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Figure 1: Timeline of field activities. Methods of weed control (yellow= hand weeding, light green= 
Hammer, dark green= Frontier Optima), and fungal control (light blue= Opera, Dark Blue= Priaxor) are 
overlaid on dashed lines corresponding to their application date. The tan bar represents when soybean 
fungal infection was first observed (May 08, 2022). Periods of data collection are represented as red 
dashed lines. The purple circles containing a “1” or “2” represent time points when photographs were 
taken of the different treatment plots.

Table 1: Site information for the GNA-BASF trial, including planting and harvest date. Dates are          
represented as year/ month/ day.

Table 2: Herbicide and fungicide applications used in trial treatments. “Pre” and “Post” indicate    
pre-emergence and post-emergence application of herbicide, respectively.  

Table 3: The product names, sources, active ingredients, and application rates of inputs used for the 
product trial. *single post-emergence application, ** pre-emergence application (with a post application 
planned), *** post-emergence application (if a pre application was applied) 

In this trial we observed 9 treatments testing the 
impact pre-emergent application Frontier Optima 
herbicide, pre-emergent and post-emergent          
application of Hammer herbicide, and different 
cycles of Priaxor and Opera fungicides (Table 2, 
Table 3). Each set of 9 treatments were randomized 
and replicated 4 times. The soybean variety “Kafue” 
was planted in 3 meter by 10 meter plots with a 
seed spacing of 5cm. Each plot contained 4 rows 
with a spacing of 75cm. 

The trial was planted on January 13th, 2022. The 
following day (January 14th, 2022) pre-emergent 
application of Hammer and Frontier Optima          
herbicides were applied before any evidence of 
soybean emergence. Post-emergence application of 
Hammer was applied on February 5, 2022. The     
hand-weeded treatment was weeded twice at the 
beginning and end of February. Fungicide             
application was to be applied either at the first sign 
of fungal infection, or at the onset of R3 pod          
formation in the absences of infection. After the first 
fungicide application, a second round would be 
applied 3-4 weeks later, and a third round 3-4 
weeks after the second. 

Building off previous product trials in Zambia 
using the SMART Farm platform, the Soybean 
Innovation Lab has partnered with BASF and 
Good Nature Agro to determine the cost benefits 
of herbicide and fungicide application in soybean 
production. The SMART farm platform provides 
evidence based, demand-driven recommendations 
to soybean growers in sub-Saharan Africa and 
serves as a test bed for industry partners to expand 
the marketplace for their products. 

Country Location Planting Date Harvest Date Latitude Longitude Elevation 
Zambia Chipata 2022/01/13 2022/22/05 -13.65 32.55 1010m

Figure 2: Trial photo taken of fungicide trial April 2, 2022, 
79 days after planting.  
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Herbicide Herbicide Fungicide Fungicide Seed 
Product Hammer Frontier Optima Opera Priaxor Kafue
Source BASF BASF BASF BASF -

Active 
Ingredient

Imazethapyr 
100g/L

Dimethenamid-P    
720g/L

Pyraclostrobin 
133g/L  

Epoxocpnazole 
50g/L

Pyraclostrobin 
333g/L 

Fluxapyroxad 
166g/L

-

Application 
Rate 

0.7L/ha* 
0.4L/ha** 
0.3L/ha***

1.0L/ha 0.5L/ha 0.6L/ha 320000 seed/ha

Treatment Herbcide Fungicide 
1 No Weeding None 
2 Hand Weeding None 
3 (Pre) Frontier Optima None
4 (Post) Hammer None 
5 (Pre) Frontier Optima, (Post) Hammer None 
6 (Pre) Frontier Optima, (Pre) Hammer, (Post) Hammer None 
7 (Pre) Frontier Optima Opera, Opera, Opera 
8 (Pre) Frontier Optima Opera, Priaxor, Opera 
9 (Pre) Frontier Optima Priaxor, Priaxor, Priaxor
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Fungal pressure was not observed prior to R3 pod formation. Accordingly, the first fungicide application occurred on March 11th, 2022 during R3 
pod development. The second fungicide cycle occurred on April 2nd, 2022. The third and final fungicide cycle was applied on April 23rd, 2022. 
Soybean rust and Frog Eye leaf spot fungal pressure were initially observed after the third application on May 5th, 2022. Little to no yield 
loss is expected from rust in treatments without fungicide since the infection occurred between R7 and R8 pod maturity stages. The trial was 
harvested on May 22nd, 2022 (Figure 1).
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Figure 3: The bar graph shows treatment weed control at 57 (light gray), 79 (dark gray), and 100 (black) days after planting. Pie charts represent the relative 
proportion of weed species observed in treatments with various weed control method. Species were identified at 57 days after planting. 
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Data on plant vigor, weed control, and estimated crop injury were recorded on March 11th, 2022 coinciding with the first application of fungicide, 
April 1st, 2022 prior to the second application of fungicide, and April 23rd, 2022 coinciding with the third application of fungicide. Yield                
information was collected at harvest. Before seedling emergence, Hammer and Frontier Optima herbicides were applied (treatments 3-9). No 
obvious herbicide suppression was observed with the usage of these products. 

At the V2 developmental stage, average stand counts ranged from 189-246 plants (Table 5). Plant vigor ranged from 6.0-8.0 at both 57 and 100 
days after planting demonstrating similar plant health among plots with weed control treatments. With the exception of the un-weeded check, weed 
control ranged between 51-99%, 50-98%, 56-96% at 57, 79, and 100 days after planting (Figure 3). Application of Hammer herbicide   
provided the greatest weed control (between 80-100%) throughout the growing season compared to Frontier Optima and hand weeding.

Eight weed species were observed in the trial: Billy goat weed (Ageratum conyzoides), Rag weed (Ambrosia artemisiifolia), Apple of Peru (Nicandra 
physalodes), Gallant Soldier (Galinsoga parviflora),  Benghal dayflower (Commelina benghalensis), Camel bush (Trichodesma zeylanicum), Pig weed 
(Amaranthus hybridus), and Euphobia sp.  (Figure 3). 

All eight weed species were observed in the unweeded check. Billy goat weed was observed in all treatments, suggesting at least moderate         
herbicide tolerance in the specie. All weed species, with the exception of pig weed, were recorded in treatments with only Frontier Optima as a 
source of weed control- Rag weed, Camel bush, and Gallant Soldier being the most common after Billy goat weed. In treatments with at least one 
application of Hammer only Rag weed, Benghal dayflower, and Billy goat weed were observed, indicated that Hammer has the best weed 
control over the widest range of weed species observed in this trial. 
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Table 4: Trial data collection metrics 

Table 5: Averages, Least Significant Differences (LSD), and Coefficient of Variations (CV%) for stand count, plant vigor, weed control, estimated crop injury, 
yield, 100 seed weight, and seed moisture for the 2021-2022 herbicide-fungicide trial at Chipata, Zambia. DAP= Days After Planting, FO= Frontier 
Optima, H= Hammer, Pre= Pre-emergence application, Post= Post-emergence application. 

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

Plant Vigor score

Visual assessment of plant vigor (defined as visible soybean biomass) on a 0-10 scale compared to un-
weeded check plots. 0=soybean plants are dead. 1= ~80% less vigor than checks. 2= ~60% less vigor 
than checks. 3= ~40% less vigor than checks. 4=~20% less vigor than checks. 5= treated plants are of 
equal vigor to un-weeded checks. 6= ~20% more vigor than checks. 7= ~40% more vigor than checks. 
8= ~60% more vigor than checks. 9=~80% more vigor than checks. 10= over 100% more vigor than 
checks.

Weed 
Control 

%
Visual assessment of weed presence per plot. using a scale of 0-100 %. where 0 represents no weed 
control (high weed presence) and 100 % represents total weed control (no weeds present). 

Estimated 
Crop Injury  

%
Evaluated as the number of plants exhibiting visual injury in Rows 2 and 3, over the total number of 
plants in Row 2 and Row 3 for each plot. Represented as the ratio of injured plants/ total plants as a 
percentage. Crop injury includes chlorosis, necrosis, blistering, cupping, and/or wrinkling on the leaves.

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. 

Treatment
Weed 

Control
Fungal 
Control

Rank 
Yield 

V2 Stand 
Count 

 Plant 
Vigor

Weed 
Control

Weed 
Control

 Estimated 
Crop 
Injury

 Estimated  
Infection 

 Plant 
Vigor

Weed 
Control

Estimated 
Crop 
Injury

Estimated  
Infection 

100 Seed 
Weight

Grain 
Moisture

Yield 

count score % % % % score % % % grams % ton/ha

7 (Pre)FO
Opera, 
Opera, 
Opera 

1 217 7.5 81 75 0 0 8.0 80 0 0 14 11 2.28

2
Hand 

Weeding
None 2 230 7.0 84 84 0 0 6.8 60 0 0 14 11 2.13

9 (Pre) FO
Priaxor, 
Priaxor, 
Priaxor

3 262 7.3 51 50 0 0 7.3 56 0 0 14 11 2.06

6
(Pre)FO, 
(Pre) H, 
(Post) H

None 4 218 6.0 99 96 0 0 7.0 88 0 0 14 11 2.06

5
(Pre) FO, 
(Post) H

None 5 199 7.5 76 98 0 0 7.3 96 0 0 13 11 2.06

4 (Post) H None 6 212 8.0 84 91 0 0 6.8 88 0 0 13 10 1.93

3 (Pre) FO None 7 189 7.3 76 70 0 0 7.3 76 0 0 13 11 1.77

8 (Pre) FO
Opera, 
Priaxor, 
Opera 

8 246 7.0 80 66 0 0 6.0 66 0 0 14 10 1.65

1 None None 9 237 5.0 14 16 0 0 5.0 9 0 0 13 11 1.20

AVG 225 7.0 66 66 0 0 6.8 63 0 0 13.56 10.79 1.83
CV% 20.4 18.0 50.8 49.8 0.0 0.0 18.7 51.2 0.0 0.0 7.3 6.1 29.9
LSD (a=0.05) 65.8 1.5 29.0 25.8 0.0 0.0 1.4 19.5 0.0 0.0 1.3 0.9 0.7

Post-2nd Fungicide Applica�on: 
79 DAP

Post-3rd Fungicide Applica�on: 100 DAP Harvest: 129 DAPPre-Fungicide: 57 DAP
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The unweeded check generated an average yield of 1.2MT/ha. Plots that received at least one 
herbicide or hand weeding treatment yielded between 1.65-2.28 MT/ha. Rust was first observed 
late in soybean development during pod maturation. Rust infection at this stage is not    
expected to largely impact soybean yields. As a result, fungicide performance related to  
protecting soybean yields from rust damage could not be determined in this trial. 

An Analysis of Variance (ANOVA) was conducted in R using the package “car” to test the main 
treatment effects and treatment interactions in the BASF product trial. The Shapiro's Wilk and 
Brown-Forsythe test were employed to confirm residual normality and homogeneity of variance, 
respectively. Based on the ANOVA, plots treated with Hammer or Frontier Optima generated 
comparable yield results that were not significantly different.  The two-way interaction between 
Priaxor and Opera fungicides generated a notable, but non-significant (P-value of 0.067)         
negative impact on yield.

Treatment 7, which included application of Frontier Optima herbicide, and three applications 
of Opera fungicide generated the largest average yield and gross margin (Figure 4) at 2.28 
ton/ha and $832 USD/ha respectively. Treatment 2, which included only hand-weeding            
generated the second largest average yield and gross margin at 2.12 ton/ha and $769 USD/ha, 
respectively. 

When conducted thoroughly, hand weeding provides comparable weed control and yields to plots 
treated with herbicide products. This is advantageous in situations where herbicides are                 
unavailable as failing to weed results in significant yield loses. However, it is noteworthy that 
hand-weeding costs two to three times as much as a single herbicide application (Table 6). This is 
mainly a consequence of increased labor costs. Hand-weeding one hectare takes approximately 2 
days, whereas applying herbicide with a backpack sprayer takes several hours.  As land size 
increases, the viability and fidelity of hand-weeding as a weed control option is expected to 
decrease. 
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Figure 4: Images of the 9 treatments during the field 
season. The purple circles in this figure correspond to 
the purple circles in Figure 1. 
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Figure 5: Treatment yields (line graph) and gross margins (bar chart). A “+” indicated that 
the corresponding weed control or fungal control treatment was applied. “x2” and “x3” 
indicate that the treatment was repeated two or three times, respectively. 
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For the typical Southern African 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.

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

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

Economic Assumptions

Treatment 8, which included application of Frontier Optima herbicide, two applications of Opera fungicide, and a single application Priaxor fungicide 
showed constantly low yields across all four treatment replications (1.4-1.9MT/ha). In combination with the negative treatment interaction between 
Opera and Priaxor seen in the ANOVA, these results suggest applying both fungicide products may be damaging to soybean yields. 

However, this result conflicts with the 2020-2021 GNA-BASF herbicide-fungicide trial conducted in the same location with the same products. 
During the 2020-2021 season treatment 8 generated the largest average yields and net-returns compared to all other treatments and was the 
recommended input bundle1. The previous season did experience rust pressure earlier in the season between R3 and R5 pod formation and      
seed-filling stages, resulting in significant yield loss in plots without fungicide applications. 

1) During the 2020-2021 season it’s possible that in the presence of rust pressure any negative interaction between fungicide products is masked by 
the benefits reduced disease injury. 
2) Alternatively, it’s possible that a product mixing error occurred during the current season, and that yields in treatment 8 plots were negatively 
impacted as a result. 

1Link to 2020-2021 GNA-BASF herbicide-fungicide trial report: 
https://7b7dcda8-7264-4c41-b9a2-b2e845d0c5d1.usrfiles.com/ugd/7b7dcd_99ad757831a046e09141cf4c57bcdf45.pdf

Application of Hammer herbicide provides greater weed control throughout the 
growing season and suppresses a wider range of weeds compared to Frontier 
Optima. However, this does not result in a significant yield difference among plots 
treated with Hammer or Frontier Optima.

Rust was first observed late in soybean development during pod maturation. Rust 
infection at this stage is not expected to largely impact soybean yields.

Treatment 7, which included application of Frontier Optima herbicide, and three 
applications of Opera fungicide generated the largest average yield and gross 
margin at 2.28 ton/ha and $832 USD/ha, respectively. 

When conducted thoroughly, hand weeding provides comparable weed control and 
yields to plots treated with herbicide products. However, as land size increases, the 
viability and fidelity of hand-weeding as a weed control option is expected to 
decrease.

Item $ USD/ Hectare

Certified Soybean Seed $80.00
Hammer (single application) $19.25
Frontier Optima $28.19
Opera (single application) $17.62
Priaxor (single application) $25.80

Hand Weeding* $59.31
Labor Costs                          
(Land preparation, planting, 
harvest, bagging)

$262.50

Item $USD/Kg of Seed
Grain Price $0.55 ($550.00/MT)

Input Costs

Labor Costs

Soybean Selling Price

Table 6: Product values used in Figure 5. *Hand-weeding 
assumes two rounds of weeding employing 6 laborers at a 
day rate of ~$2.47 USD. Each round of weeding covers 
two days of labor. 

Summary Values for Economic Analysis 




