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Soil organic matter is a key component of soil quality as it is a primary source of, and temporary
sink for, plant nutrients such as N, P and S. The solid component of soil consists of 90-95% mineral
particles (sand, silt and clay) and 5-10% soil organic matter. It is composed of various fractions and is
typically measured as soil organic С or N. It is comprised of 70-90% stable humus material and 10-
30% labile organic matter. The labile soil organic matter consists of both living (20-40%) and
nonliving (60-80%) components. Long periods of low-input cropping in the non-irrigated areas of
Pakistan and Australia have resulted in declining soil organic matter levels which has led to reduction
in yield of the major crops through poor nutrient availability especially the primary nutrient elements.
The solution for reversing the decline in soil organic fertility and improving the productivity and
sustainability of cereal-based cropping systems require a combination of fertilizer N inputs with
rotations utilizing legumes for improving soil structure and to increase the nutrient supply and
availability.

The value of N2-fixing legumes in cereal production systems could be substantially
underestimated because the nitrogen (N) associated with the nodulated roots has generally been
ignored when calculating N-budgets for crop rotations. Various approaches were used to assess the
relative importance of below-ground N (BGN) to the N-economies of two commonly-grown pulse
crops, faba bean (Vicia faba) and chickpea (Cicer arietinuni), in a series of glasshouse studies
undertaken at CSIRO Plant Industry in Canberra, Australia, and in a subsequent field experiment at
the Breeza long-term experimental site in the northern grains belt of New South Wales, Australia.

The methods used to estimate BGN included:
(a) The physical recovery of roots from the growth medium - glasshouse only.
(b) Growing inoculated plants in 15N-enriched soil (following the incorporation of 6 atom% 1 5N lupin,

Lupinus albus, shoot residues) and calculating the below-ground contributions of fixed N based
on the 'dilution' of soil 15N relative to an unplanted or non-legume control [1]- glasshouse only.

(c) Determinations of the N mass balance derived from N analyses of collected shoot, root and soil
material - glasshouse only.
Using in situ 15N shoot-labeling techniques (98 atom% 15N as urea). This approach assumed that
all 15N excess detected in the soil originated from 15N enriched root material and that the specific
enrichment of recovered root material (ie mg 15N/g root N) was representative of the unrecovered
root-derived N remaining in the soil [2,3]. However, much of the root recovered from soil tended
to be derived from the nodulated crown. Since experimentation had determined that nodules were
generally depleted in 15N relative to roots using shoot-labeling methodologies, there was some
concern that errors may be introduced into the calculations if the unrecovered roots were
predominantly unnodulated. Therefore, the 15N data were adjusted to account for differences in
the enrichments of unnodulated root and nodulated root (experimentally determined enrichment
ratios were 1.12 for fababean and 1.56 for chickpea) and BGN estimates recalculated - both
glasshouse and field.

(d) Calculations of the above- and below-ground distribution of 1 5N. This assumed uniform
translocation and partitioning of both labeled and unlabelled N to all plant parts - both glasshouse
and field.
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Table 1: Estimates of below-ground N (BGN) as a percentage of total plant N for both
glasshouse- and field-grown faba bean and chickpea using various methods.
Species

Fababean

Chickpea

Study

Glasshouse
Field
Glasshouse
Field

Physical
recovery

10

9

Soil ISN
dilution

11

52

Method
MassN
balance

30

52

|:>N shoot
labeling

39
25
53
77

Adjusted
15N shoot
labeling

37
24
42
68

balance

33
29
43
60

It appears from Table 1 that the most error-prone and inaccurate method for estimating BGN is
the physical recovery of roots. This should be expected since even if it were possible to completely
recover intact root systems such measures would not include N derived from the turnover of nodules
and roots or root exudations that occur during growth, and so will underestimate contributions of
BGN. The values obtained with physical recovery (9-10% of whole plant N) were only 20-30% of the
values obtained using the other methodologies (Table 1). With the exception of the soil 15N dilution
method for fababean, most techniques used in the glasshouse studies gave reasonably similar
determinations of BGN (Table 1). Average across all estimates (other than physical recovery), BGN
of glasshouse grown plants represented 30% of total plant N for fababean and 48% for chickpea.

Although the methods subsequently used in the field study have questionable assumptions with
built-in errors, the fact that all three calculations provided estimates that were similar to each other
(24-29% and 26% mean for fababean, 60-77% and 68% mean for chickpea), and comparable to those
obtained under very different conditions in the glasshouse was reassuring (Table 1). However, it is
unlikely that there is a single value for BGN for a species, and it might be reasonable to expect the
rootshoot ratio to be influenced by growth conditions or stress and for species to respond in different
ways. This presumably explains why estimates of BGN for chickpea in the field were slightly higher
than detected in the glasshouse (Table 1).
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