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Abstract

ed to be beneficial for yield compared to the conven-

tional soybean production system (CSPS) and is widely
used in the Southern USA. The objective of this study was
to compare yield, yield components, root traits, and shoot
traits in ESPS (April planting) and CSPS (June planting) in NC
Sandhills using a recombinant inbred line (RIL) population,
‘Hartwig’ by ‘Flyer’ (n=92). The population was grown in
Spring Lake, NC in 2008 at a density of 16 seeds m™. The
traits measured were days to germination, days to flower-
ing, plant height, seed weight, seed number, pod number,
harvest index, root fresh weight, root dry weight, shoot fresh
weight, shoot dry weight, maximum root length, and lateral
root number. The survival rate ranged from 83.7 to 90.22%
for ESPS; however, it was 21.74% for CSPS. Significant differ-
ences were observed for almost all traits measured in ESPS
(April) compared to CSPS (June) apart from fresh root weight
and lateral root number. An average increase in flowering
time of 9 days was observed in CSPS compared to ESPS. On
the other hand, several traits showed a significant mean de-
crease in CSPS compared to ESPS as plant height by 41.96%,
seed weight by 74.7%, harvest index by 73.3%, pod number
by 65.2%, and seed number by 64.9%. The means for root
fresh weight, root dry weight, shoot fresh weight, shoot dry
weight, maximum root length, and lateral root numbers are
shown in Table 2 for both ESPS and CSPS. The results indi-
cated an average decrease of 40.4% in root fresh weight, of

The early soybean production system (ESPS) was report-
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70.2% in root dry weight, of 68.1% in shoot fresh weight, of
80.1% in shoot dry weight, and of 83.3% in maximum root
length in CSPS compared to ESPS. However, lateral root num-
bers increased by an average of 12.7% in CSPS compared to
ESPS. Therefore, CSPS may not be appropriate for soybean at
least in NC Sandhills.
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Introduction

The early soybean production system (ESPS, April) was re-
ported to be beneficial for yield compared to the conventional
soybean production system (CSPS, May-June) and is widely used
in the Southern USA (Heatherly, 1996; Boquest, 1998; Heath-
erly et al.,, 2001; Heatherly and Smith, 1999, 2004; Bowers,
1995; Taylor et al., 2005). Akhter and Sneller (1996) reported
that planting dates (April & June) and stem termination (de-
terminate vs. indeterminate maturity group IV lines) had no ef-
fects on yield. However, significant genotype x planting dates
interactions were observed for other traits such as plant height,
number of branches, node numbers, and pod number per branch
(Akhter and Sneller, 1996).

Several studies showed significant differences between ESPS
and CSPS in yield and its components in many soybean cultivars,
populations, and environments (Heatherly et al., 2001; Cober
and Voldeng, 2001; Edwards and Purcell, 2005). For example,



Ray et al. (2008) found significant differences of plant height,
seed yield, seed size, maturity date, lodging, protein, and oil
contents in eight modified fatty acid lines (MFALs) and four culti-
vars grown in ESPS (May) and CSPS (June) in SC.

Diseases such as soybean cyst nematode (SCN), sudden death
syndrome (SDS), soybean rust, defoliation, and decreased leaf
area index (LAl), by insect and/or herbivore damage, and
decreased canopy light interception (LI), can reduce consider-
ably yields in many cultivars and environments (Hnetkovsky et
al., 1996; Igbal et al., 2001; Concibido et al., 2002). Board
(2010) demonstrated that defoliation reduced significantly
yield, LI, and LAl in soybean. Additionally, it was shown that
reduced yield is mainly due to reduced photosynthetic rates (re-
duced LAl and L), short grain-filling period, and loss of leaf-
stored photosynthate, due to defoliation (Ingram et al., 1981;
Board, et al., 1994, 1997, 2010).

Row spacing is another factor that affects yield and its com-
ponents (Ball et al., 2000; Edwards and Purcell, 2005; Ashlock
et al., 2000). The average row-spacing recommended for soy-
beans grown in US southern environments is 25 seeds m (Ash-
lock et al., 2000; Heatherly et al., 2001; Edwards and Purcell,
2005; Heitholt et al., 2005; Edwards et al., 2005). However,
several studies showed that “narrow row spaced-soybeans”
(<19 cm) were grown routinely in Southern USA because of in-
creased yield especially in short-season soybeans (Ball et al.,
2000; Edwards and Purcell, 2005). A relatively recent study
compared yields of 3 maturity group Il cultivars in row spaces
18, 36, 54, and 71 cm in North TX and found that only one
cultivar showed an increase in yield in 54 and 71 row spaces
(Heitholt et al., 2005). The same study compared yields of 14
maturity group IV cultivars in row spaces 18 and 71 cm in South-
ern TX; however, no significant differences were shown in yields
of these cultivars vis-a-vis row spacing (Heitholt et al., 2005).

Root biology is increasingly studied because of the impor-
tance of extensive root systems in water deficit tolerance (WDT)
(Li et al., 2005; Bing et al., 2005; Lambers et al., 2006). There-
fore the study of root traits is very important to identify genes
involved in root development and understand their functions.
For example, a positive correlation between the ratio of root to
shoot weight and WDT has been reported (Price et al., 1997;
Li et al., 2005).

The objective of this study was to compare yield and yield
components along with other agronomic traits in ESPS (April) and
CSPS (June) of 2008 in NC Sandhills using ‘Flyer’ by ‘Hartwig’
recombinant inbred line population (FxH, n = 92; Kazi et al.,
2007).

Materials and Methods
Plant Material

In this study, we used a soybean [Glycine max (L.) Merr.]
F5:12-derived recombinant inbred line (RIL) population derived
from ‘Flyer’ by ‘Hartwig’ (FxH, n = 92; Kazi et al., 2007). The
FxH RIL population was provided to us by Dr. David Lightfoot of
SIUC in 2008.

‘Hartwig’ by ‘Flyer’ recombinant inbred line (RIL) population
used here was developed in SIUC and was extensively studied

for quantitative trait loci (QTL) analysis of several important
agronomic traits (Kazi et al., 2007, 2008). The parent ‘Hartwig’
was a mid-group V maturity soybean cultivar, characterized
by determinate growth habits, and was released for resistance
to SCN (Kazi et al., 2007). The parent ‘Flyer’ was a maturity
group IV BC3F2-derived line, characterized by indeterminate
growth habits, and was released for lodging resistance and high
seed yield (Kazi et al., 2007). The derived recombinant inbred
lines of this population showed semi-determinate to determinate
growth habits (Kazi et al., 2007).

Growth Conditions

Four seeds of ‘Flyer’, ‘Hartwig’, and each RIL were grown
in pots of 15 cm x 14 cm (diameter x height) containing pot-
ting soil in two groups, the first, at the beginning of April 2008
(ESPS) and the second at the beginning of June 2008 (CSPS).
The plants were kept in the greenhouse at 25°Ct1°C under
natural daylight for 3 weeks. After 3 weeks, the two groups
of plants were transferred into a field in Spring Lake, Harnett
County, NC [35.17N, -78.97W, and 276 ft. above sea level] at
the end of April (ESPS) and June (CSPS), respectively. The plants
were kept in the field, watered every other day until maturity
of all RILs and the parents ‘Flyer’ and ‘Hartwig’ (135 days after
planting, Kazi et al.,, 2007). No pesticides or herbicides were
applied to the plants neither in the greenhouse nor in the field.
The row-spacing and the spaces between individual plants in all
rows were 30 cm which generated a 16 seeds/plants m?, in the
field. T e soil type in Spring Lake, NC — Carolina Sandhills — is
sandy (rich in sand).

Trait Measurements

Several traits were measured in both groups of this popula-
tion. The days to germination were recorded in the greenhouse
while yield and its components (days to flowering, plant height,
seed numbers, pod numbers, and seed weight) were recorded
in the field. Except of days to germination, the other 4 traits
were measured just before harvesting. After harvest, the root
(maximum root length (MRL), lateral root number (LRN), root dry
weight (RDW) and root fresh weight (RFW)) and shoot (shoot
fresh weight (SFW) and shoot dry weight (SDW)) traits were
measured. In addition, the ratio of root fresh weigh to root dry
weigh (RFW/RDW), and of shoot fresh weigh to shoot dry
weight (SFW/SDW) were calculated. To measure RDW and
SDW, plant roots and shoots were placed in an oven at 650C
for 48 hours. All these measurements were taken for both groups
| (ESPS) and II (CSPS) of plants.

Data Analysis

Means, ranges and standard errors of the various traits were
calculated for the RIL lines from raw data for both ESPS and
CSPS. Differences between the two production systems for each
trait were tested by independent samples t test. Additionally,
Pearson correlation coefficients were calculated. All tests were
performed on JMP 8.0.2 (SAS Institute Inc., Cary, NC, USA).



Results

The survival rate ranged from 83.7 to 90.22% for ESPS
(April); however, it was 21.74% for CSPS (June). The extremely
low survival rates of plants in June was mainly due to extreme
drought conditions in the Carolina Sandhills (Summer 2008), and
extreme plant damage by insects and herbivores observed par-
ticularly in CSPS (June) plants.

Significant differences were observed for almost all traits
measured in ESPS (April) compared to CSPS (June) apart from
harvest index, fresh root weight and lateral root number (Ta-
bles 1 and 2). An average increase in flowering time of 9 days
was observed in CSPS compared to ESPS (Table 1). Several
traits showed a significant mean decrease in CSPS compared
to ESPS as plant height by 41.96%, seed weight by of 74.7%,
pod number by 65.2%, and seed number by 64.9% (Table 1).
The differences in means and ranges for yield components (seed
weight, number of pods and number of seeds) between ESPS

and CSPS are shown comparatively in Figure 1.

The means for all other agronomic traits as root fresh weight,
root dry weight, shoot fresh weight, shoot dry weight, maximum
root length, and lateral root numbers are shown in Table 2 for
both ESPS and CSPS. The results indicated an average decrease
of 40.4% in root fresh weight, of 70.2% in root dry weight, of
68.1% in shoot fresh weight, of 80.1% in shoot dry weight, and
of 83.3% in maximum root length in CSPS compared to ESPS
(Table 2; Fig.2). However, lateral root numbers increased by an
average of 12.7% in CSPS compared to ESPS (Table 2; Fig. 2).

The yield traits (seed weight, number of seeds and number
of pods) and rest of agronomic traits studied (root fresh weight,
root dry weight, shoot fresh weight, shoot dry weight, maximum
root length and lateral root number) were significantly corre-
lated in both ESPS (r=0.870%** to r=0.996***, where *=sig-
nificance at the 0.05, ** =significance at the 0.01 and ***=sig-
nificance at the 0.001) and CSPS (r=0.612* to r=0.999%%**),

Table 1. Averages and ranges of flowering time, plant height, seed weight, harvest index, pod number, and seed numbers of ‘Hartwig’

by ‘Flyer’ RIL population in ESPS (April) and CSPS (June).

Average (£St. Error) Range
Trait ESPS CSPS ESPS CSPS
Days to Germination(DG)  4.74 (+0.09) a* 3.90 (+0.16) b 3-7 3-6
Flowering time (FT) 40.68 (+0.48) b 49.15(+£1.28) a 34-50 42-59
Plant height (PH, in cm) 73.42(+2.28)a 42.57 (£+4.25)b 33-131 35-96
Seed weight (SW,in g) 8.30 (£1.26)a 209 (£1.15)b 0.1-65 0.02-22.4
Harvestindex (HI) 0.03 (+0.00) a 0.03_(+0.01) a 0.01-0.05 0-0.11
Pod number (PN) 51.45(+6.10) a 17.90 (£7.95)b 3-276 0-115
Seed number (SN) 153.53 (£13.67)a 53.85(+23.42)b 12-542 0-336

*a-b column wide comparison. Level not connected by same letter are significantly different. All comparisons were done using t test

at 5% level of significance.

Table 2. Averages and ranges of root fresh weight (RFW), root dry weight (RDW), shoot fresh weight (SFW), shoot dry weight (SDW),
maximum root length (MRL), and lateral root number (LRN) of ‘Hartwig’ by ‘Flyer’ RIL population in ESPS (April) and CSPS (June).

Average

(£St. Er) Range
Trait ESPS CSPs ESPS CSPS
Root fresh weight (RFW, g) 75.97 (+£8.06) a 45.20(+13.21)a 3-419 1-233
Root dry weight (RDW, g) 36.91(£3.96)a 11.00 (£3.15)b 4-241 1-58
Shoot fresh weight (SFW, g) 232.74(£28.96)a 74.20(+28.74)b  6-1351 2-568
Shoot dry weight (SDW, g) 162.99 (£21.24)a 22.70_(+6.34)b 3-1005 4-137
Maximumroot length (MRL, cm) 122.22(+16.12)a 20.35(+3.34)b 10-592 6-77
Lateral root number (LRN) 15.75(x0.64)a 17.70(£2.07)a 8-34 6-33

*a-b column wide comparison. Level not connected by same letter are significantly different. All comparisons were done using t test

at 5% level of significance.
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Figure 1. Range (Panel A) and average (Panel B) differences for yield
and yield components (seed weight, number of pods and number of
seeds) between ESPS and CSPS.

Discussion

The population was grown for the first time in Spring Lake,
NC in 2008 with a density of 16 seeds m? which is less than the
average density (25 seeds m2) recommended for US southern
environments (Ashlock et al., 2000; Edwards and Purcell, 2005).
Several studies have demonstrated that “narrow row spaced-
soybeans” (<19 cm) were grown routinely in Southern USA be-
cause of increased yield especially in short-season soybeans
(Ball et al., 2000; Edwards and Purcell, 2005).

The results indicated an average decrease of 40.4% in RFW,
of 70.2% in RDW, of 68.1% in SFW, of 80.1% in SDW, and
of 83.3% in MRL in CSPS compared to ESPS. However, LRN in-
creased by an average of 12.7% in CSPS compared to ESPS.
This increase in LRN is consistent with other studies showing that
the root system’s density increases with increased water deficit
(Li et al., 2005; Bing et al., 2005; Lambers et al., 2006) which
was severe in NC in during spring and summer of 2008 when
these experiments were conducted. Similarly, ranges for RFW,
RDW, SFW, SDW, and MRL dropped significantly in CSPS com-
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Figure 2. Positive and negative mean differences of agronomic traits
(root fresh weight, root dry weight, shoot fresh weight, shoot dry weight,
max root length and number of lateral roots) between ESPS and CSPS.

pared to ESPS. However, the range for lateral root numbers re-
mained relatively unchanged in CSPS compared to ESPS.

Early-planted soybeans were reported to be drought tolerant
and high yielding in many parts of US (Akhter and Sneller, 1996;
Edwards et al.,, 2005; Edwards and Purcell, 2005), and have
been adopted by many farmers and growers, especially in the
Midsouthern US (Heatherly et al., 1999). Heatherly and Smith
(2004) reported that yield from cultivars of maturity groups IV
and V was similar. We observed significant yield loss (yield dif-
ference) in both parents ‘Hartwig’, ‘Flyer’, and their progeny
(HxF RILs) in this study. This is might be due to extreme drought
conditions in the Carolina Sandhills, particularly in summer 2008
(National Climatic Data Center, 2008). Also, many herbivores,
ants, and insects damaged the plants, especially the June group
(CSPS). In a recent study, Ray et al. (2008) found significant dif-
ferences of plant height, seed yield, seed size, maturity date,
and lodging for eight modified fatty acid lines (MFALs) and four
cultivars grown using ESPS and CSPS with planting dates in May
(ESPS) and June (CSPS) in SC.

The results presented here demonstrated clearly that there
were significant differences in ESPS and CSPS for almost all
traits measured including yield and yield components. There
were significant losses of yield, its components as well as shoot
and root traits in CSPS. Therefore, CSPS may not be appropriate
for soybean at least in NC Sandhills. However, extreme drought
conditions in the Carolina Sandhills, particularly in spring-sum-
mer 2008, might play a role in the excessive yield and biomass
loss observed here and these experiments should be repeated
in other growing seasons.
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