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1. Introduction
Soybean [Glycine max (L.) Merr.] is a productive, high-
quality summer annual forage legume (Hintz et al. 1992), 
but for several decades limited soybean acreage has been 
used for hay, silage, or green manure. However, interest in 
new high-yielding forage soybean varieties for dairy and 
livestock production (Devine and Hatley 1998; Sheaffer 
et al. 2001) and cover crops (Abdul-Baki et al. 1997) for 
wildlife nutrition (McPeake et al. 2010), as well as sourcing 
native strains for genetic diversity (CSIRO 2004), has 
increased.  

Cultivar and management practices affected dry matter 
(DM) yield and nutritive value in soybean. Forage yields of 
grain-type cultivars vary depending on the location and 
maturity stage at harvest (Hintz et al. 1992; Altinok et al. 

2004). Sheaffer et al. (2001) found no yield differences 
between later-maturing forage-type and earlier-maturing 
grain-type soybeans grown for forage; however, forage 
soybeans have superior DM yields to grain types if 
harvested at a similar maturity stage (Devine and Hatley 
1998; Sheaffer et al. 2001). Forage soybean yields vary by 
year and geography. In south-central United States studies 
at Fayetteville and Rohwer, Arkansas, the forage soybean 
cultivars Derry, Donegal, and Tyrone produced DM 
yields ranging from 5216 to 7118 kg ha–1 (Nayigihugu et 
al. 2000). In the northeastern United States, DM yield of 
Donegal ranged from 4500 to 6300 kg ha–1 and from 8700 
to 13,900 kg ha–1 in 2000 and 2001, respectively. In the 
United Kingdom, DM yields of Derry and Donegal ranged 
from 5910 to 6090 kg ha–1 for the early harvest and 7680 to 

Abstract: Three different soybean [Glycine max (L.) Merr.] cultivars (A-3127, Derry, and Yemsoy) were evaluated for dry matter (DM) 
yield, plant components, and crop growth rate (CGR) at different row spacings and harvesting stages in 3 locations with Mediterranean-
type climate in a split-split plot design with 3 replications in 2009 and 2010. In addition, crude protein (CP), crude protein yield (CPY), 
acid detergent fiber (ADF), neutral detergent fiber (NDF), total digestible nutrients (TDN), and relative feed value (RFV) of harvested 
forage soybeans were determined at the Bursa (Turkey) location. Increased row spacings significantly reduced DM yield at all locations. 
Combined over other main effects, the 25-cm row spacing produced 35% more DM yield than the 75-cm row spacing. Row spacings 
greatly affected DM yield at the R5 and particularly the R7 stage, but this effect was minimal at the R1 stage. The forage-type cultivar 
Derry produced significantly higher DM yield in all locations, particularly at the R5 and R7 stages. The constituent components of DM 
were similar at different row spacings of soybean cultivars. In general, the CGR decreased from 25-cm row spacing to 75-cm row spacing 
in all locations, and the CGR of the cultivars varied significantly according to harvest period, row spacing, and location. Derry had a 
significantly higher CGR than the other cultivars in the Antalya and Bursa locations. Quality characteristics of soybean forage were not 
significantly affected by row spacing and showed little effect by cultivar. Harvest stage significantly affected CP, ADF, NDF, TDN, and 
RFV concentrations of soybean forage. It was concluded that in Mediterranean environments forage-type soybeans (i.e. Derry) can be 
seeded in narrow rows (25 cm) at high plant population (100 kg ha–1) and offer the most DM yield when harvested at later R stages (e.g., 
R7) rather than at the early reproductive stage.

Key words: Glycine max (L.) Merr., row spacing, harvest stage, chemical composition, crop growth rate

Received: 26.04.2012              Accepted: 15.07.2012             Published Online: 15.01.2013              Printed: 15.02.2013

Research Article



23

AÇIKGÖZ et al. / Turk J Agric For

7950 kg ha–1 DM for the late harvest. In the second season 
Donegal was the highest yielding at the early harvest with 
12,100 kg ha–1, and line SG13#169 also produced 12,100 kg 
ha–1 at the late harvest (Koivisto et al. 2003). Recent studies 
at 3 different locations with Mediterranean climates in 
Turkey demonstrated that soybeans managed for forage 
can average 9300 and 11,300 kg ha–1 DM yield at the R4 
and R6 stages, respectively, and contain 13.3% crude 
protein (CP), 8.2% degradable protein, and 60.6% in vitro 
DM digestibility (Acikgoz et al. 2007).

The DM partitioning and nutritive value of soybean 
plant parts was not affected by population density or row 
spacing; harvest maturity had the greatest effect in the 
soybean cultivars Corsoy 79, Pella, and Williams 82 (Hintz 
et al. 1992; Hintz and Albrecht 1994). Similarly, forage 
quality of total herbage and leaf and pod fractions were 
not affected by row spacing (Sheaffer et al. 2001). Acikgoz 
et al. (2007) indicated no significant difference between 
row spacings of 20, 40, or 60 cm, while 80 cm provided the 
lowest forage yield. Increased seeding rates increased DM 
yield. Harvest maturity affected DM yield, which averaged 
2373, 5559, 9255, and 11,266 kg ha–1 at the V5, R2, R4, 
and R6 stages, respectively, in this study. Seiter et al. (2004) 
reported that population densities had no consistent effect 
on forage yield or quality. However, Munoz et al. (1983) 
reported increased DM yields and reduced digestibility as 
plant density increased when harvest was delayed until late 
reproductive growth. Soybean harvested for forage from 
R6 to R7 maximized both the DM yield and forage quality 
compared to earlier or later-stage harvesting (Munoz et al. 
1983; Hintz et al. 1992; Blount et al. 2003).

Whether they are used for beef, dairy, or wildlife (e.g., 
deer), optimal forage plants are very digestible, have low 
fiber, and are high in protein and energy (McPeake et 
al. 2010). Soybean can serve as high-quality alternative 
forage in summer, fall, and winter, but little is known 
about DM accumulation, plant components, forage 
quality, recommended row spacing, and forage-type seed 
yield, especially when soybean cultivars are produced in 
a Mediterranean environment. This study was conducted 
to evaluate different types of soybean cultivars for DM 
yield, plant components, and crop growth rate (CGR) at 
different row spacings and harvesting stages in 3 different 
Mediterranean-type environments. In addition, at the 
Bursa, Turkey, location, CP, crude protein yield (CPY), 
acid detergent fiber (ADF), neutral detergent fiber (NDF), 
total digestible nutrients (TDN), and relative feed value 
(RFV) of the harvested forage soybeans were determined.

2. Materials and methods
Field studies were conducted in 2009 and 2010 at 3 
different locations in Turkey: Antalya (36°53′N, 30°42′E), 
Bursa (40°11′N, 29°04′E), and Samsun (41°17′N, 36°20′E). 

All experimental fields are located in the coastal area of 
Turkey at a very low elevation (42–70 m above sea level). 
Location soils are clay or clay loam, slightly alkaline 
(pH 7.1–8.2), rich in potassium (840–1313 kg ha–1), and 
poor–medium in phosphorus (73–133 kg ha–1), and they 
contain 1.6%–2.8% organic matter. All locations have a 
Mediterranean-type climate. This climate is characterized 
by cool and wet winter and spring seasons and hot and 
dry summers. Long-term average total precipitation varies 
from 685 to 801 mm year–1 with an average of 23%–29% 
falling during the soybean growing period (April–
September). The long-term mean yearly temperature is 
16.2 °C, relative humidity is 68.4%, and mean temperature 
during the growing period is 21.1 °C at the test locations. 

A typical grain-type soybean [Glycine max (L.) 
Merr.] cultivar A-3127 (group III), a typical forage-type 
soybean cultivar Derry (group VI), and an intermediate-
type soybean cultivar Yemsoy (group IV) were used in 
this study. Yemsoy is a tall and robust soybean cultivar 
registered for forage production in Turkey. The cultivars 
were grown at 3 row spacings (25, 50, and 75 cm) and 
harvested at 4 stages, R1 (beginning bloom), R3 (beginning 
pod), R5 (beginning seed), and R7 (beginning maturity), 
to evaluate the integrated effects of cultivar, row spacing, 
cutting stage on DM yield, and other yield components 
in a randomized split-split plot design with 3 replications. 
Row spacings were main plots and cultivar subplots, and 
harvesting stages were also at sub-subplots. Individual 
subplot size was 4.8 × 6.0 m = 28.8 m–2. 

The seeding rate was 100 kg ha–1. Seedings were made 
by hand in mid-April at all locations in each experimental 
year. The soybean crop was not inoculated. In both 
growing seasons, 100 kg ha–1 N fertilizer was applied after 
seeding. Weed control was achieved manually. Irrigation 
was applied 3 times, at the V5 (5 unfolded trifoliate leaves), 
R2 (full bloom), and R5 (beginning seed) stages, with a 
rotary sprinkler to maintain the soil near field capacity. 
The timing of irrigation was estimated visually as the soil 
surface dried.

Plant counts were made in 2 randomly selected rows 
(2 m in length) in each plot at the V4 (4 unfolded trifoliate 
leaves) stage. DM yield data were collected 4 times and 
corresponded to reproductive growth stages at R1, R3, 
R5, and R7. At each sampling date, 2-m sections of the 
center rows were harvested for DM production in each 
plot, and yield was calculated in kg ha–1 according to row 
spacings. The 500-g samples from each plot were dried 
at 70 °C for 48 h for DM yield determination. Randomly 
selected plants (10 from each plot) were measured for stem 
diameter and plant height, separated for constituent plant 
components (leaflet, pedicel, stem, and flower plus pods), 
and then weighed on all sampling dates. The components 
were dried and weighed again. Crop growth rates (CGRs) 
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(g m–2 day–1) during the VE (emergence) to R1, R1–R3, 
R3–R5, and R5–R7 periods were determined for each plot 
according to the method of Pedersen and Lauer (2004). In 
the periods, CGR is believed to be linear (Pederson 2004).

The CP, CPY, ADF, NDF, TDN, and RFV of DM were 
determined only at the Bursa location in both experimental 
years. During every harvest stage, N was determined by 
the micro-Kjeldahl technique on duplicate DM for each 
treatment. CP content (N × 6.25) was calculated. ADF 
and NDF concentrations were measured according to the 
standard laboratory procedures for forage quality analysis 
of Ankom Technology (Ankom 2000 Fiber Analyzer, 
Ankom Technology Corp., Fairport, NY, USA). Total 
digestible nutrients and RFV were estimated according 
to the methods of Rohweder et al. (1978) and Aydin et al. 
(2010).

Data for each location were analyzed separately. 
All data were subjected to analysis of variance for each 
character using MINITAB (University of Texas, Austin) 
and MSTAT-C (Version 2.1, Michigan State University, 
1991) software. The significance of treatment, main 
effects, and interactions were determined at the 0.05 and 
0.01 probability levels by F-test. The F-protected least 
significant difference (LSD) was calculated at the 0.05 
probability level.

3. Results 
Realized plant stands of soybean cultivars according to row 
spacings were statistically significant at Antalya, Bursa, 
and Samsun (Table 1). The highest final plant population 
was obtained from 25-cm row spacing. However, realized 
plant stands according to cultivar were not statistically 
significant at all locations. 

An analysis of variance for the combined data of 
the 2 years indicated that year significantly affected all 
characters measured except DM yield in Samsun. With 
the exception of plant height for row spacing in Antalya, 
row spacing, cultivar, and harvest stage were significant 
for all parameters in all locations. On the other hand, 
row spacing × cultivar, row spacing × harvest stage, and 
cultivar × harvest stage interactions were significant at 
the 1% level of probability for DM yield in all locations, 
with the exception of row spacing × cultivar interaction 
in Bursa.

Plant height increased slightly with row spacing at 
the Bursa and Samsun locations, and the differences 
between row spacings were statistically significant. The 
plant height of the forage cultivar Derry was greater than 
the intermediate-type soybean cultivar Yemsoy and the 
typical grain-type soybean cultivar A-3127 in all locations. 
Plant height averaged 86.7 cm at R1, and reached 152.9 
cm at the R7 stage (Table 2). Although the differences 
were statistically significant, stem diameter varied slightly 
between row spacings and cultivars. Stem diameter 
significantly increased with advancing stages.

At all locations increased row spacing significantly 
reduced DM yield, which averaged from 14,094 kg ha–1 at 
25-cm row spacing to 9135 kg ha–1 at 75-cm row spacing 
(Table 2). Combined over other main effects, the 25-
cm row spacing produced 35% more DM yield than the 
75-cm row spacing. The effect of row spacing × cultivar 
interaction on DM yield was statistically significant 
in Antalya and Samsun but insignificant at the Bursa 
location (Table 3). The DM yield of all cultivars decreased 
with increasing row spacing, but the cultivars responded 
differently according to row spacing. In row spacing × 

Table 1. Realized stand (plants m–2) at V4 according to row spacing and seeding rate at 100 kg ha–1. 

Locations

Antalya Bursa Samsun

Row spacing (cm)

25 41.5 a1 42.8 a 44.0 a

50 37.0 b 38.7 b 39.8 b

75 30.3 c 32.8 c 31.5 c

LSD 3.0 2.5 3.6

Cultivar

A-3127 35.6 37.4 37.6

Derry 36.2 38.4 38.3

Yemsoy 36.9 38.2 39.4

LSD  ns ns ns

1Means followed by the same letter not significantly different at 0.05 level by LSD test; ns: not significant.
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cultivar interaction testing, the highest DM yield (15,802 
kg ha–1) was produced by Derry at 25-cm row spacing 
at Samsun with the 3 locations averaging an impressive 
15,437 kg ha–1 for Derry. However, the 3-location average 
for Derry in 75-cm rows was only 9831 kg ha–1. Over 2 
years at the 3 locations, the all-cultivar interaction averages 

in 25-, 50-, and 75-cm rows were 14,094, 10,813, and 9135 
kg ha–1 DM, respectively.

Significant row spacing × harvest stage interactions 
were found in all locations (Table 4). This interaction 
indicated that harvest stages affected DM yield differently 
according to row spacings in each location. Row spacings 

Table 3. Row spacing × cultivar interactions of DM yield (kg ha–1) in soybean at 3 locations (2-year average).

Row spacing (cm)
Cultivar

A-3127 Yemsoy Derry

Antalya

25 12,002.3 c1 14,150.0 b 15,316.5 a

50   9842.1 e,f 11,403.4 d 12,318.2 c

75 8246.0 g  9421.8 f   9953.7 e

Bursa

25 12,657.1 13,802.2 15,192.3

50 10,067.0 11,168.1 12,682.1

75   8610.5   9539.5 10,611.8

Samsun

25 13,339.0 c 14,588.0 b 15,801.5 a

50   9627.4 e     9931.3 d,e 10,273.2 d

75   8473.1 g   8434.1 g 8928.4 f

1Means followed by the same letter in each location not significantly different at 0.05 level by LSD test. 

Table 4. Row spacing × harvest stage interactions of dry matter yield (kg ha–1) in soybean at 3 locations (2-year average).

Row spacing (cm)
Harvest stage

R1 R3 R5 R7

Antalya

25 8821.3 g1 13,226.1 d  15,968.0 b 17,274.0 a

50 7341.0 h 10,537.3 e,f  12,985.2 d 13,887.7 c

75 7273.8 h 8529.4 g 10,253.7 f 10,773.1 e

Bursa

25 8869.3 i 11,284.2 f 17,038.5 b 18,344.2 a

50 6569.0 k 9622.9 h 13,204.1 e 15,828.7 c

75 5533.5 l 8099.3 j 10,301.6 g 14,412.5 d

Samsun

25 7499.0 i 11,468.5 d 18,252.1 b 21,085.2 a

50 5277.3 j 9389.4 g   11,336.3 d,e 13,773.0 c

75 4761.4 j 8690.6 h 10,097.8 f 10,899.5 e

1Means followed by the same letter in each location not significantly different at 0.05 level by LSD test.
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greatly affected DM yield at the R5 and particularly the 
R7 stage, but this effect was minimal at the R1 stage. The 
highest 3-location DM yield average (18,901 kg ha–1) was 
obtained at a row spacing of 25 cm at the R7 stage while 
the lowest combined average (5856 kg ha–1) was at the row 
spacing of 75 cm at the R1 stage. Grouping all 4 harvest 
stages at the 3 locations at row spacings of 25, 50, and 75 
cm the results were 13,261, 10,813, and 8739 kg ha–1 DM, 
respectively. 

Cultivar × harvest stage interactions were also detected 
for DM yield in all locations (Table 5). DM yield differences 
between cultivars were not similar at all harvesting stages. 
At the first sampling stages (R1 and R3), DM yields of the 
cultivars were similar, and no significant yield difference 
was observed between Derry and Yemsoy. At the later 
stages, particularly at R5 and R7, forage cultivar Derry was 
significantly superior to the other cultivars. In this study, 
the highest 3-location average DM yields were from Derry 
at R7, yielding 17,359 kg ha–1 compared to 15,023 kg ha–1 
for intermediate-type cultivar Yemsoy and 13,041 kg ha–1 
for A-3127, a typical grain cultivar.

Harvest maturity had a significant effect on DM 
partitioning of plant parts (Table 6). The average stem part 
of total plant mass increased from R1 to R3, from 32.1% to 
39.8% at Antalya, 36.4% to 43.2% at Bursa, and 30.9% to 
36.7% at Samsun, and then decreased significantly in the 

R5 and R7 stages. On the other hand, the average leaf blade 
fractions decreased continually as plants were harvested 
at later growth stages (from R1 to R7) with the average 
leaf blade declining from 47.6% to 17.1%. Meanwhile, 
the flower-plus-pod fraction increased from R1 to R7, as 
expected. The average flower-plus-pod percentage was 
negligible at the R1 (2.3%), R3 (4.6%), and R5 (11.4%) 
stages, then rapidly increased at R7 (37.7%). 

The CGR decreased significantly from 25-cm row 
spacing to 75-cm row spacing in all locations, except in 
the R5–R7 period in Antalya and the R1–R3 period in 
Samsun. The highest CGRs were found in the R1–R3 
and R3–R5 periods, and CGR was clearly reduced in the 
R5–R7 period in all locations (Table 7). The CGRs of the 
cultivars varied significantly according to harvest period, 
row spacing, and location. With the exception of the R1–
R3 periods, Derry had a significantly higher CGR than 
the other cultivars in the Antalya and Bursa locations. 
In the Samsun location, the CGRs of the cultivars were 
not significantly different at the VE–R1, R1–R3, and R3–
R5 periods. In the last period (R5–R7), Derry advanced 
with a significantly higher CGR than the other cultivars 
in all locations. Grain-type soybean cultivar A-3127 had 
a negative CGR in the R5–R7 period in Antalya due to 
leaf dropping at the beginning of maturity due to the hot 
climate of Antalya. 

Table 5. Cultivar × harvest stage interactions of DM yield (kg ha–1) in soybean at 3 locations 
(2-year average).

Cultivar
Harvest stage

R1 R3 R5 R7

Antalya

A-3127 6785.2 h1 9947.2 f 12,070.7 d 11,318.2 e

Yemsoy 8467.3 g 10,990.5 e 12,912.4 c 14,262.8 b

Derry 8183.0 g 11,356.1 e 14,225.1 b 16,353.7 a

Bursa

A-3127 6551.0 i 9088.3 g 12,425.2 e 13,713.9 d

Yemsoy 7222.5 h 9734.6 f 13,338.1 d 15,717.2 b

Derry 7198.3 h 10,181.7 f 14,780.4 c 19,154.0 a

Samsun

A-3127 5655.1 h    9616.2 g 12,551.4 e 14,090.8 c

Yemsoy 5889.3 h   9685.4 g 13,274.3 d 15,090.2 b

Derry 5994.8 h 10,246.5 f 13,860.8 c 16,570.6 a

1Means followed by the same letter in each location not significantly different at 0.05 level by 
LSD test.
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Overall CP, ADF, NDF, TDN, and RFV concentrations 
of soybean forage were not affected by row spacing. The 
highest CPY was obtained from 25-cm row spacing due 
to the higher DM yield (Table 8). For support, reference 
Tables 3, 4, and 5. Although differences among the cultivars 
were small, Derry had the highest CP, CPY, TDN, and 
RFV values. Quality characteristics of soybean forage were 
significantly affected by harvesting stage. The CP content 
decreased significantly with advancing maturity between 
the R1 and R5 growing stages. At the R7 growing stage, 
CP increased slightly because of the seed components of 
the plants. The R5 growing stage had the highest ADF and 
NDF values. However, the highest TDN and RFV values 
were obtained at the R1 growing stage. 

4. Discussion
Selecting the appropriate seeding rate for a soybean 
production system can affect optimal yield potential and 
economic net returns, as well as some negative factors 
including the potential for lodging. Choosing the optimal 
seeding rate for a given production system should be 
based on several factors. Desired plant population, soil 

type, planting date, and maturity group influence the 
recommended seeding rate. Other factors that affect 
optimal seeding rates include roughness of soil, type 
of planter or drill, percent germination of seed, and, in 
some cases, seed vigor. In this study, 25-cm row spacing 
produced a higher final plant stand than 50- and 75-cm 
row spacing. In close agreement with our findings, De 
Bruin and Pedersen (2008) indicated that establishment 
was greater in narrow rows (38 cm) compared with wide 
rows (76 cm). Similarly, greater establishment in narrow 
rows was observed by other researchers (Oplinger and 
Philbrook 1992; Elmore 1998). 

The effects of row spacing on plant height were limited; 
however, plant height increased slightly with row spacing 
in the Bursa and Samsun locations, and the differences 
between row spacings were statistically significant. Seiter 
et al. (2004) indicated that forage soybean plants were 
shorter in 18-cm rows compared with 76-cm rows at 
most sampling dates. Saitoh et al. (2007) also documented 
that narrow row plots were 7–16 cm shorter than wide 
row plots. A linear decrease with increasing row width 
was observed for plant height (Bullock et al. 1998). Plant 

Table 8. Crude protein (CP), crude protein yield (CPY), acid detergent fiber (ADF), neutral detergent fiber (NDF), total digestible 
nutrients (TDN), and relative feed value (RFV) of soybean forage for Bursa location.

CP
 (%)

CPY
(kg ha–1)

ADF
(%)

NDF
(%)

TDN
(%)

RFV
(%)

Row spacing (cm)

25 16.5 225.6 a 29.7 36.7 62.9 167.6

50 16.6 184.5 b 29.6 36.6 63.1 168.3

75 16.5 156.2 c 29.6 36.5 63.1 168.5

LSD (0.05) ns 6.1 ns ns ns ns

Cultivar

A-3127 16.3 c 167.1 c 29.9 a 36.9 a 62.6 b 166.2 b

Yemsoy 16.6 b 187.4 b 29.7 a 36.7 a 62.9 b 167.4 b

Derry 16.8 a 211.7 a 29.2 b 36.2 b 63.6 a 170.9 a

LSD (0.05) 0.1 3.7 0.3 0.4 0.4 2.0

Harvest stage

R1 18.6 a 130.3 d 27.0 d  34.2 d 66.5 a 185.6 a

R3 16.7 b 161.6 c 30.5 b 37.4 b 62.0 c 162.2 c

R5 15.2 d 207.1 b 32.7 a 39.6 a 59.0 d 148.9 d

R7 15.7 c 255.9 a 28.4 c 35.3 c 64.7 b 175.9 b

LSD (0.05) 0.1 5.6 0.3 0.4 0.4 1.9

1Means followed by the same letter not significantly different at 0.05 level by LSD test; ns: not significant.
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heights in the forage cultivar Derry were greater than 
plant heights in the intermediate-type soybean cultivar 
Yemsoy and typical grain-type soybean cultivar A-3127 in 
all locations. Darmosarkoro et al. (2001) also stated that 
plant heights in the forage cultivars were greater than in 
the grain cultivars. Plant height increased with advancing 
stages.  

In our study, 25-cm row spacing produced 35% more 
DM yield than 75-cm row spacing. The literature concluded 
that narrow rows resulted in higher forage yield. Hintz et al. 
(1992) reported that narrow row spacing produced greater 
DM yields than wide row spacing. Seiter et al. (2004) also 
documented that, averaged over population treatments, 
DM yields at 18-cm row spacing were 32% and 49% higher 
than at 76-cm row spacing in 2000 and 2001, respectively. 
In several studies with grain soybean, an increase in aerial 
biomass, light interception, and assimilate utilization 
were all factors that contributed to seed yield increases in 
narrow rows compared with wide rows. Results indicated 
that narrow rows had greater radiation use efficiencies 
than wide rows (Board and Harville 1992; Savoy et al. 1992; 
Bullock et al. 1998). Those characteristics were probably 
the main reasons for the higher DM yield at narrow row 
spacings. Forage-type cultivar Derry provided the highest 
DM yield in all locations. The general averages of DM yield 
in Derry, Yemsoy, and A-3127 were 12,341, 11,382, and 
10,319 kg ha–1, respectively. Darmosarkoro et al. (2001) 
compared 13 forage and 5 grain soybean cultivars for 
forage and agronomic performance in Iowa. They reported 
that forage cultivars produced more DM than grain 
cultivars. The DM yield significantly increased at advanced 
harvest stages at all locations. It is well known that harvest 
maturity has the greatest effect on soybean forage yield. 
Harvesting soybean forage during vegetative and early 
reproductive development resulted in significantly lower 
DM yields than harvesting at later reproductive stages. 
The general average of our soybean cultivars and locations 
from R1 to R7 coincided with a 54% DM yield increase 
from 6883 to 15,142 kg ha–1. As plants begin to concentrate 
DM in pods and seeds, an enhanced forage yield with 
advancing maturity is consistent with the results of several 
studies (Munoz et al. 1983; Hintz et al. 1992; Coffey et al. 
1995; Osborne and Riedell 2006).       

The effects of row spacing and cultivar on the 
constituent components of DM were of small magnitude 
in all locations, and the differences were mostly not 
significant. Similarly, Savoy et al. (1992) indicated that 
leaflet, stem, and petiole DM accumulation was similar 
in different row spacings of Williams 82 soybean. Little 
information is presently available on the effect of harvesting 
stages on DM partitioning in soybean (Table 6). However, 
our results were consistent with earlier researchers who 

reported that as soybeans matured, the leaf proportion 
rapidly declined, stem and petiole proportions were stable 
or declined slowly, and pod proportion rapidly increased. 
For example, Hintz and Albrecht (1994) reported that 
the leaf percentage of grain-type soybean decreased from 
70.8% at R1 to 16.8% at R7. Meanwhile, the stem fraction 
increased from 29.2% at R1 to 38.3% at R5 and then 
declined to 28.3% at R7 as the pod and seed components 
increased up to 48.5%. In grain soybeans, an average of 
40% pod was found at the R6 stage (Sheaffer et al. 2001; 
Altinok et al. 2004). However, Sheaffer et al. (2001) found 
a very high leaf percentage (40%) at the R7 stage in forage 
soybean. This leaf percentage was much higher than the 
results from the current study.

The CGRs of the 3 soybean cultivars ranged from –1.9 
to 27.6 g m–2 day–1, with an average across 3 locations of 
12.6 g m–2 day–1. The CGRs observed in this study were 
similar to CGRs observed in other studies. Pedersen and 
Lauer (2004) reported CGRs for 3 cultivars that ranged 
from 11.4 to 13.0 g m–2 day–1. De Bruin and Pedersen 
(2009) reported CGRs of 4 soybean cultivars that ranged 
from 9.7 to 18.0 g m–2 day–1, with an average across 3 
locations of 13.2 g m–2 day–1. Furthermore, the average 
of CGR was 13.6 g m–2 day–1 from R1 until R5 in Pioneer 
94Y60 soybean harvested weekly (Jordan 2010). 

Our CP values are in accordance with the findings 
of Altinok et al. (2004), who found 15.2% in 6 soybean 
cultivars at the R6 stage, and other findings of 15.5% CP 
between R3 and R5 (Seiter et al. 2004). Hintz et al. (1992) 
also reported that CP contents declined from R1 to R3, 
remained constant between R3 and R5, and increased 

from R5 to R7. Nutrient content and forage quality of 
whole-plant soybeans does not change as drastically with 
advancing maturity because the seed is much higher in 
protein (Munoz et al. 1983). The ADF concentration 
values, consisting of cellulose and lignin, are important 
because they describe the ability of an animal to digest 
the forage. As the ADF increases, the digestibility of the 
forage usually decreases. The NDF value refers to the 
total cell wall and is composed of the ADF fraction plus 
hemicelluloses. As NDF percentages increase, the DM 
intake will generally decrease (Joachim and Jung 1997). In 
this study, row spacing and cultivar did not significantly 
affect ADF and NDF values (Table 8). On the other hand, 
harvesting stage affected ADF and NDF values, which 
varied from 27% (R1) to 32.7% (R5) and 34.2% (R1) to 
39.6% (R5), respectively. 

The TDN refers to the nutrients that are available for 
livestock. This variable is related to the ADF concentration 
of the forage. As ADF increases, TDN declines. The RFV is 
an index that is used to predict the intake and energy value 
of forages. Forages with RFV values over 151, in ranges of 
150–125, 124–103, 102–87, and 86–75, and less than 75 
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are categorized as prime, premium, good, fair, poor, and 
rejected, respectively (Linn and Martin 1999; Aydin et 
al. 2010). In this study, with the average of row spacings 
and cultivars, the RFV ranged from 167.6 to 170.9 and 
corresponded to prime quality. The RFV of soybean forage 
decreased from 185.6 at the R1 stage to 148.9 at the R5 
stage and then increased again to 175.9 at the R7 stage 
(Table 8). This shows that soybean cut during the R1 to R7 
stages produced high quality forage for livestock.

Soybeans can be harvested for grain or grazed, used 
as cover crop or green manure, cut for hay or silage, left 
standing for wildlife feed and erosion control, or used as a 
soil-building nitrogen-producing crop. Comparing 3 types 
of soybeans, forage (Derry), intermediate (Yemsoy), and 
a group III grain (A-1327), this study found statistically 
significant differences in many areas including cultivar, 
yearly climate, location, row spacing, plant height, plant 
stand, stem diameter harvesting stage, feed quality 
characteristics, DM partitioning of plant components, 
DM yield and row spacing interaction, and row spacing × 
harvest stage interaction.

This study also contributed to the body of information 
regarding 3 soybean types during a 2-year study at 3 
Mediterranean locations in Turkey in terms of row spacing, 
plant stand, plant height, stem diameter, DM yield, main 
stem, petiole, leaf blade, flower-plus-pod ratios, crop 
growth rates, and harvest stage. CP, CPY, ADF, NDF, TDN, 

and RFV were also tested at the Bursa location, where 
soybean forage quality characteristics were significantly 
affected by harvest stage, as CP decreased significantly 
with advancing maturity. 

Narrow rows had greater stand establishment, and as 
mature leaf proportion rapidly declined, stem and petiole 
were stable or declined slowly and pod proportion rapidly 
increased, which agrees with previous research. We also 
found a much lower leaf percentage at R7 compared 
with some previous studies. Harvest stage affected ADF 
and NDF. All 3 cultivars produced high-quality forage 
as measured by relative feed value. Forage variety Derry 
produced significantly higher DM than other soybean 
types, especially in narrow rows. However, harvest stages 
affected the DM yield of each cultivar differently at 
different row spacings at each location, although the DM 
yields of all cultivars were similar at V4. Interestingly, feed 
quality characteristics (CP, ADF, NDF, TDN, and RFV) 
were not affected by row spacing. Crop growth rate varied 
by cultivar, harvest period, row spacing, and location but 
was highest in narrow rows, and it decreased moving 
through the reproductive stages.

Based on this and previous research, we recommend 
planting narrow rows (25 cm) at high plant population for 
the highest DM yield, planting a forage variety (i.e. Derry), 
and harvesting at later R stages (e.g., R7) rather than at a 
late vegetative stage.
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