea Resource
Information System (PNGRIS). PNGRIS use s the soil taxonom y classification of the United
States Department of Agriculture (USDA).

2.2.3.1 Soil types

The soil types of Papua New Guinea are shown in  Figure 14. According to PNGRIS, the m ost
common soils in PNG are Inceptisols (Figure 14, yellow area). Th ey are m oderately weathered
and have no strong contrast of horizons. Soils de rived from volcanic ash belong to the order of

Andisols, which a re es pecially importan t in the high lands (Figure 1 4, red ar ea). Incep tisols
together with Andisols cover nearly half of the total land area of PNG (Bourke R.M. et al, 2009a,
p.81). Other soil types that can be found are Entisols, Histosols, Ve rtisols, Mollisols, Alfisols,

Ultisols and Oxisols. For further description of these soils see BOURKE (2009a).
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Figure 14: Orders of soils according to the USDA soil taxonomy classification derived from PNGRIS, Source:
Bourke R.M. et al, 2009a, p.83

Soils of the Highlands

The importance of soils in the highlands becom es apparent when looking at the rural population.
The valleys of the highlands accommodate the greatest density of rural population in Papua New
Guinea, accounting to one third of the total p  opulation of the country. Most of t hese people
depend on the soils for cultivation as they are subsistence farmers (Wood A.W., 1987).

The m ost comm on soil types of the highlands are Inceptisols and Andisols. Andisols are
commonly used for cultivation, but they have a low content of available phosphorous despite
their high or ganic matter content. Other soil type s are Entisols, Ultiso Is and Mollisols, the most
fertile ones being among the Mollisols, whereas Ultisols are normally less fertile. (Benjamin A.K
et al., 2000)

The for mation of the hi ghland soils is m ostly de termined by two factors: parent material and
climate. The dominating soil parent material is volcanic ash material, which comes from several
large volcanic centr es that erupted in the past. Only on steeper slopes and river floodplains or
other places where the volcanic as h material has been removed, other parent m aterial can be
found. The soils formed on volcanic ash m aterial are the true humic brown soils and differ from
alluvial and colluvial soils by their chemical and physical properties.

According to a study of soils from sweet potato gardens in the highlands of PNG, volcanic soils
are more acid than non-volcanic soils and generally show lower contents of exchangeable bases
(Table 2). Additionally the study shows, that vol canic soils contain significantly less potassium,
and the content of total carbon is significantly hi gher compared to non-volcanic soils (Bailey J.,
2009). According to BAILEY (2009), potassium  de ficiency is a widespread problem in the
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highlands of PNG, and therefore potassium is the most limiting factor to sweet potato cultivation
in this region. Another finding of the form er m entioned study was the unusual negative
correlation of the CEC and the soil organic C in volcanic soils (Bailey J.S. et al., 2008).

Table 2: Mean concen trations of s oil va riables i n no n-volcanic an d vol canic soils of the P NG hi ghlands,
Source: Bailey J., 2009

Soil variable Non-volcanic soils | Volcanic soils
pH 6,2 5,6
P (mg/kg) 43 67

exch. K (meq/100g) 0,31 0,26
exch. Ca (meq/100g) |9,73 4,87
exch. Mg (meq/100g) |3,73 1,54
total C (g/kg) 48 97

Beside the great influence of the soil parent material, climatic factors also play an important role
for soil form ation. This can clearly be seen by  examining soils of different altitudes. Above
2000masl, soils are exposed to lower temperatures and more rainfall. As a consequence they lose
more nutrients by leaching, are less weathered, ha ve more organic matter in the surface horizons
and more gley in the subsoil (Wood A.W., 1987).

The upland valleys of  the highlands are do  minated by hum ic, yellow brown clay soils.
According to the USDA soil taxon omy classification most humic brown soils of the highlands
are classified to be Hydrandepts, which belong to the Order of Inceptisols (Wood A.W., 1987).

2.2.3.2 Important soil parameters
For an ass essment of the soil f ertility a num ber of param eters can b e used. In this chap ter
important soil parameters and their optimum ranges for agriculture are given.

2.2.3.2.1 Soil pH

The pH value of a soil expresses the activity of the hydrogen ions and  hence the acidity or
alkalinity of a soil. It has an effect on m any processes taking place in so ils and inf luences the
availability of mineral nutrients to plants (FAO, 2006). It theref ore provides information about
the chemical environment and the chemical processes of a soil. The pH-value for mineral soils in
humid regions commonly ranges between 5 and 8 (P everill K.I. et al., 1999). The knowledge of
the soil pH gives inform ation about the availability of essential elements or their toxicity for
plant growth and hence the suitability of the soil for crops. Most of the crops pref er soils with
pH-values between 5,5 and 7,0. A soil with pH-v  alues below 5,5 will accum ulate excessive
aluminium (Al), iron (F e) and manganese (Mn), which can be toxic to pl ant growth. Coffee, tea
and sweet potato are tolerant to acid soils (Thiagalingam K., 2000). A general rating of the soil
pH according to HAZELTON (2007) is given in Table 3.
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Table 3: Rating of pH-value measured in a 1:5 soil/water ratio, Source: Hazelton P. et al, 2007, p.64

Rating pH

very strongly alkaline |>9
strongly alkaline 9,0 - 8,5
moderately alkaline 8,4-79
mildly alkaline 7.8-74
neutral 7,3-6,6
slightly acid 6,5-6,1
moderately acid 6,0-5,6
strongly acid 5,5-5,1
very strongly acid 5,0-4,5

2.2.3.2.2 Cation Exchange Capacity (CEC)

The Cation Exchange Capacity expresses the am ount of negative charges in the soil that are
present on the surface of clay and organic m atter. These nega tive charges attract cation s
(positively charged ions), which are often essential plant nu trients like potassium (K "), calcium
(Ca’), ma gnesium ( Mg2+) and ammonium (NH *") but can also be detrim  ental like Sodium
(Na"), Hydrogen (H ") and Aluminium (A1’") . Hence the CEC shows t he potential productivity
of a soil, which is demonstrated by its capacity to retain and supply plant nutrients. It not only
buffers fluctuations in nutrient availability, but also of soil pH, which gets m ore dif ficult to
change with an increasing CEC. The m ost important factor for the deter mination of the CEC is
the clay and organic m atter content of the soil. The higher the quantities of clay and organic
matter are, the higher is the CEC (Cam  berato J. J., 2001). A general rating of the cation
exchange capacity according to HAZELTON (2007) is given in Table 4

Table 4: Rating of cation exchange capacity, Source: Hazelton P. et al, 2007, p.64

Rating CEC [me%o]
very low <6

low 6-12
moderate 12 -25

high 25-40

very high > 40

The interpretation of the Cation Exchange Cap  acity of soils dom inated by variably charged
components (most tropical and highly organic so ils) depends on the pH conditions and the ionic
strength of the soil at the time of the measurement (Peverill K.I. et al., 1999, p.149). PEVERILL
(1999) states, that the estimation of the CEC for soils with variable charge by a method involving
NH, " saturation can lead to large overestimates.

2.2.3.2.3 Base Saturation

The base saturation (BS) gives inform ation about the nutrient status of a soil com pared to its

potential fertility (Hazelton P. et al, 2007, p.66). It reflects the part of the CEC that is occupied

by the basic cations Ca*", Mg”", K" and Na". It therefore is a function of the CEC and is used to
manage soil properties and nutrient availabil ity, especially detr imental levels of Na™ and Mg **
(Camberato J. J., 2001). A low bas e saturation signifies a high am ount of other exchangeable

cations such as those of m icronutrient elem ents (Cu 2+, Co 2+, Zn 2+,..), ammonium ions NH,",
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aluminium (A1’"), iron (Fe>") or H™. Those other exchang eable cations are normally not present
in significant amounts, so that the sum of the basic cations mostly has similar values to the CEC.
In acid soils the there is a discrepan cy of these values which is m ainly due to the presenc e of
exchangeable alum inium ions (Peverill K.I.  etal., 1999, p.148). If  soils have a low base
saturation, it norm ally m eans that they are ac  idic. A general rating of the base saturation
according to HAZELTON (2007) is given in Table 5.

Table 5: Rating of base saturation, Source: Hazelton P. et al, 2007, p.66

Rating B S [%]
very low 0-20
low 20 -40
moderate 40 - 60
high 60 - 80
very high > 80

The base saturation may also be consulted for conclusions about the extent of leaching that a soil
is exposed to. The rating is based on the extent of depletion of the exchangeable bases expressed
through the base saturation. HAZEL TON (2007) rates the indicati on of the base saturation on
leaching as followed (Table 6).

Table 6: Rating of the indication of the BS on leaching, Source: Hazelton P. et al, 2007, p.66

Rating Range (% BS)
very weakly leached 70 - 100
weakly leached 50-70
moderately leached 30-50
strongly leached 15-30

very strongly leached |0 - 15

2.2.3.2.4 Exchangeable Bases

Many cations present in the soil are im portant plant nutrients. In the ir exchangeable form they
are bound to negative charges of organic m atter or clay minerals, but can easily pass on into the

soil solution, where they are availab le for plant uptake. The excess pres ence of one cation can

lead to the obstruction of another cation (Thiagalingam K., 2000). The basic cations (Ca*", Mg”",
K" and Na ") normally constitute the m ajority of exchangeable cations present in soils (Peverill

K.I et al., 1999, p.148) and were here measured as "exchangeable bases". A general rating of the
exchangeable bases according to HAZELTON (2007) is given in Table 7.

Table 7: Rating of exchangeable bases, Source: Hazelton P. et al, 2007, p.65

Rating Na [me%)] |K [me%)] Ca [me%] |Mg [me%]
very low 0-0,1 0-0,2 0-2 0-0,3

low 0,1-03 0,2-0,3 2-5 0,3-1,0
moderate 0,3-0,7 0,3-0,7 5-10 1-3

high 0,7-2,0 0,7-2,0 10 - 20 3-8

very high >2 >2 > 20 > 8
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Another way of interpreting the re sults for the exchangeable bases is to look at the proportion of
the CEC occupied by a specific cation (e.g. %Ca of CEC). Deficiencies of a specific nutrient are
often specified by its saturation percentage. Fo llowing, the im portance and the effects of the
particular exchangeable bases are explained and their quantitative existence in the soils of the
study sites presented.

Calcium

Calcium (Ca) is normally present in soils in sufficient quantities. Deficiencies occur in very acid
soils with low ef fective CEC in high ra infall areas. The calcium level in so ils com es from
weathering, dissolution or fertiliz ers and is is removed from so ils by p lant uptake, leaching or
soil erosion. The level of exch angeable calcium normally exceeds the levels of exchangeab le
magnesium, potassium and sodium (which is also  desirable). In soils  of humid regions the
proportion of exchangeable m  agnesium relative to calcium increases. The saturation of
exchangeable calcium is closely related to the base saturation and the pH and inversely related to
aluminium saturation (Peverill K.I. et al., 1999, p.247).

Magnesium

Magnesium (Mg) is an essentia | plant nutrient and one of the m  ost comm on elem ents of the

earth's solid surface. The magnesium reserve in soils mainly comes from rain, fertiliser and the
breakdown of minerals. Soil magnesium is lost by cr op removal or leaching (P everill K.I. et al.,
1999, p.255). The exchangeable fraction of m agnesium is most im portant to plant growth and

has, after exchangeable calcium, the second highest level of the exchangeable bases in neutral to
acid soils. A ccording to PEVERILL (1999), critical levels of ex changeable magnesium for crop
production depend on the texture of the soil as well as the soil pH. The dependence on the acidity
of the soil is due to its higher availability to plants in acid soils (Peverill K.I. et al., 1999, p.258).

Potassium

Potassium (K) is one of the m ost abound elements in soils and is required by plants for m any
important processes. Potassium has to be provided to the plant by the soil in high am ounts. Soils
with a higher clay content or high organic m atter content generally have higher contents of total
K. In soils with a low organic m atter and clay content, K might be lost by leaching. Deficiencies
of potassium can be due to generally low levels in soils, but also because of potassium -removal
by agricultural crops. T he amount of potassium removed by the plant depends on the type of
crop. Potato as well as sugarcan e can remove a relatively high amount of potassium (200kg/ha),
while grain crops rem  ove only little (10kg/ ha) (Peverill K.I. et al., 1999, p.230). The
exchangeable fraction of potassium is imm ediately available to plan ts, while non-exchangeable
available potassium is available more slowly. The interpretation of soil test levels of K depends
on soil texture, since the extractan ts might also rem ove non-available potassium in soils of
heavier texture (Peverill K.1I. et al., 1999, p.234).

Sodium

Unlike Ca, Mg and K, Sodium (Na) is no plant nutrient and hence not n eeded for p lant growth.
As a consequence of very high sodium levels, the clay particles of the soil can swell or dispe rse
and the physical structures of the soil m  ay be damaged. Therefore sodici ty of soilscanb e
detrimental to plant growth. Other consequences can be water logging, crusting, hard-setting and
erosion (Peverill K.I. et al., 1999, p.153). A common way to assess th e sodicity of a soil is the
calculation of the exchangeable sodium percentage (ESP), which is the proportion of the CEC
that is occupied by sodium . Soils are said to be s odic at ESPs above five to six (Peverill K.I. et
al., 1999, p.253).

Agnes ULREICH 21



General Background

2.2.3.2.5 Soil Nutrients

Organic matter consists of organic m aterial derived from plant residues and anim als. It accounts
much to the chem ical and physical fertility of a soil and is an im portant storage reservoir for
carbon (C), nitrogen (N), phosphor (P) and sulphur (S). Mineral soils usually have organic matter
contents of one to ten percent and contain a bout 58% C, 5% N, 0.5% P and 0.5% S. The total
organic m atter of the soil can be estim  ated by m easurements of soil carbon- and nitrogen
contents. The carbon- nitrogen ratio (C/N ratio ) is used to assess the s tate of decomposition of
organic matter (Thiagalingam K., 2000).

Organic Carbon

Soil Organic Carbon (SOC) is a very important property as it is a ke y factor for soil fertility and
contributes to soil erosion resistance (Meersmans J. et al, 2009). It has a great influence on how
chemicals react in a so il and therefore plays an important part in its characterisation. SOC 1 s
often used as an indicator for soil organic m atter and is expressed as percentage of the total soil
(Schumacher B.A., 2002). To estim ate the conten t of organic matter of the soil, the leve 1of
organic carbon is multiplied by a co nversation factor of usually 1,72, which is deriv ed from the
assumption that the content of organic carbon in organic matter is 57% (Hazelton P. et al, 2007).
General ratings of the 1 evels of organic matter and organic carbon according to HAZELTON
(2007) are given in Table 8.

Table 8: Rating for organic matter and organic carbon, Source: Hazelton P. et al, 2007, p.78

Level of organic matter Level of organic carbon Rating

% (g/100g) % (g/100g)

<0,70 <0,40 extremely low
0,70 - 1,00 0,40 - 0,60 very low

1,00 - 1,70 0,60 - 1,00 low

1,70 - 3,00 1,00 - 1,80 moderate
3,00 - 5,15 1,80 - 3,00 high

> 5,15 > 3,00 very high

Total Nitrogen

Total Soil Nitrogen (TSN) is closely associated to SOC and is also important for soil fertility and
the enhancem ent of soil productivity. The attenti on on those two factors has increased lately,
since the emission of their gases into the atmosphere contribute to global warming. Therefore the
sequestration of carbonate and th e conservation of nitrogen in soil are im portant managem ent
options for the mitigation of greenhouse gas emissions.

The measure of TSN includes all organic and inorganic forms of nitrogen in the soil. Most of the
nitrogen is held in the organic matter of a soil and hence cannot be used by plants. T herefore the
measure of total nitrogen does not provide inform ation about plant available form s of nitrogen
(NO3", NH 4") (Hazelton P. et al, 2007). Plant available for ms ar e generated through
mineralisation processes, which are highly depende nt on climatic con ditions and thus on soil
moisture, tem perature and soil pH. Reduced so il m ineral nitrogen levels can occur at
waterlogged soils or on slow drai ning soils af ter heavy ra infall due to d enitrification processes
(soil nitrate is conversed to gaseous forms N; and N,0). Soil nitrogen can be lo st by leaching in
soils with high internal drainage and especially in high rainfall areas (P everill K.I. et al., 1999,
p-173). A general ratin g of total nitrogen lev els according to HAZELTON (2007) is given in
Table 9.
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Table 9: Rating for total nitrogen, Source: Hazelton P. et al, 2007, p.67

Rating Total Nitrogen (%)

<0,05 very low
0,05-0,15 |low
0,15-0,25 |medium
0,25 - 0,50 |high
>(,50 very high

C/N ratio

The carbon /nitrogen ratio (C/N ra tio) express es the relative ¢ ontent of nitrogen in organic
material. It provides inform ation about the d ecomposition of organic material and d emonstrates
the role of crop residues on their breakdown rate and on the level of soil nitrogen (Hazelton P. et
al, 2007). The higher the C/N-ratio is, the lower is the amount of available nitrogen. Therefore a
very low C/N ratio is a sign of excess nitrogen in soil. A general rating of the exchangeable bases
according to HAZELTON (2007) is given in Table 10.

Table 10: Rating for the C/N ratio, Source: Hazelton P. et al, 2007, p.68

Rating C/N ratio

<10 very low

10-15 low

15-25 medium

25-70 high

70 - 100 | very high

> 100 extremely high (very nitrogen deficient)

860 approximate end point (essentially having cero nitrogen)

Soils used for agriculture norm ally possess C/N -ratios of ten to twelve. Higher ratios suggest a
slower decomposition process, and values abov e 25 mean that the orga nic matter will not b reak
down quickly. Ratios below ten indicate a rapid break down of organic m aterial. If the ratio is
above 20, nitrogen will be locked up while deco mposing, which m akes it un available to crops.
The presence of resistant organic structures a nd organic compounds also has an influence on the
decomposition rate (Hazelton P. et al, 2007).

2.2.3.2.6 Bulk density

The bulk density describes the relation of the soil mass and its volum e and therefore expresses
the state of compaction of a soil. One can generally say that soils with low bulk densities are in
porous conditions, whereas high bulk densities display higher compaction which means worse
settings for root grow  th, reduced aeratio n and reduced water infiltration (F AQ, 20006).
Agricultural soils typically have bulk densiti es of 1,4 g/c m* (Hazelton P. et al, 2007, p.18). In
clay soils bulk densities of 1,4 g/cm? and in sandy loam s of 1,8 g/cm * are very probable to be
restrictive to plant root grow th. A general rating of the bulk density according to H AZELTON
(2007) is given in Table 11.
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Table 11: Rating for the bulk density, Source: Hazelton P. et al, 2007, p.20

Rating Bulk density (g/cm?)
very low <1

low 1-1,3

moderate 1,3-1,6

high 1,6 -1,9

very high >19

2.2.3.2.7 Hydraulic conductivity

The hydraulic conductivity (k) is the rate at which a fluid moves through a porous m edium. The
saturated hydraulic conductivity of a soil describes the velocity of the water m ovement through
the saturated soil. It depends on the porosity of the m aterial and on the size and shape of the
grains (Rizema H.P., 1994).

Table 12 shows a general ratin g of the saturated hydraulic conductivity according to
HAZELTON (2007). Soil layers with extrem ely low hydraulic conductivities could be used for
water storage whereas soils with very high hydraulic conductivities  are vulnerable to
contaminations of their water tables (Hazelton P. et al, 2007, p.14).

Table 12: Rating of the saturated hydraulic conductivity, Source: Hazelton P. et al, 2007, p.14

Rating Saturated hydraulic conductivity (mm/h)
extremely low [<0,5

very low 0,5-10

low 10 - 20

moderate 20 - 60

high 60 - 120

very high > 120

2.2.4 CRroPs

A huge number of different types of cash crops and food crops are grown in Papua New Guinea .
This chapter provides only a short description of those, which are essential for food s ecurity in
the highlands. In this thesis only the soils with regard to food crops were investigated, but since
cash cropping is an 1 mportant component for most of the sm allholder farmers and accounts for
food security (especially in tim  es during dro ughts - see Chapter 2.1.3) it cannot be left
completely unattended.

2.2.4.1 Food crops

Food crops are grown either for subsistence cons umption or for sale at local food markets and
include root crops, sago, banana , maize and green vegetables. Sw eet potato is thereb y the most
important food crop and constitutes the staple food for m ore than 60% of the rural population
(Hartemink A.E. et al, 2000). Other staple food cr ops for rural villagers are: sago, banana, yam,
taro, Chinese taro, cassava, Irish potato and corn (Allen B.J. et al, 2000D).

Figure 15 shows the m ost important crops by province. It can clearly be seen that the Highlands
Provinces nearly exclusively depend on sweet potato.
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Figure 15: Most important crops by province; the ordinate shows the number of people cultivating the crop
and the abscissa the province in which it is planted, Source: Allen B.J. et al, 2000b

Sweet potato

Sweet potato was intro duced from eastern Ind onesia to the highlands of Papua New Guinea
about 300 years ago. B y the tim e of the first contact with European explor ers it dom inated the
highlands agriculture and has replaced taro as the most important staple food. Now it is grown by
99% of the rural villagers and represents an im portant food fo r 80% of the rural population,
especially at locations above 1500masl (Bourke R.M. et al ., 2009a, p.194). The introduction of
sweet potato lead to significant ch anges in agri culture and in social and econom ic conditions,
since it allows settlem ent at higher altitudes and utilisation of poorer soils. It also provides
excellent pig fodder. About one-t hird of the sweet potato produced in the highlands is fed to
pigs, which is the most important domestic animal (Bourke R.M. et al, 2009b).

The m ost common fa rming practices for sweet potato based system sare m ound tillage,
composted mounding and fallow rotation. Sweet pota to is often intercropped with other food
crops and sometimes planted in rotation with leguminous crops.

The most important environm ental factor for s weet potato production is altitude. The altitudes
where it is grown in Papua New Guinea range from the sea level up to approximately 2700masl.
The crops grown in the highlands are exposed to  lower temperatures and therefore need m ore
time to mature than those grown in the lowlands. Crops planted at the sea level only mature after
13 - 22 weeks, while crops at altitu des of 1500 - 2000masl need 20 - 35 weeks and crops abov e
2000masl need 35 - 50 weeks. At altitudes higher than 2200masl frost can occur and damage the
sweet potato tubers. Th e mean annual rainfall of the regions in which sweet potato is grown
ranges between 1000mm and 6500mm. Sweet potato is very vulnerable to water logging, but can
tolerate dry periods to a certain  extend. The most critical period in terms of wa ter supply is
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during the first 21 days when the roots of the plants are developed. E xcessive moisture during
this time leads to minor root growth and water stress to reduced yields (Hughes M.J. et al, 2009).
Apart from swamps or waterlogged areas sweet potato is cultivated on nearly all landforms and
soil types of PNG. It can be grown on soils fr ~ om strongly acid to neutral and has m  oderate
requirements of Nitrogen (N), low requirem ents for Phosphorus (P) and high requirem ents of
Potassium (K) (Hughes M.J. et al , 2009). In the hum ic brown soils of the highlands potassium
and phosphorous are the most limiting factors for sweet po tato cultivation (Wood A.W., 1987).
In areas above 2000m asl symptoms of P deficien cy can often be found, especially on volcanic
ash soils which have very low potassium  leve Is (Hughes M.J. et al , 2009). The practice of
removing old sweet potato vines from the garden exacerbates the problem of nutrient depletion
as high quantities of K and S are stored there (Bailey J., 2009).

Taro

Taro was the m ost important staple food crop in the highlands until the introduc tion of sweet
potato and is now grown in m ost of PNG as a supplementary crop. Colocasia taro is grown by
95% of the rural population throughout the country up to 2400masl. The production has declined
since 1940 due to loss of soil fertil ity, virus infection and taro be etle damage. Chinese taro is
grown by half of the rural population and up to an altitude of 2000masl.

Cassava

Cassava was introduced to PNG in the 19th centu ry and is now grown by over 50% of the rural
population. It can be found within a wide range of rainfall and is more important in the lowlands
since it doesn't grow at altitudes higher than 1800masl (Bourke R.M. et al., 2009a, p.197).

Banana

Banana is grown by 96% of the rural population in PNG. The exception are people living at very
high altitud es, because it doesn' t grow in lo cations higher than 2150m asl. Its im portance has
declined as the one of a number of foreign crops has increased (sweet potato, cassava,..).

Yam

Yam is grown throughout the country by 60% of the rural population. Greater yam grows up to
an altitude of 1900m asl and lesser ya mup to 1550masl. Yam is i mportant in seasonally dr y
climates and sometimes in areas with well distributed rainfall over the year.

Corn

Compared to the main root crops, banana and sago corn is no im portant food crop, but it is still
grown by 94% of the rural population. It was intr oduced to PNG in the 19th century and can be
found up to an altitude of 2450m asl. It is grown in seasonally dry areas (for example in the
Eastern Highland Province around the study site K opafo) because it m atures faster than oth er
crops (Bourke R.M. et al., 2009a, p.200).

2.2.4.2 Cash crops

Rural people consum e about one sixth of their tota 1 calories in for m of imported food that they
buy at supermarkets or local m arkets. This includes rice, flour, tinned m eat, tinned fish and oil.

The m oney for this addition al food is m ade by cash cro pping, which is practiced by m any
smallholder farmers.

The most important ag ricultural source of cash is Arabica coffee. Especially in the valleys of
Eastern- and Western Highlands Pro vinces coffee is planted by villagers on their own land and
harvested by them selves. On the other side palm  oil, whi ch is another im portant source of
income, is produced on big, privately owned palm tree plantations and ne eds factories to be
processed. Other important cash crops are cocoa and betel nut. While Arabica coffee grows in an
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altitudinal range of 1400 - 2000m asl, cocoa, betel nut and the oi 1 palm are restricted to the
lowlands. When looking atth e num ber of people involved,  the m ost i mportant income
generating activity is the sale  of fresh food. This practice ca n be found everywhere in the
country, usually on a very sm all scale, and is som etimes the only source of incom e. However,
the majority of smallholder farmers is not restri cted to one, but rather practice a combination of
income generating activities. A crucial factor for their ability to earn m oney from agricultural
activities is the quality of their land and its location relative to a market. (Allen B.J. et al, 2000b)

2.2.5 FooD SECURITY IN THE PNG HIGHLANDS

Since the drought in 1997 people have realized that  their farm ing systems are very fragile to
extreme climatic events and food security is no t given at those tim es. The cause for the food
insecurity is said to be poverty and urbanization, which leads to a reduced number of farmers and
at the same time an increased number of people that consume but do not produce food (Benjamin
A K et al., 2000).

The food insecurity and its m agnitude depends a lot on the location and a large part of the rural
people live in areas with disadv antageous conditions. In these ar eas the population grows and so
does the food demand. Farmers have to expand to marginal areas and to intensify the agriculture,
leading to resource degradation and poverty. At the sam e time areas of high potential are being
supported with infrastructures and agricu  Itural technologies by donors and governm ents
(Benjamin A.K et al., 2000).

To improve food security, different far ming systems suitable for sm all scale agriculture have to
be developed and adapted. This wa y external inputs are used m ost efficiently and at the sam e
time have no, or only little negativ e environmental impact. To achieve that, the knowledge and

the application of tradi tional technology com bined with scientific research into the biological

processes of agricultural production is required (Benjamin A.K et al., 2000).
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3 METHODOLOGY

In this chapter the m ethods that were used to  write this thesis are described. First, relevant
literature was obtained through an intensive lite  rature research, later secondary data was
collected in Papua New Guinea and finally the pr imary data was obtained through field work in
the study sites.

3.1 SECONDARY DATA COLLECTION

As far as available, secondary data was colle  cted from different institutions of Papua New
Guinea. The collection of the data presented so me di fficulties, especially as there either is no
data, or it is incomplete.

Weather data is often no t recorded continuously and therefore long-time series have large gaps.
Another problem is that the climate varies a lot from valley to valley and even if data is obtained
from a nearby weather station, it might not be representative fo r the research area. During the
field stay weather data includ ing rainfall and tem perature seri es could be obtained from the
NARI weather station in Tambul.

Digital m aps of Papua New Guinea including  the factors altitude, geology, inundation, land
form, radiation, rainfall, seasona lity, slope, soil, tem perature, topographic position have been

provided by NARI in the for m of GIS data (PNGRIS). Unfortunately the data has a rather rough
scale and the study sites which are very small are not represented in detail.

With this data as background-information the primary data collection was conducted.

3.2 PRIMARY DATA COLLECTION

The primary data was collected during a three months stay in Papua New Guinea. Several weeks
were spent in the selected study sites nam ed Alkena, Kiripia and Kopafo. The field work was
conducted with the help of em  ployees from NARI and respectively ~ a m ember of each
community f amiliar with the lo cality, lang uage and p eople. The f ollowing action s were
undertaken to investigate the general and soil specific features of the study sites.

3.2.1 MAPPING

The study sites were represented inam  ap, us ing a com puter based geographic infor mation
system (GIS). The GIS data obtained from th e secondary data collection served as basic
information for the m ore detailed m aps genera ted during the field stay. They were created
through transect walks using a GPS device of the type Magellan eXplorist 310. W ith this device
the tracks from the walks were reco rded, additional GPS points were set at im portant locations
and both were inserted in the GIS program.

The route for the site inspection was chosen on the basis of a hand drawn map of the area and the
information of a local guide. The goal was to  get a digital m ap of the study sites with specific
information concerning its soil and water conditions. Thereby locations with problems related to
soil and water issues such as water logging, flooding and soil erosion should be identified. A
focus was laid on sites with either excess soil moisture or deficit soil moisture.
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During the transect walks the following indicators were observed and recorded:

- roads, ways and tracks

- rivers

- villages and central places such as schools, churches, hospitals
- water providing facilities such as water tanks and sources

- sampling spots of the soil survey

- location of the profile pits

3.2.2 SOIL AND SITE DESCRIPTION

The soils present in th e study s ites were des cribed and an alysed to as sess th e quality of soil

conditions, to learn about its suitability for agri  culture and to assess potential problem s with
respect to the respective soil excess and deficit water scenarios. The land form and plant cover of
the sites was also recorded as these factors can easily be recognized in the field and have a great
influence on the characteristics of a soil. A high slope for exam ple can lead to excessive runoff

and accord ingly to ero sion, loss o fnutrients and reduced water availability inth e soil. Th e
condition of the soil su rface like the existen ce of cracks, erosion, hard setting or self m ulching
was also recorded.

The description of the soil itself was conducte d by three m ethods. At first the whole area was
surveyed with a soil core auger, providing an overview of the soils f ound on site. O n the means
of this inf ormation the location s for profile pits were selected and consequently dug. At last,
undisturbed soil samples were taken from each profile pit and sent to a laboratory for analysis. In
this chapter those three methods and the indicators used for soil characterisation are described.

Additional inform ation about the study sites was gathered during discussions with key
informants from the respective communities.

3.2.2.1 Soil morphological descriptors
The following soil m orphological descriptors derived from PEVERILL (1999) were used to
characterise the soil in the field:

Soil colour and internal drainage

Soil colour is one of the most important soil properties determ ined in the field and plays an
important role in soil classi fication. The following indicators for good and poor soil conditions
were derived from PEVERILL (1999):

good soil conditions:

- dark brown colours near the surface are often associated with high organic matter levels,
well-aggregated soil, above-average nutrient levels,

- bright yellowish and reddish co lours in sub-soils usually indicate ir on (goethite and
hematite) under oxidised conditions , suggesting good drain age; thes e iron oxides also
contribute to good aggregation which are porous and contain sufficient air and water for
root development

poor soil conditions:

- mottles with dull yellow and orange colours in a grey, bl uish or olive coloured material
indicate prolonged lack of soil aeration; possibly seasonal or permanent water logging
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- rust coloured specks and iron precipitates along fine roots indicate prolonged permanent
water logging

- very pale grey or white colours may indi  cate considerable leaching and low organic
matter status and fertility status

- pale coloured dense sub-surface layers over  lying dense clays (usually with mottled
colours) indicate a perched water table on the clay

- black mottles with the s mell of hydrogen sulfide or mercap tene gases d evelop through
anaerobic decay of organic matter and indicate severe water logging

Soil colour also prov ides inform ation about the drainage conditions of a soil. A s oil that has
uniform red, brown or y ellow colours within the first meter is freely drained. It does not have
grey lay ers or rusty mottles. If there is a la yer that restricts the wa ter move ment downwards
within the f irst meter, the soil has impeded drainage conditions. This layer can be grey with
rusty mottles and concretions, or yellow or pale brown with distinctive rust coloured mottles. A
soil 1s poorly drained when the sub soil is dom inant gr ey, green or blue and has lots of rust
coloured mottles or concretions. Hence soil col our is a good indicator for the identification of
waterlogged soils when the monitoring of the water table is too expensive and not viable.

Texture
The soil texture describes the propo rtion of sand, silt and clay in the soil. It can be estimated in
the field by the following method (Peverill et al., 1999, p.59):

A small amount of soil is taken, moistened with ~ water and worked until there is no apparent
change in the ball anymore. Subsequently a ri bbon is made by shearing the soil between thum b
and forefinger. The length of the ribbon and the  behaviour of the worked soil characterise the
soil texture as specified in Table 13.

Table 13: Field assessment of soil texture, Source: Peverill et al., 1999, p.60

Texture Code |Ribbon length [mm] |Ball

Sand S nil coherence nil to very slight
Loamy sand LS 5 coherence nil to very slight
Clayey sand CS 5-10 coherence very slight
Sandy loam SL 15-25 coherence slight

Loam L 25 coherent, rather spongy
Silty loam ZL 25 coherent, rather spongy
Sandy clay loam |SCL  |25-40 strongly coherent

Clay loam CL 40-50 coherent, plastic

Light clay LC 50-75 plastic

Medium clay MC >75 smooth plastic

Heavy clay HC >75 smooth plastic

Soil structure

The soil structure describes the way soil particle s are located to each other. A soil is called well
structured if it consists of naturally formed aggregates (peds) with irregular spaces in between. If
those peds are coarse, large and firm, the so il has a reduced water s torage capacity and res tricts
the root growth to a certain extent. Fine and friable peds on the contrary m ake it easier for roots
to spread and they have a greater storage ca pacity of water available forth e plant. A
structureless soil has no or very little peds.
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If two thirds of the soil consist of loose and individual particles it is said to be in single grains,
but if it is in a block composed of particles that are bound together it is called massive.

A shearing fault in the soil that appears like a shiny plane is called a slickenside. It occurs in clay
soils when they shrink or swell and can stretch across the soil mass in any direction. A soil that
exhibits slickensides is highly im permeable to water movement, especially when it is in a m oist
state, and has restricted root growth.

The soil s tructure can easily be determ ined in th e field if the soil is in a dry to slightly m oist
state. This is done by a visual observation of the presence or ab sence of peds and slickensides,
and the ide ntification o fthe soil m atrix as st ructureless, well struct ured, single grained or
massive.

Segregations

The accumulation of other particles in the soil is called segregation. Those particles can occur in
various sizes, shapes and for ms a nd can be of iron, calcium carbonate, gypsum or other
materials. They can have an i mportant influence on soil physical and chem ical properties and
hence should not be let out during the field soil inspection.

Presence of roots
The observation of the presence of roots provide s information about either water availability ,
existing restrictive layers or toxicity to plant root growth.

3.2.2.2 Soil survey

3.2.2.2.1 Soil core auger

The area of the study sites was su rveyed taking various soil sam ples with a soil core auger. The
soil was abstracted until a depth of one m  eter and the core of soil inspected. Thereby the
different soil horizons were identified and their depths measured. Each horizon was described on
the basis of the soil m orphological descriptors (Chapter 3.2.2.1). The samples were not retained
for further analysis, but pictured and then left on site.

In Kopafo, the soil sam ples were taken system atically at re gularly distributed points given by a
coordinate system. For this purpo se a uniform grid was laid over the area of the study site. The
interceptions formed twenty points that were arranged in four rows. During the field work those
points were located with a GPS device and consequently sampled with the soil core auger.

In Kiripia ten and in Alkena eleven soil sam pling spots randomly distributed over the area were
chosen. The selection of the sam pling spots took place on the basis of the pe rsonal judgement of
the author. Thereby places of different sub e nvironments were taken into account and unusual
spots like tracks and headlands avo ided. The exact location of the spots was recor ded with the
GPS device and the information was inserted in a map.

3.2.2.2.2 Profile pit

A profile pit is an open hole in the ground that is dug to look at a soil profile and inspect the soil
in its natural state. During the field work seven profile pits were dug, three of which were located
in the study site Kopafo, two in Kiripia and tw o in Alkena. The sites f or the profile pits were
selected on the basis of the information gotte n during the soil survey. The places had to be
representative for the area, in accordance with the owners of the land and suitable for further
actions in the course of the EU ARD project.

The pits were dug with the help of local villa ~ gers m ostly in their own gardens and had an
approximate size of Im x Im x Im, depending on the conditions on site. Im portant was, that the
sides of the pit were straight and wide enough to see to the botto m and that the upper part was
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wider, forming a step (see Figure 16). After the  finalisation of the pit, a side which was well
exposed, had a straight and clean cut, and coul d be seen clearly was exa mined. Thereby the
different soil horizon s were iden tified and their depths m easured. The s oil of each horizon was
described by means of the soil morphological descriptors specified in Chapter 3.2.2.1. At the end
two undisturbed soil samples were taken from each soil horizon.

When groundwater is found before = reaching the final depth of th e pit, it is not possible to
continue digging. In this case the samples were taken as low as possible at the bottom of the pit.

Wider upper part ——

Figure 16: Scheme of a profile pit, Source: FAO, 2012

3.2.2.2.3 Soil samples

Undisturbed soil samples were taken from every profile pit dug in the st udy sites. Thereby each
soil horizon with a minimum thickness of 10cm was sampled two times, using sampling rings of
stainless steel that had a height of 8,5cm and a diameter of 12,5¢cm . In most cases the sam ples
were taken at depths of 30cm, 60cm and 90cm. One of the samples of each horizon was brought
to the labor atory in Aiy ura to estimate th e bulk density, and the other one was sent to the so il
chemical laboratory in Port Moresby.

For the sample taking, a step was prepared in the profile pit (see Figur e 16), having a straight,
clean cut. The sampling rings were driven in th e soil with extrem e precaution to p reserve the
natural state of the soil of the sam ple. To drive them in evenly and without cracking, a wooden
block and a hamm er was used. Once the sam ples were hammered down com pletely, the soil
around the sam ples was rem oved carefully, leavi ng only the ring filled with soil on the step.
After cleaning the outside of the rings from the redundant soil, the soil sa mples were packed in
plastic bags. To avoid the evaporation of the wet soil, the samples should be covered with plastic
caps and sealed with tape on the interfaces. H  owever, as there were no  caps availab le, each
sample was wrapped in a banana leave before pack ing it in the plastic ba g. The plastic bag then
was labelled with the date, the place, the number of profile pit and depth from which the sample
was taken. The transpo rt to the lab oratory has to be arranged so that the samples are not altered
in any way.
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3.3 LABORATORY ANALYSIS

The analysis of the soil samples took place at two different laboratories. One set of undisturbed
soil samples (21 sam ples) was sent to th e laboratory of the NARI Highla nds Centre in Aiyura,
where the bulk density was determined.

The second set of undisturbed soil sam ples was analysed in the NARI Chem istry Laboratory in
Kila Kila/Port Moresby, which is situated in the National Capital District of Papua New Guinea.
A determination of the soil texture was conducted for all soil samples send to the laboratory, i.e.
three soil samples per profile pit. A n analysis o f the soil chem ical parameters (pH, CEC, BS,
SOC, TSN) was only conducted for the soil sample s taken from the topsoil layers, i.e. one soil
sample per profile pit. The nutri ent status of d eeper lying soil layers is not relevant for crop
production, which is why a chemical analysis of the soil from these layers was not needed.

In this chapter the analysed  physical and chem ical param eters are specified. T he m ethods
explained are conform to the methods used in the NARI laboratories.

3.3.1 PHYSICAL PARAMETERS

3.3.1.1 Particle Size Distribution Analysis (PSDA)

The soil is m ade of particles of different sizes and shapes, which can be grouped into different
texture clas ses, according to their size. ~ The pa rticle siz e ana lysis determ ines the r elative
proportion of different size ranges by weight. T he method used to estim ate the proportions of
particle sizes employs sieving for the coarser fractions and the hydrometer for the finer fractions.
The hydrometer method is based on Stokes' law, which states that particles with a higher density
sink faster than particles with a lower dens ity when they are suspended in a liquid (Carter M.R.
et al., 2008).

The class ification of th e particle sizes in to te xture class es varies slig htly between different
countries, but the upper lim its of sand and clay size usually are the sa me. Table 14 shows the
International standard w hich is used in Pa pua New Guine a in opposition to the USDA/FAO
system.

Table 14 : Opposition of the internatio nal and USDA/FAO standards for classifi cation into te xture classes,
Source: Minasny B. et al., 2001

Intern ational USDA/FAO
system [mm] system [mm]
clay <0,002 < 0,002
silt 0,002 - 0,02 0,002 - 0,05
sand 0,02 -2 0,05 -2
The soil from the analysed soil sam ples was classif ied accord ing to the Australian

(=International) system for division into soil fractions.

3.3.1.2 Bulk Density

The bulk density of a so il is the quotient of its mass and its volume. The m ass includes all the
solid components of the soil and is measured by weighting the oven-dry sam ple. The volum e
includes the solids and pores and is given by the volume of the soil sampling ring.

mass of the oven-dry soil
bulk density = volume
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3.3.1.3 Derived Parameter - Hydraulic Conductivity

The saturated hydraulic conductivity was calculated with the pr ogram "ROSETTA" which uses
hierarchical pedotransfer functi ons to estim ate the hydraulic properties of a soil. Input
parameters of the model are soil texture and bulk density.

Since the program uses the FAO/USDA system for classification of textur e classes, the texture
data had to be converted from the Australian system to the FAO/USDA system . That was done
by a formula derived from MINASNY (2001), that assumes a lognormal distribution of particle
sizes.

Pao_so = 48.4593 — 0.2225 P29.2000 — 0.0029 (P29_2000)° — 0.6952 P, + 0.0018 (P-,)

Thereby the increment of particles of the fraction 20um - 50pum was calculated and consequently
the fractions of the FAO/USDA system could be determined (Minasny B. et al., 2001).

3.3.2 CHEMICAL PARAMETERS

3.3.2.1 pH

The pH value was determ ined by a potentiom etric measurement of the activity of hydrogen ions
of a 1:5 soil-water (H,O) suspension using a pH meter (Code 4A1 in Rayment G.E. et al., 2011).

3.3.2.2 Cation Exchange Capacity (CEC) and Exchangeable Bases

Before determ ining the exchangeab le bases (K, Ca*", Mg®" and Na) o r the CEC, the solub le
salts have to be rem oved during a pre-treatment. This has to be done because the dissolution of
hardly soluble salts co uld change the relative proportions of individual exchangeable cations
(Peverill et al., 1999, p.148). For non calcareous soils dom inated by perm anent charge the
method used is an exch ange with 1 M ammonium acetate (NH 4COOCH3) at pH 7 with m anual
leach (Code 15D2 in Raym ent G.E. et al., 2011). The Cation Exchange Capacity is indicated in
milliequivalents of negative or positive charges (Camberato J. J., 2001).

3.3.2.3 Base Saturation (BS)
The base saturation was calculated by determining the quotient of the sum of exchangeable bases
and the Cation Exchange Capacity.

sum of exchangeable bases (Ca, Mg, K, Na)*100
BS = cation exchange capacity

3.3.2.4 Soil Organic Carbon (SOC)

The method used to estimate the co ntent of th e soil organic carbon is the one of Walkley and
Black (Code 6A1 in Raym ent G.E. et al., 2011). Itis aw et oxidation procedure, in which an
oxidant is used to convert the organic carbon in CO, (Peverill K.I. et al., 1999, p.160). Therefore
potassium dichromate and concentrated sulphuric acid are added to the finely milled air dry soil
sample. Through the h eat of th is reaction th e organic carbon is ox idised and th e rem aining

dichromate is determ ined by redox titration with ferrous am monium sulphate (Meersm ans J. et
al, 2009).

This is a commonly used method because organic carbon can be determined simply and fast with
little equipment. However, the ox idation is incomplete since the recalcitrant fraction of organic
carbon is not detected, which lead s to an underestim ation of the total SOC content. Therefore a
correction factor of 1,33 is used to adjust th e results (Schum acher B. A., 2002). If the soil is
heated during the oxidation process the oxidation can assumed to be complete and no correction
factor is needed (Peverill K.1. et al., 1999, p.160).
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3.3.2.5 Total Soil Nitrogen (TSN)

The method used to estim ate the total soil nitrogen is the semi micro Kjeldahl-steam distillation
(Code 7A1 in Raym ent G.E. et al., 2011). The sam ple is finely m illed and air dried before the
semi micro Kjeldahl digestion is conducted. Consequently S odium Hydroxide (NaOH) is added
and effects the release of NH ; by steam distillation, which is then absorbed in dilute bordic acid.
The total soil N is subsequently determ ined through titration with standard acid and is indicated
as % N (Rayment G.E. et al., 2011).
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4 THE STUDY SITES - ASSESSMENT AND RESULTS

This chap ter provid es a deta iled assessm ent of the stud y site s Ta mbul and Kopafo. The
communities Kiripia an d Alkena, which are both included in the Ta mbul study site, as well as
the Kopafo community are first described in terms of their ¢ limatic, enviro nmental an d
agricultural conditions. Later the results of the soil survey w ith the soil core auger and the
description of the soil profiles fr om the profile pits are pres ented, and finally the results of the
laboratory analysis for each study site are summarised and discussed.

However, the results of the laboratory analysis have to be regarded with caution, because the soil
samples were not send to the labo ratory immediately after sam ple taking. Due to organisational
difficulties it took about one month until the soil samples could be analysed. Considering that the
samples we re under very wet and in som e c ases under com pletely saturated co nditions, an
alteration of the soil chem istry during that ti me cannot be ruled out. ~ Furthermore, the soil
sampling sites in the study sites w  ere chosen to be especially dry locations in Kopafo and
especially wet locations in Tam bul. A final conclusion about the general stat e of the soils inthe
study sites, and about the differences of the soils between T ambul and Kopafo can therefore not
be made. Finally it has to be m entioned that the soil samples from the study sites were all taken
at the end of the rainy season, which m  eans t hat the soils in Kopafo haven' t been under the
supposed dry conditions at the time of soil sampling.

Additionally, soil data for the relevant areas was abstracted from the GIS map of P NGRIS and
compared with the results of the analysis. But the data derived from PNGRIS is not very detailed
in the small scale. At lo cations with a rapid cha nge of soil charac teristics within a sm all range,
not every soil type is captured by the databas e. For detaile d soil surv eys of smaller areas, the
PNGRIS data can only be consulted to a limited extent.

4.1 KIRIPIA/ TAMBUL

4.1.1 GENERAL INFORMATION

Kiripia is o ne of the communities belonging to the study s ite Tambul in the Tam bul/Nebilyer
District of the Western Highlands Province. Both communities (Kiripia and Alkena) are situated
along one of the main roads to Tambul (Figure 17) at an altitude of about 2300masl. To the south
lies Mt. Giluwe, the second largest m ountain of the country (4200m ). The whole Province is
diverse with m any mountains co vered with rainforests or gr  asslands which experience a
continuous depletion due to population growth and economic activities.

Kiripia comprises a total popul ation of 1703 people (PN G 2000 ce nsus, data source: Mike
Bourke, Australia National University) and a catholic m ission, a school and a health centre
(Figure 18). The inhabitants are mostly subsistence farmers who live in traditional houses. Some
of the m own livestock (m ainly pigs but also goat, sheep, chicken and ducks) or practice fish
farming. There is a central place, w here women eventually sell surplus food from their gardens
to other villagers. Som e people practice other income gene rating activities such as owning a
PMV, buying goods in Tam bul and se lling it at the local m arket or participating in livestock
projects such as piggery or aquaculture.
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Figure 18: Map of the Kiripia community
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4.1.1.1 Climate

One im portant characteristic of this place is it s high altitu de of about 2300 m etres above sea
level which regularly leads to low te mperatures at night. Figure 19 show s the average m onthly
minimum and maximum te mperatures recorded by the NARI weather station in Tam bul. It is
obvious that the m aximum tem perature varies onl y slightly over the year, while the m inimum
temperature drops close to 0°C during the late dry period and frosts occur regularly.

Temperatures in Tambul
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Figure 19: Average minimum and maximum temperatures recorded by the weather station Tambul in the
years 2003 - 2009

Another characteristic of this area is its rath er high rainfall with an annual m ean of 2580mm.
Although the seasonality of distribution of rainfa 1l is not as high as in the Eastern Highlands
Province, there is s till a dis tinction between a dry and a wet season.  The rainy season lasts
approximately from October till March, and the dry season from April till Septem ber (Figure
20). Even in the months of the dry season of a normal year the rainfall doesn't fall below 100mm.
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Figure 20: Average monthly rainfall at Tambul weather station over the years 1957 - 2008

In Figure 21 the m onthly average rainfall data of Mt. Hagen is plotted ag ainst evaporation data
calculated by HAANTJENS (1970). Since the evaporation never exceeds the rainfall, the balance
is positive over the whole year of an average year.

Average rainfall and evaporation in Mt. Hagen
B rainfall ®evaporation

300

250 -

200 -

E |50 -
g 150

100 -

50 -

O -

Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov  Dec
month

Figure 21: Average monthly rainfall and evaporation in Mt. Hagen, created with data from Haantjens H.A.
et al., 1970

The daily rainfall data of the years 2004 and 2 005 shows that the dry season in T ambul was
characterized by periods without rain which were in terrupted by days of slight to heavy rainfall.
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In July and August 2004 those dry periods lasted one to two weeks, while during the m onths of

June and July 2005 rainfall was completely absent (Figure 22).
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Figure 22: Daily rainfall at Tambul weather station from July 04 until July 05

During the 1997 drought, the area around Tambul was hard hit and depended on food relief from
NGO's. There was v ery little rainfall (Figure 23) and no cloud cover, wh ich resulted in burning

sun during the day and clear sky with frosts at night.

Rainfall in Tambul in the year 1997
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Figure 23: Rainfall at Tambul weather station in the year 1997 during the big drought
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4.1.1.2 Agriculture

The high altitude of this area and the consequently low temperatures lead to a reduced variety of
crops that can be cultivated com pared to the lowlands. Most of the people are subsistence
farmers, who have small food gardens and are not able to produce cash crops. The food gardens
mainly consist of large sweet potato m ounds, usually cultivated in a mono cropping system.
Mixed cropping is sometim es practiced in a way, where sweet potato is intercropped with other
crops like s ugar cane, corn, cabbag e or beans. Taro is sometim es cultivated in swam py areas.
Most of the gardens are additiona lly interspersed by deep drains to dis charge the excess water
from the soil. Farmers cultivating in lowland areas have problems with soil excess water in times
of heavy rains or a high groundwater table that is related to the discharge of a nearby river.
Farmers with fields in higher  lying areas don' t have problem s with excess soil water and
therefore do not use drains.

According to local farmers in Kiripia, the sweet potato plants suffer from dry leaves. A reason
could be soil fertility depleti on due to the overuse of the fiel ds. The increasing population and
the increasing amount of domestic pigs forces the people to shorten or omit the fallowing periods
of their fields and cultivate more intensively. Farmers also state, that they have observed changes
in the c limatic pattern s. Clim atic ¢ onditions th at used to be pred ictable a re no w becom ing
unforeseeable for them. For example, the maturing period of sweet potato has changed from nine
to six m onths and wee ding has to be done four tim es instead of two tim es during a specific
period. During the wet season heavy rain and sun normally alternate at a two- to three-day
period. During heavy rains the m ounds are saturated with water, but during the following sunny
days the soils dry out completely by the intense sun. According to the farmers, water logging can
be a problem a fter heavy rains, because the sweet potato tubers — start rotting. This could be
because the residual so il moisture in the m ounds is heated u p during th e period of intense sun
and "cook" the tubers. During the dry season frost occurs regularly, mostly if there is intense
sunlight and dry, cold weather on the previous day.

4.1.1.3 Water supply

The comm unity of Kiripia possesses one wate  r tank (Figure 24, left), constructed by the
Canadian International Development Agency (CIDA). With a height of 2,2m and a perim eter of
16,4m the tank is capable of supplying about 300 people including the catholic mission, the
health centre and the school. The source for the water tank is at the W apelga river, where a pipe
leads from the inlet (Figure 24, righ t) to a filter and la ter to the tank. The school of Kiripia is
equipped with flush toilets and a septic tank. T he majority of the villager s are not connected t o
the water supply system and have to fetch water from nearby creeks or springs. According to the
local population the water quality of those sour ces is often not good because of pollution from
livestock. As m ost of the people live in tradit  ional houses with rooft ops m ade out of grass
(pitpit), water harvesting from rooftops can only be practiced at the public buildings.
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Figure 24: Water tank (left) and inlet (right) of the water supply system in Kiripia, pictures: Agnes Ulreich,
2012

The valve that controls the water supply of the tank is controlled by the catholic mission and can
be closed completely during tim es of water s hortage. At that tim e only the school, the catholic
mission and the health centre are still supplied with water, while the pipes leading to the villages
are closed. Villagers are only allowed to fetch water during certain time frames each day. During
the dry season water is only used for drinking and cooking and the gardens cannot be watered.

In times of severe drought, the springs and wells that are n ormally used to f etch water, dry out
and the villagers have to go to th e river Kagul for water. The water of the riv er is normally not
used for dinking purposes as it is too dirty because of hum an pollution. During the drought the
water from the Kagul river had to be fetched early in the morning when the water quality was
still relatively good. Methods to purify and treat the water before drinking are not practiced.

4.1.2 SoiIL

The geology of Kiripia is m ainly characterized by ingenous consolidated extrusive rocks. The
central area of the community consists of volcanogenic gravel, sand, silt and some lava flows. To
the southwest basalts, dolerites and andesites dominate, which are fine grained volcanic rocks
with rela tively low silica content. The northea st of Kiripia is dom inated by unconsolidated
sedimentary rocks from alluvial deposits. In this area there is clay, silt, sand, gravel and peat
from lake deposits. Along the river Kagul, grav  el, sand, silt, clay and organic rem ains from
alluvium and swamp deposits can be found (PNGRIS, 2008).

The prevalent great soil group around Kiripia is the Hydrandept, which belongs to the soil order
of Inceptisols and to the suborder of Andepts . The Hydrandept is a m oderately weathered soil
that is formed on volcanic ash and has "clays which dehydrate irreversibly into aggregates of silt,
sand and gravel size" (PNGRIS, 2008). Andept s are norm ally freely drained, have low bulk
densities (<0,85g/cm?) and contain plenty allophane which implies a high CEC (PNGRIS, 2008).
Furthermore soils of the great groups Tropofolis ts and Troporthents ca n be found in Kiripia.
Tropofolists (order: Histosol, suborde r: Folists) are peat soils, al pine peat and hum us soils that
are freely drained and are never saturated for mo re than a couple of da ys. Troporthents (order:
Entisol, suborder: Orthents) are soils that a re recently formed on eros ional surfaces on slopes
greater than 25% and are under moist conditions during most of the year (PNGRIS, 2008).

Generally the area is not affected by flooding  or inundation, but periodic, brief flooding can
occur along the two springs in the eastern part of the community and along the river Kagul in the
north there is a waterlogged area (PNGRIS, 2008).
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4.1.2.1 Soil survey

The primary data collection in Kiri pia was conducted between April 11 ™ and April 15 ™ 2012.
The soil survey included the cha racterisation of nine soil sa mples taken with a soil core auge r
(Pxir1 - P kr9) and of two soil prof iles through digging of pr ofile pits (P prorl & P pror2) with
subsequent abstraction of undisturbed soil sam ples. Figure 25 shows am ap of the great soil
groups prevalent in Kiripia as described in ch apter 4.1.2, and the location of the of the sam pling
spots with the soil core auger as well as the profile pits.
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Figure 25: Great soil groups (Source: PNGRIS, 2008) and location of soil sampling spots in Kiripia

4.1.2.1.1 Soil core auger

Table 15 shows the coordinates of the sam pling spots from the so il core auger, their elev ation
and the type of land use at the sampling site. ~ All soil samples were taken f rom sweet po tato
gardens at elevations between 2200 and 2337masl.

Table 15: Sampling spots from the soil core auger in Kiripia

Sample Date Latitude Longitude Elevation [m] |Landscape

Pxirl 11.04.2012|-5,951712469 | 143,9923025 |2337 sweet potato field
Pxir2 11.04.2012|-5,949760385 | 143,9959545 | 2317 sweet potato field
Pxir3 12.04.2012 |-5,949172236 |143,9997507 |2278 sweet potato field
Pxir4 12.04.2012|-5,951267791 | 143,9986296 | 2272 sweet potato field
PxirS 12.04.2012 |-5,94812907 |143,9976832 (2296 sweet potato field
Pxir6 12.04.2012|-5,948072407 | 143,9990378 | 2309 sweet potato field
Pxir7 13.04.2012|-5,940127689 | 144,0138586 | 2201 sweet potato field
Pxir8 13.04.2012|-5,941848205 | 144,0038697 | 2232 sweet potato field
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Pxir9 13.04.2012|-5,941951918 |144,0070465 | 2255 sweet potato field

The soils found during the soil survey with the soil core auger were mostly clays with sometimes
sandy layers from alluvial deposits. P ;g3 and P g9 (Figure 26) showed a constant dark brown
layer throughout the whole profile and the soil of Pxr3 was completely saturated. Pxir9 was on a
steep slope and showed big erosion gullies.

Figure 26: Soil profile of Pk r9 taken by the s oil core auger (left) and its lo cation (rig ht), pictures: Ag nes
Ulreich, 2012

The other profiles had dark brown top soil layers of different thicknesses and m  ostly yellow,
ochre and reddish colours in deep er layers. At the points of P ;g4 and Pgr7 grey soil was found
in the bottom layers. Pxr4 (Figure 27) had greenish stains in the grey matrix indicating stagnant
moisture, and water log ging was ob served at the soil surface between n earby fields. This could
be due to its location, which is in the locally lowest lying area.

Figure 27: Soil profile of Pgr4 taken by the s oil core auger (left) and its lo cation (rig ht), pictures: Ag nes
Ulreich, 2012

A detailed description of the so il profiles taken with the s oil core auger according to the soil
morphological descriptors (chapter 3.2.2.1) and pictures of all soil profiles are shown in
Annex 1.

4.1.2.1.2 Profile pits

The location of the profile pits (Figure 25) was chosen on the basis of the inform ation obtained
during the soil survey and the explanation of lo  cal farmers. Since the study site was chosen
because of its wet cond itions, both pits were situated at rather wet si tes. Profile pit one (Pprorl)
was located close to the river Kagul, and profile pit two (P pror2) was situated close to a swam py
area. Infiltration tests were conduc ted at the sites of both profile pits, but no results could be
obtained as the infiltration was nil over the whole test period (about three hours). The location
details of the profile pits are listed in Table 16.
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Table 16: Location of profile pits in Kiripia

Name Date Latitude Longitude Elevation [m] |Landscape
Pprorl 13.04.2012 |-5,940127689 |-5,94012769 (2201 sweet potato field
Ppror2 15.04.2012|-5,949760162 |-5,94976016 |2287 sweet potato field

Profile pit one (Pprorl)

Profile pit one was located on th e northeast end of Kiripia, in  the field of a village called
Kumungapul. The field was situated close to the river Kagul, but with a difference in elevation
of about 5m. The field was cultivated with la rge sweet potato m ounds and had no drains. Six
undisturbed soil samples were taken from this profile pit, two respectively at a depth of 15-25¢cm,
60-70cm a nd 90-100cm. Table 17 presents the so il profile description from the field
investigations.

Table 17: Soil profile description of profile pit one (Pprorl) in Kiripia

Sample |Depth [cm] |Colour Segregations Presence of | Comments
Code roots
0-5 dark brown | none few soil has fractures until
5-30 light grey |ochre few a depth of 60cm that
Pprorl filled with
Kiripia 30 - 40 dark grey |none few are Iilled w1
40 - 90 light grey | ochre few Inater‘lleﬂ from the
90-110 dark grey |black (charcoal) |no Opsol

The soil profile of Pprorl in Kiripia was divided in five horizons (Table 17 and Figure 28). The
upper horizon had a depth of five centim etres and showed dark brown colours and few roots,
which suggests high organic matter and nutrient levels. From a depth of 5¢ m until 90cm the soil
matrix was light g rey and firm with ochre or rust mottles, which can indicate impeded drainage
conditions. The layer was interrupted by a dark  grey layer at the depth of 30-40cm . At the
bottom of the profile the soil had a dark grey co lour again and black segr egations that could be
charcoal.
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Figure 28: Soil profile (left) and location (right) of profile pit one (Pprorl) in Kiripia, pictures: Agnes Ulreich,
2012

Profile pit two (Ppror2)

Profile pit two was located with in a low lyin g, swampy area called S ilmalga. A spring that
normally dries out during the dry season was situated close to the pit. According to the owner of
the field, the water from the spring is of good quality unless pigs dig in the area of the headwater.
The field that was chosen for the construction of the profile pit was located on a slope. It had no
drains, because th e in clination of the field al ready cau sed the ra inwater to run o ffinto th e
swamp. According to the owner of the field erosion exists, but the people don't care because they
have enough yield either way. At the tim e of the field work the sweet potato mounds were
opened up with grass upon them and were about to be closed and planted soon (see chapter
2.2.2.4, composting). Six undisturbed soil sam  ples we re taken from this profile pit, two
respectively at a depth of 30-40c m, 60-70cm and 90-100cm. Table 18 presents the soil profile
description from the field investigations.

Table 18: Soil description of profile pit two (Ppror2) in Kiripia

Sample |Depth [cm] | Colour Segregations Presence of | Comments
Code roots
0-5 dark brown | none few, until
5-55 reddish brown | none 30-40cm
1:)PROFZ i
Kiripia |35 - 80 reddish ggﬁ:sl small white no sm all stones
white grey red, white and black stones
80 - 100 yellowish mottles 1o (1=5-20cm)
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The soil pro file of Pprop2 in Kiripia had four horizons (Tab le 18 and Figure 29). Like the soil
profile of Pprorl, the topsoil layer was only five centim etres deep and had a dark brown colour.
The low thickness of this layer could be a result of erosion and the common practice of
mounding, where the top-soil of the field is put t ogether for the construction of m ounds. From a
depth of 5-55c¢m the soil horizon was reddish brown followed by a reddis h horizon. Roots were
present until a depth of 30-40cm . The uniform reddish and yellowish colours in the sub-layers
indicate free drainage of the soil. At a depth of 80-100cm the colour of the soil changed to white,
grey, yellowish with b lack mottles. The pale colours could indicate considerable leaching and
low fertility in this layer.

Figure 29: Soil profile (left) and location (right) of profile pit two (Ppror2) in Kiripia, pictures: Agnes Ulreich,
2012
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4.1.2.2 Laboratory analysis

4.1.2.2.1 Texture

The texture of Pprorl in Kiripia was classified as clay to clay loam and of Pprop2 as sand to clay
loam (Table 19). Ppror2 contained higher fractions of sand than P prorl, especially in the topsoil
layer, which consisted to 93% of sand (Figure 30).
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Figure 30: Soil texture of the soils from Kiripia

Table 19 sh ows a com parison of the soil tex ture dete rmined in the laboratory and the tex ture
information from the GIS data of PNGRIS for the areas of the profile pits. According to PNGRIS
the soil is of low to moderate fertility, very low erodibility, has moderate mineral reserves and is
well to imperfectly drained.

Table 19: Comparison of the soil text ure specifications from the 1 aboratory analysis and the texture d ata

from PNGRIS at Kiripia
laboratory analysis PNGRIS
depth texture depth texture
sandy loam, loam, clay
15-25cm clay 0-25cm  |loam
Prrorl 60-70cm clay loam )
25-100cm | clay, silty clay, sandy clay
Tambul 90-100cm glay loam
(Kiripia) sandy loam, loam, clay
S 25-35cm sand 0-25cm  |loam
PROF
63-75cmclay loam 25-100cm | clay, silty clay, sandy clay
90-100cm sandy clay loam
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4.1.2.2.2 Chemical parameters

Soil pH

The soil pH of the soils from both profile pits was 4,8, which m eans that the soils were very
strongly acid (Figure 31). The data derive ~ d from PNGRI S shows ac id (pH 5,0 - 6,0) soil
conditions for the locations of the profile pits.

pH (Kiripia)
strongly acid very strongly acid
6 -
5,5
5 -
T 45
4
3,5
3 -
15-25cm | 25-35cm |
PPROF1 | PPROF2 |
depth

Figure 31: Soil pH values of the soils from Kiripia

Both profile pits are located in an area where the Hydrandept, which is for med on volcanic ash
material, is the dom inating great soil group. As shown in ¢ hapter 2.2.3.1 by m eans of a study
from BAILEY (2009), volcanic so ils are generally m ore acid than non volcanic soils and have
mean pH values of 5,6. The soils of both profil e pits from the own research were under very
strongly acid conditions , which m eans that the pH values lie beneath th e average v alue for the
highlands soils (Bailey J., 2009).

Cation Exchange Capacity and Base Saturation

With a value of 24,1m e% at P prorl and 34,4me% at P prop2 (Figure 32, left), the CEC of the
soils was rated as m oderate and high according to HAZELTON (2007). H ydrandepts contain a
high am ount of allophane m aterial, which has a highly reactive surfac e and therefore a high
CEC. Normally soils with low clay contents also feature low contents of CEC. Ppror2 has a clay
content of only 4% but a high CEC, which can  be explained by the high am ount of organic
material present in the soil. It means that the soils must be dominated by variable charge, which
is not only located on the edges of clay, but also of organic m atter. Soils with va riable charge
show a high dependence on soil pH , whereas an increase of soil pH would probably lead to an
increasing CEC.

The base saturation on the other hand was rated as m oderate (43%) at Pprorl and very low (4%)
at P prop2 (Figure 32, right). A base saturation of ove r40%, as found at P prorl, indicates
moderate leaching, while a BS of under 15% means that the soil is very strong leached.

The data derived from PNGRIS indicates a high (>25m %) CEC and a low base saturation
(<20%) for all Tambul sites. Observing the own data, only the BS of Pprorl1 differs considerably
as it is rated as high.
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Figure 32: Cation Exchange Capacity (left) and Bas e Saturation (right) of the soils from Kiripia and u pper
boundaries of ranges according to HAZELTON (2007)

Exchangeable Bases

The levels of the exchangeable bases in Kiri  pia are illustrated in Figure 33 and Figure 34.
According to the rating of HAZELTON (2007), the soil of P prorl possessed moderate levels of
exchangeable Ca (7,23m e%) and Mg (2,74m ¢%), a low level of exchangeable Na (0,27m %)
and a very low level of exchangeable K (0,15m €%). P pror2 showed very low levels of
exchangeable Ca (0,38me%), Na (0,05me%) and K (0,09me%), and a low level of exchangeable
Mg (0,95me%).

According to PEVERILL (1999), a Mg deficiency  exists in sandy soils from concentrations
below 0,2 me%, and in clay soils from concentrations below 0,5 m €%. According to that, none
of the analysed soils was deficient in Mg.
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Figure 33: Content o f e xchangeable c alcium (1 eft) and exchangeable ma gnesium (r ight) of the so ils from
Kiripia and upper boundaries of ranges according to HAZELTON (2007)
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Figure 34: Content of exchangeable potassium (left) and exchangeable sodium (right) of the soils from Kiripia
and upper boundaries of ranges according to HAZELTON (2007)

Figure 35 reveals, th at the content of the basic exchangeable bases at P prop2 wa s very low
compared to the total amount of cations that can be exchanged by the soil (C EC). That implies,
that large amounts of other exchangeable bases such as Al or H+ must have been present. Large
amounts of aluminium ions in soil can be toxic to plant growth and are always associated to very
acid soil conditions, which app lies to the so ils from the pro file pits. A r eason for the extremely
low content of basic ex changeable bases in P pror2 could be the high ¢ ontent of sand in the
topsoil layer of the profile (93%), which - together with its location in a high rainfall area- leads
to strong leaching of the soil and consequently the exchangeable bases are washed out.

CEC and content of exchangeable bases in Kiripia
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Figure 35: CEC and content of exchangeable bases of Pprorl and Ppror2 in Kiripia

When looking at the saturation percentages of the soils it can be stated that only the Na-, and the
Mg- saturation of P prorl had satura tion lev els within th e desirable range according to
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HAZELTON (2007). W ith values of 30% and

1,10% (Figure 36, left), the C

a saturation

percentages of both soils are much below Hazelton's lower threshold level of 65%. Other sources

quote the adequate Ca saturation percentage of

soils around 25-30%, which would m ean that

Ppror1 was within the d esirable range. The K s aturation values lie ben eath the threshold values
of HAZELTON (2007), which signifies a K deficiency in both soils (Figure 37, left). This is also

confirmed by PEVERILL (1999), who expects a de

ficiency at potassium levels below 0,2 -

0,5me%. The ESP values of the soils were 0,15% and 1,12%, which implies that the soils are not
under sodic conditions (Figure 37, right).
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Figure 36: Calcium (left) and magnesium (right) saturation of the soils from Kiripia and desirable range for
many plants according to HAZELTON (2007)
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Figure 37: Potassium saturation (left) and sodium s aturation (right) of t he soils from Kiripia and desirable

range for many plants according to HAZELTON (2007)

Nutrients

The level of total nitrogen and organic carbon was very high in the soil of Ppror2 and medium to
low in Pprorl (Figure 38). The PNGRIS data indicates high values (>0,5%) of total Nitrogen for

all sites.
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Figure 38: Total nitrogen (left) and organic carbon (right) of the soils from Kiripia and upper boundaries of
ranges according to HAZELTON (2007)

The soils p ossessed very low to lo w C/N ratio s (Figure 39 ). Pprorl exhibits values below 10,
which indicates a rapid break dow n of organic material. Values around ten to twelve are norm al
for agricultural soils. The C/N ratio at P prop2 was slightly higher, which suggests a slow  er
decomposition process.

C/N ratio (Kiripia)
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Figure 39: C/N-ratio of the so ils from Kiripia and upper boundaries of ranges according to HAZELTON
(2007)

4.1.2.2.3 Bulk density

A high am ount of allop hane in so ils implicates a low bulk density beca use of its high porosity

and water content. Hydrandepts normally have bulk densities below 0,85g/cm? (PNGRIS, 2008).
The data from the own r esearch shows that the bulk densities at the tw o profile pits were indeed
very low, having values of 0,9g/c m? at P prorl and 0,45g/cm * at P pror2 (Figure 40). The even

lower bulk density at P pror2 could be due to the very high cont ent of organic matter in the soil.
Further the profile pit was situated in an area wh ich is assigned to be possibly peat from lake
deposits (PNGRIS, 2008), which could also be a possible explanation for the low bulk density.
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Figure 40: Bulk density of the soils from Kiripia and upper boundaries of ranges according to HAZELTON
(2007)

4.1.2.2.4 Hydraulic conductivity

In order to calculate the hydraulic conductivity, the texture classes of the soils were converted to
the FAO/USDA system of classi fication, and are shown in the follow ing table (T able 20). The
soil texture of the profile pits only differs at P prop2, whereas it is a clay soil according to the
Australian system and a silty clay soil according to the FAO/USDA system.

Table 20: Texture of the soils from Kiripia according to the FAO/USDA system

Texture (FAO/USDA) | Texture (Australia)
Tambul (Kiripia) | Pprorl Silty Clay Clay

Ppror2 $and Sand

The hydraulic conductivity of the soils wa s calculated as extrem ely low at P prorl and low at
Ppror2 (Figure 42). The extrem ely low hydraulic conductivity of P prorl (0,45mm/h) could be
explained by the higher amount of clay in the soil (Figure 41). This was also affirmed by the soil
profile inspection during the fieldw ork, which s howed a light grey an d firm soil m atrix with
ochre or rust mottles indicating impeded drainage conditions. Further the profile pit was located
in a locally low lying area, where water is ~ accum ulated. Extrem ely low saturated hydraulic
conductivities as found in P prorl can be prone to water loggi  ng, and vegetation m ight be
restricted to shallow rooted plants (Hazelton P. et al., 2007, p.14).

With a value of 1,13mm /h the hydra ulic conductivity calculated for Ppror2 is higher than for
Pprorl, but is still ra ted as very lo w. This is surprising considering the high content of sand
(93%) in the soil sample (Figure 41).
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Texture according to Hydraulic conductivity
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Figure4 1: T extureof the soils fr om Ki ripia Figure 42: Calculated hydraulic conductivity of th e
according to the FAO/USDA system soils fr om Kiripia and upper b oundaries of r anges
according to HAZELTON (2007)
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4.2 ALKENA/TAMBUL

4.2.1 GENERAL INFORMATION

Like Kiripia, Alkena is situated at a distance of about ten kilometres from Tambul district station
and can be reached by an unsealed road (Figure 17) . It is located to th e north of Kiripia on a
hillside opposite to Mount Giluwe and is separ ated from Kiripia by the river Kagul. It lie s at an
altitude of approxim ately 2200 to 2300m asl and has a total populatio n of 1945 people (PNG
2000 census, data source: Mike Bourke, Australia National University). The general conditions
are sim ilar to Kiripia, with the m ain stap le crop being sweet potato, the villagers being
subsistence far mers and som e owning livestock. Th e Alkena district office is situated on the
main road a nd further the community possesses a health centre, a school and various churches
(Figure 43).
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Figure 43: Map of the Alkena community

4.2.1.1 Climate
For a description of the clim atic conditions of the Alkena comm unity, the tem perature and
rainfall data described in chapter O from Tambul district station can be consulted.

4.2.1.2 Agriculture
The crops as well as the agricultural techniques used in Alkena are similar to Kiripia (see chapter
4.1.1.2).

4.2.1.3 Water supply

There is a water pipe sponsored by the red cross, which supplies few parts of Alkena with public
water taps. People living in the low er lying part of Alkena don't have a water supply system and
therefore fetch the water from the rainwater harvesting tanks of the Lutheran church (Figure 44,

left) or sm all creeks (Figure 44, rig ht). The m ain water sou rces for vi llagers without access to
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either of these water system s or during tim es of water sho rtage are the s wamp Ambile and the
river Kagul which can be reached in about one hour by most of the villagers.

Figure 44: Rainwater har vesting tanks of the Luthe ran church (I eft) and smal 1 creek (right) in Alkena,
pictures: Agnes Ulreich, 2012

4.2.2 SoiL

The geology of Alkena is m ostly determined by unconsolidated sedimentary rocks from alluvial
deposits. In the western part of the community — silt, sand, mud, clay and gravel from alluvium
and fluvial deposits prevail, while the eastern part  consists of clay, silt, sand, gravel and peat
from lake deposits and the southern part of gr  avel, sand, silt, clay and organic rem ains from
alluvium and swam p deposits. The bedrock of the northern part of the co mmunity is of m ixed
sedimentary and volcanic origin whereas green,  grey, dark, thick-bedded and poorly sorted
volcanic and polymict and muddy sandstone can be found (PNGRIS, 2008).

The predominant great soil group in Alkena is th e Hydrandept, which is rarely interrupted by
spots of Tropofolists, Tropothents and Hum itropepts (Figure 45). Like Hydrandepts,
Humitropepts belong to the soil order of Inceptisols and are he nce moderately weathered soils.
Their suborder of Tropepts im plies that they are young and m oderately well drained, with bulk
densities above 0,85g/cm? and a low content of amorphous clay minerals (PNGRIS, 2008).

Alkena generally doesn' t feature inundation or flooding characteristics, but there are m  any
waterlogged areas dis tributed over the whole comm unity site. They es pecially occur near the
river Kagul and in the swamp.

4.2.2.1 Soil survey

The primary data collection in Alkena was conducted betw een April 19  and April 21 th 2012.
The soil survey included the investigation of el even soil s amples taken with a soil core auger
(Parx1 - P ark11) and of two soil profiles thro ugh digging of profile pits (P prorl & P pror2).
Figure 45 shows the location of  the sam pling spots with the so il core auger as well as the
location of the profile pits in a m ap of the great soil groups of the area. As shown in the figure,
the so il s ampling sites sele cted f or the soil s urvey were all loc ated within the area of the
Hydrandept.
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Figure 45: Great soil groups (Source: PNGRIS, 2008) and location of soil sampling spots in Alkena

4.2.2.1.1 Soil core auger

Table 21 shows the coordinates of the sam pling spots from the soil core auger, the e levation and
the type of land use at the sam pling site. Most of the soil samples were taken from sweet potato
fields, one respectively from english potato, ca uliflower and taro fields and two fromm  ixed
cropping fields at elevations between 2196 and 2294masl.

Table 21: Sampling spots from the soil core auger in Alkena

Sample Date Latitude Longitude Elevation  (m) Landscape

Parxl 19.04.2012|-5,922806392 | 144,0063744 | 2266 english potato field
Park2 19.04.2012 | -5,928465821 | 144,0056298 | 2199 sweet potato field
Park3 19.04.2012 -5,932753295 |144,0062263 | 2209 cauliflower field
Parx4 19.04.2012|-5,91968807 |143,9990515 |2273 sweet potato field
Park5 19.04.2012|-5,918285119 | 143,997971 |2267 sweet potato field
Parx6 19.04.2012|-5,923928586 | 144,0017086 | 2265 sweet potato field
Parx7 19.04.2012 |-5,926896777 | 144,0001796 | 2256 sweet potato field
Park8 20.04.2012|-5,914426819 | 143,999553 |2262 sweet potato field
Parx9 20.04.2012 -5,902975833 | 143,9945504 | 2294 taro field

Parx10 ]20.04.2012 |-5,918055851 |144,001596 |2277 mixed cropping field
Parx11l |20.04.2012(-5,931928223 |144,0148486 | 2196 mixed cropping field
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Most of the soil p rofiles taken with the soil co re auger in Alkena had fertile dark brown topsoil
layers with a thickness of over 30cm. Beneath them the soils showed either brown, very pale or
sometimes yellowish or red colour ed layers, so me of them with m ottled matrixes. Striking was
the organic material found at Py k2, Park4, Parx5, Park6 and Pa1x9, which seemed to be not, or
only half decom posed (e.g. P a1 x2, Figure 46). The points where or ganic material was found in
the profiles were located in a row parallel to the main street of Alkena, in a stretched swamp (cp.
Figure 45).

Figure 46 : Soil pro file o f P 51 k2 taken by the soil core auger (left) and its location (right), pictures: Agne s
Ulreich, 2012

Park3, Parx7 and P o1 k11 held sandy or sandy loam layers from alluvial deposits (e.g. P ark3,
Figure 47), which becomes evident when looking at their proximity to the river.

Figure 47: Soil profile of P, k3 taken by the soil core auger, pictures: Agnes Ulreich, 2012

Clay soils were found at the points P o1 x1, Parx4 and P k8 to Par k10, which were all located at
the northern part of Alkena. A detailed descrip tion of the soil prof iles taken with th e soil cor e
auger according to the soil m orphological descriptors (chapter 3.2.2.1) and pictures of all soil
profiles are shown in Annex 2.

4.2.2.1.2 Profile pits

Both profile pits were situated in low lying areas with wet so il conditions. Profile pit one was
located in a swam py area, and profile pit two cl ose to a tributary of river Kagul. During the
nights previous to the constructi on and investigation of the profile pits the area rece ived heavy
rainfall. Therefore the soil was highly saturated and no infiltration tests could be perfor med. In
Table 22 th e location details, the elevation and the land use of the site of the profile pits are
listed.
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Table 22: Location of profile pits in Alkena

Name Date Latitude Longitude Elevation [m] |Landscape
Pprorl 20.04.2D12 -5,91822673 | 143,9981898 2287 fallow grassland
Ppror2 21.04.2012 -5,931928223 | 144,0148486 [ 2196 mixed cropping

Profile pit one (Pprorl)

Profile pit one was located in a swampy area close to the main road in Alkena. It was located in a
field that was not cultivated du ring the tim e of the field work and had f allow grass vegetation.

During the establishment of the pr ofile pit the water table was en countered at a depth of 50c m.
Six undisturbed soil sam ples were taken from this profile pit, two respectively at a depth of 20-

30cm, 50-60cm and 80-90cm . Ta ble 23 presents the soil profile desc ription fro m t he fi eld
investigations.

Table 23: Soil description of profile pit one (Pprorl) in Alkena

Sample |Depth | Colour Segregation s Presence |Comments
Code [cm] of roots
0-35 dark brown none few
ochre and dark
Poere] [35-65 |light brown mottles f ew water table
PROF .
Alkena dark, reddish brown, at a depth
65 -75 |presence of organic material |none no of 50cm
ochre and dark
70 - 100 |light brown mottles no

The soil profile of P prorl in Alkena is characterised by four soil horizons (Table 23 and Figure
48). The dark brown topsoil laye r had a thickness of 35cm indicating a highly fertile soil with a
high level of organic matter and nutrients. The following layer extended until a depth of 65cm
and had a light brown m atrix with ochre and dark mottles. Roots were present until this depth .
The third horizon (65cm -75c¢m) had a dark, redd ish brown colour and contained a high am ount
of organic m aterial. T he m aterial appeared to be grass from the swa mp that has been
decomposed only partially. The bottom layer of the profile was sim ilar to the second horizon,
consisting of a light brown matrix with ochre and dark mottles.

Agnes ULREICH 60



The study sites - assessment and results

Figure 48: Soil profile (left) and location (right) of profile pit one (Pprorl) in Alkena, pictures: Agnes Ulreich,
2012

Profile pit two (Ppror2)

Profile pit two was located at the southeast end of Alkena within a low lying area. It lay in a field
which is adjacent to a tributar y of the riv er Kagul. The field was m ade up of m ounds, where
sweet potato was cultivated in a m ixed cropping technique with corn and cabbage. During the
establishment of the profile p it, the water table was encountered at a depth of 65¢ m. Six
undisturbed soil samples were taken from this profile pit, two respectively at a depth of 30-40cm,
50-60cm a nd 75-85cm. Table 24 presents the soil profile description from the field
investigations.

Table 24: Soil description of profile pit two (Ppror2) in Alkena

Sample | Depth Colour Segregation s Presence of | Comments
Code |[cm] roots
grey mottles, few red
0-50 brown brownish mottles few
various grey and red, water table at
Ppror2 |50 - 65 light brown brownish mottles no a depth of
Alkena .\ p
65 - 70 transition zone |none no 65cm
70 - 85 grey none no
85-100 dark grey none many

The soil pro file of Pprop2 in Alkena consisted of four hor izons (Table 24 and Figure 49). The
thick brown topsoil layer had a thickness of 50cm and was interspersed by grey and a few red or
brownish mottles. Roots were present in this laye r. At the depth of 50cm to 65cm the soil had a
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light brown colour with an increasing number of grey and red or brownish mottles. The presence
of the mottles indicates prolonged lack of soil aeration and hen ce possibly seasonal or prolonged
water logging. The soil of the foll owing horizon (70cm-85c¢m) had a grey, and at the bottom
horizon (85cm-100cm) a dark grey colour. The soil of those layers was completely saturated and
coarser grained. The sand and gravel fraction at  the bottom of the profile was m ost probably
alluvial soil from the nearby river.

Figure 4 9: So il profile (left ) an d loc ation (righ t) of profile pit tw o (P pror2) in Alkena, pictu res: Flori an
Wawra (left) and Agnes Ulreich (right), 2012
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4.2.2.2 Laboratory analysis

4.2.2.2.1 Texture

Ppror]1 had fractions of sand that w ere as high as 81% to 91% (Figure 50) and was therefore
classified as sand to loamy sand (Table 25). The texture of P pror2 was clay loam to loam at the
upper two soil horizons and loamy sand at the depth of 75-85cm. The high content of sand in this
horizon (84%) is probably due to sediment from the nearby tributary of the river Kagul.
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Figure 50: Soil texture of the soils from Alkena

Table 25 sh ows a com parison of the soil tex ture dete rmined in the laboratory and the tex ture
information from the GIS data of PNGRIS for the areas of the profile pits. According to PNGRIS
the soil of this area is classified as Hydrandept, its soil fertility is moderate, the erodibility low,
the soil has moderate mineral reserves and is imperfectly drained.

Table 25: Comparison of the soil text ure specificati ons from the 1 aboratory analysis and the texture d ata
from PNGRIS at Alkena

laboratory analysis PNGRIS
depth texture depth texture
20-30cm sand 0-25cm | sandy loam, loam, clay loam

Perorl | 50-60cm lgam vy sand
80-90cm sdnd

30-40cm clay loam 0425c¢m sandy loam, loam, clay loam

Ppror2 | 50-60cm ldam

25-100cm | clay, silty clay, sandy clay

Tambul (Alkena)

25-100cm | clay, silty clay, sandy clay

75-85cm lgam y sand
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4.2.2.2.2 Chemical parameters

Soil pH

The soil of both profile pits was very strongly acid, w ith a soil pH of 4,6 at P prorl and 4,7 at
Ppror2 (Figure 51). The data derived from PNGRIS shows acid (pH 5,0 - 6,0) soil conditions for
the locations of the profile pits.

pH (Alkena)
strongly acid very strongly acid
6 -
5,5
5 .
=
=, 4,5
4
3,5
3
20-30cm 30-40cm
PPROF1 PPROF2
depth

Figure 51: Soil pH values of the soils from Alkena

Like in Kiripia, the profile pits in Alkena were taken in an area whose parent material consists of
volcanic ash. W ith very strongly acid conditions, the soils in Alke na were also m ore acid than
the average highland soil (Bailey J., 2009).

Cation Exchange Capacity and Base Saturation

Figure 52 illustr ates the cation exch ange capacity and the base satu ration of the soils f rom the
profile pits. The CEC of P prorl was rated as very high (52,4m e%), and of P pror2 as m oderate
(18,3me%). Alike P pror2 in Kiripia, the high CEC in the  soil of P prorl in Alke na could be

explained by its high amount of organic matter.

The base saturation of Pprorl was very low (7%) and of P pror2 low (23%). This implicates, that
the soil of Pprorl is probably very strongly leached, and of Ppror2 strongly leached.

Only the C EC of Ppror2 differs considerably from the soil char acterisation of PNGRIS for this
area, which displays the CEC of the Tambul soils as high (>25me%) and the BS as low (<20%).
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Figure 52: Cati on exc hange capacity (left) and base saturation

boundaries of ranges according to HAZELTON (2007)

Exchangeable Bases

(right) of the soils from Alkena and up per

The levels of exchangeable bases of the soils from Alkena are shown in Figure 53 and Figure 54.
The content of Ca was low (2,24m ¢%), the ¢ ontent of Mg moderate (1,15me% and 1,76m e%),
and the content of K very low (0,13m ¢% and 0,15me%) in the soils of both profile pits. The
content of Na was very low (0,10me%) at Pprorl and low (0,13me%) at Ppror2.
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Figure 53: Content o f e xchangeable c alcium (1 eft) and exchangeable ma gnesium (r ight) of the so ils from
Alkena and upper boundaries of ranges according to HAZELTON (2007)
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Figure 54: Content of exchangeable potassium (left) and exchangeable sodium (right) of the soils from Alkena
and upper boundaries of ranges according to HAZELTON (2007)

Figure 55 shows the content of exchangeable bases in Alkena in context to the total am ount of
cations that can be exchanged by the soil (CEC). Itcanb e stated, that P prorl shows sim ilar
conditions as P pror2 in Kiripia. Hence the large gap between the CEC and the content of
exchangeable bases can also be explained by very strong leaching of the soil as a consequence of
the high amount of sand (88%) and heavy rainfall.

CEC and content of exchangeable bases in Alkena
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Figure 55: CEC and content of exchangeable bases of Pprorl and Ppror2 in Alkena

None of the saturation levels of the bases Ca, Mg and K in Alkena was within th e desirable
range, but were all rather below the lower  threshold level accord ing to HAZELTON (2007)

(Figure 56 and Figure 57). It can be concluded that a deficiency of K and Ca is ex istent in the
soils of both profile pits. This is also confirmed by PEVERILL (1999), who expects a deficiency
of potassium at levels below 0,2 - 0,5m e%. The Mg saturation percentage of P prorl was below
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4% of CEC, which would also denote a deficiency of Mg in this profile according to PEVERILL
(1999). The ESP values of the soils were 0,19% at P prorl and 0,71% at P pror2, which implies
that the soils are not under sodic conditions (Figure 56, right).
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Figure 56: Calcium saturation (left) and magnesium saturation (right) of the soils from Alkena and desirable

range for many plants according to HAZELTON (2007)
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Figure 57: Potassium saturation (left) and sodium saturation (right) of the s oils from Alkena and desir able

range for many plants according to HAZELTON (2007)

Nutrients
The levels of total nitrogen and organic car bon according to HAZELTON (2007) were very high
at Pprorl and medium at Pprop2 (Figure 58). The PNGRIS data shows high values (>0,5%) of
total Nitrogen for all sites.
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Figure 58: Total nitrogen (left) and organic carbon (right) of the soils from Alkena and upper boundaries of
ranges according to HAZELTON (2007)

Pprorl possessed a m edium (18,54), and P prop2 a very low (9,89) C/N ratio (Figure 59), which
indicates a rather slow decom position process at P prorl. C/N ratios around ten to twelve are
normal for agricultural soils.
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Figure 59 : C/N-ratio of the soils from Alkena and upper bo undaries of ra nges a ccording to HAZ ELTON
(2007)

4.2.2.2.3 Bulk density

The bulk densities of the soils are rated as ve ry low (Figure 60). Hydrandepts normally feature
low bulk densities (< 0,85g/cm *), whereas the very low value of P prorl can be explained by its
very high content of organic matter.
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Figure 60: Bulk density of the so ils from Alkena and upper boundaries of ranges according to HAZELTON
(2007)

4.2.2.2.4 Hpydraulic conductivity
The conversion of texture classes from the Australian system to the FAO/USDA system changed
the texture classification of Pprorl from loamy sand to sand, whereas the soil of P pror2 was still
classified as clay loam (Table 26).

Table 26: Texture of the soils from Tambul according to the FAO/USDA system

Texture (FAO/USDA) | Texture (Australia)
Tambul (Alkena) | Pprorl Loam y Sand Sand

Ppror2 | Clay Loam Clay Loam

The hydraulic conductivity of the soils was calculated as very low at P prorl and extremely low
at Pprop2 (Figure 62). Soils with extremely low hydraulic conductivities are susceptible for water
logging. This is supported by the field investigations of P prop2, which showed an increasing
number of mottles in the different soil layers indicating prolonged lack of soil aeration and hence
possibly seasonal or pr olonged water logging. P prorl ha d a higher hydraulic conductivity
compared to Pprop2, which can be explained by its higher pe rcentage of sand in the soil (Figure
61), but with a value of 0,91mm/h it was still rated as very low.

Agnes ULREICH 69



The study sites - assessment and results

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Texture according to
FAO/USDA (Alkena)

®mSand % M®Silt% ™ Clay %

PPROF1

depth

ks (mm/h

1,0
0,9 -
0,8 -
= 0,7 1
0,6 -
0,5 1

0,3 1
0,2 -
0,1 -
0,0 -

Hydraulic conductivity

(Alkena)
extremely low
20-30cm 30-40cm
PPROF1 PPROF2
depth

Figure 61 : T exture of the

according to the FAO/USDA system

soils from Al kena Figure 62: Calculated hydraulic conductivity of th e

soils fr om Al kena and up per bound aries of ranges
according to HAZELTON (2007)

Agnes ULREICH

70



The study sites - assessment and results

4.3 KOPAFO

4.3.1 GENERAL INFORMATION

Kopafo is situated in the Bena District of the Eastern Highlands Province, at a distance of about
35km from Goroka, the capital of the Province. It is accessible by highland highw ay and two
kilometres of dirt road passable only by a four wheel drive vehicle. The area of the study site lies
at an altitude of 1600m asl and has a population of approxi mately 2426 people (PNG 2000
census, data source: Mike Bourke, Australia Na tional University). The landscape consists of
grass covered small hills mostly without trees, whose vegetation is burned down regularly by the
local population. The community of Kopafo lies in a valley which is getting narrower to the
north-west and is conf ined to two hills, on ¢ to the north-east and the other to the s outh-west.
Kopafo includes various ham lets and its public institutions com prise a community school,
different churches and a community centre called Kakaruk centre (Figure 63).
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Figure 63: Villages, public institutions and water sources at Kopafo community

4.3.1.1 Climate

To describe the clim  atic conditions prevalen t in Kopafo, weather data from Goroka and
Henganofi (situated to the east along the highland highway, see Figure 63) can be consulted. The
data refers to the years 1955 - 1960 and was  derived from HAANTIJENS (1970).The regional
climate is mainly governed by the perturbation belt of north-west winds dominating the weather
from December to March, and th e south-east trade wind belt whic h dominates the weather from
May to October. This leads to a clear differe  ntiation of a dry- and a wet season. The large
differences in the topography of this area result in local circulation whic h dominate the weather
during the south-east season and are still im portant in the north-west season. The mean annual
rainfall in Goroka accounts for 1900mm and in Henganofi 1750mm. The area around Kopafo
shows a clear seasonality of distribution of rainfa 1l (Figure 64), which d ecreases to the west of
the highlands. Dry spells in which th e evaporation exceeds the rainfall consecutively over more
than five weeks occur on average once a year (Haantjens H.A. et al., 1970).
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Figure 64: Monthly average rainfall in Henganofi, created with data from Haantjens H.A. et al., 1970

The averag e m aximum and m inimum tem peratures have a very restricted range, whereas the

maximum is around 25°C and the m inimum around 15°C over the whole year (see Figure 65).
Even extreme temperatures only v ary between thr ee and five degrees Celsius. Frosts can occur

very occasionally, m ostly in depressions where cold air flows through (Haantjens H.A. et al.,

1970).
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Figure 65: Monthly average minimum and maximum temperatures in Goroka, created with data from
Haantjens H.A. et al., 1970
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Apart from rainfall the clim atic factors of this area show only li ttle variation. HAANTJENS
(1970) calculated an annual evaporation about 1100mm to 1300mm at an elevation of 1524
metres.

In Figure 66, the average m onthly rainfall in ~ Goroka is confronted with the calculated
evaporation data derived from HAANTJENS (1970) . It becom es apparent, that the evaporation
exceeds the rainfall during severa 1 months of an averag e year. Further, the Bena area is known
for its extended dry seasons. The most recent was in 2010 and lasted for five months.
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Figure 66: Monthly average rainfall and evaporation in Goroka, created with data from Haantjens H.A. et
al., 1970

4.3.1.2 Agriculture

Most of the far mers in Kopafo ar e subsistenc e far mers. Many of them generate incom e by
producing food for the m arkets of cities or selling surplus yields at local m arkets or in Goroka.
Apart from that, the m ost important source of income is coffee production (every household at
least possesses one coffee plot). Som e farmers own livestock like cattle, goats, chicken and pigs
and there are also a few fish ponds.

The major staple crops are banana, cassava and sweet potato. Other crops planted are: cabbage,
tomato, chili, cucum ber, corn, pe anut, orang e, avocado, beans, pumpkin, pineapple, taro
sugarcane, yam, onion and m ango. When a ne w garden is prepared, the clear ance of the land is
done during the dry season. At the beginning of the wet season the earth is tilled finely, drains
are dug and later m  ounds are bu ild. Mounds in this area  are usually sm all m ounds and
composting is not practiced. Duri ng the dry season the sweet potato is planted on flat beds
instead of mounds. Us ually the fields are cul tivated by m ixed cropping, where sweet potato is
planted alon g with othe r crops. Only f ields used for commercial p roduction are cu Itivated by
mono cropping. Coffee fields as well as the food gardens in the vall ey comprise of a system of
drains that remove the excess water during the wet season.

The food gardens as well as the coffee fields of  most of the far mers are located close to their
homes (uphill and downhill) and so me close to the river (d ownhill). The gardens of the uphill
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areas are only cultivated in the wet season because during the dry season it is too dry. The lowe r
lying gardens are usually cultivated throughout th e year. They are watered during the dry season
using sim ple bucket or water canm  ethods. On ly fields used for comm ercial production

(especially tomato) for m ajor markets are wate red regularly. However the m ajority of far mers
don't cultivate crops for commercial use, but only sell surplus yield.

Since the downhill area is densely used, farmers cannot extend their food gardens or coffee fields
in order to increase their production. This leads to intensification of cultivation and hence to soil
fertility depletion. According to local farmers the decrease of soil fertility is especially a problem
for uphill farmers (maybe as a resu It of the comb ination of dry conditio ns and erosion). During
the dry season the villag ers sometimes don't produce enough crops and accord ingly have to buy
supplementary food from local markets and Goroka.

Erosion is a problem in uphill areas during heavy rains (big gully erosion visible in uphill areas).

In Kopafo farm ers are concerned about extended dry seasons as well as pests and diseases of
their crops. They would be intere sted in sup plementary irr igation as well as so il m oisture
conservation practices (especially uphill farmers).

Soil moisture

HAANTIENS (1970) calculated the number of weeks during the dry season in which the soil
moisture storage was depleted. The calculati on was done for Goroka and Henganofi over the
years 1956 - 1966. In Goroka the soil m oisture storage was never completely depleted, while
Henganofi occasion ally showed a com plete deplet ion. Fu rther, for five years so il m oisture
storage had a depletion of over 50% during half of the dry season. In Goroka, a depletion of over
50% happened only occasionally. On the other side a water bala nce model showed that so il
moisture during the wet season stays at levels a bove field capacity for a long tim e if the soil has
low drainage conditions (Haantjens H.A. et al., 1970).

4.3.1.3 Water supply

Some of the villages of the Kopafo community are supplied w ith water through a system which
consists of a network of pipes fe d by one or m ore water tanks. Thereby each village is equipped
with one or more public taps that a re usually lo cated at the central place. The water from these
systems is only used for drinking and cooking pu rposes. For other purpose s including washing,
laundry and watering animals and crops, water has to be fetched from nearby creeks or springs.

Two water tanks were constructed in 2010 and are located close to the village of Kayufa (Figure
63 and Figure 67). Another water tank was constr  ucted c lose to the village Mop amu at the
northern part of Kopafo. Both were funded by t he local member of Parliament (MP). The inlet
for the two tanks at Kayufa (Figure 67, right) is at a section of the river Kanemu which is located
44 metres higher than the tanks. It consists of a sm all dam from which two pipes originate. One
pipe leads to the tanks, and a smaller pipe leads to houses situated close to the inlet. The villages
Kayufa, Rockiyae, Hefuto, Kanemu, Lakum alo, Sareparo, Kesu Block and Karisato, and the
Kopafo community school are supplied by this  system. The school also possesses additional
rainwater harvesting tanks. The water tank clos e to Mopam u supplies the villages Mopam u,
Flerox, Fumirox, New Block, New Island and Kesu Block.

According to the village rs the water from the tanks is reliab le in te rms of quality a nd quantity,
although there can be shortages from low water pressure. After heavy rains the water supp ly is
stopped by closure of a central valv e because of the high amount of suspended sed iment in the
water. Only during prolonged dry seasons there can be water shor tages because the water source
dries out.
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Figure 67: Water tanks (left) and inlet (right) of Kayufa in Kopafo community, pictures: Agnes Ulreich, 2012

Sunstone village has its own water supply system which consists of a pipe funded by the church.
The pipe leads from a small waterhole to the village. The water is used for dom estic purposes as
well as irrigation.

People from villages that are not supplied by piped water have to go to small creeks or springs to
fetch water. Upstream - downstream conflicts are regularly emerging in those villages because of
the pollution of the sou rce. During the dry s eason it happens that creeks and springs dry out. I n
that case people have to fetch water at one of the perennial streams. Farmers say, that most of the
creeks only dry out during prolonged dry seasons.

4.3.2 SoiL

From a geological point of view the area consists of unco nsolidated sedim entary rocks from

alluvial deposits, whereas gravel, sand, silt, clay and organic re mains from alluvium and swamp
deposits prevail. The hillsides to the east and west are of mixed sedimentary and volcanic origin.
The eastern hills ide consists of tuffa ceous shale and silts tone, greywacke, pebbly conglom erate
and lith ic s andstone, with m inor occurr ence o f lava and pyroclas tics. The western hills ide is
dominated by volcanolithic conglomerate, greywacke and tuff (PNGRIS, 2008).

The landform of the area is conditio ned by fluvial erosion and mass movement and consists of
mountains and hills with weak or no structural control, showing little dissected or undissected
relict alluvial, colluvial mudflow or fans in between. The region is not governed by inundation or
flooding events (PNGRIS, 2008).

The m ain great soil groups of the area are Humitropepts, Tropaqual fs, Argiaquolls and
Ustorthents (Figure 68). Interjacent Eutropepts, Plinthaquults, Tropothents and Tropadalfs can be
found. The most widespread in the area of the K opafo community is the Humitropept, which is a
young and moderately weathered soil that can be found in the central and eastern part of Kopafo.
In the western part there are Argiaquolls and  Eutropepts, and at the western end Tropaqualfs.
Like the Hum itropept, the Eutropept belongs to  the soil suborder of Tropepts. It has base
saturations of more than 50% (horizons between 25c¢m and 1m) and does not dry out completely
for more than 90 days at a stretch. The Argiaq uoll belongs to the subord er of Aquolls and the
order of Mollisols, which are soils with thick d ark base ric h topsoil. T he Argiaquoll is poo rly
drained, exhibits a gleyed or mottled subsoil and is coarser textured in the surface h orizon. The
Tropaqualf belongs to the soil or der of Alfilsols, which are also coarser textured in the surface
horizon, and have a base rich subsoil. Their suborder of Aqualfs i ndicates poor drainage
conditions and mottles or iron- manganese concretions, which are characteristics associated with
wetness. The Ustorthent belongs to the soil order of Entisols, which are recently form ed soils.
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The suborder of Orthent indicates a soil without diagnostic horizons on slopes that have a greater
inclination than 25%. They norm ally have loamy or finer textures and show rock at a depth of

25cm. Ustorthents are characterised by their m ean annual soil tem perature of 8°C or higher and
are normally under dry conditions for less than 90 cumulative days (PNGRIS, 2008).

4.3.2.1 Soil survey

The primary data collection in Kopafo was conducted between March 18™ and March 29", 2012.
The soil survey included the investigation of twenty soil samples which have been taken with a
soil co re auger. The survey poin  ts form ed a regular g rid with lo ngitudinal distan ces o f
approximately 420m a nd latitudinal distances of approxim ately 330m (P xoprl - P kop20).
Furthermore three soil profiles have been inspected through profile pits (Ppror! - Ppror3). Figure
68 shows the location of the sampling spots with the soil core auger as well as the location of the
profile pits in a map of soil groups of Kopafo.
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Figure 68: Great soil groups (Source: PNGRIS, 2008) and location of soil sampling spots in Kopafo

4.3.2.1.1 Soil core auger
Table 27 shows the coordinates of the sam pling spots from the soil core auger, the e levation and
the type of land use at the sampling site.

Table 27: Sampling spots from the soil core auger in Kopafo

Sample Date Latitude |Longitude Elevation (m) |Landscape
Pxoprl 18.03.2012 -6,221843 |145,545399 |[1618 coffee field
Pxop2 18.03.2012 -6,223792 |145,543105 |1591 grassland

Pxop3 18.03.2012 -6,225812 |145,540782 |1567 peanut field
Pxor4 18.03.2012 -6,227775 |145,53857 | 1474 coffee field
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Pxop5 19.03.2012 -6,218956 |145,54293 |1614 coffee field

Pxor6 19.03.2012 -6,221018 |145,540639 |1576 coffee field

Pxor7 19.03.2012 -6,222663 |145,538414 | 1580 track beside bamboo
Pxor8 19.03.2012 -6,22482 | 145,536169 | 1558 coffee field

Pxopr9 20.03.2012 -6,216067 |145,540492 |1616 grassland

Pkop10 21.03.2012  |-6,217955 |145,538255 |1576 coffee field

Pxorll [21.03.2012-6,219599 |145,536456 |1566 former rice field
Pxor1222.03.2012  |-6,221868 |145,533663 |1556 coffee field

Pxor13 20.03.2012  [-6,213157 |145,538023 |1652 grassland

Pxopl4 |21.03.2012(-6,215365 |145,535505 |1597 grassland beside fish pond
Pkor15 21.03.2012  |-6,216693 |145,533722 |1576 field

Pxorl6 [22.03.2012-6,21906 145,531248 | 1598 site of burnt house
Pxor1720.03.2012  |-6,21031 |145,535505 |1652 grassland

Pxor18 |20.03.2012[-6,212182 |145,533225 |1597 field (banana, tanget)
Pxop19 22.03.2012  |-6,214277 |145,530855 |1574 grassland
Pkor2022.03.2012  |-6,216135 |145,528683 |1607 grassland

The soils sampled with the soil core auger were mostly clays and sometimes clay loams or sandy
clay loams. Apart from the sam ples in the g rasslands on the hillsides, th e topsoil layers of the
soils were thick, dark brown and supposedly fertile.

Pxop16 and P xop20 (Figure 69 and Figure 70) are located on the s lope of the hill to the sou th-
west, which is covered with grassland. P kop20 had a reddish brown so il throughout the whole
depth of the profile. At this site big erosion gullies were visible. Pxopl6 had a similar profile, but
showed a light brown topso il layer. The site of Pxopl6 was one of the highest lying placesi n
Kopafo that were still ¢ ultivated. According to the local farmers both places we re governed by
very dry conditions.

Figure 69: Soil profile of Pkopl6 taken by the s oil cor e auger (left) and its location on the hillside (right),
pictures: Agnes Ulreich, 2012
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Figure 70: Soil profile of Pop20 taken by the soil core auger (left) and its location on the hillside area (right),
pictures: Agnes Ulreich, 2012

Pxor13 and P xopl7 are located at th e opposing hills ide to the north-eas t, which is also covered
by grassland. The profiles had a topsoil layer of about 15cm to 25¢cm and were also in very dry
conditions. The profiles of P xopl4, Pxorl5, Pxorl8 and P xop19 had thick, dark brown topsoil
layers of 40cm to 50cm and yellow, grey or wh ite clays with ochre or r ed mottles beneath. The
topsoil layers made a fertile impression and partially contained earthworms. Figure 71 shows the
profile of Pxop14 as an example for a soil profile of a lower lying area.

Figure 71: Soil profile of Pkopl4 taken by the soil core auger (left) and its location on the v alley bottom area
(right), pictures: Agnes Ulreich, 2012

The rest of the soil profiles mostly had a thick to psoil layer of fertile dark brown soil and red or
yellow colours in deep er layers. Some of the sa mples taken from coffee fields contained very
wet earth and grey colours in the subsoil laye rs (Pgxop4 and P xop8). Most of the coffee field s
were surrounded by deep drains. A  detailed description of the soil profiles taken with the soil
core auger according to the soil m orphological descriptors (chapter 3.2.2.1) and pictures of all
soil profiles are shown in Annex 3.

4.3.2.1.2 Profile pits
The fields chosen for the profile pits were  dominated by very dry conditions, but had a water

source within a distan ce reachable by foot. The lo cation details of the p rofile pits are lis ted in
Table 28.

Table 28: Location of profile pits in Kopafo

Name Date Latitude Longitude Elevation [m] Landscape
Pprorl (SUN) [27.03.2012 |-6,232061282 |145,5426378 | 1606 fallow grassland
Ppror2 (SAR) [28.03.2012 |-6,224274432 | 145,5379096 | 1559 no vegetation
Ppror3 (MOP) |29.03.2012 |-6,215321 145,5363886 | 1592 fallow grassland
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Profile pit one (Pprorl)

Profile pit one was dug in a field of Sunstone vill age close to the m ain track at the south end of
Kopafo. The place had been cult ivated until three years ago, but then had to be abandoned
because p igs broke the fence and destroyed the crops. At the tim e of the field work it was
vegetated by fallow grassland. According to the ow ner, another reason for the abandonm ent of
the field was its very dry condition during the  dry period. About 220 m etres uphill there is a
spring which is already used for irrigation. Six  undisturbed soil sam ples were taken from this
profile pit, two respectively at a depth of 30-40cm, 55-65cm and 90-100cm . Table 29 presents
the soil profile description from the field investigations.

Table 29: Soil description of profile pit one (Pprorl) in Kopafo

Sample |Depth Colour Segregation s Presence of roots | Comments
Code [em]
ochre colour around
Prrorl | 0_80cm dark brown |stones few, until 30cm | no clear
Kopafo more stones/ochre distinction of
80-100cm dark  brown |colour no horizons

The soil pro file of Pprorl in Kopafo consisted of two soil horizons (Table 29 and Figure 72),
which could not clearly be distinguished. The soil had a dark brown colour continuously over the
whole depth of the profile. Roots were present until a depth of 30cm. The profile contained small
stones that had ochre colours around them and o ccurred more frequently down from a depth of
80cm.

Figure 72: Soil profile of profile pit one (Pprorl) in Kopafo, picture: Agnes Ulreich, 2012
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Pl’Qﬁle pit two (PPR()F2)

Profile p it two was loc ated in a gardening area at Sareparo village in the m iddle of Kopafo

community close to th e main track. The field in which the pit was dug is usually cultiv ated by
crop rotation technique where sweet potato is planted alternating to peanut. At the tim e of the
field work, the field hardly had a vegetation cove r. A tap from Kayufa water tank is close to the
fields. Six undisturbed soil sam ples were taken from this profile pit, two respectively at a depth

of 30-40cm, 60-70cm and 90-100cm. Table 30 presents the soil profile description from the field
investigations.

Table 30: Soil description of profile pit two (Ppror2) in Kopafo

Sample |Depth |Colour Segregation s Presence of Comments
Code [em] roots
0-25 |dark brown |none few until 10cm

Prror2  125-80 |reddish brown |black mottles; grey cords  |no
Kopafo many black mottles, red
cords

80 - 100 | greyish white no

The soil profile of P pror2 in Kopafo had three horizons (Tab le 30 and Figure 73). The topsoil
layer had a thickness of 25cm  and consisted of 1 oose dark brown earth th at was very dry and
contained roots until a depth of 10cm. The s ubsequent soil horizon ex panded from 25-80cm of
depth and had a reddish brown colour with bl ack mottles and grey chords. The bottom horizon
had a g reyish white matr ix with m any black m ottles an d red cords , probab ly indica ting
considerable leaching and low organic matter and fertility status.

Figure 73: Soil profile of profile pit two (Ppror2) in Kopafo, picture: Agnes Ulreich, 2012
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Profile pit three (Ppror3)

Profile pit three was located close to Mopamu village in the northern part of Kopafo community.
The field in which the pit had been dug was not cu lItivated at the time of the field work, but was
dominated by short fallow vegetati on. It was partly surrounded by other fields cultivated with
sweet potato, cassava and pineapple. On the righ t hand side there was a f enced grazing land for
cattle. The Mopamu water tank was located at a distance of about 130 metres uphill.

Six undisturbed soil sam ples were taken from this profile pit, two respectively at a depth of 30-
40cm, 60-70cm and 90-100cm . Table 31 presents th e soil profile description from the field
investigations.

Table 31: Soil description of profile pit three (Ppror3) in Kopafo

Sample Depth Colour Segreghtion s Presence of | Comments
Code [cm] roots
0-25 dark brown none few
peor d black and few red
Kovafo i red, orange ack and few re
P 25-100 brown mottles no

The soil pro file of Ppror3 in Kopafo consisted of two soil horizons (Table 31 and Figure 74).
The topsoil layer reached a depth of 25cm and had a dark brown coloured matrix that presented a
few roots. The second soil horizon (25-100cm ) had a reddish brown colour with black and a few
red mottles. The uniform reddish coloured layer suggests good drainage conditions.

Figure 74: Soil profile of profile pit three (Ppror3) in Kopafo, picture: Agnes Ulreich, 2012
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4.3.2.2 Laboratory analysis

4.3.2.2.1 Texture

The soils of the profile pits in Kopafo are characterized by a higher percentage of clay compared
to the soils analysed in the Tambul area. The soil texture at Pprorl had the least ¢ ontent of clay
with percentages between 37% an d 45% (Figure 75). Its texture wa s classified as clay in th e
upper two horizons and as sandy ¢l ay at the depth of 80-90cm . Pprop2 and P pror3 featured a
higher content of clay which increased progressively with the depth of the soil profile. The soils
of both profile pits (P pror2 and P pror3) were classified as clays (Table 32) according to the
Australian classification system.

Texture (Kopafo)
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90% -
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50% 1 = Clay %
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Figure 75: Soil texture of the soils from Kopafo

Table 32 sh ows a com parison of the soil tex ture dete rmined in the laboratory and the tex ture
information f rom the GIS datao fPNGRIS f or the areas of the profile  pits. According to
PNGRIS, the soil of the area in which P prorl is located is classified as Ustorthen t, and of the
areas of Pprop2 and Ppror3 as Humitropept. PNGRIS discloses the soil fertility as moderate, the
erodibility as low to very low, the soil m ineral reserves as high to m oderate and the drainag e
conditions as good.

At the locations of P prorl and P pror3, the PNGRIS data suggests massive rock down from a
depth of 25cm. That could not be verified durin g the field observations, but increasing num bers
of stones in deeper layers of P prorl lead to th e assum ption that m assive rock lies at greater
depths.
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Table 32: Comparison of the soil text ure specifications from the 1 aboratory analysis and the texture d ata
from PNGRIS at Kopafo

laboratory analysis PNGRIS
depth texture depth texture
30-40cm ¢lay 0-25cm | sandy loam, loam, clay loam

Prrorl | 55-65cm ¢lay

25-100cm | massive rock
80-90cm ¢lay loam

30-40cm ¢lay 0-25cm | sandy loam, loam, clay loam
Kopafo | Peror2 | 60-70cm glay
90-100cm clay
30-40cm ¢lay 0-25cm | sandy loam, loam, clay loam
Prror3 | 60-70cm ¢lay
90-100cm [lay

25-100cm | clay, silty clay, sandy clay

25-100cm | massive rock

4.3.2.2.2 Chemical parameters

Soil pH

The soil pH ranged between 5,2 and 5,6 and w as therefore rated as strongly acid in the case of
Ppror2 and P pror3, and m oderately acid in the case of P propl (Figure 76). The PNGRIS data
suggests acid (pH 5,0 - 6,0) soil co nditions for the location s of P pror2 and P pror3 and weakly
acid to neutral (pH 6,0 - 7,0) conditions for the location of Pprorl.

pH (Kopafo)
65 _==moderately acid strongly acid
’ very strongly acid
6
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5 4
&
45
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35
3
30-40cm |  30-40cm | 30-40cm
PPROFI | PPROF2 | PPROF3
depth

Figure 76: Soil pH values of the soils from Kopafo

The Ustorthent as well as the Humitropept, which are the prevalent soil groups at the locations of
the profile pits, are soils of non-volcanic origin (PNGRIS, 2008). BAILEY (2009) found that the
average soil pH for non-volcanic so ils in the highlands of PNG wa s 6,2. The results of the ow n
research were all beneath the average value (Bailey J., 2009).

Cation Exchange Capacity and Base Saturation

The cation exchange capacity of th e soils was m oderate for P pror2 and P pror3, and high at
Pprorl (Figure 77, left). Com pared to the soils of the Ta mbul sites, the base saturations of
Kopafo were higher. T he base saturation at P prop2 and P pror3 were moderate (4 9%), and of
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Pprorl very high (95%) (Figure 77, right). Therefore it can be conc luded that the soils of the
profile pits Ppror2 and P pror3 were weakly to moderately leached and the soil of P prorl was
very weakly leached. That complies with the fact that the K opafo soils are clay soils which are
located in a relatively dry area.

The PNGRIS data shows a high CEC (>25m ¢%) for P prorl and a m oderate CEC (5 - 10m ¢%)
for Ppror2 and Pprop3. Further it indicates a low base sa turation (<20%) at the sites of P pror2
and Ppror3, and a high base saturation (>60%) at the site of P prorl. Proportionally that complies
with the base saturation results from the own research.
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Figure 77: C ation exchange cap acity (le ft) and b ase s aturation (right) of the soils from Kopafo and upper
boundaries of ranges according to HAZELTON (2007)

Exchangeable Bases

The content of exchangeable bases in the soil s from Kopafo are show n in Figure 78 and Figure
79. The level of exchangeable cal cium at the profile pits P pror2 and P pror3 in Kopafo was
moderate, and at Ppropl very high (25,52 me%). The content of magnesium ranged from high at
Pprorl (3,85m €%) to moderate at P prop2 (2,45m €%) and P pror3 (1,94m €%). According to
PEVERILL (1999), Mg deficiency exists in sandy soils from concentrations below 0,2 me%, and
in clay soils from concentrations below 0,5 m €%. According to that, none of the Kopafo soils
was deficient in Mg. The levels of excha ngeable potassium in the profile pits P prorl and Ppror2
were low (0,21m e%) and in P pror3 very low (0,16m €%). According to PEVERILL (1999) a
deficiency exists if the level of potassium is below 0,2 - 0,5 m €%, which would characterise all
soils as K-deficient. All soils had a very low content of sodium (0,08 - 0,1me%).
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Figure 78: Content o f e xchangeable c alcium (1 eft) and exchangeable ma gnesium (r ight) of the so ils from
Kopafo and upper boundaries of ranges according to HAZELTON (2007)
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Figure 79 : C ontent o f exchangeable potassium (left) and e xchangeable s odium (righ t) of th e soils fr om
Kopafo and upper boundaries of ranges according to HAZELTON (2007)

When observing Figure 80, it can be seen that the high BS of Pprorl was mainly due to the high
content of exchangeable calcium in the soil. Comp ared to the Tambul sites, the gap between the
content of exchangeable bases and the CEC was not so lar ge. This is in conjunc tion with th e
lower acidity and the higher amount of exchangeable bases of the non-volcanic soils.
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CEC and content of exchangeable bases in Kopafo
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Figure 80: CEC and content of exchangeable bases in Kopafo

Figure 81 and Figure 82 show th e saturation percentages of th e exchangeable b ases. W hen
looking at the Ca saturation percentage, it can be stated that none of the soils from the study sites
had saturation levels w ithin the desirab le range according to HAZELTON (2007). W hile the
value of Pprorl in Kopafo was slightly too high, the Ca saturation levels of the other profile pits
fell much below the lower thres hold level of the range. Other sources quote the adequate Ca
saturation percentage of soils around 25-30% . This would m ean that the soils of P prop2 and
Ppror3 had Ca saturations of desirable values. From the Mg saturation percentages it can also be
concluded that there is no deficiency of Mg. The K sa turation percentages of P prorl and Ppror3
were beneath, and of P prorl slightly above the lower thres  hold level of the range. The Na
saturation levels of the soils show that the soils were not under sodic conditions.
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Figure 81: Calcium saturation (left) and magnesium saturation (right) of the soils from Kopafo and desirable
range for many plants according to HAZELTON (2007)
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Figure 82: Potassium saturation (left) and sodium saturation (right) of the soils from Kopafo and desirable
range for many plants according to HAZELTON (2007)

Nutrients

The levels o f total nitro gen were lo w in P prorl and m edium in P pror2 and P pror3 (Figure 83,
left). The content of orga nic carbon was m edium at P prorl (1,8%) and high at P pror2 (2,68%)
and Ppror3 (2,56%). The PNGRIS data suggests high values (>0,5%) of total nitrogen for Ppror2
and Ppror3 and a low (<0,2%) content for Pprorl.
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Figure 83: Total nitrogen (left) and organic carbon (right) of the soils from Kopafo and upper boundaries of
ranges according to HAZELTON (2007)

The C/N ratios of all profiles we re low (Figure 84). The soils ha d ratios of 12 to 14, which is
normal for agricultural soils.
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Figure 84: C/N-ratio of the soils from Kopafo and upper boundaries of ranges according to HAZELTON
(2007)

4.3.2.2.3 Bulk density
The bulk densities at the Kopafo sites were aro und 1,2 to 1,3 g/cm * (Figure 85). In clay soils,

bulk densities of this dim ension can indicate too com pact soil conditions (Hazelton P. et al,
2007, p.20).
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Figure 85: Bulk density of the soils from Kopafo and upper boundaries of ranges according to HAZELTON
(2007)

4.3.2.2.4 Hpydraulic conductivity

The converted texture classes for the calculation of the hydraulic conductivity did not differ from
the texture classes of the Australian system of classification and hence the soils are still classified
as clays (Table 33). Only the fractio ns of sand and silt changed in favour of sand at P prorl and
Ppror2 and in favour of silt at Pprop3 (Figure 86).
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Table 33: Texture of the soils from Kopafo according to the FAO/USDA system

Texture (FAO/USDA) | Texture (Australia)
Kopafo P| prorl Clay Clay
PPROF2 Clay Clay
PPROF3 Clay Clay
The calculated satura ted hydraulic conductivity in Kopafo was extrem elylowatP  prorl
(0,38mm/h) and Ppror2 (0,5mm/h), and low at Ppror3 (0,56mm/h) (Figure 87).
Texture according to Hydraulic conductivity
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Figure 86: Texture of the soils fr
according to the FAO/USDA system

om Kopafo  Figure 87: Calculated hydraulic conductivity of th e
soils from K opafo and up per boun daries of range s

according to HAZELTON (2007)
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5 CONCLUSIONS AND RECOMMENDATIONS

Papua New Guinea is a country suffering from food insecurity. This is accelerated as one factor
by the unc ertainty of th e clim ate and extr eme clim atic ev ents. An inc rease of ENSO events
would bring m ore or longer drough ts or periods of heavy rainfall, which affects especially
smallholder farmers in remote areas. The m ost important food crop in P NG is the sweet potato,
which is very vulnerable to water logging, but is ab le to tolerate dry peri ods to a certain extend.
It can be grown up to altitudes of approxim ately 2700masl on strongly acid to neutral soils and
has moderate requirements of Nitrogen and high requirements of potassium.

To improve food security, different far ming systems suitable for sm all scale agriculture have to
be developed and adapted. Therefore the knowledge and the application of traditional technology
combined with scientific rese arch into the biologi cal processes of agri cultural production is
required. For this purpose the soil and water conditions of the study sites have been investigated.

Tambul (Kiripia and Alkena)

Tambul is a n area of high rainfall. Although th e average maxim um temperatures stay between
20°C-25°C over the whole year, the m onthly evaporation never exceeds the rainfall (Haantjens,
1970). Accordingly the soils suffer from excess soil moisture and the agricultural techniques of
the local people reflect the clim atic conditions of the area. Deep drains can often be found
around the fields to discharge th e excess water of the soils. The fields are nearly exclusively
cultivated with sweet potato a nd consist of large m ounds, which also fulfil the purpose of
discharging the water from the soil.

The soils in Tambul are of volcanic origin, wh ich according to BAILEY (2009) means that they
are more acidic than non -volcanic soils, have lower contents of exchangeable bases and higher
contents of organic material. Consistently, the results from the laboratory analysis of the Tambul
soil samples show that soils are very strong acid (pH values of 4,6 - 4,8) and had low contents of
exchangeable bases. Another reason for the low content of exchangeable bases in the soils could
be leaching, which especial ly is a problem in sandy so ils as they are found at P prorl (Alk) and
Ppror2 (Kir). The soils of those profile pits had lower contents of exchangeable bases. Further it
was noticeable, that they had lower base satu rations, lower bulk densit ies and higher hydraulic
conductivities than the other soils, and rem arkable high contents of organic m atter. Both profile
pits were situated in sw ampy areas, where there is a high input of organic material in form of
marsh plants combined with a slow rate of decomposition. Furthermore in the western highlands
large sweet potato m ounds are alw ays constructed in com bination with com posting, hence the
nutrients that are contained in the sweet potat o vines and in the fallo w vegetation are brought
back to the soil.

The low content of exchangeable b ases could also be attr ibuted to the intense use of the food
gardens. This is due to the shortening of fallo w periods, which in turn is a consequence of the
high population growth and the resulting increased demand for agricultural land.

Another problem of this area is that the tem perature can drop to zero during nights of the dry
season, which results in the destruction of crops.

Kopafo

In contrast to the situation in Tam bul, the main problems in Kopafo arise from long dry periods.
During several m onths the m onthly evaporation exceeds the rainfall and consequently the soil
suffers from deficit soil moisture. The food gar dens are therefore cultiv ated by construction of
small mounds only during the rainy season and m ostly beds during the dry season. Drains can
only be found along th e valley bo ttom, whereas the field s of the up hill areas are always
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dominated by dry conditions. Com posting is in general not pract iced in Kopafo, which m eans
that the nutrients are removed from the food gardens. The fallowing periods in Kopafo are longer
than in Tambul, but are still shortening over time due to the increasing need for more arable land.
The agriculture in Kopafo is not only governed by gardens with a high variety of different food
crops, but also includes coffee fields for cas  h cropping. People therefor e often possess cash
reserves on which they can count during prolonged droughts.

Since the landform consists of hills with weak or no structural control, erosion is a problem in
this area. E rosion m ainly exis ts on the slopes of the hills ides, where big eros 1on gullies are
visible. The soils in Kopafo are mostly of non-volcanic origin, whereas the dominating great soil
group is the Hum itropept which is a young and m oderately weathered soil. The results of the
laboratory analysis show that the soils are all clay soils with clay contents of about 50% to 70%.
Therefore the hydraulic conductivities are extrem ely low and the soils are not likely to be
leached. Th e bulk d ensities are no table higher in Kopafo than in Tam bul, but the values in
Kopafo (1,2 to 1,3g/cm ?) can n evertheless indicate too com pact soil conditions in com bination
with clay soils (Hazelton P. et al, 2007). The results further show high contents of exchangeable
bases, a high pH, and low contents of organic matter. This is attributed to the non-volcanic origin
of the soils which ar e norm ally less ac idic ( Bailey, 2009), but also due to the absence of
leaching. Of the basic exchangeable bases only potassium showed a significant deficit.

Recommendations

It can be stated that a comm  on characteristic throughout the an alysed soils in Kopafo and
Tambul is a deficiency of potassium . Accord ing to BAILEY (2009) there is a potassium
deficiency throughout the highlands of PNG. Soils  of volcanic origin wh ich are prevalent in
Tambul already feature general low contents of potassium , and the comm on practice of
removing ol d sweet potato vines from the gardens in the area of Kopa fo also reduces the K
content in soil. In order to im prove the potas sium budget of the soils, the sweet potato vines,
which contain about one third of the total K abso  rbed by the plant, could be returned to the
garden as com post or ash. In Tam bul this is already done by construc ting large mounds that
contain compost in their centre, but in Kopafo a similar practice could improve the situation. In
addition fast growing, potassium accum ulating plants that are deep rooted could be used as
fallow vegetation. As a last option the utilization of K fertilizer could be enhanced.

During prolonged dry seasons in K opafo a deficit of soil m  oisture is prevalen t. Especially
farmers of uphill areas are affected by very dr y soil conditions and som etimes cannot cultivate
their fields at all during these times. Since the water sources in Kopafo are normally reliable and
only fall dry during especially long dry season s, supplem entary irrigation could be an option.
Additionally the construction of large mounds in combination with composting as it is practiced
in Tambul conserves soil moisture in which the crops are be planted. Ho wever the effectiveness
of irrigation is not certain, be cause the soils are com pact clay soils with ve ry low hydraulic
conductivities.

In Tambul frosts which dam age the crops can occur during clear nights in the dry season. The
plantation of trees and shrubs around the fields can help to establis h a microclimate around the
crops which keeps the temperatures above zero.
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Annex

9 ANNEX
9.1 ANNEX 1 - DETAILED SOIL DESCRIPTION KIRIPIA
A -
= N "3 S S
2.|= | & 5 & = | E
Eg g |32 5 5 23|k
» 0O | A o = & & £|0
0-60 | dark brown small red stones few
Pxirl | 60-75 |transition zone no
80-100 | yellow - brown heavy clay ochre and small black mottles | no
0-35 | dark brown none no
Pered 40-75 |yellow black mottles no
KRS 17595 yellow, white small black and red mottles | no
95-105 | yellow, white stones no
Pkir3 [0-100 |dark brown none many | water table at 50 cm
0-45 | light brown red mottles few
50-70 |reddish brown grey mottles no deep drain around the field (depth=1m),
PKIR4 . .
sandy clay stones in the nearby creek have a red coating
70-80 |dark grey, greenish stains | loam red mottles, small stones no
0-20 | dark brown none no
20-40 |lightb
Per5 |40-50 (;g K brown e - a big drain surrounds the field (depth=
KIR - ark brown none no 1,30m), water table in the drain at 80cm
50-90 |ochre, yellow small black and red mottles | no
90-100 | ochre, yellow heavy clay black layers (thickness= 2cm) | no
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Fl k T g
5 =
2.5 | £ 5 2 |
Eg |5 |2 5 & g §
»no A @) = N A~ S| QO
0-10 | dark brown none few
10-20 |light brown none no ) ) 3
wo |2 rin s e feld Gnt
50-70 |transition zone none no
70-100 | red heavy clay none no
0-40 | dark brown grey spots few
Pxir7 [40-75 |light brown greyish reddish and ochre mottles no stagnant moisture?
75-100 | dark grey, black heavy clay few reddish mottles no
0-10 | dark brown none no
P8 20-30 |light brown none no
30-85 |dark brown few red mottles no
85-100 | yellow ochre heavy clay red mottles, grains of sand no
Pe9 |0-100 | dark brown none o from depth of 45cm the earth is more

compacted
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9.2 ANNEX 2 - DETAILED SOIL DESCRIPTION ALKENA

|z g s | g
&) g ° = [5) E
) — = S gn g £
=% = = = ) S » =
e |& |2 5 5 232§
& a o = 7 &S0
0-60 | dark brown none many | small drains (depth= 30-40cm) in the field
Pargl [60-75 |light brown heavy clay |red mottles few |and deeper drains (depth= 1,20m) around
80-100 | yellow - brown heavy clay |ochre mottles few |the field
Py ) 0-45 | dark brown none no lose to river Kagul
mpy area river ;
ALK 45-100 | light brown organic material (grass, reeds) no Swanpy area ¢1o5¢ 1o river hagul
0-45 brown sandy loam | none no
black, brown, reddish and silver alluvial soil; according to inhabitants very
Paw3 143-70 brown sandy | ottles fertile soil
70-100 | brown clay red mottles no
0-35 | dark brown none many
Prid 35-65 | light brown hone - - MANY | the earth on the mounds is extremely dry
ALK 65-80 ?ar}f 1i))rown heavy clay |organic material few | .nd has small fractures
. 1ght brown, . .
80-100 yellowish grey heavy clay |organic material no
0-30 | dark brown none few
30-55 brown none few
Park5 . rorial. rod and whit
55-100 | ochre organic material, red and white o
mottles
: . deep drains (depth=1,20m), in this area the
Park6 10-100 | dark brown organic material no soil has widespread fractures on the surface
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|z : 5 | g
@) g ° E= N =
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=% ﬁ = E ) 0 o =
e |E |2 5 5 g3k
» = o = 7 ~ S0
0-30  |dark brown none few
30-40 |transition zone none no feld 1i lateau: 0t
Parx7 [40-65 |ochre, reddish red mottles no Ie1C TIes on a pateatl, small frees glow
- between the mounds
65-80 |red clay black grains of sand no
80-100 | reddish brown sandy loam | red mottles no
0-45 | dark brown light brown layers few
45-80 |white, light greyish | heavy clay | ochre, white mottles no
Parx8 |80-90 red none no
90-95 | white, light greyish ochre, white mottles no
95-100 |red none no
0-40 | dark brown none N0 |according to inhabitants fertile soil because
Parx9 [40-90 |dark brown light brown layers no rainwater brings the feritle soil from other
90-100 | dark brown heavy clay |organic material (reddish) no |Places
0-40 dark brown none few drains in the field ¢ about
Parx10 |40-60 |reddish brown ochre and red mottles no 1o rainis In the 1/e°C, escarpment abod
10m away from field
60-100 | ochre, red, yellowish |heavy clay | white, black and silver grains of sand | no
0-40 | brown greyish small reddish mottles no
40-60 |grey red and ochre mottles no
Parkll swampy area
60-90 |grey clay loam |red and ochre mottles no
90-100 | grey sand black, white and red grains of sand no
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9.3 ANNEX 3 - DETAILED SOIL DESCRIPTION KOPAFO

f |z : 5 | g
@) g ° = N =
2 - S = gn g =
= = = =B 5 8 .| E
e |E |2 5 5 $3| E
@ =] O = * ~ 2|0
Pl 0-40 datk  brown light clay none few
<O 140-100 | red light clay none no
0-20 |dark brown none few |grassland since the 70ies (gras is burned
Pxop2 down every one in a while and land used
20-100 | red black mottles (charcoal) no for animals)
Poo3 0-20 | dark brown red mottles few | field has drains, sampling spot is on the
<P 190-100 | red light clay black mottles no mound
P4 0-50 |dark brown heavy clay none few | grey spots indicate stagnant moisture; the
<P 150-100 yellow with grey spots heavy clay stones at 90cm depth no drains are always filled with water
0-25 dark brown none few d drains: borderli fhori ) ¢
eep drains; borderline of horizons is no
PxorS |25-50 |dark grey yellow and black mottles no clear distinguishable
50-100 | light grey, yellowish light clay sandy mottles no
Pxor6 0-60 dark brown fejw red mottles few Mojemoje river right beside the field
60-100 | dark brown, grey big red mottles no
0-30 dark brown none few | firm soil; sampling spot is underneath a
Pxor7 bamboo tree, ground is covered with
30-100 | reddish brown red and black mottles no bamboo leaves
0-50 | dark brown none few | drains (depth=50cm); grey mottles
Pxor8 [50-75 |grey heavy clay red mottles no indicate stagnant moisture (groundwater
75-100 | red heavy clay grey mottles no |influence)
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=% ﬁ = E 5) 0
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» = &) = @ ~ S0
Pec0 0-50 | dark brown none many |river at a distance of 5m, land has never
"7 150-100 | dark brown small red mottles no |been cultivated
0-45 | dark brown small red mottles few .
Pkorl0 drains
45-100 | dark brown sandy clay loam |ochre and orange mottles no
0-35 dark brown none no e field used to be planted
Pxorll |35-50 |dark brown few ochre mottles no rice LIeiC used to be planted once a year,
now the field is covered with grass
50-100 | grey heavy clay ochre and black mottles no
Pxorl2 {0-100 |brown sandy clay loam |stones (length=2cm) no river at a distance of 3m
Pxopl3 e lr)ergv;?ange yellowish few red mottles few | o assland with big rocks (>1m) in the
di
15-100 | brown clay loam black mottles no SUITOURCINg
0-50 | dark brown none few q t o fishpond 1
meadow next to fishponds, soil is very
Pior14 150-60 brown none no dense in the deeper layers
60-100 | light brown heavy clay ochre mottles no
0-50 | dark brown none few
Pxoprl5 |50-70 |transition zone no
70-100 | grey whitish heavy clay black and ochre mottles no
P16 0-25 |light brown red mottles no not long ago a house was burned down on
<P 125.100 light reddish brown heavy clay hard, red mottles no this spot
Peopl? 0-25 | dark brown very big red mottles no spot on a hillside
25-100 | orange yellow clay loam red mottles no
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0-40 brown none few sampling spot in garden right beside the
Pxoprl8 |40-45 |orange brown red mottles no house, soil is very dense in the deeper
45-100 | white orange yellow medium clay big red and orange mottles |no layers
P19 0-45  |dark brown none many th
earthworms
KOP 45-100 | grey yellowish heavy clay ochre mottles no
Pxop20 |0-100 |reddish brown heavy clay red mottles; greyish spots no grassland on hillside, gully erosion visible
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