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ABSTRACT

The sunflower (Helianthus annus L.)-soybean [Glycine max (L.) Merr.] intercrop has emerged as an option that increases land
productivity in the southern Pampas of Argentina, compared with sole crops, because of complementary use of resources between
species. A common management practice for this intercrop consists of delay soybean sowing, although delayed planting reduces
the capacity of soybean to capture resources. Simultaneous sowing could improve total intercrop productivity because of an
increase in soybean grain yield with no or little detrimental effects on sunflower grain yield. The objectives of this study were to
analyze the response of the sunflower—soybean intercrop and of their component species under different sowing management (i.e.,
relay or simultaneous sowing) and water availability conditions. Three experiments were conducted at Balcarce, Argentina. Four
cropping systems were evaluated: (i) sunflower—soybean intercrop with simultaneous sowing management (100), (ii) sunflower—
soybean intercrop with 30 d of delay between sunflower and soybean sowing (I30), (iii) sunflower sole crop (SUN), and (iv) soybean
sole crop (SOY). Sunflower—soybean intercrop grain yield tend to be higher than that for sole crops of the component species.
This yield advantage for intercrop increased with water availability and was associated with an increase in intercropped soybean
productivity. Intercrop sowing management had no effect on total intercrop grain yield. However, simultaneous sowing increased
soybean contribution to intercrop yield. Finally, our results indicate that agronomic practices that promote intercropped soybean
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performance increase intercrop productivity relative to the sole crops of their component species.

NTERCROPPING IS AN agricultural production system in

which two or more species develop simultaneously during
part or all of the growing season and compete with each other
for available resources (Fukai and Trenbath, 1993). These
production systems frequently increase resource capture and
resource use efficiency in comparison with their sole crops
counterparts (Andrews and Kassam, 1976; Ofori and Stern,
1987; Caviglia et al., 2004; Coll et al., 2012; Echarte et al.,
2011). However, interspecific competition for resources often
results in a lower productivity of the intercropped species in
relation to its sole crop. If yield of an intercrop component
is similar to its sole crop, this species is considered to be
dominant, but if its yield is greatly reduced by the presence of
another species, then it is considered a suppressed component
(Fukai and Midmore, 1993).

Sunflower and soybean are two species that can be
intercropped (Calvifio and Monzon, 2009). In the southern
Pampas of Argentina; Coll et al. (2012) and Echarte et al.
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(2011) reported higher yields for sunflower—soybean intercrops
in comparison to sole crops. The greater intercrop yield

was associated with an increase in capture and resource use
efficiency. Intercropped sunflower and soybean complement
cach other in the use of resources because critical periods for
yield determination occur at different times during a period

of low resource demand by the other component (Coll et al.,
2012). The critical period for yield determination for a crop is
defined as the stage where a reduction in resources availability
(water, nutrients, radiation) determines the greatest grain

yield lost (Andrade, 1995; Cantagallo et al., 2004; Egli and
Bruening, 2005). In the southern Pampas, sunflower sown in
mid-October has its critical period for yield determination
when soybean (sown in mid-November) is still in vegetative
stages, and soybean critical period takes place near to sunflower
maturity.

In Coll et al. (2012) and Echarte et al. (2011) studies,
intercropped sunflower was sown on its recommended date
and intercropped soybean was sown 30 d later (relay intercrop).
The delay in soybean sowing increased the competition ability
of sunflower (dominant component) in detriment of soybean
(suppressed component, Midmore, 1993). Kandel et al. (1997)
showed that the reduction of sowing delay between component
species in a sunflower—legume intercrop increased legumes
biomass with no or little effects on sunflower yield, although
legumes analyzed in that work did not include soybean. There-
fore, elimination of soybean sowing delay, while maintaining

Abbreviations: 100, simultaneous intercrop; 130, relay intercrop; INTsun,
intercropped sunflower grain yield; INTsoy, intercropped soybean grain yield;
PAR, photosynthecially active radiation; rysun, sunflower relative grain yield;
rysoy, soybean relative grain yield; ryt, total relative grain yield; SOY, soybean
sole crop; SUN, sunflower sole crop.
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the gap between critical periods, may increase soybean compe-
tition ability and could improve total intercrop productivity.

Local experiments always included irrigation (Coll et al.,
2012; Echarte et al., 2011); this practice reduces the severity
of competition for water and promotes the suppressed compo-
nent (Molla and Sharaiha, 2010). Despite that, intercropped
soybean production was severely limited, and constituted the
bottleneck of the system (Coll et al., 2012; Echarte et al., 2011).
Furthermore, intercropped soybean condition could be worse
under rainfed management and the advantage of intercrops
over sole crops may depend on rainfall amount and distribu-
tion. Finally, since water availability would affect largely the
suppressed component, it would also modify the response of
intercropped soybean to simultaneous sowing.

The objectives of this work was (i) to evaluate the effect of
different sowing management in sunflower—soybean intercrops
on aboveground biomass and grain yield of its component species
and (ii) compare intercrop productivity with their respective sole
crops, both under different levels of water availability.

MATERIAL AND METHODS

Site and Experimental Design

The study was performed at the Estacién Experimental
Agropecuaria INTA-Balcarce, Buenos Aires, Argentina (37.5°
S; 58.2° W) under conventional tillage (moldboard plowing,
disking, and harrowing). Experiments were established on a fine,
mixed, thermic Typic Argiudoll, with a slope <2% (no crosion).
The top horizon has loamy texture, 5.6% of organic matter,

34 mgkg™! of Bray and Kurtz P, and pH 6.1 (1:2.5 in water).

Three experiments were performed, two under irrigation, one
in 2007/2008 (Exp. 1) and the other in 2008/2009 (Exp. 2);
and one under rainfed conditions in 2008/2009 (Exp. 3). All
experiments were randomized block designs with 3 replications.
Four cropping systems were evaluated: (i) sunflower—soybean
intercrop with simultaneous sowing management (100), (ii)
sunflower—soybean intercrop with a delay of 30 d in soybean
sowing after sunflower sowing (I30), (iii) sunflower sole crop
(SUN), and (iv) soybean sole crop (SOY).

The experimental unit was 12 m long and 10 rows wide for
intercrops and 12 m long and 8 rows wide for sole crops. All
treatments were sown with a north—south orientation with
rows 0.52 m spaced (Fig. 1). The intercrops spatial arrangement
consisted of two soybean rows per sunflower row. Therefore,
intercropped sunflower rows were established 1.56 m apart,
whereas intercropped soybean was sown in pairs of rows 0.52 m
spaced between them and 0.52 m apart from the intercropped
sunflower row.

Hand sowing at high density was performed, and
subsequently seedlings were thinned to achieve target
density and uniformity of plants spacing. Sunflower plant
density was 3.5 plants m™~2 for sole crop and intercrop.
Soybean plant density was 30 plants m™~2 for sole crop and
intercrop. An intermediate cycle length sunflower hybrid
(Parafso 68, Nidera) was used for sole crop and intercrops.

To maintain the gap between critical periods for grain

yield determination, a soybean maturity group IV (SPS

4500, SPS) was used for 130 and a soybean Maturity Group V
(A5009, Nidera) was used for 100.

Sunflower (SUN)
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Fig. I. Intercrops and sole crops row arrangement.
Continuous lines represent sunflower rows and discontinuous
lines correspond to soybean rows.

In Exp. 2 and 3, both soybean varieties were sown as sole
crops. Unlike this, in Exp. 1, only SPS 4500 was evaluated as a
sole crop. Results presented for SOY correspond to SPS 4500
variety since it corresponds to a maturity group widely used in
the region and was evaluated in all experiments.

Intercropped and sole cropped sunflower and simultaneous
intercropped soybean (A5009) were sown on 21 Oct. 2007
(Exp. 1) and 15 Oct. 2008 (Exp. 2 and 3). Soybean in relay
intercrop and sole crop (SPS 4500) was sown on 18 Nov. 2007
(Exp. 1) and 15 Nov. 2008 (Exp. 2 and 3).

The amount of irrigation, applied with a sprinkler system,
was 136, 333, and 0 mm for Exp. 1, 2, and 3, respectively. In all
experiments, 30 kg P ha! were incorporated into the soil as
superphosphate before sowing. Intercropped and sole cropped
sunflower were fertilized by hand with 100 kg N ha™! applied
as urea along and close to sunflower rows at the V6 stage.
Soybean seed was inoculated with Bradyrhizobium japonicum
previous to sowing. Weeds were controlled with a manual hoe.
Chemical control was necessary to regulate insect populations.

Measurements

Incident radiation, temperature, and rainfall during the
growing season were measured at the meteorological station
of INTA Balcarce, situated 400 m from the experimental site.
Incident radiation was transformed to photosynthetically
active radiation (PAR, Monteith, 1965).

Every week, crop phenological stages were recorded accord-
ing to Fehr et al. (1971) scale for soybean and Schneiter and
Miller (1981) scale for sunflower. Based on local information
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(Andrade, 1995; Andrade and Ferreiro, 1996; Otegui and
Andrade, 1998; Cantagallo ct al., 2004) critical periods for
grain set were assumed to be from: (i) R1 to R7 for sunflower
and (ii) R4 to R6 for soybean.

Aboveground biomass production was estimated at
physiological maturity. Plants of a known arca (approximately
2 m?) were cut at the soil surface level and oven-dried (60°C)
until a constant weight was reached. To determine grain yield,
entire plants of soybean and capitulums of sunflower were
harvested, dried, and threshed in a static machine. Grain
moisture percent was estimated with a hygrometer (Delver,
Argentina). In all cases, harvested arca varied between 5 and
10 m2. Grain number and weight per grain were also measured.
Grain yield was always expressed at 0% moisture content.

An estimation of productivity on an energy basis was made
to compare grain yields among different treatments. The ratio
used to convert grain yield to energy was 1.93 and 2.22 kg of
glucose equivalent per kg of grain of soybean and sunflower,
respectively (Penning de Vries et al., 1983; Andrade, 1995).

Intercrop productivity was also expressed as total relative
grain yield (ryt), obtained from the sum of relative grain yields
of sunflower (rysun) and soybean (rysoy) according to the
following formulas.

sun = INTsun
i SUNy
Sov = INTsoy
sey SOYy

ryt = rysun +rysoy

where INTsun and SUNYy are intercropped and sole cropped
sunflower grain yield, respectively; while INTsoy and SOYy are
intercropped and sole cropped soybean grain yield, respectively.
A ryt higher than 1 means that intercrop is more productive, in
relative terms, than sole crops of its component species.

The interaction between the cropping system and the
experiment was evaluated using a linear mixed-effect ANOVA.
Relationships between variables were evaluated with regression
analysis. All analyses were performed using R software
(v2.12.1, R Development Core Team, 2008).

RESULTS

Climatic Conditions

The cropping season in 2007/2008 presented similar mean
temperatures but lower incident photosynthetically active
radiation (PAR); whereas for 2008/2009, both incident PAR
and temperature were slightly above the historical average dur-
ing the entire season (Fig. 2a).

Historical rainfall (1930-2009) from September to April is
656 mm. During 2007/2008 rainfall was 903 mm (38% above
historical average) and in 2008/2009 rainfall was 330 mm (50%
below historical average, Fig. 2b). Large differences in rainfall
between cropping seasons generated differences in irrigated
water contribution to total water supply. In 2007/2008, irriga-
tion was a complement of rainfall, while in 2008/2009 half of
the water provided to crops came from irrigation, and was not
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Fig. 2. (a) Average monthly temperature (circles, discontinuous
lines, °C) and monthly incident photosynthetically active
radiation (PAR, squares, continuous lines, Mj m-2) at Balcarce
from September to April of 2007/2008 (gray), 2008/2009
(white) and the average for the period 2001-2009 (black). (b)
Monthly rainfall (mm), at Balcarce from September to April for
2007/2008 (gray) and 2008/2009 (white) and the average for the
period 1930-2009 (black).

Sep

high enough to supply crops demand for the entire cropping sea-
son. In summary, from September to April, Exp. 1 received 1039
mm of water (136 from irrigation), Exp. 2 663 mm (333 from
irrigation) and Exp. 3 only 330 mm (all from rainfall).

Crop Phenology, Biomass, and Grain Yield

Intercrops showed a longer growing season than their respec-
tive sole crops (100: 161 d; 130: 162 d; SOY: 130 d and SUN
118 d when averaged across the three experiments). As it was
proposed, critical periods for yield determination of inter-
cropped soybean and sunflower were not overlapped (Fig. 3).

Sunflower development was similar among treatments in all
experiments (Fig. 3). Soybean in 130 and SOY did not show
phenological variations in Exp. 1 and 2. However, in Exp. 3
soybean in I30 extended its reproductive stage in relation to
SOY. Although varieties of soybean used for I30 and 100 were
from different maturity groups, critical periods took place
at similar moments and reached maturity at the same time
in all experiments (Fig. 3). Morcover, in Exp. 2 and 3, both
soybean varieties as sole crops presented similar grain number
(p > 0.27), weight per grain (p > 0.41), aboveground biomass
and grain yield (p > 0.31 in Exp. 2 and p > 0.17 in Exp. 3). This
indicates that variety selection was appropriate for the com-
parison purposes of our study.

Aboveground biomass varied between treatments for both
species in all experiments, except for sunflower in Exp. 3
(Table 1). In general, soybean and sunflower biomass was lower
in intercrops in comparison to sole crops. Intercropped soybean
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Fig. 3. Main phenological stages of sunflower and soybean in
all experiments. Treatments are sunflower sole crop (SUN),
soybean sole crop (SOY), simultaneous intercrop (100), and
relay intercrop (130). The development scales employed were
Schneiter and Miller (1981) for sunflower and Fehr et al. (1971)
for soybean. Time is expressed in days since 15 October.
Critical periods for grain set were assumed to be from: (i)

RI1 to R7 for sunflower and (ii) R4 to Ré for soybean; and are
identified as dark bars (Andrade, 1995; Andrade and Ferreiro,
1996; Otegui and Andrade, 1998; Cantagallo et al., 2004).

biomass increased in 100 compared to 130 (Table 1). Instead,
sunflower biomass was reduced in 100 compared to I30 in
Exp. 1 and 2, and presented no effect when water availability
was severely restricted in Exp. 3 (Table 1). In 100 compared to
130, soybean biomass production increased 2361, 1678, and
792 kgha™! (75,78, and 159%) in Exp. 1,2, and 3, respec-
tively; whereas sunflower biomass was reduced 1256, 1765, and
128 kg ha™! (19, 17,and 2.5%) in Exp. 1,2, and 3, respectively.

Soybean grain yield was higher for sole crop than for
intercrops in all experiments (Table 1). These differences were
mainly due to a lower number of seeds per unit area in inter-
crops. A trend occurred for yield of intercropped soybean in
100 to be higher than in I30. This tendency was only signifi-
cant in Exp. 1 (Table 1, Fig. 4). Grain yield differences between
intercropped soybean were mainly accounted by an increase in
the weight per grain (Table 1).

Grain yield and seed m™~2 for sunflower decreased when
it was intercropped in Exp. 1 and 2, but not in Exp. 3.
Intercropped sunflower grain yield was similar in 130 and 100,

B sunflower
a Soybean

0 1000 2000 3000 4000 5000 6000 7000 &000 9000 10000
Grain yield (Kg Glucose equivalent ha')

Fig. 4. Sunflower and soybean grain yield expressed as energy
equivalents (kg glucose equivalent ha~!) for all treatments
and experiments. Treatments are sunflower sole crop (SUN),
soybean sole crop (SOY), simultaneous intercrop (100), and
relay intercrop (130). Different letters for one experiment
represent significant differences (LSD, p < 0.05).

but in Exp. 1 sunflower grain yield in 130 was significantly
higher than in I00. This difference was accounted by variations
in the weight per grain (Table 1).

Figure 4 illustrates grain yield, expressed as glucose
equivalents per hectare, for both species in all treatments and
experiments. The combined analysis evidenced interaction
effect between cropping systems and water availability on total
grain yield (p < 0.01). The ANOVA within each experiment
determined that grain yield was significantly higher for inter-
crops than for sole crops only in Exp. 1. Low water availability
resulted in a reduction of the grain yield advantage of inter-
cropping. Finally, intercropping sowing management did not
affect total grain yield.

Intercrops Productivity Relative to Sole Crops

The bivariate graph (Fig. 5) illustrates and compares average
relative grain yield of both intercropped species (Snaydon and
Satorre, 1989). Discontinuous line from (0;1) to (1;0) with
slope of —1 represents situations where intercrop ryt is equal
to 1. Any dot above this line has a ryt higher than 1 and below
it lower than 1. Lines I, II, and III are a reference of competi-
tion ability of both species among treatments and experiments.
Line I describes situations where sunflower relative grain yield
is three times larger than soybean relative grain yield and there-
fore a better competitor; line IT represents situations where
sunflower and soybean are equally competitive; and line I is
the opposite of line I.

Total relative grain yield average of both sowing manage-
ment were above the line with slope of -1 for all experiments.
From these data, simultaneous and relay intercrop ryt for
Exp. 1 and simultancous intercrop ryt for Exp. 2 were statisti-
cally higher than 1 (confidence interval: 95%, Fig. 5).

Increases in water supply enhanced soybean relative grain
yield (p < 0.0001, Fig. 6). Simultancous sowing also resulted in
a higher total and relative grain yield for intercropped soybean
in Exp. 1, and tended to a higher total and relative grain yield
for intercropped soybean in Exp. 2 and 3 (Table 1, Fig. 4).
Both effects increased soybean competitive ability against
sunflower, reflected in points moving to the right across line
I and forward to line I, where both species showed equal
competitive ability (100, Exp. 1, Fig. 5).
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Table I. Aboveground biomass (kg ha~'), harvest index (HI), grain yield (kg ha~'), relative grain yield (ry), grain number (grains m-2)
and weight per grain (mg) for all experiments (Exp). Treatments (Trt) are sunflower sole crop (SUN), simultaneous intercrop (100),
relay intercrop (130), and soybean sole crop (SOY). Different letters for one experiment mean significant differences (LSD, p < 0.05).

Soybean Sunflower
Weight Weight
Aboveground Grain Grain per Aboveground Grain Grain per
Trtt  Exp. biomass HI yield ry number  grain biomass HI yield ry number  grain
kg ha™! kg ha™! seed m2 mg kg ha™! kg ha™! seed m2 mg
SUN | - - - - - - 8,460a 0.39a  3306a 1.00 51562 64.3a
100 | 5496b 048b  2633b  0.66 1283b 205a 5,272c 0.40a 2128c 0.64 4218b 50.7¢
130 | 3135¢ 0.57a 1789¢ 045 1038b 172b 6,525b 0.40a 2639b 0.80  4406b 59.7b
Ne)¢ | 9745a 04lc 3989 1.00  2405a 166b - - - - - -
SUN 2 - - - - - - 12,159 0.30a 3576a 1.00 5672a 63.0a
100 2 3832b 0.38a 14446 041 870b 166a 8,895¢ 0.27a  256% 072  422% 61.0a
130 2 2154c 0.43a 950b  0.27 644b 147a 10,660b 0.29a 28I17b 0.79  4380b 64.3a
Ne)¢ 2 8945a 0.39a  3502a 1.00  2197a I151a - - - - - -
SUN 3 - - - - - - 4,723a 0.30a 1426a 1.00 3997a 35.7b
100 3 1289b 0.21b 264b  0.17  210b 126a 5,05la 0.27a 1378a 097 34lla 40.3a
130 3 497c 0.09¢ 40b  0.03 60b 67b 5,179a 0.2%9a 1471a 1.03  3573a 41.0a
Ne)§ 3 4637a 0.34a 1552a 1.00  1215a 128a - - - - - -
1 Abbreviations: Trt, Treatment; Exp., Experiment; HI, Harvest index; ry, relative grain yield.
DISCUSSION

On the other hand, as intercropped soybean enhanced its
productivity, intercropped sunflower reduced its total and
relative productivity at a lesser magnitude (Table 1, Fig. 4 and
6). The slope of ryt regression higher than -1 (m = —0.63,

p =0.0293, Fig. 5), indicates that the lower severity of
competition over the suppressed component, the greater
intercrop ryt. However, when intercropped soybean relative
grain yield was largely affected, ryt was not lower than 1
(Exp. 3, confidence interval: 95%, Fig. 5 and 6).

1.2 1 & 100 Exp 1 iyt average: 1.30(C1 1.18-1.43)
<» 130 Exp 1 ryt average: 1.25(CI: 1.09-1.40)
11 Fa W 100 Exp 2 ryt average: 1.14 (Cl: 1.04-1.23)
u) 0 [30 Exp 2 ryt average: 1.07 (CI: 0.44-123)
1.04. ® 100 Exp 3 ryt average: 1.15 (C1. 0.80-1.49)
® © 130 Exp 3 ryt average 1.06 (CI 0.54-1.59)
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Fig. 5. Relative grain yield of intercropped sunflower in
comparison to its sole crop (rysun) as a function of relative
grain yield of intercropped soybean in comparison to its sole
crop (rysoy) for all experiments. Iso-yield of intercrops against
sole crops is illustrated as a discontinuous line with a -1 slope.
Line I describes situations where sunflower relative grain
yield is three times larger than soybean relative yield, and
therefore a better competitor; line Il represents situations
were sunflower and soybean are equally competitives; and
line 11l is the opposite of line I. Diamonds, squares, and
circles symbolize treatments averages for Exp. I, 2, and

3, respectively. Closed symbols represent simultaneous
intercrop (100) and empty symbols correspond to relay
intercrop (130). Cl: confidence interval (95%).

Contrasting rainfall during both cropping seasons and the use
of irrigation resulted in different scenarios of water availability.
This allowed us to study the effect of two intercropping sowing
managements across a gradient of water availability.

Intercrops extended the growing season compared with their
respective sole crops. This has been previously associated with
alarger capture of available resources (Caviglia et al., 2004;
Coll etal., 2012). Critical periods for yield determination of
intercropped sunflower and soybean occurred at different times
during the cropping season, generally when the other compo-
nent crop had a reduced demand for resources or had reached
physiological maturity. Avoiding the overlapping of critical
periods improves complementarities in the use of resources
between intercrop components with positive implications on
resources use efficiency (Fukai and Trenbath, 1993).
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Fig. 6. Intercropped sunflower relative grain yield (rysun)

and intercropped soybean relative grain yield (rysoy) in
comparison to their sole crops and total relative grain yield
(ryt) as a function of water supply (mm) for relay (130, empty
symbols, continuous line) and simultaneous sowing (100,
closed symbols, discontinuous line). Water supply includes
rainfall and irrigation from September to April. Diamonds and
circles correspond to intercropped soybean and intercropped
sunflower respectively, squares represent ryt.
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Competition for resources between intercrop compo-
nents was evidenced by the reduction of productivity of each
component compared with its corresponding sole crop. In
addition, part of this reduction in productivity could be
accounted by the limited ability of each intercrop component
to capture resources that was imposed by the spatial arrange-
ment (Andrade et al., 2002; Maddonni et al., 2006). For an
extremely dry cropping season (Exp. 3), intercropped sunflower
was as productive as sunflower sole crop because the low water
consumption by a deteriorated intercropped soybean left water
available to sunflower at reproductive stages (Hoag and Geisler,
1971; Robinson, 1978) and due to the photomorphogenetic
sunflower responses that allowed for spreading of leaf area and
relatively high capture of radiation (Lopez Pereira ct al., 2008).

A comparative analysis among sowing managements of inter-
crops showed that intercropped sunflower presented a slight
reduction and intercropped soybean a considerably increment
in aboveground biomass in response to simultaneous sowing.
These results are in accordance with those obtained by Kandel
etal. (1997), who worked with intercropping of sunflower and
several legumes.

In general, sunflower is a better competitor than soybean
because of its high ability to capture water (Aguirrezabal et al.,
1996) and radiation (Lopez Pereira et al., 2008). Simultaneous
sowing clearly increased intercropped soybean aboveground
biomass. This effect was larger as water availability increased;
however, the benefits relative to relay intercropped soybean
were larger as water availability decreased. Under scarce water
scenarios, simultaneous sowing constituted a management
alternative to increase soybean water uptake, with slight
effects on sunflower performance because of its tolerance
to water stress (Cox and Jolliff, 1986; Bremner et al., 1986).
When water was less limiting (Exp. 1 and 2) soybean vegeta-
tive growth was less restricted, plants were taller and turned
a better competitor for light than under relay sowing (data
not shown), causing a significant reduction on intercropped
sunflower aboveground biomass.

In agreement with Fisher (1977), the relative grain yield
advantage of intercropping was higher as water availability
increased during the growing season (Fig. 6). This was associated
with an increase in intercropped soybean relative grain yield that
overcompensate the decrease in sunflower relative grain yield,
especially beyond 650 mm of water supply from September to
April. Since 656 mm is the historical rainfall average for this
period in Balcarce, irrigation constitutes an important practice
to increase intercrop total relative grain yield (ryt). Furthermore,
intercrop ryt was not lower than 1 when a water stress occurred
during the cropping season (Fig. 6). In addition, under scarce
water scenarios intercropping has a much lower probability of
failure than the sole crop of its component species (Rao and Wil-
ley, 1980; Lithourgidis et al., 2011).

Simultaneous and relay sowing did not differ in total grain
productivity. However, a consistent tendency occurred for
simultaneous sowing productivity to be higher than relay
sowing. Moreover, simultaneous sowing is a simpler option to
promote the large-scale, fully mechanized sunflower—soybean
intercropping in the southern Pampas compared with relay
sowing because only one sowing operation is required (Calvifio
and Monzon, 2009).

The regression line fitted to the relation between relative grain
yield of intercropped sunflower and intercropped soybean (Fig,
5) presented a slope higher than -1. This demonstrates that as
intercropped soybean performance increased, ryt enhanced
because of a proportionally higher increase in relative grain
yield of soybean than the reduction in relative grain yield of
sunflower. Therefore, in the light of our results, simultaneous
sowing and high water availability aimed to stimulate soybean
performance in the intercrop would improve intercrop ryt.
These practices increase intercrop ryt by varying the competitive
balance between the dominant and the suppressed component.
Appropriate cultural manipulations can transfer availability of
resources to the suppressed component and minimize luxury
consumption of resources by the dominant component increas-
ing resource use efficiency (Fukai and Trenbath, 1993).

CONCLUSIONS

Sunflower—soybean intercrop tended to be more productive
than sole crops of its component species across three
experiments performed in the southern Pampas. This tendency
became significant as water availability during the cropping
season was increased and was associated with an increase in the
competitive ability and productivity of intercropped soybean.

We also assessed intercrop sowing management and found
no effect on total intercrop productivity. However, our results
indicate that management or agronomic practices that promote
intercropped soybean performance increase total intercrop
relative grain yield.
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