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Abstract 
Relay intercropping with peppermint may be a viable alternative to conventional monocropping 
practices. Potential benefits include the prevention of nitrate pollution of groundwater, and the 
utilization of excess, after-harvest nitrogen in the production of a secondary crop that would be 
interplanted into the peppermint. Earlier field trials showed some promise with a variety of crops, 
of which five were selected as 'companion' crops in this study. 'Belford' barley performed best, 
followed closely by Monida' oat and then 'Gwen' barley. 'Wheeler' rye was less impressive than 
the barley and oat, but still resulted in peppermint oil yields equivalent to those of the control (non-
intercropped) peppermint. In fact, of the five intercropping treatments, only that of the 'Humus' 
rape resulted in any measurements inferior to that of the control. In terms of dry matter, plant stand 
characteristics, and oil yield, the treatments in which peppermint was intercropped with cereals 
were equal to or outperformed the control treatment peppermint. More studies should be performed 
to confirm and explain these results. 

Introduction 
Peppermint (Mentha piperita) requires high
nitrogen inputs and late-season irrigation in order
to be economically productive in the Pacific 
Northwest, USA. Because of the input-intensive 
demands of peppermint, and the shallow soils
common to the geographical regions in which it is
grown, the potential for loss of nitrogen as
nitrate to groundwater is high under peppermint.
In this study, various intercropping systems
were implemented in order to investigate their
potential as alternative, nitrogen-conserving
management practices for peppermint
production. 

There are many types of intercropping; in each
case, several crops that benefit the system in some
way are planted to the same area. In our study,
secondary crops were planted into peppermint
stands to test their effectiveness as nitrogen "catch
crops," which were intended to grow vigorously
only after the primary crop, peppermint, was
harvested, so that they would use excess soil
nitrogen during the period between the growing
seasons for the primary crop. Because the
maturity and harvest dates for the primary and
secondary crops are widely staggered, this type of
intercropping is called relay cropping.
Competition between the crops is largely avoided,
and more nitrogen is conserved than would be

Intercropping often provides many other 
secondary benefits to the crops involved. Erosion 
may be minimized, due to less soil exposure 
during the "off' season for one crop in which the 
other crop is growing. Insect pests may be better 
controlled through the provision of habitats for 
pest predators. A taller canopy provided by one 
crop may protect the second, later-emerging 
companion crop from frost. 

Methods and Materials 
Fertilizer, pesticide, irrigation, and other 
management, excluding the experimental 
treatments, were applied according to standard 
procedures for peppermint. The herbicide 
`Sinbar' (terbacil) was not applied to the 
peppermint in the year prior to planting of relay 
crops. 

Five crops, 'Humus' rape (Brassica rapa), 
`Wheeler' rye (Secale cereal), 'Belford' barley 
(Hordeum vulgare), 'Gwen' barley (Hordeum 
vulgare), and `Monida' oat (Avena saliva), 
selected for their superior performance in a 
screening trial (Mitchell, 1995), were seeded into 
already-established peppermint at rates recorded 
below on 10 August 1995 (Table 1). These 
secondary crops will be generally referred to as
`companion' crops in this paper. Planting rates 
and row widths were those suggested by 
experience from the screening trials (Table 1). 
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Table 1. Seeding rates of companion crops interplanted into peppermint as experimental treatments on 10 
August 1995 at Madras, OR. 

Treatment 
Rape 
Rye 
`Belford' 
`Gwen' 
Oat 
Control (peppermint only) 

Companion crop
Rape 'Humus'
Rye 'Wheeler'
Barley 'Belford'
Barley 'Gwen'
Oat `Monida'
none 

Planting rate of companion (lb/ac) 
25 
15 
45 
25 
45 
n/a 

Above- and below-ground peppermint and 
companion crop plant samples from 1 fe areas of 
each plot were taken 25 and 26 October 1995 for 
N uptake measurements. Above-ground samples 
were dried at 150°F overnight, ground, and 
analyzed for total Kjedahl N. Below-ground 
samples were first washed with water to remove 
soil, separated from dead biomass, and then 
similarly dried, ground, and analyzed. 

Above-ground companion crop samples from 3 
1 fe areas per plot were taken 3 April 1996 for 
biomass measurement from the rape, rye, and 
`Gwen' barley treatments, which were the only 
treatments in which the companion crops survived 
the winter. Samples were dried at 150°F to obtain 
dry mass. 

Companion crops were harvested with a 
plot mower 29 May 1996 to allow peppermint to 
grow at its maximal rate once danger of frost was 
past and would no longer benefit from cold 
protection provided by the companion crops. 
Companion crop mass from the entire 10 ft by 
25 ft plot areas was recorded. Two-pound 
subsamples of companion crop were taken from 
each plot, and weighed fresh and after oven-drying 
for percent dry matter determination. The 
peppermint from he control was not removed at 
that time. 

Ten stems, including all above-ground 
branches and leaves attached to a single main 
stem, were removed from each plot 30 July 1996 
for leaf, node, and branch counts; stem and leaf 
dry weights; and total stem length measurements. 
The number of leaves on the main stem, and 
leaves on branches only were counted separately. 
Only fully-expanded leaves were counted, but a 
terminal, immature pair was counted as a single 
leaf. The number of nodes total, as well as 
number present before the first (bottom-most) live 
pair of leaves was also recorded. Stems were 
measured from ground-level to tip of topmost leaf. 

Harvest for oil occurred 15 August 1996. Plots 
were cut with an plot forage harvester .

Peppermint was not separated from 'companion' 
crop biomass, if present, in order to keep oil 
harvest similar to routine procedures. Samples 
from a 40 in by 25 ft strip from the center of each 
p l o t  w e r e  w e i g h e d  f r e s h  f o r  b i o m a s s  
determination, one 10- to 12-lb subsample from 
each strip was weighed fresh and reserved in a 
burlap sack for oil analysis, and a second 
subsample was weighed both fresh and dry for 
percent dry matter determination. To ensure 
accurate fresh weight measurements, fresh weights 
were taken without delay after sampling. Burlap- 
sack samples were kept outdoors under shelter and 
turned periodically to allow dissipation and even 
distribution of moisture before distillation. Oil 
was distilled directly from burlap-sack samples 
using mini-distillery apparatus. 

Results 
Fall nitrogen uptake 

All the experimental intercrop systems 
consumed more nitrogen than did the control, on 
average; 'Belford' barley and `Monida' oat 
systems consumed significantly more (Table 2). 
`Belford' barley and `Monida' oat took up 243 and 
220 lb/ac nitrogen, respectively, on average, more 
than twice the 95 lb/ac uptake of the non-
intercropped peppermint. 

The 'Wheeler' rye (companion crop only) 
consumed the least nitrogen (81 lb/ac) relative to 
the other 'companion' crops, significantly less 
than the 'Belford' barley. The associated 
peppermint within the rye treatment took up more 
nitrogen than did the peppermint from within the 
other intercropped treatments,  part ia l ly  
compensating for the low nitrogen uptake of the 
rye itself (difference not significant, p = 0.236). 
The tota l  n i t rogen consumpt ion by the  
combination of crops in each treatment was lowest 
in the rye compared to the other intercropped 
treatments (although it was still higher than that of 
the control). 

Likewise,  when consider ing only the 
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peppermint component of each system, 
significantly more nitrogen, 95 lb/ac, on average, 
was consumed by the peppermint when not 
intercropped at all, but the 'system' totals of each 
treatment show that the control resulted in a much 
lower nitrogen recovery than any other treatment. 

Companion Crop Spring yields 
Two out of the five companion crops were 

winter-killed, `Monida' oat and 'Belford' barley. 
The three remaining types of relay crops continued 
to yield, but in moderate amounts, less than 1 
ton/ac dry matter in each case (Table 3). The 
`Humus' rape continued to grow even after mow- 
down 29 May 1996, which was intended to 
terminate the growth of the companion crops in 
order to eliminate competition between them and 
the peppermint. 

Spring peppermint 
On 29 May 1996, visual inspection revealed 

that the young peppermint of the cereal companion 
crop treatments appeared greener than the mint 
grown with rape or alone (control) (as noted in 
Table 3). 
Stem and leaf measurements 

Peppermint measurements taken 30-31 July 
1996 demonstrated some differences in plant 
characteristics between treatments (Table 4). The 
`Belford' barley treatment ranked highest in all 
measurements except stem length, for which it did 
not differ significantly from the highest-ranked 
treatments. In many of the categories for which 
`Belford' was ranked highest, it measured 
significantly higher than other treatments. None 
of the 'Belford' treatment measurements differed 

significantly from those of the 'Control' or the 
highest-ranking measurements for any given 
category. 

The `Monida' oat treatment measurements 
ranked similarly to those of `Belford.' `Monida,' 
in fact, had the highest 

mean stem weight, and though it never 
averaged higher than 'Belford' on other 
measurements, it never differed significantly from 
any of them, either. 

`Gwen' measurements were consistently lower, 
and significantly less than those of 'Belford' for 
stem weight, leaf weight, and stem length. 
`Wheeler' rye and 'Humus' rape treatments 
generally ranked lowest. 

Final dry matter and oil yield 
Final dry matter measured least in the rye 

treatment (2.5 ton/ac) and highest in the rape 
treatment (3.7 ton/ac), with these two extremes 
differing significantly (Table 5). 'Belford,' 
`Gwen,' oat, and control treatments all had 
between 2.8 and 3.4 ton/ac and did not differ 
significantly from each other. It was very 
apparent at harvest that within the rape treatment, 
the rape crop had not been adequately suppressed 
by the mow-down in May, as it was still growing 
vigorously. The companion crops of the other 
treatments, in contrast, had behaved as intended, 
and were not at all visible within the peppermint. 

Oil yields from the `Belford,' `Gwen,' 
and oat treatments averaged 73-80 lb/ac and were 
significantly higher than that of the rape treatment 
(48 lb/ac), and higher, but not significantly, than 
those of the rye (71 lb/ac) and control treatments 
(68 lb/ac), which did not differ significantly from 
each other.

Table 2: Fall nitrogen uptake by 'companion' crop and peppermint grown in relay-cropping system treatments, based 
on plant samples obtained 25 and 26 October 1995 at Madras, OR. 
 

`Companion' crop Peppermint only Both  
above- 
ground 

below- 
ground 

'companion'
total 

above- 
ground 

below- 
ground 

mint 
total 

system 
total 

  N (lb/ac)   N (lb/ac)  N (lb/ac) 

Rape 'Humus' 153 a* 16 b 169 a 13a 18a 31a 200 ab 
Rye 'Wheeler' 71 a 10 ab 81 a 31c 26a 57a 138 ab 
Barley ' B elford' 201 a 6 ab 207 a 9 ac 27 a 36 a 243 b 
Barley 'Gwen' 121 a 12 ab 132 a 17 abc 20 a 37 a 170 ab 
Oat M oni da' 160 a 12 ab 172 a 25 abc 22 a 48 a 220 b 
Control n/a n/a n/a 51 d 45 a 95 b 95 a  
*Means followed by different letters within columns do not differ at the a = 0.05 level, as determined by Fisher's LSD 
procedure. 
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Table 3. Spring dry matter yields of the companion crops, and color of peppermint noted 29 May 1996 at Madras. OR. 

 3 April 29 May 
(dry matter, lb/ac) 

Peppermint 
(color) 

Rape 'Humus' 207 a * 406 a purplish 

Rye 'Wheeler' 652 b 1394 b green 
Barley 'Belford' 0 0 green 
Barley 'Gwen' 235 a 1331 b green 
Oat `Monida' 0 0 green 
Control n/a n/a purplish  

*Means followed by different letters within columns do not differ at the a = 0.05 level, as determined by Fisher's LSD 
procedure. 

Table 4. Peppermint stem-and-leaf measurements taken 30-31 July 1996 at Madras, OR. Mean values of 10 stems are 
p r e s e n t e d  u n l e s s  o t h e r w i s e  n o t e d .   

 
 Stem 

Weightl 
Leaf 

Weightl 
Stem #Leaves #Nodes Total # 
Length On Main without Nodes 

Buds 
present2 

Branches Leaves 
On 

 (g) (g) (cm) Stem Leaves    Branches 

Rape 11.1 a* 11.2a 71 ab 15a 7a 14a 7a 7a 19a 

Rye 11.2a 12.3 ab 58a 17 ab 7a 14a 6a 6a 23 ab 
Belford Barley 19.5 c 16.9 b 81 bc 18 b 9 a 17 a 8 a 11 b 37 b 
Gwen Barley 11.5 ab 11.9 a 60 ab 17 ab 7 a 16 a 6 a 8 ab 27 ab 
Monida oat 17.0 abc 12.5 ab 84 c 16 ab 9 a 16 a 5 a 9 ab 29 ab 
control 18.3 bc 14.2 ab 82 c 17 ab 9 a 17 a 8 a 10 ab 31 ab  
I Stem and leaf weights were composites of all the stem and leaf matter harvested from 10 stems. 
2Buds present how many times out of ten stems. 
*Means followed by different letters within columns do not differ at the a = 0.05 level, as determined by Fisher's LSD 
procedure. 

Table 5. Final dry matter and oil yields, taken at harvest 15 August 1996 at Madras. OR. 
Total Peppermint 

Dry Matter Oil Yield 

(ton/ac) (lb/ac) 
Rape 'Humus'* 3.7 b** 48 a 
Rye 'Wheeler' 2.5 a 71 ab 
Barley 'Belford' 3.2 ab 78 b 
Barley 'Gwen' 2.8 ab 80 b 
Oat `Monida' 3.4 ab 73 b 
Control 2.8 ab 68 ab 

*The rape treatment yields included substantial amounts of rape as well as peppermint at this time. 
**Means followed by different letters within columns do not differ at the a = 0.05 level, as determined by Fisher's 
LSD procedure. 



 

Discussion 
In this study, the 'Belford' barley treatment 
consistently resulted in the best overall peppermint 
measurements. `Monida' oat performed almost as 
well, and both of these generally performed as 
well - or better than - did the control. Both 
`Belford' and oat were winter-killed, unlike the 
other treatments, suggesting that the winter-kill of 
these companion crops was not only convenient, 
eliminating the need to mow the crops down later 
on, but beneficial to the peppermint, perhaps by 
reducing competition very early. It is also evident 
that both 'Belford' and `Monida' oat were 
efficient 'catch' crops, consuming 207 and 172 
lb/ac N, respectively, between their August 
planting and late October sampling. 

The 'Gwen' barley treatment was largely 
successful, as well, with the barley alone 
consuming 132 lb/ac nitrogen in the fall and the 
associated peppermint yielding 80 lb/ac oil. The 
29 May dry matter yield (0.7 ton/ac) suggests that 
`Gwen' may have promise as a companion crop 
with market potential. 'Gwen' is a feed barley that 
was in the early milk stage at the time of the 29 
May cutting, and may have yielded and matured 
better had the 3 April cutting not occurred. 

The rape and rye treatments were the 
least successful. The rape grew too vigorously, 
despite the May mow-down, which was effective 
in suppressing all other companion crops in this 
study. The rye did not consume as much nitrogen 
as did the other crops by late October, though it 
possibly continued to consume more throughout 
the winter and early spring, as it was visibly a very 
productive, winter hardy crop. The fact that the 
peppermint to which the rye was interplanted 
consumed more nitrogen on average than did the 

peppermint of other intercropped treatments also 
implies that nitrogen uptake in the rye may be 
slower and less efficient than that of the other 
companion crops in this study during the time in 
which it is most critical. The mean oil yield 
resulting from the rye treatment, however, did not 
differ from that of the control. In contrast, the oil 
yield resulting from the rape treatment was 
substantially lower, suggesting that competition 
with the rape throughout the growing season 
depressed peppermint oil yield. 

All companion crops besides the rape 
resulted in higher oil yields than the control, a 
result worthy of further investigation. The 
peppermint intercropped with the cereals also 
looked greener at the time of the May cutting, 
suggesting that the mint plants were less stressed 
physiologically. Perhaps the rape is somewhat 
allelopathic to, or simply more competitive with 
peppermint compared to the cereals. 

Of the cereals used in this study, our 
observations confirmed that rye is the most winter- 
hardy, followed by the 'Gwen' barley, and then 
the 'Belford' barley; rape is also a winter-hardy 
crop. That the peppermint appeared most 
benefited by the 'Belford' barley and least by the 
rye and rape suggests that the winter-hardiest 
crops are not optimal choices for relay cropping 
with peppermint. 

Long-term, continued study of the 
intercropping of peppermint would provide useful 
information on the reproducibility of the results 
observed in this study. Clearly there is a potential 
for relay intercropping of peppermint in reducing 
nitrogen loss and maintaining high oil yields. 
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