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Evaluating 
Hail-Damaged 
Soybeans 
L. L. Hardman and D. R. Hicks* 

Introduction 

Hail frequently damages field crops in 
Minnesota. When hail damages soybeans 
early in the season, replanting is possible, 
but the facts needed to make a decision can 
be difficult to obtain. Stage of plant growth, 
calendar date, severity of plant damage, 
plant population, weed control, seed avail
ability, and labor and equipment costs must 
be considered in making the decision. 

This field guide can help you evaluate the 
extent and severity of hail damage to soy
bean plants. It can also help you compare 
expected yield losses due to reduced stands 
with losses due to late planting. Varieties 
recommended for late planting are listed on 
the last page. 

We begin with a sketch of a normal soy
bean plant identifying various plant parts 
and a description of their functions. Other 

*Extension agronomists, Department of Agronomy 
and Plant Genetics, University of Minnesota 
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sketches show soybean plants with different 
kinds of hail injury and regrowth. We discuss 
the relationship between soybean yield and 
population, leaf damage, and planting date. 

Finally, we provide a comparison work
sheet to help you calculate the expected 
differences in yield between a replanted field 
and the damaged field. 

Plant Part Functions 

Cotyledons 
Food stored in the cotyledons provides 

energy for the young plant until it has 
developed enough leaves to manufacture 
its own food. 

Leaves 
One function of leaf tissue is to intercept 

light (solar energy) and convert it into food 
(chemical energy). This food is used by the 
young plant to develop roots, stems, and 
more leaves. Rate of growth depends partial
ly on the amount of leaf area on the plant. 

Growing point 
The growing point at the top of the plant 

is a group of rapidly dividing cells wh'ere new 
leaves are forming. 

Axillary buds 
These buds are also growing points, but 

are semi-dormant as long as the point at the 
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plant top is alive. Branches grow from these 
axillary buds when soybean stands are sparse. 
Flowers and pods may form from these buds. 

Figure 1. 

Normal Soybean Plant 

Cotyledon-
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Figure 2. 

Main stem cut off 
below cotyledons 

~--cutoff point 

Main stem 

Hail-Damaged Plants 
Plants cut off below the cotyledons will 

not recover. In any plant stand evaluation, 
count these plants (figure 2) as dead. 
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Figure 3. 

Main stem cut immediately 
above cotyledons 

While some of these plants (figure 3) 
eventually die, most regrow from either 
one or both of the axillary buds located at 
the point where the cotyledons are attached 
to the main stem. The rate of regrowth is 
influenced by the amount of cotyledonary 
tissue remaining. 
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Figure 4. 

Main stem cut above 
unifoliolate node 

Axillary bud 

~unlfoUolate 

Plants cut off above the unifoliolate node 
(figure 4) can regrow from any of the four 
axillary buds, but are most likely to regrow 
from one or both of the upper buds. 

Green leaf tissue is what's important in 
generating regrowth. Even though the uni
foliolate leaves may be shredded and torn, 
the remaining green tissue is still able to 
generate regrowth. This regrowth should be 
visible within three to four days if growing 
conditions are favorable. 
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Figure 5. 

Typical Regrowth 
Pattern 

One or more axillary buds may develop 
after a main stem has been cut. Usually one 
becomes dominant (figure 5) because it 
develops to a greater degree than other 
"branches." Later, it can easily be mistaken 
for the original main stem unless the lower 
plant section is carefully inspected to locate 
the cutoff point. 
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In addition to shredding leaves and 
cutting stems, hail may bruise plant stems 
(figure 6). Bruises usually occur on the lower 
portion of the stem. The intensity of bruising 
ranges from a mild bruise, which is a simple 
break in the outer stem tissue, to a severe 
bruise, which exposes the central stem tissue. 

Plants with bruised stems that recover 
after a hail storm may break anytime before 
harvest. Such broken-over (lodged) plants 
usually produce pods and seed. Since they 
are lying on the ground, however, harvesting 
them may not be possible. 

It is impossible, shortly after damage, to 
accurately determine which plants will break 
over at a later time. Yield is not affected on 
bruised plants that do not break over. 

Plant Population 

When stands are reduced by hail early in 
the growing season, plants compensate for 
skips within the row by producing additional 
branches. If all these branches are harvested, 
the seed yield of soybeans is reduced only 
slightly, even if more than half the plants are 
missing. As plant density within the row 
decreases (fewer plants/foot), distribution of 
the remaining plants within the row becomes 
important in producing yields comparable to 
those from fields with higher densities. 
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Figure 6. 

Branch regrowth and 
stem bruises 
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Table 1 shows the effect of plant popula
tion on soybean yield. This relationship is 
valid for all soybean row spacings. For ex
ample, when stands are reduced to 50 percent 
of optimum population, yields are reduced 
only 10 percent (assuming weeds do not 
compete with remaining plants). Replanting 
just to reestablish a full stand is not usually 
economically justified when weeds are not 
a problem. 

Table 1. Effect of population reduction on yield 

Plants Percent Percent 
per acre of optimum yield produced 

157,000 
118,000 
78,000 
39,000 

100% 
75 
50 
25 

100% 
98 
90 
75 

You should now determine the population 
of live plants remaining in your field. Do this 
by comparing the previous pictures with 
plants in several areas of the damaged field. 
Count the actual number of living plants per 
foot of row in these several areas. Multiply 
your average number of plants per foot of 
row by the linear feet of row per acre for 
your row spacing (table 2) to obtain total 
plant population. Convert this number to a 
percentage by dividing it by 157,000. Finally, 
determine the expected yield reduction from 
the reduced stand using table 1. 
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Table 2. Linear feet of row per acre at various 
row spacings 

Row spacings Linear feet/acre 

40 inches 
30 
20 
15 
6 

Leaf Loss 

13,068 
17,424 
26,136 
34,848 
87,120 

Determine the amount of leaf tissue 
removed from plants in the same areas of 
the field used for the stand counts. It is the 
actual amount of leaf tissue removed or 
destroyed that reduces final grain yield. You 
must also determine the number of trifolio
late (3-lobed) leaves present immediately 
before hail damage in order to translate 
damage into yield loss. 

Table 3. Effect of leaf stage and damage on yield 

Trifoliolate 
leaf stage 

before hail 

2-4 leaves 
6-8 

Percent leaf tissue damaged 

25% 50% 75% 100% 

---------------Yield loss ----------
1% 
2 

6% 
7 

7% 
9 

21% 
24 

Late-Planting Yield Loss 
Since early May plantings usually result in 

maximum yields, a yield penalty should be 
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assigned to replantings after that period. 
Table 4 lists penalties for various planting 
dates. Another consideration is the delayed 
maturity of replanted fields. 

Table 4. Soybean yield losses due to planting after 
May 5 (Waseca and Lamberton 1975-78) 

Planting Date Yield loss 

May 5 0% 
May 10 1 
May 15 2 
May 20 3 
May 25 6 
May 30 9 

June 4 13 
June 9 18 
June 14 24 
June 19 30 
June 24 36 
June 29 43 

Other Considerations 

Other considerations in making the re
plant decision include: 

• Weed situation 

• Replant costs-seed, labor, fuel (currently 
10-15 percent of total replanting loss) 

• Seed availability 

Comparison Worksheet 

You have calculated the yield reduction 
likely from reduced stand and damaged 
leaves. Total them below to determine ex
pected loss if field is not replanted. 

14 



You have also estimated yield loss from 
late planting. Add that to the predetermined 
"other costs" to calculate replanting loss. 
Then, compare the two losses and consider 
your weed situation and seed availability in 
reaching a decision. 

• Field Not Replanted 
Expected loss due to: 

Reduced stand 

Damaged leaves 

Total loss 

• Field Replanted 
Expected loss due to: 

Late planting 

Other costs 

Total loss 

*Based on 1980 costs 

% ----
% 

% ----

% 

10-15* % 

% 

If your decision is to replant, select an 
appropriate variety from table 5 based on 
your planting date and location. 
Table 5. Recommended varieties for delayed 
planting 

Planting 
date 

June 20 
July 1 
July 10 

Southern 

Hodgson 78 
Evans 
Clay 

Zone 

South 
Central 

Evans 
Clay 
McCall 

Central 

Evans 
McCall 
McCall 
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