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Abstract

Incorporation of legumes in a cropping system has positive agronomic benefits to subsequent crops,
particularly cereals. Some of these benefits are associated with improved N availability to the subsequent
cereal. A study was conducted at four locations in southern Saskatchewan, Canada, in the Brown and
Dark Brown soil zones to determine the effect of a preceding lentil (tens culinaris  Medikus) or wheat
(Triricum sativum L.) crop on temporal availability of N and its uptake by a subsequent wheat crop, as
well as its effect on grain yield and protein content. A randomized complete block design with four
replications was employed and ‘%I labeled lentil and wheat residues and ammonium nitrate fertilizer were
used to help quantify the availability and uptake of N from the fertilizer, residues and soil throughout the
growing season. Nitrogen availability and uptake, residue and soil proportional N availability and uptake,
and aboveground biomass yield and N concentration throughout the season: and wheat yield and protein
content at harvest were higher on the lentil-wheat rotation than on the wheat-wheat rotation at three of the
locations. The inclusion of a legume in the rotation increased the availability of both the residue and soil
N during the growing season and did it much earlier than for N from cereal residue, resulting in higher
grain yield and protein.

1.0 Introduction

The inclusion of legumes in crop rotations has been practiced for a long time and the benefits to agriculture have
long been known (Pierce and Rice, 1988). With the current interest in sustainable agricultural systems, the use of
legumes in crop rotations to provide N to subsequent crops is increasingly being recognized as an essential
component (Pierce and Rice, 1988; Han-is and Hesterman, 1990). In western Canada low commodity prices and
changing government policies have also contributed to the increasing desire to change cropping patterns in general
and the inclusion of legumes in the rotation in particular (Zentner et al., 1995).

Although the primary benefit of legumes in rotation with cereals is due directly to N, fmation by the leguminous
crop (Janzen  and Radder, 1989). crop rotations utilizing legumes may also elicit yield increases via mechanisms
other than improved N fertility through N2 fmation. More often than not, N from other sources, such as the release
of resident microbial biomass-N, mineralization of accumulated organic matter-N (priming effect) and the effect
of mineralization-immobilization turnover  (MIT) on legume N contribution values (Harris and Hesterman, 1990).
add to the increased N availability in a crop rotation incorporating a legume. Several studies have indicated that
increased mineralization of indigenous C and N due to the addition of plant residue could be considerable
(Broadbent and Norman, 1946). Given that legume residues have a lower C:N ratio than cereal residues, N
mineralization and enhanced microbial activity may commence much earlier and at a higher rate in a legume-
residue soil environment than in a cereal-residue one. This may lead to a differential temporal N availability in
the two cropping systems. This differential temporal N availability may explain the usually alluded to concept of
better synchronization of N availability and N demand/uptake of a crop succeeding a legume than in one
following a cereal crop. Hence, the objective of this study was to determine the effect of a preceding lentil (Lens
culinaris Medikus) or wheat (Triricum sativum L.) crop on temporal availability of N and its uptake on the grain
yield and protein content of the subsequent wheat crop.
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2.0 Materials and Methods

The study was conducted at several locations for four years in the Brown and Dark Brown Soil zones. The first
and second sets of the study (1993-94 and 1994-95, respectively) were conducted at Dinsmore. The third set
(1995-96) was conducted at four locations. Three of these were in the Dark Brown soil zone: Clavet (Asquith
light loam); Conquest (Weyburn  gravely loam): and Zealandia (Surtherland  clay loam). The fourth was in the
Brown soil zone at Eston (Sceptre heavy clay). Since combined analysis over the years has not been completed,
this paper reports only the results obtained in the last set comprising four locations. At Clavet and Zealandia, the
study was established on oat and wheat stubble, respectively. At Eston and Conquest, the study was established
on fields summerfallowed the previous year (1994).

2.1 Establishment year

In the first year of the study (1995). each experiment consisted of two 30 x 6 - 8 m main plots (depending on
cooperating farmer’s planter width), one each of lentil and wheat, replicated four times. These main plots
represented the establishment of the legume-cereal and cereal-cereal crop rotations. Unconfined microplots (1 m
x 1 m) were established in each main plot. The wheat microplots were fertilized with 60 kg N ha-’  of unlabeled
ammonium nitrate and 20 kg N ha” double labeled “NH,“NO, at 5.8 atom % ‘?I. At physiological maturity few
plants were taken from the center of each microplot for N, fixation determination and the rest of the microplot
was harvested, processed and re-applied in the fall in 1 m* microplots at one end of each wheat main plot and used
as the source of N from fall-applied labeled residue. On each of the lentil main plots, two microplots were
established. The first was fertilized with 20 kg N ha-’  of double labeled ‘?lH,‘?NO,  at 10 atom % ‘$I and used as
the source of N from fall-applied labeled residue. The second lentil microplot was labeled with 5 kg N ha*’ of
double labeled “NH,‘?VOj  at 10 atom %8 “N and used for the determination of N, fixation.

2.2 Subsequent crop year

In the second year of the study hard red spring wheat was sown to the entire area at a rate of 80 - 90 kg ha“. The
main plots were subdivided into 6 subplots (5 x 6-8 m). Different amounts of N (0,30,60, 90 and 120 kg N ha.‘)
were randomly applied to the first 5 subplots in the second week after emergence for another aspect of the study
that will not be discussed in this paper. The sixth subplot contained the fall-applied-residue microplots. Two
weeks after emergence fertilizer microplots were established within a meter of the residue microplots and labeled
fertilizer (‘?W,‘?VO, at 1.8 % ?I atom excess) applied at a rate of 50 kg N ha-‘. The rest of the sixth subplot,
including the residue microplot, received the same rate of unlabeled ammonium nitrate. Frequent aboveground
biomass samples (from a 0.5 m* area) were taken from the sixth subplot for the determination of biomass yield.
From the residue and fertilizer microplots aboveground plant tissue and soil samples (O-15 & 15-30 cm soil depth)
were taken at every sampling time throughout the growing season. The plant tissue was dried at 40 “C in a forced
air oven and the dry material ground in a cyclone mill and the baIl-bearing mill. Percent N and atom % ‘?V were
determined on an ANCA-MS (Europa Scientific, Crewe, UK) with a single inlet and triple collectors. The soil
samples were analyzed for 2 M KC1 extractable NH,-N and NO,-N and the rest of the filtrate was distilled and the
distillate dried down at 50 ‘C for the determination of atom % ‘?I. This information was used to determine N
availability in the soil, N uptake by the wheat crop, and the proportion of these amounts derived from the residue,
soil and fertilizer. At physiological maturity wheat samples were taken from 1 m* in each subplot for the
determination of grain and straw yield.

23 Statistical analysis

In the first year locations were considered as a fixed factor and grain yield, N, fixation and other variables were
analyzed in a RCBD with four replications. In the second phase of the study data from three locations (Clavet,
Eston & Zealandia) and four replications were combined and analyzed together. Conquest which behaved
significantly different (explained in detail later), was analyzed separately as a RCBD with four replications.
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3.0 Results

3.1 Nitrogen fixation and contribution to tbe soil

In order to assess the direct N contribution of a legume crop and how this may affect N availability in the
subsequent year, it is imperative that some of the results from the first year of the rotation be considered (Table 1).
Grain and straw yield of both lentil and wheat were highest at Eston, intermediate at Conquest and Zealandia and
lowest at Clavet. Significant differences were observed in N 2 fixation and N contribution among the four

Table 1: Grain, straw and N yield of lentil and wheat at Clavet, Conquest, Eston and
Zealandia during the 1995 growing season.

GRAIN YIELD STRAW YIELD STRAW N YIELD % Ndfa
Location Lentil What Lentil Wheat Lentil Wheat Grain straw

____._______..  @ha-’ .I.________._... %__I s-w

Clavet 1175 c’ 1918 c 1142d 2042~ 11.9 d 11.1 d 87.5 a 85.2 a
collquest 1458 c 3115 b 3355 b 3875 b 21.3 c 19.2 c 5.6 c 0.2 c
E&toll 3855 a 4390 a 4795 a 8072 a 76.4 a 38.8 a 52.2 b 46.8 b
Zealandia 2585 b 2920 b 2762 c 4378 b 27.9 b 25.8 b 81.2 a 78.5 a

sLyincuce *+* *** *** *.* *** l ** *** ***

SE 147.0 102.0 115.0 136.0 2.5 1.2 4.9 5.2
’ Means followed by the same letter in the same column are not significantly different from each other

at the 0.05 level.

locations. The highest amount of N, fixation and grain yield were obtained at Eston. Poor yield and nitrogen
contribution at Clavet were attributed to a low plant population and a heavy infestation of volunteer oat in the
lentil crop. Despite herbicide application and hand weeding, the lentil crop looked poor throughout the season.
However, the highest % N derived from the atmosphere (% Ndfa) in the lentil crop was observed at Clavet. This
could be attributed to the poor competitive ability of the lentil for both soil and fertilizer N. resulting in low N
yield similar to that of wheat. The poorest N, fixation was observed at Conquest. It is not clear what caused the
poor N, fixation of lentil at this location. However, it is suspected that moisture stress that eventually forced the
lentil crop to mature early, thus curtailing lentil grain filling (as seen from the wide grain to straw ratio) may have
inhibited N, fixation In contrast, the lentil at Eston had a prolonged growth, while that at Zealandia was
intermediate.

33 N availability and uptake by the subsequent wheat crop

Frequent soil and aboveground plant material sampling begun in the spring of the following year (1996).
Significant differences in soil moisture content were observed among the four locations throughout the growing
season (Table 2). Clavet and Conquest with light loam and gravely loam textures, respectively, had the lowest
moisture regimes. The heavy clay soil at Eston maintained a high moisture regime while the clay loam soil at
Zealandia had an intermediate soil moisture regime. When averaged across locations, moisture regimes between
the two rotations were not significant during the first and the last two sampling dates. However, moisture
regime on wheat-wheat (wt-wt) rotation was significantly higher than that on lentil-wheat (It-wt) rotation from
July 7 to August 7.

Soil analysis showed significantly higher N availability on the lt-wt rotation than on the wt-wt rotation at Clavet,
Eston and Zealandia (average) throughout the season (Table 3). At Conquest spring N availability was
significantly higher on the wt-wt rotation than on the lt-wt rotation. Although significant differences in available
N on both rotations were observed among the combined locations, the trend was similar. Conquest with a
significantly different trend was analyzed separately. Available N increased at all sites between May 1 and June
22 as a result of net mineralization. During this period, extractable available N increased by an average of 60 kg
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N ha-’ on the lt-wt rotation and 42 kg N ha-’ on the wt-wt rotation among the combined locations. At Conquest the
increase was similar at approximately 71 kg N ha-‘. The increase in available N between June 22 and July 7 was
mainly due to fertilizer application of 50 kg N ha-‘.  Although the general trend of available N was a decline for
the rest of the growing season, quantities were higher in the lt-wt rotation at the combined sites but lower in the lt-
wt rotation at Conquest. Similar results and trend were observed for available N derived from the soil, indicating
that much of the differences observed were due to differences in mineralizable soil N. For the combined locations
N derived from lentil residue was significantly higher than that derived from wheat residue throughout the
growing season except on July 7 (Table 4). At Conquest N derived from the wheat residue was significantly
higher than that derived from the lentil residue for the spring sampling but not at later samplings.

Aboveground biomass yield at the combined locations was significantly higher in the lt-wt rotation than in the wt-
wt rotation throughout the growing season (data not shown). At Conquest aboveground biomass yield was higher
on the It-wt rotation than on the wt-wt rotation only at the first sampling date with no difference after that.

Table 2: Gravimetric moisture content at Clavet, Conquest, Eston and Zealandia during
the 1996 growing season in the 0 - 30 cm soil depth.

- G R A V I M E T R I C  M O I S T U R E  C O N T E N T
Location Rotation May 1’ Jun 22 JuI7 Jul18 Jul29 Aug 7 Aug 15 Ott 17

-----___--____  ~_______________

Clavet It-wt 27.1 20.8 15.0 12.2 9.4 7.4 6.6 10.8
wt-wt 25.6 19.7 15.2 13.4 10.0 7.8 5.9 11.7

Conquest It-wt 20.1 13.3 10.8 12.9 9.3 5.9 4.5 11.0
wt-wt 19.7 13.5 11.1 14.0 9.3 5.9 4.6 10.9

Eston It-wt 47.7 41.1 34.9 40.9 39.1 30.3 27.4 37.9
wt-wt 49.5 41.8 38.4 43.4 40.4 32.9 28.4 38.4

Zealandia It-wt 33.7 24.4 21.6 20.8 23.0 16.5 12.3 14.6
wt-wt 36.2 27.0 24.6 25.6 26.9 21.2 15.6 18.1

mean It-w-t 32.2 24.9 20.6 21.7 20.2 15.0 12.7 18.6
wt-wt 32.7 25.5 22.3 24.1 21.6 16.9 13.6 19.8

Significance Iu ns * **  * * * 11s IIS
SE 0.6 0.6 1.8 0.6 0.6 0.5 0.5 0.8

’ Only O-15 cm soil depth was sampled from the microplot on May 1.

Table 3: Available N at Clavet, Eston and Zealandia (Combined sites) and Conquest
during the 1996 growing season in the 0 - 30 cm soil depth.

A V A I L A B L E  N I T R O G E N
Location Rotation May 1’ Jun 22 JuI7 Jul18 Jul29  Aug7 Aug  15 act 17

___-___-____-_

1 14.2g
NM’ _ _ _ _ _ _ _ _ _ _ _ _ _

Combined It-wt 15.7 74.0 147.1 81.5 62.1 40.0 27.0
sites wt-wt 7.8 49.9 92.2 87.8 43.3 36.5 34.0 14.6

Significance *** *** * ns ** ns ns ***
SE 1.3 3.2 24.2 15.4 11.2 13.9 8.8 2.3

Conquest It-wt 7.0 79.5 90.6 24.6 17.8 9.2 12.8 4.8
wt-wt 8.3 79.0 116.8 59.1 39.3 17.4 27.4 19.8

Significance * ns ns ns ns ns ns ns
SE 0.3 5.2 30.0 13.8 17.7 2.8 11.3 9.4

’ Only O-15 cm soil depth was sampled from the microplot on May 1.
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Table 4: Available N derived from residue at Clavet, Eston and Zealandia (Combined sites)
and Conquest during the1996 growing season in the 0 - 30 cm soil depth.

A V A I L A B L E  R E S I D U E  N I T R O G E N
Location Rotation May 1’ JUII  22 JuI7 Jull8 Jul29  Aug7 Aug 15 Ott 17

_-__-_________ kgNb- _ _ _ _ _ _ _ _ _ _ _ _ _

Combined It-wt 2.7 10.6 7.7 6.9 3.7 2.8 1.5 0.8
sites wt-wt 0.8 4.8 4.8 3.5 1.4 1.5 0.9 0.4

Significance *** *** ns ** *** * * *

SE 0.18 0.62 2.13 0.88 0.42 0.49 0.21 0.14

Conquest It-wt 0.5 4.7 2.9 1.2 0.2 0.3 0.1
wt-w-t 0.7 6.0 5.0

::;
1.9 0.8 0.5 0.6

Sigoificance * m 11s ns xl.5 11s ns ns
SE 0.04 0.03 1.26 0.51 0.63 0.22 0.15 0.24

’ only  O-15 cm soil depth was sampled from the microplot on May 1.

Cumulative total N uptake and Ndfr were significantly higher on the lt-wt rotation than on the wt-wt rotation at
the combined locations (Tables 5 & 6). At Conquest cumulative total N uptake was significantly higher on the lt-
wt rotation than on the wt-wt rotation only at the first sampling date. Significantly higher amount of N derived
from wheat residue was observed only on the last seasonal sampling date (August 15).

One site (Zealandia)  was lost before final harvest. At harvest time, grain and straw yield, total N uptake in both
the grain and straw, the amount of N derived from the residue or the soil residue N recovery and protein content
were higher in the lt-wt rotation than in the wt-wt rotation at Clavet and Eston (Table 7). In the combined
analysis, these differences were statistically significant except for N derived from the soil (Ndfs) in the total
aboveground biomass (TAB) and N recovery. The only significant difference at Conquest was that the protein
content was higher on the wt-wt rotation than on the lt-wt rotation.

Table 5: Cumulative N uptake by wheat at Clavet, Eston and Zealandia
(Combined sites) and Conquest during the 1996 growing season.

NITROGEN UPTAKE
Location Rotation JIIII  22 Jul7 Jul18 Jul29  Aug7 Aup:  15

3.; - - 23.5-
_ _ kgNhd’  _ _ _ _ _ _ _ _ _

Combined It-wt 59.1 73.2 107.1 94.0
sites wt-wt 2.4 15.7 43.6 57.6 79.4 71.7

Significance ** *** *** * * **

SE 0.2 1.6 2.5 5.9 10.3 6.8

Conquest It-wt 5.4 30.7 34.9 60.4 80.3 82.3
wt-wt 3.7 26.7 38.0 76.9 92.6 96.5

Significance * ns rw ns ns ns

4.0 Discussion

The results obtained in 1995 were in conformity with moisture and available mineral N status observed in the
spring of 1996 (May 1 sampling) at the respective locations (Tables 2 & 3). Eston with a heavy clay soil had the
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highest moisture content and mineral N in the spring. On the other hand Conquest with a gravely loam soil had
the lowest moisture content in the spring as well as low available mineral N. Mineral N in the lt-wt rotation
blocks was lower than in the wt-wt rotation probably because the first year wheat crop was given more N than the
lentil crop. Given the poor moisture situation and the light nature of the soil, this N may not have been efficiently
used by the wheat crop and thus remained in the system. On the other hand, poor N, fixation forced the lentil crop
to obtain most of its N from the small amount of applied fertilizer and from organic N mineralization, resulting in
a higher N deficit.

In a study of changes in available N over a fallow season in southern Saskatchewan, Jowkin and Schoenau (1995)
found that mineral N was low in the spring and gradually increased in the summer. Our results show a similar
increase in the early part of the season and a decline for the rest of the season, as expected under a crop.

Table 6: Cumulative residue N uptake by wheat at Clavet, Eston and Zealandia
(Combined sites) and Conquest during the 1996 growing season.

R E S I D U E  N I T R O G E N  U P T A K E
Location Rotation JUII  22 Jul7 Jul18 Jul29 Aug7 Aug 15

_ _ _ _ _ _ _ _ kgNha_’  _ _ - _ _ _ _ _ _

Combined It-wt 0.12 0.65 0.99 1.71 3.59 3.68
sites wt-wt 0.06 0.35 0.65 1.02 1.62 1.73

Significance *** *** *** *** *** ***

SE 0.01 0.05 0.08 0.15 0.26 0.36

Conquest It-wt 0.07 0.26 0.37 1.44 1.76 1.87
wt-wt 0.07 0.28 0.54 1.74 2.48 3.02

Significance n s  ns ns ns ns **
SE 0.02 0.09 0.07 0.31 0.27 0.14

.

Table 7: Effect of crop rotation on grain and total aboveground  biomass (TAB) yield and N uptake, N
contribution from residue and soil, N recovery from the residue and grain protein content

YIELD N UPTAKE T A B  N PrOteill

Location Rotation grain TAB grain TAB Ndfr Ndfs Recovery content
_____ kg ha-’  _ _ _ _ _ _ _____ kg&______ _ _ _ __ kg ha-’  _ - _ __ _ % %

Clavet It-wt 1490 3750 40.0 51.3 1.4 27.8 13.3 15.4
wt-wt 1358 3338 35.2 45.3 1.2 23.0 11.7 14.7

JMon hvt 4035 9760 103.0 128.1 7.8 87.6 22.5 14.7
wt-wt 3050 7590 68.6 92.5 3.9 65.6 17.1 12.9

mean It-wt 2763 6755 71.5 89.7 4.6 57.7 17.9 15.1
wt-wt 2204 5464 51.9 68.9 2.6 44.3 14.4 13.8

** ** ** ** ** ns ns *
SE 108 288 3.7 5.1 0.5 6.2 1.7 0.5

Conquest It-wt 2898 6968 68.0 86.0 2.3 55.5 20.3 13.5
wt-wt 2580 6593 77.7 103.9 3.4 66.0 28.3 17.4

ns ns ns ns ns I1s ns **
SE 152 516 5.8 9.2 0.5 16.7 4.5 0.6
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Available N, as determined by 2 M KC1 extraction of soil samples, reflects the balance between N mineralization
on one hand and immobilization, losses and plant uptake on the other. As the crop was small in the earlier part of
the season, the increase in available N reflects a lower N demand and uptake. As the demand and uptake
increased, N availability in the soil declined.

Soil moisture content between the two rotations show that in a lentil stubble, moisture loss (via
evaporation/evapotranspiration) may be higher than under wheat stubble. The non significant effect of water
content between the two rotations at the beginning and end of the season reflect the wet spring and fall of 1996.
However, moisture content did not seem to have a significant effect on crop performance or N uptake from both
soil and residue. It appears moisture was not a limiting factor in our study, at least not at Eston and Zealandia.
For almost all the measured variables, the effect of location was significant. This could be attributed to the
significant textural differences among the locations. It has been reported that soil texture has a significant effect
on N availability through its influence on the soil physical environment by modifying soil water availability (not
content per se), gas diffusion and soil microbial activity (Hassink  et al., 1993; Scott et al., 1996).

The highly significant difference in N availability between It-wt  and wt-wt rotations at the beginning of the season
prior to fertilizer application reflect both the direct and indirect increase of N availability in the wheat crop
succeeding lentil. Although the quantities of both lentil and wheat residue-derived N were low, the differences in
availability and uptake were highly significant. The proportion of lentil residue-derived N in the crop was higher
than that of wheat residue-derived N. Since available N derived from the residue was based on the fall applied
residue in the microplots, these measurements represent approximately half of the actual amounts in the rest of the
field. Except at Clavet where fall applied residue represented 89% of lentil straw yield and 96% of wheat straw
N yield in 1995, on the average quantities for the other locations were 53% and 57% of lentil and wheat straw N
yield, respectively. However, this may not completely explain the higher N availability in the It-wt rotation in the
second year. The presence of an easily decomposable lentil residue richer in N enhanced mineralization of
resident soil organic N resulting in more available N derived from the soil in the It-wt rotation than in the wt-wt
rotation. Furthermore, lentil residue may have a higher mineralization-immobilization turnover (MIT) resulting
not only in an initially higher N availability in the spring but throughout the season. In a study that utilized
different types of legumes, Badaruddin and Meyer (1994) in North Dakota, USA, showed that inclusion of grain
legumes in crop sequences increased spring soil NO,-N, grain yield, and total N accumulation. Our data show
similar results. Whereas they observed  a 28% grain yield advantage over two locations and two seasons in the
lentil-wheat rotation, we observed a 25% grain yield advantage. In a related study at a landscape-scale (Mooleki
et a l . ,  1996) we observed similar results with a 26% yield advantage. Evans et al. (1991) attributed increased
wheat grain yield after legumes to increased available soil N and decreased cereal diseases. The proportion of
wheat N derived from the residue (% Ndfr) showed an initial decline followed by an increase for the rest of the
season in both rotations. However, % Ndfr in It-wt rotation was always superior. The importance of the C:N ratio
in influencing MIT and N availability can be seen at Conquest where results were just the opposite of that at
Eston and ZeaIandia.. At Clavet a much lower rotation effect was observed on N availability and uptake.

Since the legume crop can meet most of its N requirement through symbiotic N, fixation, it may remove less
inorganic soil N compared to a cereal crop. Although we did not observe a positive N balance after the lentil crop
in 1995 at all the sites, the varying amounts of N, fixed represented spared N that became available to the
subsequent crop. Thus, a grain legume may actually decrease the size of the soil N pool, but at the same time
confer N-benefit to a succeeding cereal due to the N-sparing effect (Chalk et al. 1993). Other sources include
release of resident microbial biomass-N, mineralization of accumulated organic matter-N (priming effect) and the
effect of mineralization-immobilization turnover (MIT) on legume N contribution values (Harris and Hesterman,
1990; Vanotti and Bundy, 1995). In a later study, Harris et al. (1994). showed that a larger soil microbial biomass
existed in a cropping system that incorporated a legume crop than in a fertilizer-based system. This large soil
microbial biomass was responsible for the greater soil N supplying power of the legume-based system. In a long
term study in the Brown soil zone of southern Saskatchewan, Campbell et al. (1992) found that lentil straw may
supply 50% more N to the soil organic matter pool than well fertilized wheat stubble. With time, this N slowly
builds up and eventually enhances the net N mineralization.
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5.0 Summery

Results of this study show that the inclusion of a legume in the rotation increases the availability of both the
residue and soil N from early spring throughout the growing season, resulting in higher grain yield and higher
protein. However, this trend may not always be the case. Under conditions that may cause poor lentil growth
and/or N, fixation, as at Clavet and Conquest in 1995, the results may not be as dramatic or may actually show
poor N availability and uptake as seen at Conquest. Hence, for a lentil crop to contribute positively to N
availability and uptake in the following year, it must have a good stand and experience no adverse environmental
and agronomic conditions.
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