
For soybean growers in the Interlake and Red River Valley regions of 

Manitoba, iron (Fe) deficiency chlorosis (IDC) is a common nutritional 

disorder and stress factor that severely limits yield potential when sensitive 

varieties are grown upon calcareous, high pH soils (Figure 1).  Selecting an 

IDC resistant variety remains the most cost-effective management practice 

growers can adopt to address this issue.  However, the rapid turnover and 

limited commercial lifespan of modern soybeans varieties means local 

agronomists and growers are hesitant to plant new genetics that have not 

been adequately screened for IDC resistance.  Obtaining reliable and 

consistent visual chlorosis scores (VCSs) between field environments and 

across growing seasons is also known to be problematic.  Fluctuations in 

temperature and precipitation, alongside spatial patterns in soil chemical 

properties (e.g. carbonates, salt levels, nitrates) (See Table 1) all contribute 

towards extreme variation in IDC symptoms within field research trials.  As a 

result, there is a regional need to develop a cost-effective and reliable 

greenhouse or growth room method to rate soybean cultivars and breeding 

populations for tolerance to IDC.
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➢ The “Cone-tainerTM” growing system adopted by soybean researchers in 

the US1,2 was successfully adapted by N49 Genetics to generate strong 

symptoms of IDC in a growth room setting with target soils sourced directly 

from commercial fields in Manitoba.

➢ Direct comparison of these Manitoba soils highlighted the importance of 

careful selection of growth medium towards generating IDC symptoms.

➢ Significant differences in seedling dry matter accumulation and visual 

chlorosis scores (VCSs) were detected in a 4 to 5 week time frame. 

➢ Handheld chlorophyll meters (AtLEAF), a thermal imaging camera (FLIR) 

and iOS camera app (Canopeo) were evaluated as affordable tools to 

collect non-destructive and quantitative data on seedling growth and stress 

tolerance. 

➢ N49 Genetics will continue to develop this soil-based methodology and 

applications toward screening soybean germplasm for IDC resistance and 

stress tolerance traits. N49 Genetics will also engage with external 

stakeholders seeking IDC screening services or research projects involving 

variations of this technique.
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The current project was initiated to develop a soil-based method that was 

simple, cost-effective and scalable so that a large number of soybean 

seedlings could be screened 12 months a year in a controlled environment.  

Compared to existing hydroponic systems for IDC screening, a soil-based 

system would be more economical and enable several belowground 

processes (e.g. N2 fixation, rhizosphere pH, root foraging) to be examined 

alongside IDC stress.  N49 Genetics is interested in developing these 

methods as a means of screening soybean breeding populations for multiple 

abiotic stress factors, including IDC.  In addition, N49 Genetics is evaluating 

related remote sensing and imaging approaches to assess soybean growth 

and stress tolerance in both field and controlled environments.

FIGURE 2. Soybean seedlings growing 

within Ray-Leach “Cone-tainerTM ” system, 

a space- efficient tube and tray system 

often used in nursery greenhouse 

production. White flow trays contain cups 

filled daily with the IDC sub-irrigation 

solution to induce IDC symptoms. Each 

white flow tray contains 24 seedlings (n=12, 

Mahony; n=12 Redvers).  Middle (Stonewall 

soil) and far-right (Marquette soil) trays 

contain the two high risk soils (Table 2) 

showing visible symptoms of chlorosis.  In 

contrast, the same two varieties grown in 

the low risk, non-IDC soil from Carberry (far 

left) and receiving the sub-irrigation solution 

to induce IDC symptoms remain green and 

do not display visible symptoms of IDC.  

Growth Chamber Screening Protocol

Sensors and Imaging Seedling Growth

Objectives FIGURE 4. Soybean seedlings of two varieties (Mahony, Redvers) were grown within Carberry, Marquette and 

Stonewall soils (See Figure 2).  Following emergence, individual seedlings (n=12 per soil tray) were imaged every 

3-6 days until seedlings were harvested for dry matter assessments. The Canopeo App (See Figure 3) was used 

to estimate % green pixel percentage (GPP) for each seedling. This method has previously been applied to 

indirectly estimate the biomass of sorghum seedlings without the need to harvest plants6. The relationship 

between progression of green pixel percentage (GPP = estimate of biomass) and actual seedling dry matter (DM) 

are displayed side by side on graphs above.

Manitoba Soils and IDC Symptoms

Summary and Future Direction
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FIGURE 1. Field and plant level symptoms of iron deficiency chlorosis (A-E). (A-C) Commercial 

soybean fields in the Rural Municipalities of Rockwood and Woodlands demonstrating severe 

symptoms of IDC were identified, geo-referenced, and soil sampled in 2019 for characterization of 

nutrients and chemicals. (D) Symptoms of IDC observed at the seedling level. (E) Top panels –

fully green unifoliate (left) and trifoliate (right) leaves showing no symptoms of IDC in growth room 

assays. Bottom panels – chlorotic unifoliate (left) and trifoliate (right) leaves demonstrating visible 

symptoms of chlorosis and reductions in leaf greenness.

Manitoba Soils and IDC Symptoms

Methodology
For growth room assays target soils from the Rural Municipalities of Rockwood and Woodlands were sourced from 

commercial soybean fields demonstrating severe symptoms of IDC. These soils were subsequently identified, geo-

referenced, and sampled (0-6”) for characterization of nutrients alongside relevant chemical and physical properties (Table 

2).  Reference non-IDC soils from the R.M. of North Cypress-Langford and a commercial potting mix (Table 2) were 

incorporated as a control/check growth medium.  Seeds of two regionally adapted varieties (Mahony, Redvers) grown by 

Riddell Seed Co. and Rutherford Farms Ltd., respectively were evaluated in the current assay.  Through seeding to harvest 

soybean seedlings were grown under 14h (day):10 (dark) light regime supplied by high output T5 fluorescent light ballasts.  

Day/night temperature regimes of 25/20ºC were maintained for the duration of the experiment with humidity maintained 

between 55-75%.  Design and setup of the “Cone-tainerTM” method closely follows that of Goos (2019)1 with the following 

modifications. IDC soils were sieved and directly used as medium as opposed to sand:soil mixtures with multiple soils 

evaluated side by side.  Sub-irrigation solution comprised 20mM sodium bicarbonate, 10 mM calcium nitrate and 80 mM 

sodium chloride.  Within the growth room trays and cells were rotated on a regular basis, with the data set analyzed as a 

randomized complete block design (RCBD).

FIGURE 3. Simple iPhone apps (Canopeo)3, a hand-held chlorophyll meter4 (AtLEAF), and 

thermal imaging camera (FLIR)5 were utilized to obtain quantitative information regarding biomass

accumulation, leaf greenness/chlorophyll content and leaf temperature of soybean seedlings 

exposed to IDC stress.  These tools are being assessed as a complement to visual chlorosis 

scores (VSC) frequently used to rate IDC.

Results and Discussion 
TABLE 3.  EFFECT OF SOIL TYPE AND IDC SOLUTION ON DRY MATTER PRODUCTION, VISUAL IDC SCORE, CHLOROPHYLL CONTENT
LEAF TEMPERATURE AND CANOPY COVERAGE OF SOYBEAN VARIETIES 

VISUAL CHLOROSIS AtLEAF AtLEAF Leaf Green Pixel SEEDLING

SCORE (VCSs)* LEAF GREENNESS LEAF GREENNESS Temperature Percentage (GPP) DRY MATTER (DM)

VARIETY SOIL TYPE (1-5 Rating) Unifoliate Leaf 1st Trifoliate Leaf (Celsius) 29 DAP g/plant

Mahony Carberry 1.0 c 37.0 a 35.8 a 28.8 d 3.64 a 0.52 a

Mahony Marquette 2.8 b 33.7 b 30.2 b 31.3 ab 2.30 bc 0.39 c

Mahony Stonewall 3.3 ab 31.6 c 30.7 b 33.7 c 1.95 bc 0.29 d

Redvers Carberry 1.3 c 37.3 a 38.7 a 33.1 ab 2.56 b 0.42 ab

Redvers Marquette 3.5 a 35.2 b 27.9 b 32.5 b 2.40 b 0.40 bc

Redvers Stonewall 3.3 ab 34.2 b 30.9 b 34.1 a 1.79 c 0.29 d

CV % 19.34 7.41 14.06 4.49 18.8 1.84

LSD (0.05) 0.4 2.1 3.7 1.1 0.80 0.06

Sign. Diff Yes Yes Yes Yes Yes Yes

DAP = Days After Planting

*= Visual chlorosis score (1 = green leaves, tolerant) (5 = severe chlorosis/yellowing, stunted)
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