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In partnership with the Soybean Innovation Lab (SIL), AGRIVAL conducted SMART (Soybean Management with Appropriate Research and Technology) 
Farm input omission trials at two locations in Majunga, Madagascar (Figure 1, Table 1).

Figure 1: Agrival trial location for the 2021 
season.

Summary 

Table 2: Treatment combinations for 
the Omission Trial. NPK=NPK, 
I=inoculum, L=lime, S=seeds.

Table 1: Site information for the Exaltar International omission trial, including planting 
and harvest date. Dates are represented as “month/day/year”.

Table 3: The product names, sources, concentrations, and application rates of inputs used for the 
omission trial. 

The input omission trial is composed of 8 treatment combinations (Table 2) of NPK, inoculum, and lime (Table 3). Each set of 8 treatments was 
randomized and replicated 4 times. The local soybean variety from Bongolava (Field A) and the “Panar” variety (Field B) were planted in 3 meters 
by 5 meter plots with a seed spacing of 5cm. Each plot contained 4 rows with a spacing of 75cm. Seeds were treated with homemade 
inoculum prior to planting. Agricultural lime was applied prior to planting by broadcasting across plots with a lime treatment. Approximately 21 
days after germination at the V2 development stage, NPK fertilizer was applied to treated plots as a side-dress 5cm from the furrow, and 5cm 
deep. The both field sites A and B were watered via irrigation throughout the season using approximately 455-500ml of water. 

Due to low yields across all treatments at the Majunga 
field sites, a bundle recommendation could not be 
made. 

The results from Majunga field sites highlight the value 
of high quality certified seeds and the importance of 
good agronomic practices for maintaining good yields 
and reasonable economic returns.

Treatment NPK I L S
1 +
2 + +
3 + +
4 + + +
5 + +
6 + + +
7 + + +
8 + + + +

Country Location Planting Date Harvest Date Latitude Longitude Elevation
Madagascar Majunga (A) 8/6/2021 11/4/2021 -15.70007 46.339608 13m
Madagascar Majunga (B) 8/5/2021 11/4/2021 -15.70007 46.339608 13m

N:P:K Lime Inoculum Seed 
Product NPK Aglime Home-made Inoculum Local variety
Source - - Home-made -
Concentration 11:22:16 CaO-37% - -

Appication Rate 
N-37kg ai/ha
P-75kg ai/ha
K-54kg ai/ha

1,500kg/ha - 320,000 seed/ha

Majunga
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Trait Unit Measurement Metrics 
Stand Count count Sum of plants in Row 2 and 3 

Days to Flowering day Days after planting when the first flower is observed 
Plant Height centimeter Distance from soil to the Shoot Apical Meristem on main stem
Nodule Count count Number of Rhizobium nodules on roots collected at R3-pod filling stage 

Nodule Weight gram Mass of Rhizobium nodules on roots collected at R3-pod filling stage 
Nodule Viability % Percentage of counted nodules that are active and viable 

Yield ton/hectare Plants harvested and threshed, seed winnowed and weighed at 13% moisture
100 Seed Weight gram Random sets of 100 seeds selected and weighed 

Figure 2: Images from Majunga field sites. The left image shows irregular soybean sizes two weeks after planting (photo taken in August 
2021), the center image shows soybean development at 60 DAP (photo taken in October 2021), the right image shows R8 stand count 

before harvesting (photo taken in November 2021).

Table 4: Data metrics for the 2021 SMART Farm omission trial.

The soybean seeds from the “Panar” variety did not 
perform well at Majunga field site B, and based on the 
low emergence of the plants in the field, the trial was 
replanted with a local variety one week later. Soybean 
plants showed uneven emergence and development in 
both locations. Foliar disease pressure was reported on 
September 1st, 2021coinciding with floral initiation. Insect 
pressure from termites, ants, and locusts were reported 
throughout the season in both fields.

Data collection metrics for the input omission trial are described in Table 4. Stand count was measured at V2 and R8 developmental stages. Plant 
height was measured at R1and R8 developmental stages. Measurements for nodule count, weight, and viability were measured at the R3 
developmental stage.

For further information on the 2021 trial at Madagascar with Agrival, contact the trial operator, Bob Andriamifidy at  
bob.andriamifidy@agrival.mg

Although weather information is not available for the soybean season at Majunga, Madagascar, the field technician reported challenges in water 
availability for watering the trials at the beginning of the plant development and high temperatures (up to 34°C) during the season. Soil analysis 
was not conducted for both sites at Majunga. However, according to internal communication with the field technician, Majunga has heavy, compact 
clay soils, with a pH of around 4.0 and poor organic matter. 

Figure 3: Images from Majunga field sites. The left image shows the absence of 
nodules in the roots of the soybean plant (photo taken in October 2021), the right 
image shows the variability of soybean seed sizes after harvest (photo taken in 

November 2021).

Flowering was irregular for both field locations occurring 
approximately 30 days after planting. This shortened 
vegetative period was likely due to a combination of heat 
stress, biotic pressure, and harsh soil conditions. 
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Treatment
Rank 
Yield Yield 

V2 Stand 
Count 

R1 
Height

Nodule 
Count

R8 Stand 
Count 

R8 
Height

100 seed 
Weight 

Seed 
Moisture

ton/ha count cm count count cm g %

NPK+I 1 0.23 147 19 0.1 141 19 25 12
I 2 0.20 134 19 0.3 132 18 25 13
NPK 3 0.18 137 20 0.1 134 20 25 11
NPK+L 4 0.18 138 19 0.1 136 19 26 12
I+L 5 0.17 130 18 0.3 127 18 24 11
NPK+I+L 6 0.14 130 20 0.4 128 19 26 12
No Input 7 0.12 132 18 0.4 127 17 24 11
L 8 0.11 142 17 0.2 138 17 26 12
AVG 0.2 136.1 18.6 0.2 132.8 18.4 25.2 11.8
LSD 0.1 17.4 2.7 0.4 15.2 2.7 3.0 1.7
CV% 56.6 13.5 11.3 156.0 12.6 11.4 28.3 9.4

Treatment
Rank 
Yield Yield 

V2 Stand 
Count 

R1 
Height

Nodule 
Count

R8 Stand 
Count 

R8 
Height

100 seed 
Weight 

Seed 
Moisture

ton/ha count cm count count cm g %

NPK+L 1 0.16 144 19 0.5 140 17 31 12
NPK+I+L 2 0.15 128 17 0.1 124 16 31 12
NPK 3 0.14 135 17 0.4 130 16 24 12
I 4 0.13 136 18 1.2 130 16 26 12
I+L 5 0.13 155 17 0.7 149 16 34 12
L 6 0.13 143 15 0.5 136 14 29 12
NPK+I 7 0.12 134 16 0.7 129 14 25 12
No Input 8 0.12 137 17 0.7 131 16 27 12
AVG 0.1 138.7 16.9 0.6 133.7 15.7 28.3 12.0
LSD 0.1 25.3 2.5 1.2 25.4 2.6 9.8 1.5
CV% 43.4 12.6 11.1 132.9 13.0 12.3 24.4 7.9

Majunga A 

Majunga B 

Table 5: Averages, Least Significant Differences (LSD) at an alpha of 0.05, and Coefficient of Variations (CV%) for yield, V2 
stand count, R1 plant height, nodule count, R8 stand count, R8 plant height, 100 seed weight, and seed moisture for the 2021 

omission trial at Majunga A, Madagascar. In the treatment column: NPK-NPK, I-inoculum, and L-lime. 

Mean yields ranged from 0.11 tons/ha (L) to 0.23 tons/ha (NPK+I). Stand count ranged from 130 (I+L and NPK+I+L) to 147 (NPK+I) and 127 
(I+L and no input) to 141 (NPK+I) at V2 and R8 developmental stages, respectively. Plant height ranged from 17cm (L) and 20cm (NPK and 
NPK+I+L), and from 17cm (no input and L) and 20cm (NPK) at R1 flowering and R8 developmental stages, respectively. Mean values for 100-seed 
weight ranged from 24g to 26g for all treatments. Seed moisture ranged from 11% to 13%. The nodule count showed to be very low.

An Analysis of Variance (ANOVA) was conducted in R using the package “car” to test the main treatment effects, 2-way, 3-way, and 4-way treatment 
interactions in the omission trial (Table 5 and 6). The Shapiro-Wilk and Brown-Forsythe tests were employed to confirm residual normality and homo-
geneity of variance, respectively. Based on the ANOVA, there was no treatment effect for sites A and B at Majunga, Madagascar. 

Table 5: Averages, Least Significant Differences (LSD) at an alpha of 0.05, and Coefficient of Variations (CV%) for yield, V2 
stand count, R1 plant height, nodule count, R8 stand count, R8 plant height, 100 seed weight, and seed moisture for the 2021 

omission trial at Majunga B, Madagascar. In the treatment column: NPK-NPK, I-inoculum, and L-lime. 
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Mean yields ranged from 0.12 tons/ha (NPK+I and no input) to 0.16 tons/ha (NPK+L). Stand count ranged from 128 (NPK+I+L) to 155 (I+L) and 
124 (NPK+I+L) to 149 (I+L) at V2 and R8 developmental stages, respectively. Plant height ranged from 15cm (L) and 19cm (NPK+L), and from 
14cm (L and NPK+I) and 17cm (NPK+L) at R1 flowering and R8 developmental stages, respectively. Mean values for 100-seed weight ranged from 
24g (NPK) to 34g (I+L). Seed moisture showed an average of 12% for all treatments. The nodule count showed to be very low.



1gross margin=revenue – variable costs
2Van Vugt, D., Franke, A. C., & Giller, K. E. (2017). Participatory research to close the soybean yield gap on smallholder farms in Malawi. Experimental Agriculture, 53(3), 396-415.

Figure 4: Treatment yields (line graph) and gross margins (bar graph) for the Majunga field sites A and B.

Agricultural inputs such as NPK, inoculum, and lime can contribute to increases in soybean yield. However, the combination of specific field conditions 
and a farmer’s limited cash funds may make using all four inputs either unnecessary or financially impractical. The 2021 SMART Farm omission trial 
has assessed the usage of NPK, inoculum, and lime for the Majunga field site. To balance the financial risk of applying new inputs, SIL recommends 
a stepwise investment in new technology. This prioritizes the maximum financial returns on the minimum input costs and allows initial successes to feed 
into additional future inputs.

The gross margins1 and yield averages for sites A and B are displayed in Figure 4. The white bar represents typical farming practices in Madagas-
car. It is assumed that saved seed is used with no additional inputs and that labor costs are absorbed by the household2. Under these conditions, it 
is estimated that a typical farmer will generate a gross margin of $338 USD and a yield of 0.89MT per hectare laboring between 60 and 70 
workdays in a season. This generates an implicit wage of $0.54 USD for every $1.00 USD of labor spent. 

The results from Majunga field sites highlight the value of high-quality certified seeds and the importance of good agronomic practices for 
maintaining good yields and reasonable economic returns. 

The performance of homemade inoculum could not be determined due to low yields. 
Low nodule counts suggest minimal contributions to nodulation and soybean          
production by homemade inoculum. Although the low pH and organic matter in the 
soil would not be conducive for most inoculum products. 

Trial takeaways

Figure 5: Majuna field site photographed on  
September 27th, 2021. Green plots imaged on the 
left benefited from the mango tree boarder, which 
provided cooler, shaded conditions and wind         
protection. 

The results from the Majunga sites emphasize the importance of high-quality 
certified seeds and good agronomic practices for soybean production. Testing seed 
germination prior to planting being among the most valuable practices. 

Environmental conditions (low water availability, high temperature, altitude), low soil 
fertility (very acidic pH and low organic matter), challenging soil characteristics (high 
clay content), and multiple vectors of biotic stress (insect herbivory and foliar 
disease) heavily contributed to poor soybean yields. 

This trial was conducted during the off-season supported by irrigation. Planting 
during the cooler, rainy season may promote improved soybean performance. 

The Red Bundle is the standard growing package. This includes the usage of certified soybean seeds and the adoption of best management 
practices (testing seed germination, planting in ridges, early planting, planting in rows, increased seed population, timely weeding, and regular 
disease scouting). However, due to the low yields experienced at the Majunga field sites, economic returns cannot accurately represent input 
treatments.
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For the typical Madagascar farmer it is assumed that soybean seeds are saved from one year to the next, and that no           
additional inputs are purchased. 

A season of labor is estimated to be 60-70 workdays (472-560 hours) from land preparation to harvest. It is assumed that for 
a given household any necessary field labor will be conducted by members of that household.

Fixed costs such leasing costs for land, property tax, insurance, managerial overhead, or transportation costs are not included 
in the variable cost estimates. It is assumed that these costs are consistent across treatments.

It is assumed that the labor involved in applying different input treatments is equal.

It is assumed that local soybean prices in Madagascar are linked to and stabilized by world-wide soybean prices. 

Economic Assumptions

Gross Margin: For the SMART Farm reports SIL defines 
the Gross Margin as the Variable Costs of soybean 
production, including labor, minus the Revenue generated 
from grain sales. 

Marginal Ratio: is the quotient between two gross margin 
values.

Return on Input Costs: The return on input costs compares 
how much was spent on inputs to how much additional 
monetary value that input provides.

Internal SIL communications. (2021).

Internal SIL communications; www.selinawamucii.com (2021); www.indexmundi.com (2022).

1)

2)

6)

Source

Definitions Values for Economic Analysis 

3)

Internal SIL communications. (2021).

Internal SIL communications. (2021).

Internal SIL communications. (2021).

Internal SIL communications. (2021).

4)

5)

Item $USD/Hectare Source

Local Soybean Seed $48.60 1
NPK $240.68 2
Inoculum $0.50 3
Lime $166.15 4

Labor (land preparation, 
planting, weeding, 
harvest, bagging)

$255.36 5

Soybean Selling Price
Item $USD/Kg of Seed
Grain Price $0.62 ($620.00/MT) 6

     Input Costs

      Labor Costs

SMART Farm Trials  
Appendix for 

Economic Costs, Definitions, and Assumptions  
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