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In partnership with the Soybean Innovation Lab (SIL), Good 
Nature Agro (GNA) and OMYA-Idwala conducted SMART 
(Soybean Management with Appropriate Research and 
Technology) Farm targeted liming trial at a single location in 
Chipata, Zambia during the 2021-2022 growing season.

KuluCal/KuluCal20 Lime Placement 

Figure 1. Liming trial field 
location at Chipata, Zambia. The 
left photo shows soybean growth 
at 64 days after planting (photo 
taken March 9, 2022). The right 
photo shows soybean growth at 
full R8 maturity 122 days after 
planting (photo taken May 6, 
2022).

Figure 2. Diagram of three lime application methods utilized in this trial. 

Table 1. Treatment combinations for the targeted liming trial. F= in-furrow application, T= 
top-dress application, S= side-dress application. Usage of KuluCal or KuluCal20 liming 
products are shown under liming product. The numeric values in the treatment names correspond 
to the kilogram/ hectare amount of lime used in each application method. 

Table 2. Site information for the GNA & OMYA-Idwala targeted liming trial, including planting and 
harvest date. Dates are written as: month/day/year.

The targeted liming trial at Chipata was composed of 11 
treatment combinations (Table 1) utilizing three methods of 
lime application (Figure 2). Liming methods include      
in-furrow (F) application, in which lime was applied   
directly into the furrow alongside soybean seeds at     
planting, top-dress (T) application, in which lime was 
applied to the soil surface in a 10 centimeter band above 
the seed furrow at planting, and side-dress (S) application, 
in which lime was applied 5 centimeters from the seed 
furrow and 5 centimeters deep along-side NPK fertilizer 
application approximately 21 days after germination. For 
top-dress applications, application rates of 20, 80, or 150 
kg/ha were used. In-furrow and side-dress lime                
applications were set at 40kg/ha and 80kg/ha,               
respectively. KuluCal, a granulated calcium carbonate 
product, and KuluCal20, a granulated calcium carbonate 
product mixed with 20% gypsum were used as the liming 
agents. 

Each set of 11 treatments were randomized and 
replicated 4 times. The IITA soybean variety 
“TGX2014-16FM” was planted in 5 meter by 3 
meter plots with a seed spacing of 5                
centimeters. Each plot contained 4 rows with a 
spacing of 75 centimeters. Approximately 21 
days after germination at the V2 or V3           
developmental stage, NPK fertilizer was 
applied to all treatments as a side-dress 5 
centimeters from the seed furrow, and 5 
centimeters deep. 

Summary

Lime application did not generate a 
statistical improvement to soybean yields.

The “No-Lime” treatment generated an          
average gross margin of $2,030 USD 
and yielded 4.39MT/ha.

Lime application at least 30 days before   
planting may improve results. 

Treatment ID Liming Product Treatment

Lime In-
Seed 

Furrow (F)

Lime Surface 
Band Above 

Seed Furrow (T)

Lime Sidedress 
Band With 

Fertilizer (S) N:P:K-blend 
kg/ha kg/ha kg/ha kg/ha 

1 None No Lime - - - 40
2 KuluCal F-40 40 - - 40
3 KuluCal F-40 T-20 40 20 - 40
4 KuluCal F-40 T-80 40 80 - 40
5 KuluCal F-40 S-80 40 - 80 40
6 KuluCal T-150 - 150 - 40
7 KuluCal20 F-40 40 - - 40
8 KuluCal20 F-40 T-20 40 20 - 40
9 KuluCal20 F-40 T-80 40 80 - 40
10 KuluCal20 F-40 S-80 40 - 80 40
11 KuluCal20 T-150 - 150 - 40

In-Furrow  Top-Dress  Side-Dress
Seed-Furrow Fertilizer Side-Dress

Fer�lizer Lime 1 Lime 2 Seed #1
Product  NPK B lend KuluCal KuluCal- 20 TG X 2014- 16F M
Source - O mya- Idwala O mya- Idwala IITA

A c�ve Ingredient 6N: 20P: 24K + 3S + 0.5Z n CaO - 52% CaO - 52%  +  20%  gypsum
A pplica�on rate 40kg/ha Various Various 320,000/ha

Country Location Planting Date harvest date Latitiude Longitude Elevation
Zambia Chipata 1/4/2022 5/14/2022 -13.679133 32.7398 1173
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Table 5: Soil fertility results for the Chipata targeted liming 
trial generated from Brookside Laboratories. Soil nutrient 
amounts are displayed in parts-per-million (mg/kg).

Table 7: Averages, Least Significant Differences (LSD) at an alpha of 0.05, and Coefficient of       
Variations (CV%) for yield, stand count at V2, R1 flowering, 100 seed weight, and grain moisture at 
harvest for the 2021-2022 targeted liming trial. P-values for each treatment main-effect or              
interaction are represented as follows: (.)>0.10, (*)>0.05, (**)>0.01, (***)>0.001. 

Soil properties for the Chipata site are shown in Table 5. The soil has a pH of 5.9. Optimal 
soil pH for soybean ranges from 6.5-7.0, so additional liming would be recommended for 
this site. Potassium levels are 182ppm, sufficient soybean production (threshold 110ppm). 
Soil phosphorus levels are shown to be above our 30 ppm threshold for sufficient soybean 
production and no amendments are recommended.

An Analysis of Variance (ANOVA) was conducted in R using the package “car” to test the 
main treatment effects of each treatment combination in the targeted liming trial. The 
Shapiro's Wikle and Brown-Forsythe test were employed to confirm residual normality and 
homogeneity of variance respectively. Based on the ANOVA, none of the treatment 
combinations generated a statistical improvement to soybean yields. 

Table 6. Monthly rainfall, and minimum and maximum 
temperatures observed during the trial. 

Seasonal temperature and precipitation information for the Chipata field site are 
displayed in Table 6. Temperatures peaked a month before planting in December reaching 
32.3°C. A minimum temperature of 22.8°C was observed in February. Between the months 
of December and May, the total observed rainfall was 731 mm. 

Table 4: Germination test results. 

The seed lot used for the trial was tested prior to planting (Table 4). 400 seeds were    
divided in to 4 100-seed tests. Germinated seedlings were counted at 5 and 8 days after 
planting. Abnormal seedlings exhibiting any damaged or absent organs were not counted 
as successfully germinated. Soybeans germinated at an average rate of 89%. Tests were 
either conducted using the soil or paper towel method.

The lack of lime effect on soybean yields in the current trial mirrors the results observed in the 2020-2021 liming trial at Chipata.  Several factors 
may contribute to this result: 1) Traditional pH amendments require 1-5 metric tons of lime per hectare to observably increase soil pH. Given this 
trial’s minimal approach to liming, it is possible any yields benefits are too small to resolve. 2) Lime application is typically applied after harvest. This 
allows time for the lime to dissolve into acidic soils between planting seasons. In this trial lime was applied before planting to reflect when small-holder 
farmers have the resources to buy inputs and to coincide with the seasonal rains. Earlier application of lime may be necessary. 3) While granulated 
lime neutralizes soil acidity faster that calcitic or dolomitic agricultural lime, it is still a relatively slow processes requiring months to take full effect. 
Liquid lime may be an appropriate alternative for small-holders. Liquid lime is reported to neutralizes soil acidity more rapidly and is better 
positioned to produce pH benefits from a pre-planting application. 

Mean yields ranged from 4.59 tons/ha (F-40_S-80) to 4.15 tons/ha (F-40_T-20). Stand count ranged from 144 (No Lime) to 120 (F-40_T-20) plants 
the V2 developmental stage. Despite high seed germination rates, only 66% of planted soybeans were counted at the V2 stage. Heavy storms after 
planting is the reported cause. R1 flowering was 43 days after planting. Mean values for 100 seed weight ranged from 20.8g to 19.5g and seed 
moisture ranged from 11.4% to 10.7% for all treatments.

Test Method Units Chipata
Soil Ph 1: 1 -  W ater Ph - 5.9

Phosphorus (P) Mehlich III ppm 48
Potassium (K) Mehlich III ppm 182
Calcium (Ca) Mehlich III ppm 1350

Magnesium (Mg) Mehlich III ppm 238
Sulfur (S) Mehlich III ppm 8
B oron (B ) Mehlich III ppm <  0.20

Copper (Cu) Mehlich III ppm 2.36
Iron (F e) Mehlich III ppm 63

Manganese (Mn) Mehlich III ppm 114
Z inc (Z ) Mehlich III ppm 2.18

Sodium (Na) Mehlich III ppm 0.64
O rganic Ma er Loss on Igni�on % 2.47

Test 1 Test 2 Test 3 Test 4
Seeds Tested 100 100 100 100

Healthy Seedlings 90 87 89 90
Abnormal Seedlings 1 7 1 3

Dead Seeds 9 6 10 7
Germination Rate (%) 90 87 89 90 89

Treatment Product Treatment
Rank 
Yield Yield 

V2 Stand 
Count 

R1 
Flowering

100 seed 
weight Moisture

ton/ha count day g %
10 Kulu-Cal20 F-40 S-80 1 4.59 128 43 20.7 11.3
1 None No Lime 2 4.39 144 43 20.3 11.2
6 Kulu-Cal T-150 3 4.32 126 43 20.8 11.4
11 Kulu-Cal20 T-150 4 4.29 133 43 20.1 11.2
7 Kulu-Cal20 F-40 5 4.24 135 43 20.0 11.2
5 Kulu-Cal F-40 S-80 6 4.23 136 43 19.8 11.3
2 Kulu-Cal F-40 7 4.21 130 43 19.8 11.5
4 Kulu-Cal F-40 T-80 8 4.21 130 43 20.3 11.3
8 Kulu-Cal20 F-40 T-20 9 4.21 131 43 19.5 10.7
9 Kulu-Cal20 F-40 T-80 10 4.16 140 43 19.8 11.1
3 Kulu-Cal F-40 T-20 11 4.15 120 43 19.5 11.2

AVG 4.27 132.0 43.0 20.0 11.2
LSD (0.05) 0.41 24.5 0.0 0.9 0.7

CV% 6.48 12.3 0.0 3.3 4.4

Month

Max 
Temperature 

(°C)

Min 
Temperature 

(°C)
Rainfall 

(mm)

December 32.3 21.0 39
January 23.9 18.3 358.3
February 22.8 18.4 239.8
March 24.6 18.2 55.2
April 24.3 16.9 38.8
May 25.6 14.8 0.2
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Figure 3: Treatment adjusted yields (line graph) and gross margins (bar graph).

Figure 4 Nutrient bioavailability in relation 
to soil pH .1

1) Fernandez, F., & Hoeft, R. (2009). Managing Soil pH and Crop Nutrients. Illinois Agronomy Handbook (24th ed pp 90-112). University of Illinois at 
Urbana-Champaign Department of Crop Sciences.

Many farmers in Sub-Saharan Africa are faced with the challenge of acidic soils (soil pH’s less than 6.0). Soil pH plays a large role in determining 
what nutrients are available for uptake by the roots of crops. In situations where soil pH is too low (acidic soils) or too high (basic soils) even if 
nutrients are present, they are not in a form that is accessible or usable by crops (Figure 4). To address acidic soils, liming products are               
traditionally applied at rates of several metric tons per hectare to increase soil pH. For many of SIL’s growing partners, such large-scale            
application of lime is not feasible or cost-effective.  The 2021-2022 SMART Farm targeted liming trial attempts to address this challenge by 
assessing the yield benefits of targeted liming application in or around the rootzone of soybean plants using a fraction of traditional liming  
rates. 

The gross margins and adjusted yield averages from the trial are displayed in Figure 3.  In this trial, the “No-Lime” treatment (represented as 
the gray bar) is our point of comparison. The “No-Lime” treatment generated an average gross margin of $2,030 USD and yielded 4.39MT/ha. 
Given the low pH values for this location (pH= 5.9) lime amendments are expected to improve soybean yields. 

The “F-40_S-80” treatment (40kg/ha of lime applied in-furrow and 80kg/ha applied as a side-dress) using KuluCal20, generated the 
highest gross margins and average yields at $2,082 USD and 4.59MT/ha. This represents a marginal ratio increase of 1.02 compared to the 
“No-Lime” treatment, and a 1x return on the cost of lime. However, the non-significant ANOVA results paired with the comparable returns 
in the “No Lime” treatment, indicate the No lime is preferable. 

KuluCal20

KuluCal



Item $USD/Hecatre ($USD/Kg) Source

Cer�fied Soybean Seed $80.00 ($1.60/kg) 1
NPK fer�lizer $42.40 ($1.06/kg) 2
KuluCal Lime Various ($0.50/kg) 3

KuluCal20 Lime Various ($0.50/kg) 4

Labor (land prepara�on, 
plan�ng, weeding, 
harvest, bagging)

$262.50 5

Item $USD/kg of Seed 
Seed Price $0.55 ($550.00/MT) 6

Input Cost

Labor Costs

Soy Selling Price

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.

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

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, 

Internal SIL communications, 

Internal SIL communications, 

Internal SIL communications, 

Internal SIL communications
Internal SIL communications, www.selinawamucii.com (2022), indexmundi (2022)

1)

2)

3)

4)

5)

Source

Definitions Values for Economic Analysis 

6)
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