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ABSTRACT

The release of N from legume crop residues in the field can potentially be an important

nutrient source for succeeding cereal crops, particularly in soils which are N deficient.

Field studies were conducted in 1996 on two soils of contrasting textures in the Dark

Brown soil zone of Saskatchewan, a 1) Sutherland clay loam (Kemen), and a 2) Bradwell

sandy loam (Goodale), which were previously cropped to pea and lentil in order to

compare the effects of legume stubble type on soil N supply. Spring wheat was direct

seeded in 1997 in order to compare yields and crop N uptake on pea and lentil stubble.

Pre-seeding soil samples were taken and analyzed for NH, and NO,. Pre-seeding available

N amounts were significantly greater at Kemen, corresponding to higher organic matter

levels. Supply rates of NO, during the growing season were measured using anion

exchange resin membranes (PRS” probes). Higher overall supply rates were measured at

Kemen as compared to Goodale, while significantly greater supply rates on pea stubble

were observed at Goodale only. Both wheat yield and N uptake were significantly greater

at Kemen as a function of higher N availability. Mean N uptake and yields were generally

higher under pea stubble than lentil at both sites but not significantly different at the 10%

level.
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INTRODUCTION

Crop rotations which include legumes and reduced tillage  are recommended methods for

sustaining soil productivity (Izaurralde et al., 1995). In Saskatchewan, field pea and lentil
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are the dominant grain legume crops in total production acres. It is useful to determine

which of these legumes will result in more available N to following crops, in accordance

with a minimum tillage  production system. The use of anion exchange resin membranes

(PRS” probe) buried in situ was used to provide an indication of potential supply rates of

plant available N released from the soil organic matter and plant residues in the field (Qian

and Schoenau, 1995). The objective of this study was to determine the effect of pea and

lentil on NO, supply rates in the soil, and the availability of N to following cereal crops.

MATERIALS AND METHODS

Field studies were conducted in 1996 and 1997 at two sites located in the Dark Brown soil

zone: 1) a Sutherland clay loam and, 2)Bradwell sandy loam at the University of

Saskatchewan’s Kemen and Goodale  research farms, respectively. The trials were

established in October, 1995 when fall herbicide treatments were applied, followed by soil

incorporation where necessary. The plots were sown to field pea (cv. Grande) and lentil

(cv. Laird) in 1996, and harvested at full maturity with a small plot combine. The combine

was equipped with a chaff spreader, thus ensuring an even distribution of crop residue over

the soil surface.

The following year, surface soil samples were taken at depths of O-7.5 cm and 7.515  cm

in early May prior to seeding cereal crops. The samples were analyzed for amounts of

available NO, and NH, using 2M KC1 extraction, and % organic matter. The trials were

sown to wheat (cv. Teal) into legume stubble in late May using a 1.78 m wide double-disc

drill  with drill runs spaced 18 cm apart, with packers attached behind the drill. Following

seeding, PRS” probes (Western Ag Innovations, Saskatoon) were placed in situ to a depth

of 9.5 cm in order to measure the release of available NO, over time (56 days). Three

treatments were used, with four probes per treatment (two on lentil residue / two on pea

residue) placed in the plots at random for a 14 day period. Following each burial period,

the probes were removed for analysis and replaced with new probes inserted into the

original soil slots. This procedure was repeated over a 56 day period.

The wheat was harvested in late August from randomly selected 0.25 m2 areas. Plant

samples were dried to a constant weight at 4OC and weight was recorded as dry matter

yield. The samples were mechanically threshed to separate grain from straw. The straw

samples were ground to <2 mm with a Wiley mill, and seed samples were finely ground

with a Cyclone” mill. The grain and straw material was measured for % N content using a
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LECO 2000 CNS” analyzer. Total N uptake was calculated from plant N concentrations

and crop yield.

Experiments were conducted using a randomized complete block design with four

replications. Means from the three treatments were combined in order to make

comparisons between pea and lentil stubble effects. Differences between treatment means

were tested using Fisher’s protected LSD.

RESULTS
The levels of available N prior to seeding were significantly higher at Kemen as compared

to Goodale  (Table 1). This probably reflects inherently greater N supply power at Kemen

due to greater levels of organic matter (Kemen 4.4%, Goodale  2.9%). There was no

difference in spring soil N levels between samples taken from the lentil and pea stubble.

As the soil temperature was still relatively low at the time of sampling, the impact of N

release from residue breakdown up to the time of sampling would likely be minor.

Table 1. Pre-seeding amounts (kg ha-‘) of NO, and NH, in surface soil samples (O-15 cm)
taken from Kemen and Goodale  as determined by 2 M KC1 extraction.

Previous crop Goodale Kemen

N level (kg ha-‘)

Lentil 30.0 a 55.0 b

Pea 32.0 a 60.0 b

Values followed by the same letter are not significantly different at the 10% level using
Fisher’s protected LSD.

There was a higher NO, supply rate during the 56 day measurement period at Kemen as

compared to Goodale.  This is a function of greater soil organic matter levels and higher N

mineralization at Kernen. At Goodale, there were significantly greater supply rates in the

pea stubble as compared to lentil stubble (Table 2). Lower inherent N supply at Goodale

would result in any legume residue effects becoming more apparent.
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Table 2. Total release of available NO,  measured by PRS” probes at
Kemen and Goodale over time (56 days).

Previous crop Goodale Kemen

NO, release (pg/lOcm’/56d)

Lentil 360.6 a 1023.1 b

Pea 484.5 c 1091.3 b

Values followed by the same letter are not significantly different at the 10% level using
Fisher’s protected LSD.

Total N uptake by wheat (straw + grain) was different by location. Nitrogen uptake was

greater at Kemen due to higher soil N availability throughout the growing season.

Differences in N uptake by wheat were not significantly different on pea as compared to

lentil stubble at the 10% probability level, but a trend towards increased N uptake on the

pea stubble is evident (Table 3).

Table 3. Total N uptake (kg N ha’) by wheat at Kemen and Goodale  on pea and lentil crop
residue.

Previous crop Goodale Kemen

N uptake (kg ha-‘)

Lentil 58.90 a 107.39 b

Pea 69.57 a 121.15 b

Values followed by the same letter are not significantly different at the 10% level using
Fisher’s protected LSD.

Wheat gram yields were significantly different by location, with Kemen yields greater than

Goodale. This is a factor of increased N availability and higher levels of soil moisture in

the finer textured Kemen soil. There were no significant differences in wheat grain yield in

relation to the legume residue type, but overall the mean wheat yields were greater on the

pea stubble as compared to yields on lentil stubble (Table 4). There was a high degree of

variability among the replicates due to adverse seeding conditions and weed competition,

which affected the precision of the yield measurements.
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Table 4. Wheat grain yield (kg ha-‘) at Kemen and Goodale  on pea and lentil residue.

Previous crop Goodale Kemen

Grain yield (kg ha-‘)

Lentil 2370 a 3603 b

Pea 2760 a 4040 b

Values followed by the same letter are not significantly different at the 10% level using
Fisher’s protected LSD.

The legume grain yields for the 1996 cropping season were similar at both locations. There

were no differences between pea and lentil grain yield, but total dry matter yield would

probably be greater for pea due to increased biomass production (Townley-Smith et al.,

1993). This will influence the amount of N available for mineralization in the following

year, which may account for the trends identified in this study.

Table 5. Lentil and pea seed yield (kg ha’) at Kemen and Goodale  in 1996 season (Rigetti
et al., 1997).

Crop Goodale Kemen

Grain yield (kg ha-‘)

Lentil 2727 a 2440 a

Pea 2703 a 3387 a

Values followed by the same letter are not significantly different at the 10% level using
Fisher’s protected LSD.
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