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Abstract: Today, the demand for soybean for feed industry and food production in Germany is met by imports from South and North America. Soybean cultivation in Germany, although challenging, will be of interest in the future due to an increasing demand for non-genetically modified (NGM) soybeans. To meet this rising demand for NGM soybeans and to increase resource use efficiency there is a need to reduce soybean harvest losses arising from harvesting with combine harvester. The height of the first pod can be a major factor affecting harvest losses, especially when it is not possible to maintain a sufficiently low cutting height. From 2011 to 2013, six soybean varieties were cultivated using two cropping systems (conventional

‘CON’ and organic ‘ORG’) at the Osnabr ück University of Applied Sciences in a randomized block design with four replications to investigate the effect of first pod height and plant length on harvest losses and the effect of the cropping system on these parameters. Before harvesting with an experimental harvester, 1.5 m2 per plot were harvested manually as a reference. First pod height, number of pods per plant and plant length were determined on 10 plants per plot. Over the three years of the study, the first pod height (10.4 cm) and plant length (81.4 cm) were on average higher under conventional conditions compared to organic cultivation (7.3 cm; 60.9 cm). On average, lower harvest losses (25.6% vs. 39.2%) and higher grain yields (20.8 dt ha−1 vs. 16.9 dt ha−1) were also observed under conventional cultivation. Varieties differed significantly in grain yield, first pod height and plant length. A high first pod height was related to a longer plant length and lower harvest losses at both sites. However, a high first pod height and a high plant length did not lead to higher grain yields on any of the plots. These results indicate that harvest efficiency can be improved by choosing varieties with long plant lengths if it is not possible to maintain a low cutting height when harvesting with a combine harvester. 
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1. Introduction

ability and highly valued in the international food industry for animal and human consumption [1]. The global demand for Soybean (Glycine max (L.) Merr.) is an important legume

soybean is rising each year, particularly as the world pop-crop characterized for its protein quality and biological avail- ulation is shifting towards consuming more food products c
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derived from livestock. In Germany, the demand for soy- reduced compared to conventional farming while this yield bean for livestock feed is mainly met by imports from North difference is highly dependent on crop species and site

and South American (3.6 Mio. t per year), while in contrast, characteristics [16,17]. For soybean, lower yields as well as only about 15800 ha were cultivated locally in 2016 [2]. The higher yields were demonstrated under organic compared

increasingly popular cultivation of genetically modified (GM) to conventional cropping conditions [17,18]. There is a lack soybean in the Americas combined with stricter regulations of information on the impact of different cropping systems for organically produced soybean for human nutrition will (conventional vs. organic) in combination with different soy-likely lead to an increasing demand for GM-free soybeans

bean varieties on yield and growth traits affecting harvest in the future [3,4]. In the context of climate change and losses (e.g. plant length, first pod height) under German sustainable land management, the importance of organi- climate conditions. 

cally cultivated soybean is increasing [5]. Therefore, the Therefore, the aim of this study was to investigate the

cultivation of regional organic and conventional soybean

impact of variety choice in an organic and a conventional will not only be interesting, but also a challenge for the fu- cropping system on yields and the growth traits of soybean ture. Soybean varieties are known to respond differently to varieties in relation to combine harvester losses. 

environmental and climate conditions, such as drought, low temperatures and nutrient availability as well as manage- 2. Material and methods ment system (e.g. seeding rate, row width, planting date) by changing their growth patterns and yield components such

Field trials took place at the experimental farms of Os-

as number of pods per plant, and 1000-grain weight, but

nabr ück University of Applied Sciences in close proxim-

also their morphology, e.g. plant length and first pod height ity (52.32◦N; 8.04◦E) with two different management sys-

[6–8]. There are high-yielding soybean varieties with early tems (organic (ORG) at Waldhof and conventional (CON) at

maturity groups (00 and 000, respectively) available for the Nettehof/Langsenkamp) during three consecutive seasons

German climate conditions, with yields being highly corre- (2011-2013). Waldhof is a certified organic farm according lated with temperature at flowering time [8]. Additionally, to European Union and Bioland regulations since more than stable yields at a lower level were observed for very early 20 years. The sites are located in the temperate oceanic

maturing varieties (maturity group (MG) 000) with a high tol- (Cfb) climate zone [19] with a mean annual air temperature erance of cold conditions while early maturing varieties (MG

of 9.5◦C and a mean annual precipitation of 883 mm. Six

00) have achieved higher yields in years with higher tem- early to very early maturing soybean varieties (Aligator: ma-peratures [8]. Other aspects, besides climate adaptability turity group (MG) 000; Aveline: MG 000; ES Mentor: MG

and yield potential of soybean varieties, are growth traits in- 00; Gallec: MG 000/00; Lissabon: MG 000; Sultana: MG

fluencing soybean harvest losses such as plant length, first 000) were grown in a randomized block design with four

pod height and pod stability [9,10]. Philbrook and Oplinger replications. For inoculation treatment the product HiStick

[9] observed soybean harvest losses ranging from 5.5 to (BASF) was used in 2011, while Force48 (BASF) was used

12% of the potential yield. They attributed these harvest in 2012 and 2013 (4 g kg−1 seeds with more than 2*109

losses to delayed harvest time, which led to increased plant viable cells g−1). Both products contain the Bradyrhizobium lodging and increased pre-harvest shatter and stem losses. japonicum strain 532c. The seeds were inoculated directly Shatter losses are influenced by grain moisture at harvest, before sowing according to the manufacturer’s recommen-with low grain moisture leading to high shatter losses [11]

dations. Each year, the field plots were ploughed and the and by the gene expression for the thickening of the ligni- seedbed prepared for sowing. The plot width was 1.5 m fied fiber cap cell walls of the pod [12]. Soybean harvest with a plot length of 10 m and a total plot size of 15 m2. The losses derived from lodging were related to an increased

row spacing between the 4 rows of each plot was 37.5 cm. 

plant length and plant population density [13,14]. Besides, The seeding rate was increased from year to year (from 65

Weber and Fehr [13] observed 12.2% stem losses due to kernels m−2 to 77 kernels m−2, see Table 1) to compensate a higher cutting height of 16.5 cm. Schnug and Beuerlein

low emergence, plant damages by birds and plant damages

[15] mentioned that stem losses can be greater than 10% if by mechanical weeding. Nets were used in 2013 under

proper combine adjustment is not possible (e.g. on stony

ORG to protect the plants from birds. The harvest time

soils). Therefore, first pod height can be a major factor was adapted to the different maturity groups. The irrigation affecting harvest losses, especially when pods form below was performed as required. Detailed descriptions of the

the cutting height [9,10]. It has been frequently reported soil conditions and the timing of management operations at that crop yield under organic farming conditions is often each field and year are given in Table 1. 
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[image: Image 1]

The plant length and first pod height were measured on

Pearson (p = 0.01) among the parameters were computed

10 randomly selected plants per plot in real field position on the basis of the data from three years for both cropping after elongation growth was completed. Before harvesting

systems. 

with an experimental combine harvester, 1.5 m2 per plot

divided into two areas were harvested manually. Before

3. Results

the whole plants were cut directly above the soil surface, the plants were counted to determine the plant population In 2011, the warm and dry spring led to beneficial condi-density. In each year of the trial, the cutting height was set tions for soybean emergence. In June and July, there was

at 10 cm for both systems; this was the minimal necessary sufficient water for flowering and seeding (Figure 1). 

height due to a stony soil at ORG. For each plot, the number In 2012, the spring season was cold, while July received

of pods per plant were counted on 10 randomly selected

above average rainfall. At the end of June at the R2 stage plants from the manual harvest. Two yield results were

(full bloom), night temperatures were lower than 10◦C re-

estimated: the combine harvested (CH) yield from an area

sulting in flower losses. The spring season in 2013 was also of 13.5 m2 and manual yield from an area of 1.5 m2. The

cold while in June and July precipitation was below the long-CH yield and manual yield were standardized to a grain

term average. Thus, the plots were irrigated as required. 

moisture content of 86% while the measured grain mois- Significant system and year effects were observed for all ture was taken into account. Losses were investigated by

parameters as well as some interactions. The analysis

comparing the combine harvested yield with yield from the of variance results for the varieties within the two growing manual harvest. 

systems over the three years studied are shown in Table 3. 

Statistical analysis was performed with the SPSS soft-

Due to different weather conditions, separate post-hoc

ware (version 24, SPSS, Inc, Chicago, IL, USA), by using

tests were conducted for system×variety for each year. CH

the procedure ‘Mixed’ and followed by a LSD post-hoc test. yield was higher under conventional conditions on aver-The factors - year, variety and system - were considered

age by 3.8 dt ha−1. Large differences between the years, 

to be fixed while the factor block within a year and system systems and varieties were determined (Table 2). 

was considered to be random. Correlations according to

Figure 1. Monthly precipitation (bars) and air temperature (curves) during vegetation period March–October for 2011–

2013 and for the long-term average (LTA) from 1981–2010. Data source: [20]. 
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Table 3. P-values from the mixed model for combine harvested (CH) yield, harvest losses, first pod height, plant length, plant population density, and number of pods per plant (bold numbers indicate level of significance p < 0.05). 

Factor

CH yield (dt

Harvest losses

First pod

Plant length

Plant

Number of

ha−1)

(%)

height (cm)

(cm)

population

pods per plant

density (plant

m−2)

Variety (V)

< 0.001

0.496

< 0.001

< 0.001

< 0.001

0.005

System/Site* (S)

< 0.001

< 0.001

< 0.001

< 0.001

0.022

0.001

Year (Y)

< 0.001

0.001

< 0.001

< 0.001

0.001

< 0.001

V×S

0.001

0.663

0.920

< 0.001

0.020

0.244

V×Y

< 0.001

0.109

0.162

< 0.001

0.002

0.766

S×Y

0.102

0.283

0.324

< 0.001

< 0.001

< 0.001

V×S×Y

0.004

0.686

0.045

< 0.001

0.319

0.565

* The organic system was performed on the site Waldhof, the conventional system on the site Nettehof/Langsenkamp The highest CH yields were observed in 2011 ranging

For plant population densities and number of pods per

between 17.2 to 28.7 dt ha−1 at ORG and 22.0 to 31.9

plant, significant effects of year, system, variety, and the dt ha−1 at CON with best results for ES Mentor in both

interaction between year×system were observed. Addition-

systems. In 2012 the lowest CH yields were observed with

ally, the interaction system×variety had a significant effect Aveline at 8.3 dt ha−1 (ORG) and 13.3 dt ha−1 (CON). on plant population density (Table 3). On average, plant pop-CH yields in 2013 were slightly higher compared to 2012. ulation density was higher under conventional conditions There were significant effects of year and system on har- (+ 8.2 plants m−2), especially in 2012, while the number of vest losses, but no interactions and no influence of variety pods per plant was slightly higher at ORG (+ 2.9 pods per were determined (Table 3). Average harvest losses in 2011

plant) with variation between the years and varieties. 

(24.3%) were consistently lower than in 2012 (38.7%) and

The highest plant population density at ORG was reg-

2013 (34.4%) (Table 2). No significant differences between istered in 2011 with 39.5 plants m−2 (ES Mentor) and at

the harvest losses in 2012 and 2013 were detected. Or- CON in 2012 with 48.8 plants m−2 (Aveline). In 2012 at ganic growing conditions resulted in higher average harvest ORG, damages caused by birds reduced plant population

losses (39.2%) compared to conventional growing condi- density at some plots resulting in the lowest plant popula-tions (25.6%). 

tion density of 23.3 plants m−2 (ES Mentor). The lowest

First pod height and plant length were significantly influ- plant population density at CON was observed in 2013 with enced by year, system and variety. Additionally, a significant 29.3 plants m−2 (Lissabon). Under organic conditions, the year×system×variety interaction was observed (Table 3). number of pods per plant ranged between 19.3 (Lissabon, First pod heights were consistently lower at ORG compared 2011) and 32.8 (Sultana, 2012), while at CON the number

to CON (on average 3.1 cm) (Table 2). The highest first of pods per plant ranged between 15.1 (Aligator, 2011) and pod heights were observed in 2011 at 9.4 cm (Lissabon)

33.6 (Sultana, 2013) (Table 2). 

at ORG and at 12.8 cm (Aligator) at CON. In 2013, the

Since there were no differences between the correlation

lowest heights of the first pod were measured at ORG at

coefficients when they were calculated separately for each 5.6 cm (Lissabon) and at CON at 7.9 cm (Aligator). The

cropping system, results are presented together for both

average difference in plant length between the two crop- systems. The analyses of correlations (Table 4) showed ping systems amounted to 20.4 cm. Plant lengths under

significant negative relations between harvest losses and conventional growing conditions were longer in each year, CH yield. 

especially in 2012. The longest plant length was observed First pod height was positively correlated with plant

for Aveline: in 2011 at 72.8 cm at ORG and in 2012 at 100.3

length and negatively with harvest losses. Furthermore, 

cm at CON. At ORG, the plant length was shortest in 2012

the results reveal significant positive correlations for plant at 45.2 cm (Gallec), while at CON plant length was shortest population density with plant length and first pod height as in 2013 at 54.1 cm (Sultana) (Table 2). 

well as a significant negative correlation with harvest losses. 
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Table 4. Correlation coefficients of agronomic characteristics for the mean of six soybean varieties of both cropping systems (n = 136). 

CH yield (dt

harvest

first pod

plant length

number of

ha−1)

losses (%)

height (cm)

(cm)

pods per

plant

Harvest losses (%)

−0.704*

First pod height (cm)

0.409*

−0.522*

Plant length (cm)

0.236

−0.449*

0.666*

Number of pods per plant

−0.151

0.061

−0.113

0.076

Plant population density

0.198

−0.321*

0.412*

0.577*

0.090

(plant m−2)

* Correlation significant at p = 0.01. 

4. Discussion

with precipitation at harvest time. The results of our study indicate that soybean plants are able to change their growth Climate effect

patterns and yield components in respect to environmental and climatic conditions. This had already been confirmed

All recorded variables responded to the different weather by other researchers [6,7,25]. 

conditions in each year. 

In 2011, beneficial tempera-

tures during emergence (April/May) and harvest (Septem- Varieties ber/October) as well as sufficient water during flowering and low precipitation during harvest resulted in the highest The varieties tested in our study responded differently to CH yields of all years with differences between the varieties the weather conditions in each year and to the cropping

and cropping systems. Plant population density at harvest systems. In 2011, the early maturing variety ES Mentor

and the number of pods per plant were lower than in 2013. (MG 00) benefited from air temperature above the long-Presumably, the high CH yields in 2011 were achieved

term average, which led to the highest CH yields. But the due to high 1000-grain weights (Table 2). Several authors difference between maximum and minimum yield of ES

[21–25] also observed higher 1000-grain weights when Mentor amounted to 25.3 dt ha−1. In contrast, Aligator

the number of pods per plant was lower. The first pod

(MG 000) achieved moderate CH yields in all years but

height was higher in 2011 compared to 2012 and 2013. the difference between maximum and minimum yield was Beneficial weather conditions at harvest and higher first much lower (13.8 dt ha−1) compared to ES Mentor. These

pod heights may have led to low harvest losses in 2011. results are in line with Balko et al. [8], who determined In 2012, low temperature during flowering caused flower

stable but moderate yielding varieties with high tolerance to losses which resulted in the lowest CH yields. Balko et al. cold conditions and very early maturity. Furthermore, the

[8] and Kurosaki et al. [23] also determined flower losses varieties tested in our study showed significantly different and reduced pod setting when air temperatures were lower

plant lengths and first pod heights. The positive correlation than 10◦C during the flowering stage. Additionally, plant observed between first pod height and plant length was

population density was reduced at some plots in our field also obtained in other experiments [10,28]. However, Cober trials due to damages from birds. In these plots with a

et al. [29] found no correlation between first pod height and low plant population density, a higher number of pods per plant length, but a higher first pod height correlated with ad-plant, lower first pod heights and shorter plant lengths

ditional nodes without pods at the bottom of the main stem. 

were observed. Leithold et al. [26], Lueschen and Hicks In several studies, longer plant lengths led to increased

[23] and Stock et al. [27] also observed a higher number lodging which is considered as a factor influencing harvest of pods per plant with low plant population densities. In losses [9,10,13]. Since in our study, lodged plants occurred our study, reduced yields due to lower plant population

rarely, we suggest that harvest losses did not result from densities were not prevented by a higher number of pods

lodging. Furthermore, higher first pod heights were associper plant which was probably attributed to low 1000-grain ated with decreased harvest losses in our study. Although weights in 2012. Although the seeding rate was increased

Philbrook and Oplinger [9] determined that harvest losses in each trial year, CH yields and plant population density resulted primarily from threshing and shatter losses, the at harvest were not significantly higher in the third year. results of our research suggest that harvest losses also Low spring temperature may have led to low emergence. result from low first pod heights. The cutting height was Additionally, weather conditions at harvest time were wet kept at 10 cm due to a stony soil at ORG as well as at CON, compared to the long-term average which could also have

so that pods below the cutting height remained on the stem been a reason why CH yields in 2013 were lower than in

after harvesting with the combine harvester. Ramteke et

2011. Philbrook and Oplinger [9] also observed lower yields al. [10] also observed higher harvest losses when first pod 11

heights were below the cutting height. However, where it some growth traits was investigated in our study, further is possible to maintain a low cutting height, very few pods detailed research is needed to clarify the yield limiting and remain on the stem [9]. Furthermore, high CH yields were growth affecting factors (e.g. soil fertility) under organic not attributed to higher first pod heights in our study and cropping conditions. Furthermore, there are no soybean

also in other field trials [10]. CH yields are directly influ- varieties available which have been bred specifically for or-enced by variety, cropping system and weather conditions. ganic cropping systems. Therefore, further research should These results confirm our observation that ES Mentor had

focus additionally on breeding organic soybean varieties

the highest yield potential but showed short plant lengths with respect to stabilized yields, as well as growth traits and low first pod heights, while Aveline had the lowest yield influencing harvest efficiency. 

potential and showed long plant lengths and high first pod heights. 

5. Conclusion

Cropping system

In the three years of the study, we observed lower CH yields, first pod heights and shorter plant lengths, and higher har-CH yield, first pod height and plant length were consistently vest losses under organic growing conditions. The varieties higher under conventional compared to organic cropping

with longer plant lengths and higher first pod heights did not conditions whereas harvest losses were higher at ORG

necessarily lead to higher CH yields but to lower harvest than at CON. De Ponti et al. [16] pointed out that yield losses at ORG and CON. Improving the harvest efficiency

limiting conditions like water and nutrient availability, pest of organic soybeans is of importance to serve increasing

activities, diseases and weeds are more easily to control demands. This study indicates that yield performance and

under conventional than under organic conditions. Global

harvest efficiency can be improved specifically for ORG con-meta-analyses demonstrate that the yields of organic soy- ditions by choosing varieties with moderate but stable yields bean achieved on average 90% of conventional yields, with and long plant lengths. This can lead to reduced harvest

large differences between regions [16,17]. The authors in- losses, especially at sites where a low cutting height is not dicated that the gap between soybean yield under organic

feasible (e.g. stony soil) or yield potential is low. 

and conventional growing conditions were smaller than the yield gap between non-legumes due to a high N supply
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Abstract: Today, the demand for soybean for feed industry and food production in Germany is met by
imports from South and North America. Soybean cultivation in Germany, although challenging, will be of
interest in the future due to an increasing demand for non-genetically modified (NGM) soybeans. To meet
this rising demand for NGM soybeans and to increase resource use efficiency there is a need to reduce
soybean harvest losses arising from harvesting with combine harvester. The height of the first pod can be a
major factor affecting harvest losses, especially when it is not possible to maintain a sufficiently low cutting
height. From 2011 to 2013, six soybean varieties were cultivated using two cropping systems (conventional
‘CON’ and organic ‘ORG’) at the Osnabriick University of Applied Sciences in a randomized block design
with four replications to investigate the effect of first pod height and plant length on harvest losses and
the effect of the cropping system on these parameters. Before harvesting with an experimental harvester,
1.5 m? per plot were harvested manually as a reference. First pod height, number of pods per plant and
plant length were determined on 10 plants per plot. Over the three years of the study, the first pod height
(10.4 cm) and plant length (81.4 cm) were on average higher under conventional conditions compared to
organic cultivation (7.3 cm; 60.9 cm). On average, lower harvest losses (25.6% vs. 39.2%) and higher grain
yields (20.8 dt ha=! vs. 16.9 dt ha—!) were also observed under conventional cultivation. Varieties differed
significantly in grain yield, first pod height and plant length. A high first pod height was related to a longer
plant length and lower harvest losses at both sites. However, a high first pod height and a high plant length
did not lead to higher grain yields on any of the plots. These results indicate that harvest efficiency can be
improved by choosing varieties with long plant lengths if it is not possible to maintain a low cutting height
when harvesting with a combine harvester.

Keywords: conventional agriculture; early maturity varieties; Glycine max (L.) Merr.; organic agriculture;
pulses

1. Introduction ability and highly valued in the international food industry for

animal and human consumption [1]. The global demand for
Soybean (Glycine max (L.) Merr.) is an important legume  soybean is rising each year, particularly as the world pop-
crop characterized for its protein quality and biological avail- ulation is shifting towards consuming more food products
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