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ABSTRACT
Intercropping, a mix of non-legume and legume
crops, can improve crop yield and/or economic
returns and reduce input costs. Field experiments (barley-pea intercrop) were conducted in
2008, 2010 and 2011 on an Oskondoga silt loam
soil at Thunder Bay, Ontario, Canada, to determine the effect of intercropping barley (nonlegume) and pea (legume) on grain yield, land
equivalency ratio (LER), grain quality (protein
concentration-PC), N uptake and economic returns. Barley and pea were grown as mono
crops and in combinations as intercrops (both in
the same row/and alternate rows). Nitrogen fer−1
tilizer was applied at 0, 40 and 80 kg·N·ha to
mono crop barley and at 0, 20 and 40 kg·N·ha−1
to barley-pea intercrop combinations. On an average of three years, application of 80 kg·N·ha−1
increased grain yield of barley by 846 kg·ha−1 as
a sole crop and by 420 - 488 kg·ha−1 in the two
intercropping combinations. Compared to barley
and pea as sole crops, grain yield with barleypea intercropping was greater by 266 kg·ha−1
with alternate row combination and by 223
kg·ha−1 when both crops were grown in the
same row. The LER values suggested 7% - 17%
less land requirement for barley-pea intercropping than sole crops. Net returns from barley-pea intercropping without applied N greatly
improved ($854 - $939 ha−1) compared to barley
sole crop with 80 kg·N·ha−1 ($628 ha−1), although
the net returns were highest for pea grown as a
sole crop without applied N ($1141 ha−1). For
barley as a sole crop, PC in grain increased with
applied N. Compared to barley as sole crop with
zero-N, PC in barley grain increased when barley
was intercropped with pea. In barley-pea intercrop treatments, application of N fertilizer had
no significant effect on PC in barley grain, although PC in pea grain was much higher than
Copyright © 2012 SciRes.

PC in barley grain. The response trends of total
N uptake in grain were similar to grain yield. The
findings suggest that pea or barley-pea intercropping could be an option for organic farming
systems.
Keywords: Barley; Economic Returns; Intercrop; N
Fertilizer; N Uptake; Pea; Protein; Grain Yield

1. INTRODUCTION
Intercropping generally refers to growing a mix of
non-legume and legume crops. Intercropping could have
several benefits, such as yield stability and reduced risk
of crop failure due to crop diversity [1,2], lower input
costs due to less fertilizer and pesticide usage, improve
grain yield (also called out-yielding) and economic returns in cereal-legume [3-7] and grain quality [8]. Outyielding (i.e., when the yield produced by an intercrop is
greater than the yield produced by the component crops
grown in monoculture on the same total land area) could
be calculated by measuring production efficiency of
intercrops relative to sole crops by using various techniques, such as Area × Time Equivalency Ratio (ATER)
[9], Relative Yield Total (RYT) [10] and Land Equivalency Ratio (LER) [11]. The LER is most commonly
used, and is defined as the relative land area under sole
crops that is required to produce yields equivalent to total
yield from component intercrops. Out-yielding in intercropping systems occurred due to weed suppression,
reduced susceptibility to insect-pests and diseases [1215], efficient use of resources (e.g., nutrients, water, light)
by diverse plant population compared to crop plants of
the same type and other benefits, such as nitrogen (N)
fixation by legumes, and increased root length [5,16,17].
There is little research information on the impact of
intercropping annual non-legume and legume crops on
yield, produce quality, economic returns, nutrients and
water use efficiency, and disease severity in Canada, and
such information is not available in northern Ontario.
The objective of this study was to investigate the effects
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of intercropping annual non-legume barley and legume
pea crops on grain yield, land equivalency ratio (LER),
grain quality, N uptake and economic returns in northern
Ontario, Canada.

2. MATERIALS AND METHODS
Field experiments (with barley-pea intercrop) were
conducted at Thunder Bay, Ontario, Canada, in 2008,
2010 and 2011. Each treatment was replicated four times
in a randomized complete block design. Individual plots
were 1.8 m × 7.5 m. The amount of precipitation from
May to August was 356.1, 218.5 and 291.7 mm, in 2008,
2010 and 2011, respectively. The precipitation for the 30year mean at the nearest meteorological station (Thunder
Bay Airport) was 327.2 mm. The year 2010 was relatively dry; the months of July and August in 2008 and
2010 and August of 2011 had less than normal rainfall
(relatively dry). About 80 mm of precipitation occurred
on a single day in June 2008. Thus, the precipitation in
the growing seasons was not well distributed in any of
the years.
Barley and pea were grown as mono crops and in
combinations, with application of N as urea at 0, 40 and
80 kg·N·ha−1 to mono crop barley and at 0, 20 and 40
kg·N·ha−1 to barley-pea intercrop combinations. The ten
treatments were: 1) barley, 0 kg·N·ha−1; 2) barley, 40
kg·N·ha−1; 3) barley, 80 kg·N·ha−1; 4) pea, 0 kg·N·ha−1;
5) barley-pea in alternate rows, 0 kg·N·ha−1; 6) barleypea in alternate rows, 20 kg·N·ha−1 to only barley; 7)
barley-pea in alternate rows, 40 kg·N·ha−1 to only barley;
8) barley-pea in same row, 0 kg·N·ha−1; 9) barley-pea in
same row, 20 kg·N·ha−1; and 10) barley-pea in same row,
40 kg·N·ha−1. All plots received recommended applications of P, K and S fertilizers and herbicides to control
annual weeds. At maturity, the crop was harvested with a
Suzie binder and threshed for grain yield. Grain samples
were analysed for total N concentration [18] to calculate
protein concentration and N uptake.
Land Equivalency Ratio was calculated from ratios of
seed yields of intercrops and sole crops by using formula
[LER = (Intercrop1/Sole Crop1) + Intercrop2/Sole Crop2)]
as described by Szumigalski and Van Acker [11]. The
LER values are used to compare crop growth/yield in
intercrops relative to the respective sole crops. If the
LER value is greater than 1, it indicates that out-yielding
is occurring with intercropping, and the intercrop is more
productive than the component crops grown as sole crops
(i.e., less land requirement with intercropping as compared to the sole crops). If the LER is lower than 1, it
suggests that there is no out-yielding occurring with intercropping (in fact under-yielding with intercropping),
and the intercrop is less productive than the sole crops.
The calculated data for each parameter were subjected
Copyright © 2012 SciRes.

to analysis of variance (ANOVA) using procedures as
outlined in SAS [19]. Significant (p ≤ 0.05) differences
between treatments were determined using least significant difference (LSD0.05). For each parameter, LSD,
standard error of the mean (SEM) and significance are
presented in various tables.

3. RESULTS
Grain yield of barley as a sole crop increased considerably with application of N (Table 1). Grain yield of
barley in barley-pea intercropping also increased significantly for both intercrop combinations (alternate rows
and in the same row). However, seed yield of pea in both
intercrop combinations decreased with increasing N fertilizer application (at rates higher than 20 kg·N·ha−1),
more so when the crops were seeded in the same row, but
still the intercrop combinations produced higher total
grain yield of both crops. The LER values for barley-pea
intercrop combinations were slightly greater than 1 in
alternate rows, at all levels of N, and at lower N rates in
the same row, but were only slightly less than 1 at the
highest rate of N applied to barley or pea in the same
row.
The LER values in the barley-pea intercrop in both
same row and alternative rows combinations were higher
when sole crop of barley was grown at zero-N rate compared to application of N fertilizer; LER was the least at
80 kg·N·ha−1 (Table 2). This indicates highest crop yield
and lowest land requirement for barley-pea intercropping,
when barley was grown without any applied N fertilizer.
In most cases when barley received 80 kg·N·ha−1, LER
values were less than 1 indicating decrease in grain yield
and increase in land requirement for barley sole crop at
increasing rates of applied N. For barley as sole crop, the
LER values increased with increasing N rate, especially
up to 40 kg·N·ha−1, in most cases in both barley-pea
intercrop combinations. The LER values peaked when
the barley-pea intercrop combinations received N fertilizer at 40 kg·N·ha−1. This suggests the increase in grain
yield and decrease in land requirement for barley-pea
intercropping with increasing rate of applied N.
Net returns (total of barley and/or pea as sole crops)
increased with application of N, but decreased for the
barley-pea intercrop grown in alternate rows and more so
in the same row (Table 3). Without applied N, net returns
were 1) highest when barley-pea intercrops were grown
in the same row, followed closely by both crops in the
alternate rows, and 2) usually the least when both crops
were grown as sole crops. Net returns of barley as sole
crop increased with application of N, but the net returns
decreased for the barley-pea intercrop grown in the same
row. Net returns from sole pea crop, without N fertilizer,
were the highest ($1141 ha−1); medium with barley-pea
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Table 1. Grain yield of barley and pea and Land Equivalency Ratio (LER) for barley and pea grown as sole
crops compared to various barley-pea intercrop combinations for similar N rates at Thunder Bay, Ontario (average of three years).
Grain yield (kg·ha−1)
Treatment
Barley
−1

1) Barley, 0 kg·N·ha

Pea

Total

2953

2953

2) Barley, 40 kg·N·ha−1

3205

3205

−1

3741

3741

3) Barley, 80 kg·N·ha
−1

4) Pea, 0 kg·N·ha

LER

2852

2852

1881

1407

3288

1.14

2147

1420

3567

1.17

2321

1173

3494

1.03

1999

1135

3134

1.08

9) Barley-Pea in Same Row, 20 kg·N·ha

2167

1105

3272

1.07

10) Barley-Pea in Same Row, 40 kg·N·ha−1

2376

1008

3384

0.99

LSD0.05

249

353

348

0.14

5) Barley-Pea in Alternate Rows, 0 kg·N·ha

−1

6) Barley-Pea in Alternate Rows, 20 kg·N·ha−1 to only Barley
−1

7) Barley-Pea in Alternate Rows, 40 kg·N·ha to only Barley
8) Barley-Pea in Same Row, 0 kg·N·ha

−1
−1

***

SEM and Significance Level
•

118.8

85.1

***

119.9

***

0.045•

and *** refer to treatment effects in ANOVA significant at P ≤ 0.1 and P ≤ 0.001, respectively.

Table 2. Land Equivalency Ratio (LER) for barley grain yield with or without applied N and pea without applied N grown as sole crops compared to various barley-pea intercrop combinations with or without applied N
at Thunder Bay, Ontario (average of three years).
LER compared to barley at N rates (kg·N·ha−1)
Treatment
Barley at 0 N

Barley at 40 N

Barley at 80 N

1.14

1.09

1.01

6) Barley-Pea in Alternate Rows, 20 kg·N·ha to only Barley

1.23

1.17

1.07

7) Barley-Pea in Alternate Rows, 40 kg·N·ha−1 to only Barley

1.20

1.14

1.03

8) Barley-Pea in Same Row, 0 kg·N·ha−1

1.08

1.02

0.94

9) Barley-Pea in Same Row, 20 kg·N·ha

1.12

1.07

0.97

10) Barley-Pea in Same Row, 40 kg·N·ha−1

1.16

1.09

0.99

ns

ns

ns

5) Barley-Pea in Alternate Rows, 0 kg·N·ha

−1
−1

−1

LSD0.05
SEM and Significance Level

ns

0.042

0.040

ns

0.041ns

ns refers to treatment effect in ANOVA not significant.

intercrops sown in the same row and the least with barley
as sole crop with or without applied N. Overall, net returns from barley + pea intercropping without applied N
($854 - 939 ha−1) were much better as compared to barley sole crop with 80 kg·N·ha−1 ($628 ha−1).
For barley as a sole crop, grain protein concentration
(PC) increased with applied N (Table 4). Compared to
barley as sole crop with zero-N, PC in barley grain increased when barley was intercropped with pea. In barCopyright © 2012 SciRes.

ley-pea intercrop treatments, application of N fertilizer
had no significant effect on grain PC in barley, although
PC in pea grain was expectedly much higher than PC in
barley grains. Protein concentration in pea grain was
highest when pea was grown as a sole crop without any
applied N. Total grain N uptake by barley and pea as sole
crops as well as in both intercrop combinations depicted
trends similar to the grain yield (Table 5). The LER values for total N uptake in grain usually showed patterns
Openly accessible at http://www.scirp.org/journal/as/
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Table 3. Economic returns for barley and pea grown as sole crops, and in various combinations as intercrop in alternate rows and in
same row at low ($100 Mg−1 for barley and $200 ha−1 for pea), medium ($150 Mg−1 for barley and $300 ha−1 for pea) and high ($200
Mg−1 for barley and $400 ha−1 for pea) prices at Thunder Bay, Ontario (average of three years).
Net returns above N fertilizer costsz
($ ha−1)

Gross returns ($ ha−1)
Treatment
Low

Med

High

Low

Med

High

1) Barley, 0 kg·N·ha−1

295

443

591

295

443

591

2) Barley, 40 kg·N·ha−1

321

481

641

261

421

581

3) Barley, 80 kg·N·ha−1

374

561

748

254

441

628

4) Pea, 0 kg·N·ha−1

570

856

1141

570

856

1141

5) Barley-Pea in Alternate Rows, 0 kg·N·ha−1

469

704

939

469

704

939

6) Barley-Pea in Alternate Rows, 20 kg·N·ha−1 to only Barley

499

748

997

469

718

967

7) Barley-Pea in Alternate Rows, 40 kg·N·ha−1 to only Barley

467

700

934

407

640

874

8) Barley-Pea in Same Row, 0 kg·N·ha−1

427

640

854

427

640

854

9) Barley-Pea in Same Row, 20 kg·N·ha−1

438

657

875

408

627

845

10) Barley-Pea in Same Row, 40 kg·N·ha−1

439

659

878

379

599

818

LSD0.05

59

88

118

59

88

118

20.3***

30.5***

40.6***

20.3***

30.5***

40.6***

SEM and Significance Level
z

The cost of N fertilizer was $1500 Mg−1 of N; ***refers to treatment effect in ANOVA significant at P ≤ 0.001.

Table 4. Protein concentration in grains of barley and pea grown as sole crops compared to various barley-pea
intercrop combinations for similar N rates at Thunder Bay, Ontario (average of three years).
Protein concentration in grain seed (g·N·kg−1)
Treatment
Barley
−1

1) Barley, 0 kg·N·ha

116

2) Barley, 40 kg·N·ha−1

122

3) Barley, 80 kg·N·ha−1

127

−1

Pea

228

4) Pea, 0 kg·N·ha

5) Barley-Pea in Alternate Rows, 0 kg·N·ha−1

125

224

6) Barley-Pea in Alternate Rows, 20 kg·N·ha−1 to only Barley

130

219

7) Barley-Pea in Alternate Rows, 40 kg·N·ha−1 to only Barley

123

217

8) Barley-Pea in Same Row, 0 kg·N·ha−1

121

217

9) Barley-Pea in Same Row, 20 kg·N·ha

125

218

10) Barley-Pea in Same Row, 40 kg·N·ha−1

126

218

8

7

2.8•

2.4*

−1

LSD0.05
SEM and Significance Level
•

and * refer to treatment effects in ANOVA significant at P ≤ 0.1 and P ≤ 0.05, respectively.
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similar to the LER for grain yield (Tables 5 and 6).

4. DISCUSSION
Previous research studies have shown beneficial effects of intercropping grain legumes with cereals on
productivity, economic returns and produce quality [2-8].
Our study considered barley-pea intercrop mixtures as
alternatives to barley or pea sole crops in northern Ontario. The effects of intercropping versus sole cropping in
relation to crop production, land resource use efficiency,

893

produce quality and N uptake are discussed in the following paragraphs by providing possible explanations
for any varying results from the published literature.
In our study, grain yield of barley-pea intercrop was
usually greater than pea and barley grown as sole crops.
The LER values greater than 1 indicate higher crop yield
and lower land requirement with intercropping compared
to when barley and pea were grown as sole crops, especially when grown without applied N. The increase in
grain yield of barley and decrease in grain yield of pea

Table 5. Total grain N uptake of barley and pea grown as sole crops compared to various barley-pea intercrop
combinations for similar N rates at Thunder Bay, Ontario (average of three years).
Total grain N uptake (kg·N·ha−1)
Treatment
Barley
−1

1) Barley, 0 kg·N·ha

Pea

Total

55.5

55.5

−1

2) Barley, 40 kg·N·ha

63.4

63.4

3) Barley, 80 kg·N·ha−1

75.6

75.6

4) Pea, 0 kg·N·ha−1

LER

104.4

104.4

33.6

52.2

85.8

1.11

6) Barley-Pea in Alternate Rows, 20 kg·N·ha to only Barley

41.1

51.9

93.0

1.15

7) Barley-Pea in Alternate Rows, 40 kg·N·ha−1 to only Barley

42.2

41.5

83.7

0.96

8) Barley-Pea in Same Row, 0 kg·N·ha−1

38.5

39.7

78.2

1.08

42.7

39.4

82.1

1.05

10) Barley-Pea in Same Row, 40 kg·N·ha

46.7

36.6

83.3

0.97

LSD0.05

4.8

11.8

9.2

0.13

1.66***

3.97***

3.16***

0.043*

5) Barley-Pea in Alternate Rows, 0 kg·N·ha

−1
−1

−1

9) Barley-Pea in Same Row, 20 kg·N·ha

−1

SEM and Significance Level
*

and *** refer to treatment effects in ANOVA significant at P ≤ 0.05 and P ≤ 0.001, respectively.

Table 6. Land Equivalency Ratio (LER) for barley grain N uptake with or without applied N and pea without
applied N grown as sole crops compared to various barley-pea intercrop combinations with or without applied
N at Thunder Bay, Ontario (average of three years).
LER compared to barley at N rates (kg·N·ha−1)
Treatment
Barley at 0 N

Barley at 40 N

Barley at 80 N

1.11

1.03

0.95

6) Barley-Pea in Alternate Rows, 20 kg·N·ha−1 to only Barley

1.24

1.15

1.04

7) Barley-Pea in Alternate Rows, 40 kg·N·ha−1 to only Barley

1.16

1.06

0.96

1.08

0.99

0.89

9) Barley-Pea in Same Row, 20 kg·N·ha

1.15

1.05

0.94

10) Barley-Pea in Same Row, 40 kg·N·ha−1

1.19

1.09

0.97

LSD0.05

0.12

ns

ns

5) Barley-Pea in Alternate Rows, 0 kg·N·ha

8) Barley-Pea in Same Row, 0 kg·N·ha

−1
−1

SEM and Significance Level

−1

•

0.040

0.037

ns

0.036ns

•

and ns refer to treatment effect in ANOVA significant at P ≤ 0.1 and not significant, respectively.

Copyright © 2012 SciRes.
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with application of N fertilizer compared to zero-N
treatment could most likely be due to higher level of nitrate-N in soil which has been observed to favour competition of non-legume barley over legume pea [20], and
inhibit N2 fixation by pea [21].
Grain yields of the component crops in intercropping
systems were lower than their corresponding sole crop
grain yields, but the total land productivity was usually
higher in intercrop treatments as evidenced by the higher
LER values in these treatments. The LER values ranged
from 1.03 to 1.17 for intercrops in alternate rows, and
from 0.99 to 1.08 for intercrops in the same row. In other
words, sole cultivation of each crop would require
slightly more land than their cultivation in intercropping
systems, suggesting greater land-use efficiency of intercrops (by up to 17% for alternate rows and by up to 8%
for same row) than sole crops. Because of different rooting pattern, intercropping legumes with cereals has the
potential to improve the use of soil N resource compared
to legumes grown as sole crops [2]. Therefore, it is also
possible that higher land productivity under intercropping than sole cropping in our study could be due to
more efficient use of available soil N with intercrops as
well. Also, in our study there was more N uptake with
intercrop combinations than the sole crops. Similar results were reported previously in intercropping systems
for mixed cultures of barley and pea [1,22].
Earlier research has suggested that interspecies competition could lead to increase in total N concentration in
barley grain when it was grown as a mixture with pea,
due to lack of severe competition for N between the two
crops [23]. Similarly, in our study, the protein concentration (or total N) also increased in barley grain in barleypea intercrops, because more of soil N was available to
barley grains, as pea could meet its N requirement
through N fixation from the atmosphere.
Overall, our findings suggest that the inclusion of Nfixing legume grain crops can be introduced in the intercropping systems for preventing N deficiency in organic
crops and to minimize N requirements in the conventional cropping systems. Our results also show higher
grain protein concentration and subsequently gain in
protein yield with barley-pea intercropping than sole
barley, especially when no N fertilizer was applied. Such
systems on livestock farms could also cut down requirements of and costs on protein supplements in the animal
feed.

5. CONCLUSION
Without applied N, grain yields improved with barleypea intercropping as compared to barley and pea as sole
crops. In the barley-pea intercropping system, application
of N fertilizer increased total grain yield when the crops
Copyright © 2012 SciRes.

were seeded in alternate rows, though without any beneficial effect on the LER and the net returns. In summary,
the barley-pea intercrops improved grain yield, protein
concentration in grain and sustainability of economic
returns.
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