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+ Sweet potato (Ipomoea batatas, Lam.) is the only
staple crop grown in the highlands of PNG (3.5-5
million people, 82% of rural and 44% urban).

+ Seventh most important crop in the world after
rice, wheat, maize, potato, barley, and cassava
sustaining millions of lives (ASHS, 2007; Clark et
al., 2012; Peter and Michael, 2023).



“*About 28000-58000 tons are so ands
annually (Bourke and Ramakrishna, 2009), K84-K174
million/year (MTDP 2023-2027). Lowland yield is 75%
(Bourke and Valassak, 2004).

“*Is a subsistence crop with input mainly from family
units, contributing to national food and nutrient
security (household nutrient improvement, poverty
reduction and economical resilience).

“*As at the moment, sustainable production of the crop
under climate change is not well understood in PNG.
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COMPOSTED MOUNDS
—

+ 1s a technique that was developed by a farmer in Enga Province
after introduction to New Guinea (Ballard, 2005).

* The technique improves soil parameters and raises crops
above water table (Taraken and Ratsch, 2005; Wood, 1984).

# It generates heat to enhance tuberisation (Bowers, 1968),
reduce soil-borne diseases, minimize soil erosion, enhance land
use, and allow crop diversification and multiple harvesting.

* Most importantly, it reduces fallow period whilst
protecting the soil health and nutrients security.
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SUSTAINABLE FOOD

PRODUCTION GOALS

A

# The study serves UN SDG (SDG2) ‘zero hunger’
(Blesh et al., 2019) to improve food production, and,

* FAO climate smart agriculture for sustainable
production to overcome food and environmental
issues (Mosier et al., 2021).

* OM use is environment friendly and is sustainable
compared to chemical fertilizers that are expensive
and availability is a problem to small farmers.



RECENT RESEARCHES

\

+ Bourke et al. (2005) conducted 30 agronomic trials
in the highlands on volcanic ash soil (Andepts) to
evaluate yield. In all the studies, yield was high and
increased above-ground biomass.

+ Wood (1984) measured high K content in tubers.

+ Michael (2020) estimated low soil K in a planted
pot trial, suggesting that high yield is in response
to increase uptake of potash.



* A survey in 2005 showed a decline in soil fertility
(P, K, and S) was threatening production and
there is need to understand the limitations of
trace elements (Taraken et al., 2010).

* Summarily, studies from 1977 to 2009 do not
clearly show the types of OM used and the
changes in soil properties measured (Bourke et
al., 2002).



“*To understand the roles of organic matter in
composted mounds (soil health and nutrients
security),

L —

“*To understand the importance of use of different
sources of organic matter in composted mounds,

“*To establish the use of organic matter in composted
mounds is a sustainable practice and is environment
friendly compared to inorganic fertilizer uses in
sweet potato production (...technically...).
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METHODOLOGY



H

¢ Control - soil only,
“*Cogon (Cn),

“*Fern (Fn),

*Cn+ Fn,

“*Planted (PI),

s Cn+Pl,

* Fn+Pl,

@ Cn+Fn+Pl,

¢ All the treatments were
replicated 4 times and
setup in a randomised complete block design (RCBD).
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—

+ Bulk density - Core cut,
+*WHC - flooding filtration,
+Total porosity.



“TN (Kjeldahl, 1883),

* Available NO3-N by transnitration of salicylic acid
method (John,1990),

+ Macro & micro nutrient by Melich 3 (1984), ICP-OES,

+ Plant samples nutrients by wet ashing, HNO3/H202,
CP-OES (Emmanuel et al., 2019),

« P by Olsen method (1954),
* pH and electrical conductivity ,CEC and BS%.

All as per Raymen and Lyons (2010).



A total of 13 elements:

*Macronutrients: N, P,K (primary)
& Ca,Mg, &S (secondary).
“Only N,P,K & Mg are presented.

=Micronutrients: Na,Fe, B, Mn, Zn,
Cu, & Al. Only B, Zn, Mn & Fe are
presented.



\

o Data from three replicates (n=3) were used.

o The data from the three replicates were pooled and the
average were kept as the final data.

o The replicate data were used for basic statistical analysis
using the statistical software JMPIN, AS Institute Inc., SAS
Campus Drive, Cary, NC, USA 27513.

o Standard error of the mean was used to determine the
difference between the treatment means and ANOVA at
p<0.05 was used to compare the significant difference
(variance) across the means.
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RESULTS AND DISCUSSION



Treatments Soil parameters
SOM (%) WHC (%) oH EC (mS m?)

Control 30.23 51.80 5.45 0.65
Cn 40.25 76.80 6.52 0.68
Fn 35.38 70.50 5.61 0.57
Cn+Fn 36.31 60.25 5.82 0.72
Pl 25.64 50.40 5.54 0.35
Cn+Pl 35.33 53.8 5.66 0.45
Fn+Pl 33.71 52.8 5.75 0.43
Cn+Fn+Pl 36.45 54.8 5.65 0.46

——

OM increased SOM and
WHC but planting
decreased them.

OM increased pH but EC
was fairly the same.

EC was lower in the
planted soil, indicating
nutrient use by plants.
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Concentration (mg/kg)
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Treatments Nutrient concentrations in vines and

Vine Tuber

N P K Mg N P K Mg
Planted 2.2140.2 7.91+2.1 27.50+3.2 34.65+3.6 0.7440.0 15.16¢0.1 19.03#1.3  6.00+0.1
Cn+PI 0.960.1 1.54+0.3 25.54+0.1 34.47+2.5 0.6640.1 8.73£1.3 15.19+1.4  7.54+2.6
Fn+Pl 0.84+0.0 1.7240.2 29.91+0.0 47.07+1.3 0.700.0 8.86+3.5 16.55+2.4  7.30£2.9
Cn+Fn+PI 0.84+0.0 1.68+1.8 26.03+0.0 30.88+2.7 0.5540.0 10.72¢3.1  23.05£2.6  7.54+1.5

The values are mean + standard error (S.E).

In the vines, N<P<K<Mg.

In the tubers, N<Mg<P<K.

The data show lesser N and P content in the biomass
compared to K, indicating a higher K-plant interaction.
Mg was more in the vines than in the tubers, indicating its
roles in chlorophyll.



10.0

0
o

6.0

4.0

Tonnes per ha

2.0

0.0

O Marketable E Non-Mktble
|
|
* *
l }
|
*
|
) x : -
| 4 e - o
Control Cn Fn Cn+Fn NPK
Treatments

The values are mean + se and an asterisk indicates significant difference between a treatment and the control.




* Organic matter addition improved:
» SOM, WHC, pH and EC (key soil parameters).
» N, P, Kand Mg (primary macronutrients)
* B, N, Mn and Fe (secondary macronutrients)

* N and P are widely used and tissue accumulation is
high for K.

* Mg accumulates in vines than in tubers.

= Composting produces the same yield as commercial
fertilizer, the yield ranging from 7-8 tonnes per ha.



ACKNOLODGEMENT
This study was m PNGSTS

research grant to Professor (Assoc.) Patrick
S. Michael and PNGUOT research grants to
Topas Peter. We are grateful to PNGSTS and
PNGUoT for making available the funds
supporting the project Soil to Nutrition-The
importance of use of organic matter in
composted sweet potato mounds in PNG.



REFERENCES

E.O., Ogunkalu, O.D., Adeoba, A A. and Oluwasina, O. O, (2019). | and C 1
methods Chemlstry Department, Federal University of Technology, PMB 70 erie

American Society for Horticultural Science (ASHS), 2007. Sweet potato
https://www.sciencedaily.com/releases/2007/11/071102084811.htm. (Access August 11", 202

Blesh J., Hoey L., Jones A. D., Friedmann H. and Perfecto, I. (2019). Development pathways toward ‘‘zero hunger mr nvironment and Sustainability.
440 Church St., University of Michigan, Ann Arbor, Ml 48109, USA b Taubman College of Architecture and Urban Planning, 2000 Bonisteel Blvd..
University of Michigan, Ann Arbor, Ml 48109, USA cDepartment of Nutritional Sciences, School of Public Health, 1415 Washington Heights,
University of Michigan, Ann Arbor, M1 48109, USA d Munk School of Global Affairs, University of Toronto, 315 Bloor St. W, Toronto, ON M5S0A7
Canada. World Development. doi:10.1016/j.worlddev.2019.02.004.

Bourke, M. (2002). Sweet potato in Papua New Guinea. Unpublished. Department of Human Geography. ANU.

Bourke, R. M. (2005). The continuing Ipomoean revolution in Papua New Guinea. In: Ballard, C., Brown, P., Bourke, R. M. and Harwood, T. (eds.). The Sweetl
Potato in Oceania: A Reappraisal. Ethnology Monographs 19 and Oceania Monograph 56, Pittsburgh and Sydney. pp. 171-179.
https://www.researchgate.net/publication/26511.

Bourke, R.M. and Vlassak,V. (2004). Estimates of food crop production in Papua New Guinea. Land Management Group, The Australian National University,
Canberra.pp 4-9 Bourke, R.M., 2002. Sweet potato in Papua New Guinea: Research School of Asia and the Pacific, The Australian National University.
conference sweet potato workshop, (4) pp 6.

Bourke, R.M and Ramakrishna, A. (2009). Sweet potato in highlands agriculture system of Papua New Guinea. 1Department of Human Geography, Research
School of Pacific and Asian History, The Australian National University,Canberra ACTO0200, Australiamike. 2National Agricultural Research Institute,
Bubia, Lae411l, Papua New Guinea. AlAR Technical repori
71.p210.https://www.researchgate.net/publication/265729461_ Sweetpotato_in_highlands_agricultural_systems_of_Papua_New_Guinea#full TextFile
Content_ [accessed Jun 11 2023].

Clark, C. A., Davis, J. A., Abad, J. A., Cuellar, W. J., Fuentes, S., Kreuze, J. F., Gibson, R. W., Mukasa, S. B., Tugume, A. K., Tairo, F. D., & Valkonen, J. P. T.
(2012). Sweetpotato Viruses: 15 Years of Progress on Understanding and Managing Complex Diseases. Plant Disease, 96(2), 168-185.
https://doi.org/10.1094/pdis-07-11-0550.

Kjeldahl, J. (1883). Neue Methode zur Bestimmung des Stickstoffs in organischen KOorpern. Fresenius, Zeitschrift f. anal. Chemie 22, 366-382 (1883).
https://doi.org/10.1007/BF01338151

Melich, A. (1984). Melich 3 Soil test extractant; amodification of Melich 2 extratant. Communication in soil science and plant analysis 15,1409,-1416

Michael, P. S. (2020). Soil fertility status and sweet potato cultivation in composted mounds under humid lowland tropical climatic conditions. Soil Science anc
Agroclimatology, 17, 144151.

Mosier, S., Corodovo, S. C. and Roberson,G. P. (2021). Restoring soil fertility on degraded lands to meet food, fuel, and climate security needs via perennialization.
Great Lakes Bioenergy Research Center, Michigan State University, East Lansing, MI, United States, 2 W. K. KelloggBiological Station, Michigar
State University, Hickory Corners, MI, United States, 3 Department of Plant, Soil and MicrobialSciences, Michigan State University, East Lansing, MI.
United States. Frontiers in Sustainable Systems 5:706142. DOI: 10.3389/fsufs.2021.706142

Olsen, S. R., Cole, C. V., Watanabe, F. S. and Dean, L. A. (1954). Estimation of available phosphorus in soils by extraction with sodium bicarbonate. Circular
vol. 939, p. 19. US Department of Agriculture, Washington, DC.

Peter, T. M. and Michael, P. S. (2023). Sweet potato is a strategic root crop in Oceania: A synthesis of the past research and future directions. Sains Tanah Journal
of Soil Science and Agroclimatology, 20: 59-73.

PNG Medium Term Development Plan MTDP (1.1.7) 12023-2027), Department of National Planning and Monitoring, Papua New Guinea.

Rayment, G. E. and Lyons, D. L. (2010). Soil chemical methods — Australasia. Australian Soil and Land Survey Handbook Series 3, CSIRO, Australia. pp. 291-
293.

Taraken, I. T. and Ratsch, R. (2010). Sweet potato cultivation on composted mounds in the highlands of Papua New Guinea. Unpublished National Agriculture
Research Institute research report, Papua New Guinea.

Wood, A. W. (1984). The humic brown soils of the Papua New Guinea Highlands: A reinterpretation. mountain research and development, 7, 145-156.

Yang, L., Li, Y., Guoxj Xj, Xiaogin Ma, and Qinghua Y. (2013). Comparison of dry ashing, wet ashing and microwave digestion for determination Of Trace
Elements In Periostracum Serpentis And Periostracum Cicadae By ICP-AES.1 Department of Experimental Center, Henan Institute ol
Science and Technology, Xinxiang Henan 453003, China,2.
Zupancic, J. and VVendrell, P. F. (1990). Determination of soil nitrate by transnitration of salicylic. Communication in soil science and plant analysis. 21(13):1705-
1713.







