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Experimental sites 

• Nu’u 1: from Aug 2018 to March 2019 (harvested)

• Faleãlili: from Sept 2018 to May 2019 (harvested)

• Nu’u 2: from Dec 2020 to July 2021 (harvested)

• Nu’u 1: from Feb 2021 to May 2021 (sprayed-off)

Upolu

13°49.829’S, 171°50.193’W
elevation: 71-m ASL

14°00.432’S, 171°39.492’W
elevation: 181-m ASL



Experimental sites 
➢ First set of trials at Nu’u 1 and Faleãlili:

Legumes as source of N

• Mucuna pruriens L. (DC) [Velvet bean]

• Erythrina subumbrans Hassk. (Merr.)

• Controls no-legumes

➢ Second set of trials at Nu’u 2:

• Source: NPK+S fertiliser (12:8:15+3) vs Compost (75%
poultry manure 11:5:8+5, 60% DM, w/w)

• Rate: 50 g amendment per plant at planting

• Placement: surface and incorporated

• Controls (zero-amendment)

➢ Planned but discontinued experimental work:

• Double-cropping taro/taro at Nu’u 1 (established Feb
2021 as planned, discontinued from May 2021)

• Demonstration site at Tanumalala (activity not
supported by SROS)

➢ Taro variety: Samoa 2 (all sites and years)

Nu’u Station

Faleãlili Farm

Tanumalala Farm



Baseline soil characterisation

Determination Unit Nu’u 1 Nu’u 2 Faleãlili Analytical method

Sand (>20 μm) % (w/w) 27.6 25.2 25.3

Silt (2-20 μm) % (w/w) 42.3 43.4 52.0 Bouyoucos (1962)

Clay (<2 μm) % (w/w) 30.1 31.4 22.7

Textural class - Clay loam Clay loam Silt loam Australian Soil Texture Triangle

Soil bulk density g cm-3 0.886 - 0.916 Blake and Hartge (1986)

Cumulative infiltration mm Ft = 363.3t0.68 - - Parr and Bertrand (1960)

Infiltration rate mm IR = 204.28t-0.35 - - Parr and Bertrand (1960)

Soil pH1:5 (soil/water) - 5.62 ± 0.56 6.60 4.50 Rayment and Lyons (2011)

EC1:5 of soil (soil/water) μS cm-1 2.92 ± 0.60 - - Rayment and Lyons (2011)

SOC % (w/w) 3.30 ± 1.16 12.65 3.50 Walkley and Black (1934)

Total N % (w/w) 0.66 ± 0.21 1.12 0.25 Bremner (1960)

Soil extractable P mg kg-1 2.69 ± 4.74 28.7 14.6 Olsen et al. (1954)

Soil exchangeable K cmol kg-1 0.46 ± 0.07 0.77 0.45 MAFF (1986, Method No.: 63)



Elemental composition of taro corms

Element Unit Mean concentration ± SD

Nitrogen, N %, w/w (dry basis) 0.76 ± 0.142

Phosphorus, P %, w/w (dry basis) 0.24 ± 0.012

Potassium, K %, w/w (dry basis) 1.45 ± 0.289

Calcium, Ca %, w/w (dry basis) 0.10 ± 0.025

Magnesium, Mg %, w/w (dry basis) 0.15 ± 0.021



Corm yields Nu’u 1 (2018-2019) 

P>0.05 (Control vs Treatment)

P>0.05 (Treatment)
LSD (5% level): 694.5
Plant density: 1-m × 1-m

National Avg. = 4100 kg DM/ha
(FW ≈6250 kg/ha at 35%, w/w)

Yf = 2730 kg DM/ha
(FW ≈4250 kg/ha at 35%, w/w)

Ya = 6150 kg DM/ha
(FW ≈9570 kg/ha at 35%, w/w)

YG = 3420 kg DM/ha
(FW ≈5320 kg/ha at 35%, w/w)

P>0.05 (Control vs Treatments)
P>0.05 (Treatments)
LSD (5% level): 694.5 
Plant density: 1-m × 1-m

YG = Ya – Yf

Key: Ya (attainable yield), Yf (actual yield), YG (yield gap)



Nutrient off-take Nu’u 1 (2018-2019)  



Corm yields Faleãlili (2018-2019)

P>0.05 (Control vs Treatment)

P>0.05 (Treatment)
LSD (5% level): 748.8
Plant density: 1-m × 1-m

a

b

ab
Ya = 6150 kg DM/ha

National Avg. = 4100 kg DM/ha

Yf (legumes) = 3340 kg DM/ha

Yf (control) = 2660 kg DM/ha

YGYG

YG between 3490 (control) and
2800 kg DM/ha (legumes)

Key: Ya (attainable yield), Yf (actual yield), YG (yield gap)



Nutrient off-take Faleãlili



Corm yields Nu’u 2 

• Fertiliser Blaukorn Classic: 12:8:15+3 (N:P2O5:K2O+SO3)
• Compost: unknown (contains chicken manure, desiccated 

coconuts, coral chips, malt waste)

P<0.05 (Control vs Treatments)
P>0.05 (Treatments)
P>0.05 (Placement)
Plant density: 1-m × 1-m

ab
b bb



Nutrient off-take Nu’u 2 

Control Compost Fertiliser



Nutrient balance 

Nu’u 2 (Fertiliser, Compost)
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Developing nutrient recommendations for taro

Nitrogen

Response

Other nutrients (P, K, Ca, Mg)

Replacement

Nutrient management framework

after Antille et al. (2022), https://doi.org/10.13031/aim.202200065



Yield-to-nitrogen response

after Antille and Moody (2021), https://doi.org/10.1016/j.indic.2020.100099



Developing nutrient recommendations for taro

Nitrogen

Response

Soil test not essential

𝒀 = 𝒂 + 𝒃𝑵 + 𝒄𝑵𝟐

𝑴𝑬𝑹𝑵 =
𝒃 − 𝑷𝑹
𝟐𝒄

𝑷𝑹 =
𝑷𝑵
𝑷𝑪

Other nutrients (P, K, Ca, Mg)
Soil test essential
(every 3-4 years)

Replacement

Soil nutrient Index
(e.g., from 0 to 9)

Index 0 and 1

Index 2

Index 3 and 
over

Build-up

Maintain 
(target)

Reduce rate or 
omit application

Long-term policy Focus

Productivity
Profitability

Productivity
Profitability

Environmental

Focus

Productivity
Profitability
Environmental

• Yield-to-N relationship, Y = f(N)
• Most economic rate N (MERN)
• Price ratio (N : crop)

4R Nutrient Stewardship 
Principles

(right source, rate, time, place) 

Nutrient management framework

after Antille et al. (2022), https://doi.org/10.13031/aim.202200065



• Project activities
• Impacted by measles outbreak (Sept. 2019- Feb 2020), COVID-19 (from March 2020), relocation from

MAF to SROS.

• Experimental, analytical and extension and communication work satisfactorily completed.

• Soil properties
• Evidence of significant rundown in SOC, soil extractable P and exchangeable K, and reduced soil pH as a

result of (low-input) cropping.

• Short-term changes (2 cropping seasons) in soil chemical properties were not significant.

• Legume intercropping
• Nitrogen supply via fixation in year 1 (establishment) does not meet taro demand for N.

• Impact of legumes on P, K and water-use and availability to taro, particularly in low fertility soils.

• Nutrient/fertiliser management plan should account for nutrient demand of both taro and legume.

• Agronomic performance
• Yield gaps can be narrowed by developing and implementing appropriate nutrient management plans,

and through improved crop husbandry (weed control).

• Yields recorded with either compost or fertiliser application were higher than with legumes.

• Nutrient balance
• Negative balance with legumes.

• Apparent surpluses of N, P and K at Nu’u 2 explained by poor nutrient use efficiency (weeds).

Conclusions



• Development of nutrient recommendations
• Validation of the proposed nutrient management framework.

• Understanding yield to nitrogen response relationship.

• Understanding of relative effects of nutrient source and placement on crop agronomic performance
and nutrient-use efficiency.

• Nutrient balance and intensification of taro production systems
• Refine field-scale nutrient balance calculations (establishment of long-term, permanent monitoring

sites).

• Investigate the feasibility of double taro cropping systems (taro-taro/break crop/taro-taro), suitable
rotation and the required fertilisation program for maintenance of soil carbon and fertility.

• For systems transitioning to ‘organic-like’ systems there is a need to develop tillage and stubble
management protocols.

• Development of the taro module in APSIM
• Initially developed by Crimp et al. (2017) using data collected from Fiji, Vanuatu and Tonga.

• Site and variety specific with rather limited application at present.

• Further development will enable improving its capability to:

• Simulate the response of taro to projected changes in climate in the Pacific,

• Evaluate and identify strategies for farming systems adaptation,

• Assist the analysis and quantification of the soil water balance, carbon and nutrient cycling/flows.

Recommendations
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