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ABSTRACT 

Seed shattering is a common problem in early soybean production system (ESPS) in the Midsouth, which mainly uses 
maturity group (MG) IV soybeans. Many studies have been conducted on the genetics of soybean shattering resistance 
for individual varieties; however, information on the physiology of soybean shattering pattern under specific environ-
mental conditions, which is often critical to soybean growers, is very limited. Field experiments were conducted at 
Stoneville MS from 2007 to 2009 to investigate the shattering patterns of 80 - 132 MG IV soybean varieties each year. 
Results from 2007 and 2008 indicated that, when April-planted MG IV soybeans matured in mid- to late-August, pods 
of most soybean varieties did not shatter within the first three weeks after maturity (WAM) and there was no significant 
shattering effect on final yields. However, differences in pod shattering among the varieties became apparent in the 
fourth WAM. Late-planted MG IV soybeans, which matured in early September, had a low shattering rate and could 
hold seeds up to 6 WAM before reaching a critical shattering point. Most soybean varieties planted in April 2009 did 
not show significant pod shattering by the end of the fourth WAM. The critical point of shattering was not reached until 
6 - 7 WAM. Relatively lower temperatures and abundant rainfall during the late growing season in 2009 may be the 
main reasons causing delayed shattering in April-planted MG IV soybeans. Results from the May-planting of 2007 and 
the April-planting of 2009 indicated that soybeans maturing after September have much less problematic shattering. 
Different weather patterns, especially temperature and rainfall in each year could be essential factors affecting seed 
shattering patterns.  
 
Keywords: Soybean; Shattering; Maturity Group; Planting Date; Weather 

1. Introduction 

Drought stress is often a serious problem in soybean 
production and it is one of the major factors limiting 
yield, especially in areas with limited water resources. In 
these areas rain-fed soybean production system is com-
mon. Some early maturing soybeans may adapt well into 
these regions that drought stress often occurs. However, 
delaying harvest of the early maturing soybeans often 
cause serious yield reduction due to severe seed shatter-
ing [1,2].  

Soybean shattering was not a critical issue with con-
ventional soybean production in Mississippi and the 
Midsouth in the 1970s and 1980s, when majority of the 
soybean grown were maturity groups (MG) VI or later, 
and planted in late May and June. Since the early soy-
bean production system (ESPS) was introduced and 
adopted in Mississippi and the Midsouth in the early 
1990s [3], MG IV soybean has become the domin-  

ant group in the ESPS. An MG IV soybean variety grown 
under the ESPS is usually planted in April and mature 
from mid-August to early September in Mississippi [4], 
depending on the sub-MG, planting dates, precipitation, 
and temperature. As a consequence, the seed maturing 
process and the period thereafter often occur under 
heat-stress. On the other hand, many growers may not 
be able to harvest matured soybeans on time due to 
various reasons such as unfavorable weather conditions 
or labor and machinery shortage. Many growers in the 
Midsouth who grow soybean under irrigation also grow 
rice that matures at the same time as the MG IV soy-
beans. Therefore, the conflict between harvesting times 
often delays soybean harvest due to the higher crop 
value of rice.  

Seed shattering is considered as one of the major 
problems for soybean growers under the ESPS conditions 
[5]. Previous studies indicated that there were significant 
differences in shattering resistance among different va-  *Corresponding author. 
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rieties [6,7] and the characteristic of seed shattering is 
genetically controlled [6,8,9]. Other studies have also 
shown that each soybean variety has its specific genetic 
background that controls its shattering resistance [10-12]; 
however, within the same maturity group, soybeans re-
spond similarly to environmental factors and cropping 
practices such as temperature, precipitation, planting dates, 
harvesting times, etc. [13]. New soybean varieties with 
better shattering resistance can improve yield up to 50%, 
compared with the old varieties [14].  

In recent years, soybean varieties have been developed 
at a very fast pace and the average life span of a com-
mercial variety is only about five years. Therefore, it is 
obvious that studying shattering characteristics of an in-
dividual variety may not be particularly meaningful to 
soybean growers. Under this circumstance, studying the 
patterns and dynamic of seed shattering under specific 
circumstances, such as under ESPS, may be more rele-
vant to help growers to overcome the problem.  

Since information on shattering is very limited, an un-
derstanding of soybean shattering pattern and dynamics 
is essential to minimize yield loses in the ESPS in Mis-
sissippi. The current research responded to the following 
important questions: 1) which factor (or factors) plays a 
major role in seed shattering? 2) How does the interac-
tion between various factors (such as planting date, ma-
turity date, precipitation or soil moisture, and tempera-
ture) play a role in the seed shattering process? These 
questions were addressed by: 1) investigating shattering 
patterns and their associated characteristics under differ-
ent production systems and environmental conditions, 
and 2) identifying which factor was the main contributor 
to seed shattering of MG IV soybeans under ESPS.  

2. Materials and Methods 

Experiments were conducted in 2007, 2008 and 2009 at 
Stoneville, MS (lat. 33.4˚N, long. 90.9˚W). The tested 
varieties were selected from the variety list of Missis-
sippi soybean official variety trials (OVT) of the corre-
sponding years [15-17]. All the varieties were provided 
by public institutes and various private seed companies. 
The soybean varieties listed in the OVT during a par-
ticular year would most likely serve as the major variety 
selection source for state soybean growers the following 
planting season. Since MG IV soybeans are mainly used 
in the ESPS, soybeans varieties from MG IV (MG 4.0 - 
4.9) were examined in this study. 

In 2007 and 2008, field plots followed the conven-
tional field practice procedures used in Mississippi soy-
bean OVT [16,17], which plotted approximately 5 m 
length by 0.5 m row-space with 0.05 m interplant dis-
tance, except only 2-row plots were used (instead of 4- 
row plot in the OVT). In these experiments, four repli-

cates were arranged (instead of three replicates in the 
OVT) with a randomized complete block design (RCBD). 

In 2007, experiments were conducted on irrigated and 
non-irrigated fields adjacent to the Mississippi OVT sites. 
Seeds were planted on April 17 (April-planting) on both 
fields. A second planting was done on May 9 (May- 
planting) on the irrigated field. Eighty (80) MG IV varie-
ties were planted in these experiments. In 2008, a re-
peated experiment was conducted only on irrigated field 
and only for April-planting (April 23) with the same 80 
varieties used in 2007.  

In 2009, 132 MG IV soybean varieties were evaluated 
directly utilizing the Mississippi OVT plots established at 
Stoneville, MS [15]. Soybeans were planted on both irri-
gated and non-irrigated fields on April 24 (April-plant-
ing). The configuration of original plots was 4-row with 
5 m length, 0.5 m row-spacing and 0.05 m interplant dis-
tance. The experiment was arranged in a RCBD with 
three replications. After seed maturity, the middle two 
rows were harvested for seed yield and the outside two 
rows were used for shattering evaluation. 

Data Collection, Adjustment and Analysis  

In all three years, soybean shattering status for each vari-
ety was visually estimated at weekly intervals starting 
from two weeks after maturity (WAM) until six to seven 
WAM. The evaluation criteria have been described by 
Zhang and Boahen [18] and summarized in Table 1. No 
yield data were collected directly from the experimental 
plots for 2007 and 2008; however, yield data from the 
OVT plots at Stoneville location (with the same varieties 
planted at similar time and adjacent to these experiments) 
were used to examine the relationship between seed shat- 
tering and yield potential of each variety.  

Data were analyzed using Proc Mixed Model of SAS 
program and the differences between means was sepa-
rated with LSD at a = 0.05 level. The homogeneous ana- 
lysis has performed for the individual years and the re-
sults were varied greatly, most likely due to environ-
mental conditions of each year. Therefore, data was ana-
lyzed and reported separately.  

3. Results and Discussion 

In 2007, shattering patterns of soybean varieties planted 
in April on non-irrigated and irrigated fields showed 
some differences. On the non-irrigated field, plants sown 
in April matured between August 13th and August 21st 
with a mean maturity date of August 16th. Thirty seven 
and half percent (37.5%) of the varieties held seeds very 
well (shattering rate of 5% or less) and 51.2% of varieties 
held seeds relatively well (shattering rate of 6% - 14%) at 
3.5 WAM (Table 2). However, at 4.5 WAM, only 11.3% 

f varieties still held seeds with less than 15% shattering  o    
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Table 1*. Criteria and description used for estimation of the percentages of soybean shattering status in a plot. A 2-row plot is 
used and the plot length is 5 m long with 0.5 m row-spacing and 0.05 cm inter-plant distance.  

Scale % of shatter Criteria and observational description 

1 0 Absolutely no shattered pod 

2 2 Five or less shattered pods are observed in a plot 

3 5 More than five but less than 15 shattered pods are observed and they are mostly on the top of the plants 

4 10 
More than 15 shattered pods are observed, but it is estimated at 10% or less of whole pods in the plot. A few shattered pods 
are in the upper middle or middle of the stems 

5 15 
Many top pods are shattered and some of the lower portions of the pods are also shattered. This is considered as a critical 
stage that has a significant effect on seed yield 

6 20 - 30 
Almost all the top pods were shattered, and shattered pods on 1/4 of the plants. Pods shattering more than 25% results in  
severe yield loss 

7 35 - 50 All top pods shattered, and the shattered pods went down to the middle part of the plant 

8 60 - 100 Most of the pods are shattered 

*Adopted from Zhang and Boahen, 2010. 

Table 2. Three-year comparison of shattering status at approximately four weeks after maturity (WAM) for MG IV soybeans 
at Stoneville, Mississippi in 2007-2009†.  

Month/Year April 2007 May 2007 2008 2009 

 Non-irrigated Irrigated Irrigated Irrigated Irrigated 

WAM 3.5 4.5 4 4 4 3.5 4.5 

Shattering rate      

0 - 5% 30 (37.5) 1 (1.3) 15 (18.8) 45 (56.3) 17 (21.2) 114 (86.4) 69 (52.3) 

6% - 14% 41 (51.2) 8 (10.0) 42 (52.5) 23 (27.5) 39 (48.8) 11 (8.3) 39 (29.5) 

=/>15% 9 (11.3) 71 (88.7) 23 (28.8) 12 (16.2) 24 (30.0) 7 (5.3) 24 (18.2) 

†Data in the table are number of varieties in each shattering rate category. Total variety numbers are 80, 80 and 132 for 2007, 2008 and 2009, respectively. The 
number in parenthesis indicates the percentage of total.  

(Table 2). On the irrigated field, plants matured from 
August 14th to August 28th with a mean maturity date of 
August 21st. For the plants sown in April and grown un-
der irrigation, about 18.8% of the varieties held seeds 
very well whereas 52.5% of the varieties held seeds rela-
tively well at 4 WAM. However, 28.8% of varieties 
shattered 15% or more (Table 2). In contrast, for irri-
gated May-planting, plants matured from September 5th 
to September 17th with a mean maturity date on Septem-
ber 10th. Seed shattering was not significant with a 56.3 
% of varieties still holding seeds very well at 4 WAM. 
Plants of most varieties did not show significant shatter-
ing (over 15%) until about 6 WAM (Figure 1).  

 

Figure 1. Comparison of shattering patterns of MG IV soy-
beans between irrigated non-irrigated and irrigated April- 
plantings (N-AP & I-AP, respectively; planted on April 17) 
and irrigated May-planting (I-MP, planted on May 9) in 
2007. Data points were the means of 80 varieties.  

The above results indicated that the 4th WAM was a 
critical shattering point for MG IV soybeans planted be-
tween mid- to late April in Stoneville Mississippi, when 
seeds matured in mid- to late-August. However, if the 
seeds matured in early- or mid-September such as in the 
May-planting, seeds could be held in the pod well and 
shattering would not be a serious problem if the harvest 
was done within a month. 

ties planted in April and May held seeds well for the first 
three weeks after maturity. However, the major differ-
ence appeared four weeks after maturity (Table 2). Due 
to excessive rainfall during the later part of the 2008 
growing season, shattering scores beyond four WAM 

The shattering pattern in 2008 was similar to that for 
the previous year, in which most irrigated soybean varie-  
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could not be assessed. Therefore, shattering pattern for 
2008 season was not available for comparison.  

Maturity dates of soybean varieties within the same 
MG can be varied from 10 to 15 days depending on the 
time of planting and location [18,19]. Therefore, using 
the 2009 data, varieties were further grouped into early 
and late MG IV. For most early or late MG IV varieties, 
very limited shattering was observed even at the end of 
the 4th WAM (Figure 2). The critical shattering point of 
15% was not reached until at 6 - 7 WAM or later. Among 
the 132 MG IV varieties used, only 5.3% of the varieties 
had 15% or more shattering at 3.5 WAM, but shattering 
increased to 18.2% at 4.5 WAM (Table 2). However, 
there were still more than half (52.3%) of the varieties 
holding seed very well (5% or less shattering) at the end 
of 4.5 WAM. Overall, the data from 2009 revealed a 
similar shattering pattern for both early and late MG IV 
soybeans (Figure 2), which showed little shattering 
within three to four WAM, but shattering increased after 
four WAM. Compared with the results of soybean 
planted in April 2007 on irrigated field (Figure 1), the 
rate of increase in shattering and the time to reach 15% 
shattering score were much slower in 2009. The MG V 
varieties were also investigated and had a similar pattern 
comparison with MG IVs. However, since MG V soy-
beans were not the major focus of this study, results are 
not presented here.  

Comparing the seed shattering patterns between irri-
gated and non-irrigated April-plantings during the first 
three WAM in 2007, soybean plants showed similar 
trends of very limited shattering. However, after three 
WAM, non-irrigated soybeans shattered at a much faster 
pace than that of irrigated soybeans (Figure 1). May 
planted soybeans held seeds better after maturity than 
both irrigated and non-irrigated April-plantings. How-
ever, due to excessive rainfall during the late season in 
2009, no significant growth difference occurred between 
the irrigated and non-irrigated fields. Therefore, data on  

 

Figure 2. Comparison of times to critical shattering point 
(15%) between early MG IV (IV E), and late MG IV (IV L) 
soybeans in 2009. Planting date was on April 24. Data points 
represent means of 132 varieties. 

non-irrigated fields were discarded. Philbrook and Op-
linger [1] considered 10% seed shattering as a critical 
point that affect yield significantly in the Midwest; 
therefore, they suggested a critical harvest time within 
two weeks after maturity. Based on this study, soybean 
seed matured under ESPS in the Midsouth should still be 
able to hold seeds for at least three WAM before reach-
ing that 10% critical point (Figure 1).  

For both irrigated April-plantings of 2007 and 2009, 
the difference between planting dates was only a week 
(April 17 vs April 24), but the difference between matur-
ity dates was more than two weeks (August 21 vs Sep-
tember 7th). This difference should be the main reason, in 
addition to weather difference, resulting in different 
shattering patterns of 2007 and 2009. It may be possible 
that the extended one week growing period in 2009 in-
fluenced the shattering patterns of April-planting; more 
importantly the extended growth duration ending within 
late August and early September. If this one-week delay 
in maturity occurred during the mid- or late-September, 
shattering pattern would not be that significant. The de-
lay in seed shattering in 2009 was mainly caused by pre-
cipitation and temperature. The period from early Sep-
tember to late October in 2009 consisted of cool tem-
peratures (Figure 3) and abundant moisture (Figure 4) 
during the post seed-maturing time, providing a very 
favorable environment to retain seeds in the pods. The 
early and late MG IV soybeans of 2009 mostly matured 
in early to mid-September while those of 2007 mostly 
matured between mid- and late-August. In 2009, there 
were still about 40% late MG IV soybean varieties, 
compared with 21% in early MG IVs with less than 15% 
shattering at the end of 6 WAM. This indicated that when 
seed matured in September, shattering was delayed and 
seed could be held in the pods longer. Thus, the timing of 
seed maturity may be more important with regards to 
shattering patterns than the planting date or type of soy-
bean MGs. 

 

Figure 3. Comparison of the accumulative growing degree 
day (AGDD) of late growing season at Stoneville, Missis-
sippi in 2007 and 2009. The AGDD is an indication of effec-
tive temperature in soybean growth.  
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Figure 4. Precipitation during the late growing season at 
Stoneville, MS in 2007 and 2009.  

The shattering pattern of irrigated April-planting soy-
bean in 2009 was very similar to that of May-planting on 
the irrigated field in 2007, which both showed a slow 
increase of shattering rate. Though these two groups of 
plants were not planted at the same time period, they 
happened to have a very similar maturity time, in early 
September (Figures 1 and 2). This may indicate that the 
timing of seed maturity may be more important than the 
planting date or type of soybean MGs with regards to 
shattering patterns. Hence, it may be necessary to rec-
ommend to growers to purposely plant their soybeans 
aimed at maturity date around early September if shat-
tering is a concern. 

In both 2007 and 2009, no significant correlation was 
found between seed shattering of an individual variety 
and its yield (data not shown). This was somewhat ex-
pected due to the fact that majority OVT tests were har-
vested before significant seed shattering occurred. Mean- 
while harvest delay could occur at any time under wet 
conditions, and may cause significant yield reductions.  

Many other factors can affect harvest losses. These in-
clude row width [20], crop condition [21], weed infesta-
tions [13,22], and machinery [23]. However, little infor-
mation is available on the effect of weather pattern af-
fecting on soybean shattering, especially the rainfall ef-
fect on delaying crop growth and development and sub-
sequent influence on soybean shattering patterns. Results 
from this study can help us to thoroughly understand the 
phenomenon of seed shattering under ESPS and provide 
proper recommendations to soybean growers in Missis-
sippi and the Midsouth. Information from this study can 
also help to understand soybean shattering related issues 
in other regions since it is also a common problem oc- 
curring in soybean production.  

In summary, soybean shattering was not a serious 
problem within the first three WAM when MG IV soy-
beans were grown under ESPS in Mississippi. However, 
shattering accelerated in the 4th week when the plants 
matured in August, a period with relatively high tem-
peratures and dry conditions. Planting time may not be a 

critical issue but the time of seed maturity is a key factor 
that can influence pod shattering. Delayed planting and 
using relatively late MG (such as late IV) are manage-
ment options that could be practiced to shift the time of 
maturity from August to September in order to minimize 
pod shattering. In certain years, as in 2009, the weather 
conditions can also alter the seed maturity time. 

Further studies are required to answer the following 
questions: 1) To what extent can pod shattering resis-
tance be improved through enhancing the plant genetic 
background? and 2) If early soybeans planted in early 
April or March mature before mid- and late-August, will 
they be able to hold seeds for three WAM?  
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