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Abstract 
A four year experiment was conducted at a site in the south-east of Ireland in which medium and high input 
conventional winter wheat production systems were compared to no input and low input systems in which winter 
wheat was direct drilled into an understory of white clover. Whole crop and grain yields from all systems were 
strongly related to external input levels, yields from bicropped treatments were poor. Nitrogen uptake and grain 
yields from the conventional treatments declined during the course of the study whereas nitrogen uptake and 
yields from bicropped treatments were more stable. Fertiliser N application significantly depressed biological 
production efficiency and altered biomass partitioning. The proportion of biomass partitioned to the stem 
decreased with fertiliser N, differences between treatments persisted until final harvest. Although the clover 
sward was still present in the fourth year, this component of the bicrop was gradually replaced by weeds as the 
experiment progressed in spite of several attempts to control weeds. It is suggested that further research is 
needed to identify a clover management strategy which ensures the persistence of the white clover sward and 
allows it to enrich soil fertility in such a way as to be of benefit to the accompanying wheat crop. 

Keywords: Winter wheat, bicropping, nitrogen uptake, harvest index, biological production efficiency, nitrogen 
utilization efficiency 

1. Introduction 
It has long been established that increased production and forage quality will result when legumes are grown 
along with grasses in pastures (Haystead & Marriott, 1978; Simpson, 1965; Whitney, 1977). In addition to 
increased production, a concurrent increase in soil nitrogen (N) occurs and annual amounts in excess of 100 Kg 
N ha-1 can be accumulated (Clement & Williams, 1967). Legumes are often included as a component in crop 
rotations because of their beneficial effects on soil fertility. Succeeding crops benefit from enhanced availability 
of N after residual legume shoots and roots have decomposed. This source of organic N can be made available to 
succeeding crops after ploughing and arable cropping and its availablitity reduces the requirement for fertiliser N 
(Clement & Williams, 1967). Additionally, the inclusion of a legume in a rotation leads to increases in the levels 
of soil organic matter as well as to improvements in soil structure (Ladd et al., 1983). The practise of crop 
rotation as well as interest in the use of legumes as sources of N declined in developed regions of the world when 
cheap forms of inorganic N fertiliser became available (Groya & Sheaffer, 1985). In contrast, mixed cropping 
and intercropping systems including legumes have been and continue to be used in countries where N fertilizers 
are difficult to obtain (Remison, 1978; Martin & Snaydon, 1982). 

The achievement of high grain yields in winter wheat crops is dependent on the availability of nitrogen (N), an 
essential element involved in all of the plants metabolic processes. Substantial increases in grain yields have 
been made possible by the availability of N fertiliser (Bell et al., 1995). However, N is costly to produce and is 
easily dissipated in the environment if applied incorrectly, a sizable portion of applied N is lost by leaching and 
denitrification (Huber et al., 1977). Thus, both environmental and economic considerations have driven a quest 
to reduce inputs of N fertiliser both by developing management practises more responsive to the physiological 
needs of crops and by increasing the efficiency with which absorbed nitrogen is used to produce grain. 
Cereal-legume intercropping systems offer one possible way of minimising inputs of fertiliser N by utilizing the 
legume component to improve soil fertility (Ofori & Stern, 1987). Brophy et al. (1987) demonstrated that N 



www.ccsenet.org/sar Sustainable Agriculture Research Vol. 5, No. 1; 2016 

25 
 

transfer was possible between a legume and an associated non-legume. Simultaneous seeding of legumes and 
small grains has provided mixed results (Stewart et al., 1980; Brandt et al., 1989). However, the development of 
direct drills has enabled cereal crops to be drilled into an already established clover understory. Williams and 
Hayes (1991) showed that spring cereals could be direct drilled into a clover understory once clover growth had 
been suppressed. Jones (1992) drilled spring barley, spring oats and winter barley into an understory of white 
clover and found that whole crop silage and grain yields were similar to those obtained by traditional methods. 
Jones and Clements (1993) successfully grew winter wheat in a white clover understory over several years 
although yields were low. White and Scott (1991) examined the effects of small grain species, living mulch 
species and topdress N in a two year study in which winter cereals were direct drilled into living mulches. Of the 
living mulches tested, red and white clovers showed the greatest potential to produce dry matter with little 
interference to the cereals and appeared to contribute nitrogen to rye. Schmidt et al. (2003) showed that the 
presence of a clover understory had a beneficial effect on earthworm populations, previous work had shown that 
earthworms increased the biomass and N uptake of wheat (Schmidt & Curry, 1999). 

Previous experiments had shown that cereals could be successfully drilled into a clover understory, that the 
clover understory could survive several cereal crops and that the yield of cereal crops drilled into a clover 
understory was comparable to those of conventionally sown cereal crops. In this study winter wheat-clover 
bicropping sytems which received either no inputs of N fertiliser and plant protection chemicals or low inputs of 
these additives were compared to medium and high input commercially used systems in which winter wheat was 
sown into tilled soil. The objective of the study was to examine the possibility of a low input production system 
for winter wheat which would utilise biologically fixed N and which would not need high inputs of fertiliser N or 
plant protection chemicals. 

2. Materials and Methods 
The field investigations were carried out in one experimental field at Oak Park Research Centre, Carlow, 
Republic of Ireland, Latitude 52051’12”N and Longitude 6054’15”W. The soil is a free draining medium-heavy 
textured limestone soil with 3% organic carbon content. The field, which had been intensively cropped for over 
20 years, was left fallow during 1993 following a crop of spring barley harvested in August 1992. All plots 
received 37 Kg P/ha and 74 Kg K/ha during each year of the study. Additionally, the experimental area received 
70 Kg K/ha in March 1995 as soil analysis had indicated the level of this element to be particularly low.  

2.1 Treatments 

The trial layout was a randomised complete block with four replications, each plot measuring 60 metres long and 
10 metres wide. The same plots were used for each treatment in all four years of the study. The four treatments 
were replicated in each block. These were; winter wheat drilled into a white clover sward, no fertiliser nitrogen, 
no plant protection chemicals (Bicropped, zero); winter wheat drilled into a white clover sward, 50 Kg N/ha, low 
input of plant protection chemicals (Bicropped, low); winter wheat sown into a conventional ploughed seedbed, 
160 Kg N/ha, low input of plant protection chemicals (Conventional, medium); winter wheat sown into a 
conventional ploughed seed bed, 200 Kg N/ha, high input of plant protection chemicals (Conventional, high). 
Further details are provided in Table 1. 

 

Table 1. Details of treatments 

Treatment Bicropped, 
Zero 

Bicropped, Low Conventional, medium Conventional, high 

Nitrogen 0 Kg/ha 50 Kg/ha 160 Kg/ha 200 Kg/ha 

Growth 

Regulator 

  Half Rate Growth 

Regulator 

Full Rate Growth 

Regulator 

Herbicide   Half Rate Autumn 
Herbicide 

Full Rate Autumn 
Herbicide 

Insecticide   Full Rate pre-harvest 
Insecticide 

Full Rate Autumn 
Insecticide 

Full Rate pre-harvest 
Insecticide 

Fungicide  2 * Half Rate Fungicide 
applications 

2 * Half Rate Fungicide 
applications 

3 * Full Rate Fungicide 
applications 
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Towards the end of June 1996, a large number of aphids were found on bicropped plots. A selective insecticide 
(perimicarb) was used to control this problem. Grass weeds (Poa annua, Poa trivialis, Agrostis stolinifera, 
Agrostis tenuis) became increasingly problematical in the bicropped plots as the experiment progressed and a 
number of attempts were made to eradicate this problem. Avadex granules (active ingredient tri-allate) were 
applied in November 1996, bicropped crops were sprayed with Fusilade (active ingredient fluazifop-P-butyl) in 
September 1997 and Topik (active ingredient clodinafop-propargyl) was sprayed on bicropped treatments in 
Febuary 1998. In March 1998, it was found necessary to spray bicropped plots with Benazolin to control Galium 
aparine. It was still found necessary to spray bicropped plots with glyphosate in August 1998 to facilitate 
harvesting in spite of all attempts to control weeds. 

The period after sowing was very wet in October 1997 and slug numbers increased dramatically. Consequently, 
methaldehyde pellets were broadcast on all plots on 17th October, methiocarb pellets were broadcast on 23rd 
October. 

2.2 Clover Establishment 

White clover (cv. Donna) was sown into the plots of the bicropped treatments on 28th April 1994. The clover was 
drilled at a seeding rate of 9.0 Kg/ha in rows 15 cms apart. A herbicide mixture containing MCPB, MCPA and 
benazolin was sprayed on 14th June to control annual broad leaved weeds. The clover was cut, wilted for three 
days and baled as silage during September 1994. Clover regrowth was grazed by sheep. 

2.3 Wheat Establishment 

In each year of the experiment, clover was cut and removed from the bicropped plots before wheat was sown. 
Wheat was sown into the bicropped plots using a Hunter rotaseeder drill at a row spacing of 22.8 cms. This drill 
uses a set of powered rotating blades to till a shallow 5 cm wide strip of soil. It was found necessary to drag a 
heavy chain behind the drill to ensure sufficient coverage of the seed. 

Conventional treatments were ploughed and tilled before wheat was sown using a seed drill at a row spacing of 
12 cms. All treatments were sown at a seeding rate of 200 Kg/ha in the 1994/95 and 1995/96 growing seasons. 
All treatments were sown at a seeding rate of 170 Kg/ha in the 1996/97 and 1997/98 growing seasons. Sowing 
dates are given in Table 2. 

 

Table 2. Dates of Sowing and harvest 

 Sowing Date Whole Crop Harvest Date Final Harvest Date 

1994/95 11/10/94 10/7/95 4/8/95 

1995/96 18/10/95 23/7/96 16/8/96 

1996/97 9-10/10/96 15/7/97 15/8/97 

1997/98 8-9/10/97 - 31/8/98 

 

2.4 Cereal Seedling Establishment 

The establishment of wheat plants was determined during the spring after sowing. In this assessment, two 
adjacent 0.5m row lengths were dug up at three random locations per plot and the number of plants were 
counted.  

2.5 Measurements of Soil N 

On 25th November 1998, a soil corer was used to take soil samples from each plot. Four soil cores were taken 
from each plot, each core was divided into a 0-15cm fraction as well as a 15-30 cm fraction. Ammonium 
nitrogen and nitrate nitrogen was determined in both fractions. 

2.6 Intermediate Harvests 

Twenty plants were sampled at random from each plot at 2-3 week intervals from spring until final harvest in 
1995, 1996 and 1997. The roots were removed before the plants were divided into leaves, stems and ears. The 
individual plant parts were dried to constant weight at 70 degrees centigrade. The dried plant parts were weighed 
before being ground. Percentage N was determined on the ground material using a LECO FP-228 Nitrogen 
determinator (LECO Corporation, St Joseph, Michigan, U.S.A.). Biological production efficiency was 
determined at each of the individual harvests as accumulated biomass/ accumulated nitrogen.  
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2.7 Whole Crop Silage 

Whole crop silage was harvested in 1995, 1996 and in 1997. A swath (1.25m*10m) was cut from each plot 
approximately one month before final harvest when the wheat was at dough stage. The total freshweight of the 
freshly harvested material was determined. Sub-samples were taken to determine botanical composition and dry 
matter content. 

2.8 Final Harvest 

Three 0.5 m2 quadrats were harvested from each plot immediately before final harvest. The roots were removed 
from the plants before the ears were seperated, from the straw and threshed into grain and chaff, all plant parts 
were then dried. Harvest index was calculated as grain weight divided by (grain weight+weight of chaff+weight 
of straw). The percentage of nitrogen in the grain was determined using a LECO FP-228 Nitrogen determinator 
(LECO Corporation, St Joseph, Michigan, U.S.A.). Nitrogen harvest index was determined as grain nitrogen / 
total plant N determined at the last intermediate harvest . Nitrogen utilization efficiency (Moll et al., 1982) was 
calculated as grain produced per unit of whole plant nitrogen. The total uptake of N in 1998 was determined 
using these three quadrats of plants harvested immediately before final harvest. After drying, the individual plant 
parts were ground before percentage N was determined using a LECO N determinator. 

Grain yield was quantified by harvesting two 60m strips from each plot using a plot combine. A sub-sample of 
the grain harvested from each plot was taken for analysis of percentage moisture. After harvest, straw was baled 
and removed from each plot. 

2.9 Statistics 

In the case of soil nutrient levels and plant establishment, two way analysis of variance was used to determine 
differences between treatments. For all other parameters, multiway analysis of variance was used to determine 
the effect of treatment, time and to test for interaction. Data was analysed using the GLM procedure of the 
Minitab statistical package (Minitab Inc., 3081 Enterprise Drive, PA 16801-3008). 

3. Results 

3.1 Soil Nutrient Status 

The results of measurements of soil mineral N content are shown in Table 4. Treatments had no effect on soil 
ammonium nitrogen. Levels of nitrate in the 15-30 cm fraction were higher in bicropped treatments although the 
effect was not statistically significant. There were significantly higher levels (p<0.05) of nitrate in bicropped 
treatments at 15-30 cms depth. 

3.2 Establishment of Wheat Plants 

Plant establishment was lower in the bicropped treatments in comparison to the conventional treatments in all 
four years of the study (Table 3). Both conventional treatments had significantly more plants per m2 (p>0.01) 
compared to both bicropped treatments in 1995. There were no significant differences between treatments in 
1996 although conventional treatments did have more plants/m2 compared to bicropped treatments. In 1997, the 
high input conventional treatment had significantly (p<0.05 - p<0.01) more plants/m2 compared to both 
bicropped treatments and the low input conventional treatment had significantly more plants/m2 (p<0.05) 
compared to the low input bicropped treatment. The low input conventional treatment had significantly more 
plants/m2 (p>0.05) compared to the high input bicropped treatment in 1998. There were no significant 
differences in plant establishment between the two bicropped treatments or between the two conventional 
treatments. 

 

Table 3. Wheat plant establishment 1994-1998 

 8/3/95 3/3/96 2/4/97 20/2/98 

Bicropped, zero 348.1 332.1 301.6 245.6 

Bicropped, low 344.8 327.0 323.4 207.8 

Conventional, medium 434.0 373.7 357.7 284.9 

Conventional, high 451.4 368.9 380.6 250.9 

s.e.d (9 d.f) 23.28 21.7 23.6 21.5 
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Table 4. Soil measurements of nitrate and ammonium nitrogen (mg/Kg dry soil) 

 0-15 cms 

nitrate nitrogen 

15-30 cms 

nitrate 

nitrogen 

0-15 cms 

ammonium 

nitrogen 

15-30 cms 

ammonium 
nitrogen 

Bicropped, zero 7.7 7.3 5.9 5.0 

Bicropped, low 7.7 7.9 5.1 4.9 

Conventional, medium 4.3 3.8 5.9 4.6 

Conventional, High 4.2 3.9 6.4 4.7 

s.e.d 

(9 d.f.) 

3.1 1.3 0.6 0.3 

 
Table 5. Treatment effect on winter wheat yield, nitrogen accumulation, biomass and nitrogen distribution and 
treatment effects on whole crop silage. *,**,***,**** significant at the 0.05, 0.01,0.001,0.0001 level 
respectively, n.s. not significant 

Year Treatment Grain 
Yield 

(t/ha @ 
15%m) 

Ears/m2 Grains/ear 1000 

gw 
(g) 

Wheat 
Biomass 

(t/ha) 

Harvest 
Index 

Nitrogen 

Uptake 
(Kg/ha) 

Nitrogen 
Utilization 

efficiency 

Whole Crop 

Silage Yield 
(t/ha D.M) 

1995 Bicropped, Zero 1.6 275.4 13.8 41.2 8.4 21.2 64.2 20.8 9.3 

Bicropped, Low 3.1 282.4 24.0 44.2 12.4 24.5 89.5 30.0 13.0 

Conventional, 
Medium 

8.6 453.4 40.2 46.1 16.9 34.0 170.0 43.6 20.7 

Conventional, 
High 

10.1 540.0 39.2 46.4 20.7 39.2 205.2 43.1 21.9 

           

1996 Bicropped, Zero 1.5 289.3 14.7 36.8 6.1 28.2 43.5 26.7 7.6 

Bicropped, Low 2.4 316.6 20.4 39.0 9.7 30.7 64.7 31.3 11.3 

Conventional, 
Medium 

8.2 496.0 43.4 39.6 20.0 41.5 182.0 39.1 15.7 

Conventional, 
High 

9.8 571.3 43.4 40.8 22.8 45.0 240.0 34.5 17.9 

           

1997 Bicropped, Zero 1.6 260.3 16.8 40.3 6.7 29.0 59.3 22.6 8.9 

Bicropped, Low 2.6 252.6 26.8 42.1 11.0 33.5 102.2 22.2 10.3 

Conventional, 
Medium 

6.0 389.0 45.7 35.4 17.2 37.7 175.1 29.7 12.9 

Conventional, 
High 

7.3 411.7 49.1 38.8 18.1 40.2 203.6 30.8 15.1 

           

1998 Bicropped, Zero 1.5 296.6 13.0 40.9 6.5 29.2 55.3 23.1  

Bicropped, Low 2.5 328.6 19.4 42.1 9.7 31.5 86.6 24.5  

Conventional, 
Medium 

6.3 406.3 39.9 39.9 15.6 38.2 162.5 32.9  

Conventional, 
High 

7.4 402.3 44.6 44.6 15.9 40.2 194.1 32.7  

           

 Year (3 d.f.) **** **** **** **** **** **** n.s. **** **** (2 d.f.) 

 Treat (3 d.f.) **** **** **** **** **** **** **** **** **** (3 d.f.) 

 Year * Treat (9 
d.f.) 

**** **** n.s. **** **** **** ** n.s. **** (6 d.f.) 
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4. Discussion 
It is possible to establish successive winter wheat crops in a white clover understory although plant 
establishment was lower in direct drilled treatments. Jones (1992) also found reduced seedling emergence when 
cereal crops were direct drilled into a clover understory. Cornish and Lymbery (1987) have attributed reduced 
emergence in direct drilled crops to a combination of uneven sowing depth and to rougher seedbeds. In this study, 
the reduced plant establishment was at least partially attributable to the type of direct drill used to sow the 
bicropped wheat. Unless conditions were completely dry the powered rotating blades did not provide enough soil 
to cover the seeds sufficiently leaving seeds vulnerable to predation by birds. Additionally, the rotating blades 
had the effect of compacting the soil under the newly sown seeds providing a difficult environment for 
establishment to take place.  
Nitrogen uptake by the bicropped winter wheat crops was low despite being more stable than that of 
conventional treatments which declined during the course of the study. Higher levels of nitrate nitrogen were 
found in the soils of bicropped treatments, a similar result was reported by Jones and Clements (1993). However, 
levels of N uptake in all treatments were similar to those reported in conventionally sown winter wheat nitrogen 
trials suggesting that the contribution from biologically fixed nitrogen was low (Powlson et al., 1986, 
Ortiz-Monasterio et al., 1997). Although this experiment was not a nitrogen trial per se, differences between 
treatments were largely a function of the level of nitrogen fertilization.  

Differences in biomass accumulation between the two methods of cultivation were less than differences in grain 
yield because of differences in harvest index between treatments. Low harvest index was a contributory factor to 
the poor grain yields obtained from the bicropped treatments. Harvest index increased with the level of applied 
nitrogen irrespective of the method of cultivation. Spiertz and Ellen (1978) reported an increase in harvest index 
with nitrogen supply, Dreccer et al. (2000) reported a similar result. However, most studies have reported that 
harvest index decreases with applied N (Donald and Hamblin, 1976; Pearman et al., 1978; Ortiz-Monasterio et 
al., 1997; Le Gouis et al., 2000, Garner & Dyke, 1969, Delogu et al., 1998). It is possible that high plant 
population density in the widely spaced rows of the bicropped treatments may have contributed to the substantial 
differences in harvest index between the two methods of cultivation. Puckridge and Donald (1967) reported a 
decrease in harvest index with increasing population density in wheat crops grown in Australia. Nitrogen harvest 
index also fell with increasing N, in contrast to the results of Spiertz and Ellen (1978), Le Gouis et al. (2000) and 
Dreccer et al. (2000). Poor harvest index in bicropped treatments ensured that nitrogen utilization efficiency was 
also low in these treatments and indeed the latter parameter followed the same trend as harvest index, increasing 
with added nitrogen. In contrast, a decrease in nitrogen utilization efficiency with added nitrogen has been 
reported by several authors (Sowers et al., 1994; Dhugga & Waines, 1989, Ortiz-Monasterio et al., 1997, Delogu 
et al., 1998).  

The addition of fertiliser N suppressed the efficiency of biological production and altered the partitioning of 
biomass so that more assimilate was partitioned into the leaf and less to the stem. Low biological production 
efficiencies at high levels of nitrogen have also been reported by Ortiz-Monasterio et al. (1997) and Le Gouis et 
al. (2000). Thus, the bicropped treatments with their low levels of added N were more efficient at converting 
absorbed N into biomass. However, although efficient at producing biomass, the bicropped treatments stored a 
higher percentage of their biomass in the stem compared to their conventional contempories. This pattern of 
biomass allocation continued up to final harvest. Bicropped treatments appeared unable to use the extra stem 
reserves to produce leaf laminae for photassimilate production or to use the same reserves for grain filling. The 
importance of stem reserves for grain filling particularly under conditions when current assimilation cannot meet 
the demands of developing grains has been demonstrated (Austin et al. 1977, 1980). In this experiment the 
efficiency of assimilate partitioning was a function of nitrogen supply and appears to have been determined 
around the time of the second split of N. 

Subsequent to this experiment, other studies have also reported lower grain yields in wheat-clover bicropping 
systems compared to conventional systems (Sarunaite et al., 2006; Thorsted et al., 2006a). Yield reductions have 
been attributed to the presence of clover, the negative effects of clover being stronger than the positive effects 
(Thorsted et al., 2006b). Thorsted et al. (2006a) attributed such yield reductions to interspecific competition for 
light and N during vegetative growth and for soil water during grain filling. Several studies have reported that 
grain yields in cereal/wheat bicropping systems can be substantially increased by legume defoliation by either 
herbicide (Bergkvist, 2003) or by the use of mechanical treatments (Thorsted et al., 2002; Thorsted et al., 2006c). 
Bergkvist (2003) concluded that competition from clover needs to be minimised when wheat is at the tillering 
stage in order to maximise grain yield while Thorsted et al., (2006c) reported that the largest yield increases were 
obtained when mechanical weed control was applied during stem elongation. Mechanical treatment increased N 
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transfer between clover and wheat, possibly as a result of the fact that legume defoliation results in root and 
nodule death. However, the above studies in which wheat yields in wheat-clover bicropping systems were 
stimulated by legume defoliation were relatively short in duration (2 years) and the effects of such treatments on 
the longer term persistence of clover swards is, as yet, unknown. 

The foremost practical problem encountered in this experiment was the control of weeds in bicropped treatments. 
Weed control is typically more problematical when crops are established by minimum cultivation compared to 
conventional tillage. Mouldboard ploughing in the latter method minimises the number of weed seeds that can 
germinate. Christian and Bacon (1990) reported that direct drilling increased populations of annual meadow 
grass (Poa annua) and rough stalked meadow grass (Poa trivialis). Ball et al. (1994) found that direct drilled 
plots of winter barley became infested with soft brome (Bromus mollis L.). Experiments in England have 
demonstrated that grass weeds can pose a significant threat when winter cereals are grown continuously using 
minimum cultivation (Wilson et al., 1989). There were several attempts in this study to control weed infestation 
using several herbicides, none of these attempts were successful. Weed control options were restricted by the 
need to choose a herbicide which had no detrimental effect on clover. The absence of suitable herbicides delayed 
the introduction of direct drilling for many years (Cannell and Hawes, 1994). Similarly, at present a clover-wheat 
intercrop is not sustainable over a number of years due to the lack of a suitable herbicide to control weeds in the 
clover component of the bicrop. 

Higher levels of nitrate nitrogen found in the soil of bicropped treatments were not sufficient to be of benefit to 
the nitrogen economy of the bicropped wheat crops which had insufficient nitrogen available to them at the 
appropriate time to generate a sink for grain yield. Reducing the need for fertiliser nitrogen by providing wheat 
with a supply of biological nitrogen is a noble aspiration. However, further research is needed to identify a 
legume management strategy that could provide wheat with sufficient nitrogen at the appropriate time.  
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