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SUMMARY 

Soil samples were obtained from various cereal growing sites in Canterbury via the 

Ravensdown Fertiliser Co-operative and from MAF nitrogen fertiliser field trials in the South 

and North Islands. These samples were used to compare the current Ravensdown Fertiliser Co-

operative soil test(s) and some selected laboratory methods of assessing soil nitrogen (N) 

availability viz.: 

chemical methods  

(i) field-moist/air-dry soil residual mineral nitrogen 

(ii) acid KMnO4 oxidisable nitrogen 

(iii)1N H2SO4 extractable nitrogen 

(iv) boiling KCI hydrolysable nitrogen 

(v) percent soil organic carbon 

(vi) percent total soil nitrogen and. 

biological methods 

(i) 7-day field-moist soil aerobic incubation 

(ii) 14-day air-drv soil aerobic incubation 

(iii) 7-day field-moist/air-dry soil anaerobic incubation 

(iv) Steele et al (1982) "maize test" 

Measurements of residual mineral-N (NH4
+-N + NO3

--N) showed that NO3
--N was the 

dominant form (60-80%) of mineral-N in most of the soils tested. Correlation analysis indicated 

that residual NO3
--N values could be used to predict the total residual mineral-N levels of all 

the soils studied. For the 1985 spring it was also possible to predict the mineral-N levels of the 

full soil profile (0-60 cm) from the NO3
--N contents of the surface soils (0-15 cm). 

The majority of soils studied had higher organic carbon and total nitrogen contents (mean 

values being 3.7 and 0.31 percent respectively) than most of the reported values in the literature 

indicating that these soils are rich in organic nitrogen. Although the total-N and organic-C 

contents gave statistically significant correlations with most of the chemical and biological 

methods tested, organic-C and total-N content determinations are not recommended for routine 

soil-N analysis because of the amount of time and cost involved in soil sample preparation and 

further analytical procedures. 

Of the chemical extractants studied, acid KMnO4 extracted the highest amount of mineral-N in 

the form of NH4
+-N (maximum value of 330 µg g-1) following the chemical breakdown of some 

soil organic nitrogen. Nevertheless, in general, this method did not correlate well to any of the 

chemical or biological tests performed on the surface soils (0-15 cm). 

The inexpensive and rapid 1 N H2SO4 extractable-N method gave good correlations with soil 

mineral-N and other chemical methods tested. The study showed that 1 N H2SO4 extractable N 

values can be used to predict the amount of total soil-N % (r=0.993) of the organic-N-rich 

North Island soils collected by MAF without performing expensive and laborious Kjeldahl 

analysis. 



The recently developed, simple and economical boiling KCI hydrolysable-N method 

established strong correlations with the incubation tests (biological methods) for a wide range 

of soils studied. This test is therefore strongly recommended as a routine chemical test for 

soil-N availability. 

Of the short-term incubations investigated, both the 7 and 14-day aerobic incubations yielded 

some negative net mineralisation values, questioning the reliability of short-term aerobic 

incubation tests used to predict soil-N availability for crops. Similarly, the Steele et al., (1982) 

"maize test" (16 hours forced air-drying at 33°C) was also found to be unreliable for the soils 

tested in this study due to immobilisation of N which was originally available during the air 

drying process. 

There was poor reproducibility of results between the Ravensdown 7-day aerobic incubation 

test and the same test conducted at the Lincoln College laboratory. Differences in sample 

handling, soil moisture contents, incubation conditions and to a lesser extent, the use of 

different methods to determine mineral-N levels were believed to be the causes for the poor 

relationship. Although the 14-day aerobic incubation decreased these effects, this test was 

however, considered to be unsuitable for routine analysis due to the laborious pre-treatments 

involved. 

Of all the incubation tests studied, the 7-day anaerobic incubation method was best suited for 

routine analysis performed at any soil testing laboratory. The amount of NH4
+-N mineralised 

from field-moist and air-dried soils of MAF North Island by this method showed good 

agreement (r = 0.734). With the numerous merits mentioned in the study, this method also gave 

a good correlation (r = 0.852) with the 14-day aerobic incubation for the MAF South Island 

air-dried soils. 

Although the grain yield values of barley and wheat obtained from fertilised and unfertilised 

plots of MAF North Island correlated significantly with residual mineral-N levels of field-moist 

and air-dried soils, the low number of observations used in the yield study (wheat n = 9 and 

barley n = 7) were insufficient to permit further conclusions. 

Unfortunately, for the Canterbury (Ravensdown) soils, the wide range of fertiliser rates used 

by different farmers and the high incidence of crop lodging in 1985 made it difficult to test for 

the relationship between crop yield and soil-N availability. The 7-day anaerobic test gave a 

correlation of r = 0.562 (n = 20) with yield and is recommended for use in future studies. 

It is suggested that the current Ravensdown 7-day aerobic incubation test be discontinued and 

that the following methods be adopted for routine assessment of the N supplying capacity of a 

wide range of cropping soils: 

(i) measurement of field-moist soil residual N levels and 

(ii) field-moist soil boiling KCI hydrolysable N or 

(iii)7-day field moist soil anaerobic incubation. 
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1. INTRODUCTION 

Surface soils commonly contain between 0.08 and 0.4% total nitrogen (N) of which more than 

90% is in the organic form. If 1 to 3% of this N is mineralised in a growing season, from 8 to 

120 Kg of N ha-1 may become available for crop utilisation (Keeney, 1982). Often this amount 

of N is not sufficient to meet the crops' N requirement. Moreover, such N is released slowly 

whilst the crops demand for N is high early in the growing season. Thus accurate assessment 

of N supplying capacity of the soil becomes necessary for efficient N fertiliser management. 



The method must be able to predict reliably the N supplying capacity of soil in more than one 

soil type and climatic condition so that N fertiliser recommendations will be economical and 

environmentally sound. In the past three decades, various laboratory, glasshouse and field 

methods have been used to assess soil N availability, but with varying success. Research 

conducted on these methods up to 1982 has been summarised and evaluated by Stanford 

(1982). Some of the methods currently used are outlined in the following sections. 

1.1. Laboratory methods 

Considering the time, effort and expense involved in field and pot trials, emphasis has been 

placed on the development of laboratory methods of assessing soil N supplying capacity. 

Laboratory methods are usually inexpensive and rapid. Both incubation (biological methods) 

and chemical extraction methods have been used. Incubation methods determine the amount 

of N mineralisation under specified artificial conditions whereas chemical methods extract all, 

or some fraction of the organic and inorganic N pools. 

1.1.1. Biological indices 

Biological indices generally involve a short-term incubation (6-25 days) under aerobic or 

anaerobic conditions. However, a few long-term incubation tests have also been used under 

optimum soil water conditions for 14-210 days at 24-35°C temperature range (Gallagher and 

Bartholomew. 1964; Lathwell. et al. 1972 and Stanford & Smith, 1972). In the past, however, 

short and long-term incubations have been criticised because they are laborious, expensive and 

time-consuming. Moreover, the reliability of the results obtained from extremely long 

incubations in static, closed systems is questionable (Stanford, 1982). The latest long-term 

incubation techniques involve, 

1) pre-leaching of the soil to remove initial nitrate nitrogen (NO3
--N). 

2) use of vermiculite to improve soil leaching properties and aeration. 

3) the adjustment of soil water content by suction. 

4) and the addition of CaCO3 or nutrient solutions. 

Such techniques are believed to produce mineralisation rates different from those occurring in 

the field (Keeney. 1982). Nevertheless, long-term incubations are still used as a quantitative 

estimate of N supplying capacity of soils and thus assist in evaluating other soil availability 

indices. 

Although short-term aerobic incubations have often been used, they have been criticised 

because they are sensitive to incubation conditions and soil sample pre-treatment. The 

following factors have been regarded as affecting the results of short-term incubations: 

1) sampling (time, weather conditions). 

2) freezing (temperature of cold storage). 

3) air-drying (duration, drying temperature and thickness of drying soil). 

4) grinding/crushing (degree of grinding/crushing, type of grinder). 

5) sieving (sieve size). 

6) storage of air-dried soil (type of container, duration, moisture and ammonia 

content in the laboratory atmosphere) and 

7) rewetting (amount of water used, degree of mixing). 



Stanford and Smith (1972) were in favour of long-term incubation because their research 

showed that the results of a first incubation period (1-2 weeks) were virtually meaningless with 

regard to N mineralisation potential (No), indicating that the true rate of N mineralisation was 

established only after the effects of residues and sample pre-treatment had been overcome. 

Nevertheless, short-term incubations are widely used and evaluated because they are more 

convenient and economical than any of the long-term incubations. To obtain comparable results 

from short-term incubations in a laboratory or among laboratories, it is necessary to rigorously 

standardise the methods of sample pre-treatment as well as the incubation conditions (Bremner, 

1965). 

Short-term anaerobic incubations have been found to be less sensitive to sample pre-treatment 

or incubation conditions than aerobic incubations. Keeney (1982) for instance indicated that 

the conditions in anaerobic incubations (6 to 14 days at 30 to 40°C) have generally been 

satisfactory and considered this approach to be more attractive for routine laboratory analysis. 

Some advantages of anaerobic incubations over aerobic tests are: 

(i) only NH4
+-N need be measured. 

(ii) problems with establishment of optimal water content and loss of water during 

incubation are avoided. 

(iii) more N is mineralised under anaerobic conditions. 

(iv)  more N is mineralised in a given period due to the higher incubation temperatures 

which have been generally used (e.g. 40oC). 

It is believed thai the anaerobic incubation of field moist soil provides a more accurate 

assessment of N availability than the incubation of air-dried soil. Air drying, grinding and 

sieving have considerable effect on soil N mineralisation and can result in a quicker and 

increased release of NH/-N (Chalk and Waring. 1970: Sahrawat. 1980: Powlson. 1980). The 

reasons for quicker rates and increased amounts of N mineralisation are: 

(i) air drying is believed to kill the majority of the soil biomass. 

(ii) grinding of soil sample further destroys the existing biomass resulting in more 

minerlisation (Powlson, 1980). 

(iii)grinding exposes the clay-organic matter complex which was previously inaccessible 

to soil microbial attack (Sahrawat, 1980). and, 

(iv) grinding and sieving provide a uniform distribution of biomass and organic matter 

throughout the sample which enables the acceleration of mineralisation. 

1.1.2 Chemical indices 

Numerous chemical indices of soil N availability have been proposed since they are more rapid, 

precise, economical and convenient than most of the biological soil N availability tests. Several 

chemical extractants have been proposed and these have been reviewed in detail by Keeney 

(1982). They can be divided into 3 broad groups: 

a) weak extractants (e.g. 1 M KCl) 

b) intermediate extractants (e.g. acid KMnO4) 

c) strong extractants (e.g. 6 N H2SO4). 

A range of such extractants is shown in Table 1. 



Generally, mild extractants of NH4
+-N or total mineral N such as hot 0.01 M CaCl2, cold 1 N 

K2SO4 and hot or cold 1 M KCl have given results that have been closely correlated with 

greenhouse tests of plant uptake of N and with biological availability indices. Often the 

relatively large amounts of N extracted by intermediate extractants such as acid permanganate 

or 1 N H2SO4 show little correlation with biological indices of N availability. 

In contrast, strong extractants remove a substantial proportion of total soil N and the amounts 

of N extracted are often correlated with the total N content of soil. These extractants remove 

more N than would normally be mineralised in the short term and are not generally reliable 

indices of N availability. 

The question remains as to which of the above mentioned chemical methods is suitable for 

predicting the N supplying capacity of the soil? It is intrinsically unlikely that any simple 

chemical method can measure the organic nitrogen about to be mineralised throughout the 

growing season. The most serious objection to chemical tests as distinct from biological tests, 

is that no single chemical extraction is likely to give a reasonable reflection of both the 

processes leading lo minerlisation and immobilisation (Jenkinson. 1982). 

Table 1. A range of chemical methods 

Extractant Temperature Time Form of N measured 

 (oC) (h)  

Mild Extractants    

Water 100 1 Total N+ 

0.01 M CaCl2 100 64 Total N or NH4
+-N 

0.01 M CaCl2 121 (autoclave) 1 NH4
+-N 

0.01 M NaHCO3 Room 0.25 Total N, UV absorbance 

1 M KCl 100 1 Total N 

1 M KCl Room 1 Total N 

2 M KCl 100 4 Total N or NH4
+-N 

2 M KCl Room 1 Total N 

0.01 M CaCl2 121 (autoclave) 16 Glucose 

0.1 N Ba(OH)2 Room 0.5 Glucose 

0.1 N  Na2CO3 Room 18 NH4
+-N 

0.25 N NaHCO3 + 0.25 N 

Na2CO3 
Room 0.5 NH4

+-N 

Solid Ca(OH)2 100 (distillation) 0.5 NH4
+-N 

Neutral 0.5 N Na4P2O7 100 6 Total N 

0.05 N Na4P2O7 pH 9 Room 0.5 Total N 

1 N K2SO4 Room 1 Total N 

0.05 M K2SO4 100 1 Glucose 

Solid MgO (aqueous suspension) 100 (distillation)  NH4
+-N 

Intermediate extractants    



Alkaline KMnO4 100 (distillation) 0.25 NH4
+-N 

Acid KMnO4 Room 1 NH4
+-N 

0.5 N H2SO4 Room 1 Total N 

1N H2SO4 Room 1 NH4
+-N 

1 N H2SO4 Room 28 NH4
+-N 

0.1N HCl Room 26 NH4
+-N 

1 N HCl Room 26 NH4
+-N 

1 N NaOH 
Room 

(microdiffusion) 
4.2 NH4

+-N 

1 N NaOH 100 (distillation) 0.5 NH4
+-N 

Na2Cr2O4 + H3PO4 100 2 
NH4

+-N with CO2 

evolved 

K2Cr2O4 + H3PO4 Room 2 
NH4

+-N with CO2 

evolved 

CrO3 + H3PO4 Room 20 
NH4

+-N with CO2 

evolved 

Strong extractants    

5 N HCl Room 26 NH4
+-N 

6 N H2SO4 Room 28 NH4
+-N 

4.5 N NaOH distillation  NH4
+-N 

K2Cr2O4 + H2SO4 Walkley-Black oxidation NH4
+-N 

 

+Total N - total inorganic N (NH4
+-N + NO2

--N + NO3
--N) in the extract or distillate. 

Adapted from Bremncr (1965) and Keeney (1982) 

A soil with a large chemically oxidisable or hydrolysable N content, may in fact mineralise no 

nitrogen if immobilisation is vigorous. Nevertheless, such soil tests may be successful for soils 

with low immobilisation rates. The most successful tests, however, are likely to be those that 

reflect the quantity of microbial biomass present rather than the larger but relatively inert 

fractions (Jenkinson, 1982). 

Nevertheless, the reliability of a biomass method is also questionable due to the assumption 

that fumigation of the soil will kill the entire soil microbial population. The amount of biomass 

killed depends on the active phase of microbial growth. For example the majority of the 

microbial propagules cannot be killed by a single fumigation if the microbial population is at 

a reproductive phase at the time of 'killing' (which is possible under certain soil-climatic 

conditions). Thus, often, the actual amount of biomass is believed to be underestimated. An 

attempt to develop a method which made allowance for the "energy material" available in soils 

(e.g. Jenkinson's (1968) extractable "glucose") failed to receive wide acceptance. Nevertheless, 

evaluation of chemical soil availability indices is still considered worthwhile due to the 

numerous practical advantages over biological methods. 

 



1.2 Some methods currently used for assessing soil N availability and making N fertiliser 

recommendations 

(a) Previous cropping history 

Soil N indices used for advisory purposes in the U.K. are based on previous cropping history. 

The success of this method depends on other factors such as climate and management practices 

and is therefore highly empirical and subjective. Furthermore, such an approach without 

quantitative soil and/or plant analysis can only be approximate. Nevertheless, the continued 

use of this method in the U.K. and its proposed introduction by the MAF in N.Z. indicates the 

practical nature of the approach and that the approximate results may in many cases be 

sufficiently accurate for routine use. 

(b) Residual NO3
--N or mineral N 

Prediction of the N supplying capacity of soil has also been based on the measurement of soil 

profile NO3
--N or mineral N (NO3

--N + NH4
+-N) in spring. Although residual mineral N in the 

soil profile can arise from the mineralisation of soil organic N, especially in crop-fallow 

systems, it usually arises from previous fertilisation (Keeney, 1982). This method is 

particularly suitable for a region where leaching and denitrification losses are negligible before 

planting or during the growing season. The depth of sampling needed to sufficiently assess the 

quantity of residual mineral N available or accessible to crop roots is dependent on the effective 

rooting depth (Stanford, 1982). Evidently, the quantity of residual mineral N in the rooting 

zone significantly influences crop responses to applied fertiliser nitrogen (Olsen and Kurtz, 

1982). Thus, assessment of residual mineral N usually involves sampling depths up to 180 cm. 

However, for practical reasons, it would be desirable to sample to the minimal depth required 

to establish a suitable relation between crop N uptake and amount of residual mineral N in the 

soil. Moreover, Russel (1973) stated that arable soils in the temperate regions have a fairly 

constant but low content of NH4
+-N but a variable and often high NO3

--N content. Thus, 

measurements of only residual NO3
--N are more widespread and currently in use for advisory 

purposes in pans of West Germany and France (Jenkinson, 1982). 

The method is called "the deep nitrate" test in New Zealand and assumes that no fertiliser N is 

required when the amount of soil NO3
--N within at 0-60 cm depth in August-September 

exceeds 60 kg N ha-1. Below this level, the N requirement of autumn sown wheat increases 

linearly with the decrease in soil NO3
--N up to a maximum requirement of 85 kg N ha-1 

(Stephen, 1980). Recently, Walker and Ludecke (1982) found a strong correlation between 

wheat grain response (Y) and soil nitrate (X): 

Y = 1967 - I8.5X 

The deep nitrate method is relatively easy to conduct since only soil NO3-N is measured, 

however, there are many factors which influence the outcome: 

(i) time, depth and number of individual soil samples 

(ii) spatial variability of nitrate in soils 

(iii)sample pre-treatments such as storage, sieving etc and 

(iv) problems of obtaining samples in stony soils. 



Use of a mineralisable N index in conjunction with profile NO3
--N could further improve the 

accuracy of prediction of N fertiliser needs. 

(c) Residual and mineralisable soil N 

This method assesses the mineral N and soil organic N reserves. Stanford (1973) presented a 

direct approach in estimating N needs of crops: 

Nc = Ni + Nm + Nf 

where Nc = N uptake by a crop associated with a specified maximum or attainable economic 

yield 

Ni = measured initial quantity of N in soil profile 

Nm = estimated N mineralised during the cropping season 

Nf = amount of N fertiliser needed 

Quin et al (1982) incubated soil samples (0-15 cm depth) at 37°C to estimate the change in 

mineral N level (i.e. ΔN). 

Yo = 1 + 0.0417 (IN + ΔN) 

where Yo = expected yield without N fertiliser or zero N (t ha-1) 

IN = initial mineral N 

ΔN = final mineral N after incubation (7-days at 37°C) minus initial mineral N. 

Nitrogen to apply (kg ha-1) = (Yp – Yo) x 40 

where Yp = estimated yield potential (t ha-1) 

40 = amount of N required/tonne of grain response for Canterbury region. 

The method suffers from the same problems as the "deep nitrate" method. In addition, the 

amount of mineralisable N determined by the incubation method is sensitive to even small 

variations in incubation conditions and sample pre-treatment. 

(d) Mineralisable N 

The mineral N released from soils after incubation is called mineralisable N. Various models 

have been developed using this biological method. In New Zealand. Steele et al. (1982) found 

that amount of mineral N released by forced air drying the soil samples for 15h at 33°C (a 

short-term incubation) gave a good relationship with maize yield. For example, the correlation 

for the Waikato region is given by: 

Y = 1.13 + 0.122X - 0.0004 I8X2 



where Y = maize grain yield t ha-1 (20 kg N ha-1 basal dressing) 

X = mineral soil N in air-dried soil at 0-60 cm depth (kg N ha-1) 

This method is attractive because it is less time consuming and less expensive than other 

biological methods of measuring mineralisable nitrogen. 

(e) Plant analysis 

Plant analysis is a useful means of diagnosing nutrient deficiencies and has been 

used as a method of predicting fertiliser requirements. Nitrate analysis of the xylem sap of 

wheat stem is used as a routine procedure in Germany and has been recommended for use in 

New Zealand (Cornforth, 1980). Kjeldahl analysis of total plant N has also been widely used 

as an index. However, the concentration of N in the plant is greatly affected by genotype, the 

growth stage and environmental conditions, thus it is difficult to make a general 

recommendation even for different regions. 

1.3 Objectives of this study 

The quest for a soil test for available soil N has been long and for many regions, 

relatively unfruitful (Magdoff et al., 1984). However, the need to develop better methods has 

taken new urgency in the last decade. A local soil testing service offered by the Ravensdown 

Fertiliser Co-operative makes N fertiliser recommendations based on field mineral N content, 

the mineral N released after 7-day aerobic incubation at 37°C, yield potential and paddock 

history. Although this method is by no means perfect, it is generally believed that the 

recommendations are reasonably accurate when carefully followed under normal conditions. 

The objectives of the present investigation are: 

(i) to compare the current Ravensdown Fertiliser Co-operative method with 

other biological and chemical indices: and 

(ii) to compare some selected chemical and biological indices which are 

currently being used in soil nitrogen availability research. 

 

2. MATERIALS AND METHODS 

2.1 Soils and soil sample preparation 

(a) Ravensdown Fertiliser Co-operative 

Surface soil samples (0-15 cm) were collected from Canterbury cropping farms 

during July 1985 by the Ravensdown Fertiliser Co-operative. A selection of about 250 samples 

were used in the present study. The majority of the soil samples were collected from cultivated 

paddocks sown either with wheat or barley. The paddocks were either irrigated or rain fed and 

some had N fertiliser applied, the amounts ranged from 25-100 kg N ha-1. Soil sub-samples 

were obtained from the Ravensdown laboratory and stored in polyethylene bags at 4°C for a 

maximum of 4-5 weeks before analysis at the Lincoln College laboratory. 



(b) MAF South Island 

Soil samples were collected by the MAF from a number of fertiliser nitrogen trials 

in Canterbury. The control plots were sampled at 15 cm intervals to a depth of 75 cm during 

August and September 1985. About 5 cores were collected from each site and bulked according 

to depth. Composite soil cores were transported in polyethylene bags and stored overnight at 

4°C crushed and mixed thoroughly before analysis. 

(c) MAF North Island 

Soil samples were also collected by the MAF from a number of fertiliser nitrogen 

trials throughout pan of the North Island at 0 to 15 cm depths. The soils were all from paddocks 

with 0-10 years previous cropping. One sub-sample was used for conducting N tests on the 

field-moist soil and the other sub-sample was air-dried at 30-33°C for 18 hours (Steele et al., 

1982). Sub-samples of the air-dried soil were placed in unsealed polyethylene bags and 

dispatched to the Lincoln College laboratory where they were stored at room temperature (10-

20oC) for approximately 6 months before analysis. 

2.2 Analysis performed at Ravensdown and MAF North Island laboratories 

(a) Ravensdown laboratory 

The Ravensdown laboratory measured the initial mineral nitrogen level (initial NH4
+-N and 

NO3
--N) and conducted a 7-day aerobic incubation test (Quin et al., 1982) on field-moist soil. 

Initial mineral N and 7-dav mineral N (7-day NH4
+-N and NO3

--N) were extracted from the 

soil using a potassium fluoride solution for 30 minutes. The extractable NH4
+-N and NO3

--N 

were measured by an electrode method. 

(b) MAF North Island laboratory 

The initial mineral N test (Method 1. detailed in the next section), the 7-day 

anaerobic incubation at 40°C (Keeney and Bremner, 1966) and the 7-day aerobic incubation at 

37°C (Quin et al., 1982) were all performed on field-moist soils. Final mineral N (air-dried 

NH4
+-N and NO3

--N) was measured according to Method 2 which is detailed below. 

2.3 Chemical methods 

2.3.1 Moist soil analysis 

Method 1 Estimation of initial exchangeable NH4
+-N and NO3

--N extracted with 2 M KCl 

(Keeney and Nelson, 1982). 

A 28 g sample of moist soil was shaken in duplicate with 50 ml 2 M KCI in a 100 

ml polycarbonate centrifuge tube on an end-over-end mechanical shaker for 30 minutes. This 

was then centrifuged for 10 minutes at 2000 rpm; filtered through Whatman No. 541 and the 

filtrate stored in 100 ml plastic bottles at 4°C. Exchangeable NH4
+-N (Weatherburn, 1967) and 

NO3 -N (Grasshoff. 1969) were measured using the autoanalyscr and the values obtained were 

corrected for moisture content. 

2.3.2 Air-dry soil analysis 



Moist soil samples were spread on plastic trays at 2 cm thickness and placed in a cabinet 

provided with forced air circulation at room temperature (about 10-15°C) for 48 hours. The air 

dried samples were then gently crushed, passed through a 2 mm sieve and stored in unsealed 

polyethylene bags at room temperature. 

Method 2 Estimation of exchangeable NH4
+-N and NO3

--N extracted with 2M KCl. 

Similar to Method 1 but using 25 g of air dry soil. 

Method 3 Estimation of total soil nitrogen (Bremner and Mulvaney, 1982). 

A sub-sample of air-dry soil (< 2 mm) was ground to pass through a 0.15 mm (100-mesh) 

screen, thoroughly mixed and stored in plastic vials. Duplicate samples of 0.5g of ground soil 

were mixed with l.5g of K2SO4-Se catalyst mixture (100:1 ratio) and digested for 5 hours at 

350-400oC in 100 ml Kjeldahl flasks containing 5 ml of concentrated H2SO4. The flasks were 

supported at 45°C on a sand bath in order to provide even heating and to prevent loss of N 

during digestion. After digestion, the contents were allowed to cool at room temperature and 

transferred completely into a 30 ml vial by rinsing the digest ion flask with distilled water. The 

final volume of the suspension was made up to 25 ml with distilled water. The analysis of N 

was performed using an autoanalyser method (Weatherbum. 1967). This analysis method was 

checked against the steam distillation method of Bremner and Mulvaney (1982) and showed 

excellent agreement (r=0.98 p<0.01). Thus it was decided to use the more rapid autoanalyser 

analysis method. 

Method 4 Estimation of soil organic carbon. Walkley-Black procedure (Nelson and Sommers, 

1982). 

The pre-treatment of soil subsamples was similar to Method 3. About 0.3 g soil 

sample was placed in a 500 ml Pyrex conical flask and 10 ml of 1 N K2Cr2O7 was added using 

a 50 ml burette. The soil-reagent mixture was mixed thoroughly by swirling the flask and 20 

ml of conc. H2SO4 added. The flask was swirled for 1 minute and allowed to stand for 30 

minutes after which time 20 ml of water, 10 ml of conc. H3PO4 and 7 drops of diphenylamine 

indicator were added. The unreacted K2Cr2O7 was titrated with 0.5 N ammonium ferrous 

sulphate. Organic carbon was calculated using a correction factor of 1.30 (Nelson and 

Sommers, 1982). Ammonium ferrous sulphate solution was standardised on each day of the 

analysis by running two blank solutions of 10 ml 1 N K2Cr2O7. 

Method 5 Estimation of acid permanganate extractable soil N (Stanford and Smith. 1978) 

Two grams of sieved soil (< 2 mm) were placed in a 100 ml polycarbonate centrifuge tube in 

duplicate, and 50 ml of freshly prepared 0.2 N KMnO4 and 1 N H2SO4 mixture was added. The 

tubes were closed tightly with rubber stoppers, lined with a piece of thin polyethylene sheet, 

and mixed for 30 minutes on an end-over-end mechanical shaker. After extraction the lubes 

were centrifuged for 10 minutes at 2000 rpm. The NH4
+-N content was determined on a 25 ml 

aliquot of supernatant which was steam distilled with 10 ml of 10 N NaOH solution. The NH3-

N dissolved in H3BO3 indicator was titrated with standard 0.01 N H2SO4. 

Method 6 Estimation of acid extractable soil N (Stanford and Smith, 1978). 



This method was employed by Stanford and Smith (1978) to subtract acid extractable N from 

combined acid and oxidant extractable N as in Method 5. The method is similar to Method 5 

but 50 ml 1 N H2SO4 alone was used as the extractant. 

Method 7 Estimation of oxidative release of potentially mineralisable soil N by acid 

permanganate extraction (Stanford and Smith, 1978). 

The NH4
+-N values obtained from the 1 N H2SO4 extraction (Method 6) were subtracted from 

that of the combined acid and the potassium permanganate (Method 5). 

Method 8 Estimation of NH4
+-N extracted from soil by boiling in 2 M KCl (Gianello and 

Bremner, 1986). 

Three grams of soil were placed in a 25 ml Universal bottle in duplicate, and heated in a boiling 

water bath with 20 ml of 2 M KCl for 4 hours. The bottles were tightly closed during the boiling 

period. After boiling, the water was siphoned from the water bath and the bottles were allowed 

to cool for 10 minutes. The bottles were shaken by hand for few seconds and then centrifuged 

for 10 minutes at 2000 rpm. The supernatant solution was transferred into a 100 ml plastic 

bottle and stored at 4°C for NH4
+-N analysis. Ammonium-N was measured by steam distilling 

10 ml aliquot with 0.2 g MgO for 5 minutes. The ammonia received in H3BO3 indicator was 

titrated against standard 0.005 N H2SO4. 

Method 9 Estimation of KCI hydrolysable organic N (Gianello and Bremner, 1986). 

The NH4
+-N values obtained from 2 M KCl extraction at room temperature (Method 2) were 

subtracted from that of Method 8. 

2.4 Biological Methods 

2.4.1 Moist soil analysis 

Method 10 Estimation of mineralisable N at 37°C for 7-days (Quin et al., 1982). 

A 28 g (approximate) sub-sample of soil was placed in an unsealed polyethylene 

bag and incubated at 37°C for 7-days. The NH4
+-N and NO3

--N amounts were measured 

according to Method 1. Incubation of the Ravensdown Fertiliser Co-operative soil samples was 

performed in duplicate while MAF samples were in quadruplicate for 3 soil depths (0-15, 15-

30 and 30-45 cm). The mineralisable N was calculated as the difference between mineral N 

amounts from the initial extraction (Method 1) and that after 7-days incubation (Method 10). 

2.4.2 Air-dry soil analysis 

Method 11 Estimation of mineralisable N at 30oC for 14 days after rewetting the air-dry soil 

(Keeney and Bremner, 1967). 

This method involved determination of the NH4
+-N and NO3

--N produced when 10 g of air-drv 

sieved soil (< 2 mm) was mixed with 30 g of autoclaved, acid washed quartz sand, moistened 

with 6 ml of distilled water and incubated in an unsealed polyethylene bag at 30°C for 14 days. 

After incubation the contents of the bags were emptied into 100 ml polycarbonate centrifuge 

tubes and extracted with 25 ml 2 M KCl for 30 minutes on an end-over end mechanical shaker. 



The rest of the procedures are as described in Method 1. Mineralisable N was calculated as the 

difference between mineral N amounts from Method 11 and Method 2. 

Method 12 Estimation of NH4
+-N production under anaerobic conditions (Keeney and 

Bremner, 1966). 

This method involves incubating 5 g of soil under waterlogged conditions at 40°C for 7 days. 

Ten ml of air free distilled water was dispensed into 30 ml plastic vials and mixed with the air-

dry soil, in duplicate. Oxygen-free N2 was bubbled at the bottom of the vials containing soil-

water mixture for a few seconds which were then immediately closed and placed in desiccators. 

The air in the desiccators was flushed out by using O2 free N2, and placed in the incubator for 

7 days at 40oC. After 7 days about 10 ml of 4 M KCl was dispensed into each vial and shaken 

by hand for a few seconds. The contents of the vials were transferred into 100 ml distillation 

flasks and washed down with 10 ml of distilled water. The rest of the procedure is as described 

in Method 8. 

All the results of soil analysis reported are average results of duplicate analysis (or 

quadruplicate - only for Method 10 tested in MAF South Island soils at 0-15, 15-30 and 30-45 

cm depth intervals) and are expressed on an oven dry basis, moisture being estimated from the 

loss in weight following drying at 105°C for 12-18 hours. Table 2 gives a summary of the 

methods performed on each soil. 

Table 2. Experimental summary 

Sources of soil samples Soil Depth (cm) No. of Samples Methods performed 

Ravensdown (Canterbury) 0-15 159 1, 2, 10 

 0-15 85 1-12 

MAF (South Island) 0-15 15 1-12 

 15-30 15 1-12 

 30-45 15 1, 2, 10 

 45-60 13 1, 2 

 60-75 13 1, 2 

MAF (North Island) 0-15 36 2-9, 11 and 12 

 

3. RESULTS AND DISCUSSION 

The terms and abbreviations used in the tables, appendices and discussion are given in Table 

3. The linear correlation analysis was performed between: (i) each of the chemical methods, 

(ii) each of the biological methods and (iii) all of the chemical and biological methods together. 

The correlation coefficient (r) values obtained between chemical methods are provided in 

Tables 5, 6, 7 and 8 and the r values obtained between biological methods are given in Tables 

10, 11, 12 and 13 for all the soils tested at 0-15 and 15-30 cm soil depths. Tables 14, 15, 16 

and 17 indicate the relationship between chemical and biological methods. The r values 

obtained for the relationship between different soil depths are included in the Appendix. The 

Appendix also gives the individual N values obtained for all the methods used for all the soils 



and soil depths, the basic statistical details and the regression equations obtained for some 

selected methods tested in this study. 

It should be noted that some of the negative correlation coefficient values are statistically 

significant. Such values are not highlighted in the Tables or Appendices. Most of these 

statistically significant negative correlation values have been obtained due to subtraction of 

one variable from another. For example, KCl hydrolysable N (KCl-AD) gave a correlation of 

-0.826 with air-dried soil NH4
+-N (AD NH4) content (Table 6). KCl hydrolysable N values 

were obtained by subtracting initial NH4
+-N values from the final NH4

+-N extracted after 

boiling with 2 M KCl solution (see Method 9 and Table 3 for further information). Thus KCl 

hydrolysable N values negatively but significantly correlated with air dried NH4
+-N, NO3

--N 

and mineral N (0.826, -0.831 and -0.864 respectively) because the correlation of air-dried 

NH4
+-N with NO3

--N and mineral N was (0.833 and 0.939 respectively (Table 6). 

3.1 Comparison of chemical methods 

(a) Chemical extraction of soil N 

All of the soil samples used in this study were collected from areas that were being cropped. 

Table 4 shows the mean, minimum and maximum N values obtained by each chemical method. 

The residual NH4
+-N and NO3

--N levels in the Ravensdown soils were higher than those of the 

rest of the soils indicating that these soils may have been fertilised in recent years. 

Air drying of the Ravensdown and MAF (South Island) soils at the Lincoln College laboratory 

(Section 2.3.2) did not increase the mineral N content significantly (Table 4). The air drying 

test (Steele et al., 1982) was also conducted on the MAF (North Island) soils and for over 40% 

of these resulted in mineral N values lower than the initial 

Table 3. 

The terms used in the text and their respective abbreviations in the Tables and Appendices 

and discussion 

Method Term(s) used in the text 
Abbreviation(s) used in the Tables 

and Appendices 

Chemical methods   

1. 

Initial/Field-moist soil/ residual 

NH4
+-N, NO3

--N and mineral N 

(NH4
+-N + NO3

—N) 

lniNH4, IniNO3 and IniMinN 

 

2. 

Air-dried soil/Air dried soil 

residual NH4
+-N. NO3

--N and 

mineral N (NH4
+-N + NO3

--N) 

AD NH4, AD NO3 and AD MinN 

3. Total soil N % Tot N% 

4. Organic carbon % Org C% 

5. Acid KMnO4 extractable N HOx 

6. 1 N H2SO4 hydrolysable/ extractable N H2SO4/H 

7. 
Acid KMnO4 (HOx-H2SO4) 

oxidisable N 
KMnO4 

8. Boiling KCl extractable N KCl 



9. 
Boiling KCl hydrolysable N (KCl-

AD NH4 
KCl-AD 

MAF North Island 
Air-dried soil mineral N after 18 h 

air drying at 33oC 
MFADMi/InADMin 

Biological methods   

10. 

(i) Final NH4
+-N, NO3

—N and 

mineral N obtained after 7-day 

aerobic incubation 

7dNH4, 7dNO3 and 7dMinN 

 
(ii)7-day mineralisable N 

(7dMinN-IniMinN) 
7dPotN 

11. 

(i) Final NH4
+-N, NO3

—N and 

mineral N obtained after 14-day 

incubation 

14dNH4, 14dNO3 and 14MinN 

 
(ii) 14-day mineralisable N 

(14dMinN-ADMinN) 
14dPotN 

12. 

(i) Total NH4
+-N distilled after 7-

day anaerobic incubation of air dry 

soil 

Anaerob 

 
(ii) Anaerobically mineralisable N 

(Anaerob-ADNH4) 
Ana-AD 

Ravensdown 

(i) Final NH4
+-N, NO3

—N and 

mineral N values obtained by 

Electrode method after 7-day 

aerobic incubation 

El 7dNH4 

El 7dNO3 and 

El 7dMinN 

 

(ii) 7-day mineralisable N values 

(El7dMinN-ElIniMinN) obtained 

by electrode method 

El 7dPotN 

MAF North Island 

(i) Total NH4
+-N distilled after 7-

day anaerobic incubation of field-

moist soil 

MFAnae 

 
(ii) Field-moist soil anaerobically 

mineralisable N (MFAnae-IniNH4) 
An-NH4 

Soil depths 0-15 cm 15 

 15-30 cm 30 

 30-45 cm 45 

 45-60 cm 60 

   

   

 





 



mineral N values (i.e. a negative AN value was calculated) (Appendix 18 and Table 4). The 

mean mineral N values before and after air drying of these soils were 13 and 12 µgN g-1 

respectively. These findings indicate that with air drying net immobilisation was taking place 

in many of the soils and this questions the usefulness of this test for estimating N availability. 

The oxidative release of soil N by 0.2 N KMnO4 in 1 N H2SO4 was higher (maximum value of 

330 µg g-1 of NH4
+-N) than the reported values (maximum value of 220 µg g-1 of NH4

+-N) of 

Stanford and Smith (1978) despite the reduction in shaking time by 30 minutes. This shows the 

readily mineralisable nature of the soils used in this study. However, results obtained using the 

other two chemical indices (1 N H2SO4 extractable N and boiling KCl hydrolysable N) 

generally agreed with the reported values of Stanford and Smith (1978) and Gianello and 

Bremner (198b). Nevertheless, some of the MAF North Island soils yielded extremely high N 

values (reported maximum values for 1 N H2SO4 and boiling KCl were 61 and 48 µg g-1 NH4
+-

N respectively). The main reason for these higher values is probably because the MAF North 

Island soils contained higher amounts of total soil nitrogen (mean = 0.37 %N) than the 

Ravensdown (0.30 N%) or MAF South Island soils (0.27 N%). 

The acid KMnO4 (0.2 N KMnO4 + 1 N H2SO4) extraction resulted in a 3 to 6 fold increase in 

NH4
+-N compared with the amount released after 1 N H2SO4 extraction alone (Table 5). It thus 

appears that acid KMnO4 partially oxidises the organic N, yielding more NH4
+-N. Stanford and 

Smith (1978) suggested that a discrete fraction of soil organic N is susceptible to attack by acid 

KMnO4 oxidation at room temperature (25°C). In the present study, however, it was observed 

that such oxidation was still continuing even when the soil-acid KMnO4 mixture was placed in 

the refrigerator at 4oC. The longer the total time before centrifuging and steam distillation, the 

greater the amount of NH4
+-N released (data not presented here). It should therefore be 

emphasised that with this method, in order to avoid further oxidation of soil organic matter 

occurring, the extract must be separated from the soil and steam distilled immediately. 

All the soils studied here had higher soil total N and organic carbon content than most of the 

reported values (mean= 0.31 and 3.7 percent respectively) (Stanford and Smith,1978; Gianello 

and Bremner, 1986) indicating that these soils are rich in soil organic nitrogen. 

(b) Comparison of the Ravensdown and Lincoln College residual N values 

The field moist soil NO3
--N values obtained at the Lincoln College laboratory correlated well 

with the Ravensdown laboratory values (r=0.828) ( Table 5). Moreover. NO3
--N and mineral 

N values obtained for air dried soils at the Lincoln College laboratory also agreed well with the 

Ravensdown field-moist soil N values (r=0.840 and 0.823 respectively). Nevertheless, the 

correlation between field-moist soil mineral N values obtained from both laboratories was not 

as strong as expected (r=0.774) because the correlation between NH4
+-N values was very poor 

(r=0.140). The differences in NH4
+-N values observed for both laboratories suggest that NH4

+-

N values changed during the period of cold storage (maximum of one month) at the Lincoln 

laboratory. It was suspected that even at storage temperatures of 4 to 5oC some nitrification 

may have still been occurring. 
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Furthermore, the differences which may have occurred due to employing different methods to 

measure residual N values in both laboratories are of considerable importance. The potassium 

fluoride solution employed at the Ravensdown laboratory is a stronger extractant than KC1 

solution. Thus, it is believed that the KF solution may have extracted slightly more inorganic 

N than that extracted by KCl. Moreover, the quicker and more convenient electrode method 

employed at the Ravensdown laboratory to monitor the residual N levels in the soil-KF solution 

mixture should have been evaluated by simultaneous analysis of a few soil samples at the 

Lincoln College laboratory using an autoanalyser method. Otherwise, it is difficult to arrive to 

a conclusion as to whether the differences in residual N values of both laboratories have merely 

been caused by sample handling. 

The amount of N extracted using mild extractants such as 2M KCI and KF (used at 

Ravensdown laboratory) at room temperature did not appear to relate to the amounts extracted 

by boiling 2 M KCI and intermediate extractants such as acid KMnO4 and 1 N H2SO4. 

Nevertheless, the NO3
--N values obtained at both laboratories showed a strong correlation with 

the mineral N content of all fresh and air-dry soils (Table 5). 

(c) Comparison of residual N values 

Correlation results obtained between NO3
--N and total mineral N showed consistency for all 

the soils tested (Tables 5, 6, 7 and 8). The relationship is clearly demonstrated in Figure 1 and 

2 for the Ravensdown soils. 

These findings strongly emphasize that soil residual NO3
--N values of these soils can be used 

to predict the residual mineral N values without determining the level of NH4
+-N for field-

moist and air-dried soils. The relationship for Ravensdown field-moist soils is described by the 

following regression equation: 

Initial Mineral N = 3.14 + 1.11 x Initial NO3
—N;  R2 = 88.7% 

Apparently. NO3
--N is the most dominant form of mineral N present (about 60-80% of total 

mineral N) in the soils tested. Thus strong correlations can be expected between NO3
--N and 

total mineral N contents of these soils. Table 8a shows such relationship existing on all the 

soils tested throughout the profile. Nevertheless, dominancy of NO3
--N over NH4

+-N did not 

necessarily seem to dictate stronger correlations with total mineral N content. For example, 

although MAF North Island field-moist soils contained about 49% NO3
--N, the correlation of 

NO3
--N with mineral N was slightly stronger (r=0.879) than that of NH4

+-N with mineral N 

(r=0.845). 

The correlation values obtained for the relationship between 0-60 cm soil profile NO3
--N and 

total mineral N of MAF South Island soils were conformable with that of all the surface soils 

tested. Table 8b indicates the vertical distribution of NO3
--N and NH4

+-N throughout the profile 

tested and the correlation values for their relationship with total mineral N at different depth 

intervals. 

Correlation results in Appendix 16c also indicate that in the 1985 spring it was possible to 

predict the residual mineral N values for the total 0-60 cm profile by using the residual NO3
--

N values of the 0-15 cm for the MAF South Island N trial control plot air-dried soils. 









 

 

 

 



The regression equation obtained for the relationship for MAF. South Island air-dried soils is 

given below: 

Min.N 0-60 cm = 36.2 + 6.47 NO3
--N;  R2 = 80.4%. 

Although considerable quantities of NO3
--N can be leached during a heavy rainfall, the amount 

leached depends on the soil type. It was estimated in the U.K. that the mean N losses during 

the winter season averaged from 85 kg N ha-1 for light soils in wet regions to 15 kg N ha-1 for 

heavy soils in regions where rainfall is less (Burns. 1982). Thus, it must be emphasised that 

heavy soils receiving low rainfall can retain considerable amounts of residual N even during 

the winter season, providing that denitrification losses are low. 

The majority of the Canterbury soils tested in the present study are moderate to slow draining 

soils. These soils receive an average rainfall of only 58 mm per month (with a maximum of 71 

mm rainfall occurring during May) and thus can be expected to retain most of the residual 

nitrogen. Therefore, for Canterbury soils, in an 'average year' it may be possible to use the 

residual N values as an availability index for N fertiliser recommendations. 

Although soil sampling for N availability studies is not recommended soon after a heavy 

rainfall, the readily nitrifying nature of these soils may be able to replenish the leached NO3
--

N quicker than is expected. Although the soil incubation tests in the present study clearly 

demonstrated such ability (see Section 3.2.(c)), there are no microbiological evidence available 

for South Island soils to support this statement. Sarathchandra (1978), however, reported that 

significant number of nitrifying bacteria (104-107 g-1) were found in some North Island soils. It 

is believed that extensive nitrification studies could enable the South Island soil N availability 

investigations to be more meaningful due to better understanding of N transformations in 

agricultural soils. 

Air drying the soil samples normally results in increased release or extraction of mineral 

nitrogen. The problem is further accentuated if the air-dried soil samples arc crushed or ground, 

sieved and stored for a period of lime. Such soil sample preparation procedures lead to 

increased chemical extraction, hydrolysation or partial oxidation of soil organic and/or 

inorganic nitrogen. It should be noted that the main objective of any chemical test is to perform 

accurate and inexpensive analysis within the shortest possible time. The experience obtained 

from the present study emphasises that such tests should be conducted on field-moist soils. The 

advantage and importance of analysing field-moist soil have already been emphasised in 

Section 1.1.1. Further emphasis on the possibility of using field-moist soil for reliable results 

will be placed on incubation tests in the forthcoming sections. 

(d) Comparison of acid KMn04-N values with that obtained from other chemical tests. 

The acid KMnO4 method (Stanford and Smith. 1978), did not correlate well with any of the 

chemical methods tested in this study. It was stated earlier that the acid KMnO4 oxidises a 

certain fraction of the soil organic N yielding NH4
+-N. These amounts appeared to be unrelated 

to the amounts obtained by the other extraction techniques, such as 1 N H2SO4 extractable N 

(Stanford and Smith. 1978). 

 





 

  

The only significant correlation obtained was with total N percentage at the 15-30 cm depth 

for the MAF; South Island N trial control plot soils (r=0.844) (Table 7). This may be due to the 

strong relationship between total soil N content and the acid KMnO4 oxidisable fraction of 

organic nitrogen present in the sub-surface soils. 

(e) Comparison of 1 N H2SO4 extractable N values with the N values obtained from other 

chemical methods. 

Although this simple method yielded statistically significant correlations with residual N 

values and total N and organic C contents for the Ravensdown soils (Table 5), the relationships 

with boiling KCl nitrogen values, total N (Figure 3a) and organic C percentages were stronger 

for North Island soils (Table 8). These findings show that it may be possible to predict the total 

soil N and organic C contents from 1 N H2SO4 extractable N values for these organic N rich 

soils (N% > 0.214 and OC% > 2.59). The following equations could be used for the soils 

studied: 





 

 

 



Tolal N% = 0.214 + 0.0029 H2SO4; R2 = 87.2% 

Organic C% = 2.59 + 0.0308 H2SO4;  R2 = 89.6% 

(f) Comparison of boiling KC1 hydrolysablc N values with (hat of other chemical methods 

The boiling KCl method has been recommended by Gianello and Bremner (1986) as the best 

chemical method thus far developed for laboratory assessment of potentially available organic 

N (No) in soil. Although acid KMnO4 oxidisable N gave them a good correlation (r = 0.85) 

with potentially available organic N (No), the relationship was not as strong as with boiling 

KCl N values (r=0.95). It was indicated that the pre-extraction of soil N by 1 N H2SO4 before 

the actual acid KMnO4 extraction resulted in twice the amount of NH4
+-N than boiling KCl. 

The reason given for relatively lower correlation obtained between acid KMnO4 N values and 

No was that the organic N which was readily hydrolysed by 1 N H2SO4 was not recovered by 

the subsequent extraction with acid KMnO4 solution. However. Gianello and Bremner (1986) 

did not attempt to show any relationship between KCl hydrolysable N and 1 N H2SO4 

hydrolysable N. The present investigation of this method clearly demonstrates that there was a 

good correlation between N values obtained by 1 N H2SO4 and the boiling KCl extraction 

(r=0.914) for the North Island soils tested. The correlation coefficient value obtained between 

acid KMnO4 and boiling KCl N values, however, was lower (r = 0.629). 

The high statistically significant correlation values obtained for boiling KCl hydrolysable N 

with soil mineral N values and all the other chemical methods for North Island (Table 8) and 

Ravensdown soils (Table 5) suggests that boiling KCl method is suitable for a range of soils. 

The regression equation obtained for the relationship with total N content indicates that this 

method can also be used to predict the soil total N content for the North Island soils (Figure 

3b) using the following equation: 

Total N% = 0.0449 + 0.0139 KCl-AD;  R2 = 93.4% 

In contrast, the method did not show significant correlation with any of the chemical methods 

tested for MAF South Island soils at 0-15 and 15-30 cm soil depth. It should be noted that the 

MAF South Island soils were slightly lower in organic C and total N content compared to the 

Ravensdown and North Island soils (Table 4). Moreover, the lower standard deviation values 

obtained for MAF (South Island) organic C and total soil N contents (0.4 and 0.03 respectively) 

than that of Ravensdown (0.8 and 0.08 respectively) and MAF North Island (1.7 and 0.2 

respectively) suggests that the MAF South Island soils also had a narrow range of organic 

carbon and total soil N contents. 

3.2 Comparison of biological methods 

(11) Amount of mineralisation 

Of the three biological methods employed the order of efficiency of mineralisation based on 

the amount of N released by incubation was anaerobic > 14-day > 7-dav aerobic incubation 

(Table 9). The North Island soils yielded more mineralisable N followed by the Ravensdown 

soils and lastly the MAF South Island soils. The MAF South Island soils appeared to respond 

better for the anaerobic incubation than for the other two incubation methods. 



It should be noted that the 7-day and 14-day aerobic incubations of the Ravensdown soils 

yielded some negative mineralisation values indicating that short-term incubation does not 

always result in net mineralisation. This finding may even question the reliability of the positive 

net mineralisation values obtained in the short-term aerobic incubation studies. Such values 

may not purely represent the actual mineralised amounts obtained during the incubation period 

because it is likely that the final mineral N values obtained are the sum of the amount of mineral 

N involved in mineralisation-nitrification-denitrification-immobilisation interactions. 

The anaerobic incubation performed on field-moist soil at the MAF North Island laboratory 

mineralised 74 µg g-1 of NH4
+-N (mean value). However, when the soils were anaerobically 

incubated at the Lincoln College laboratory (after being air-dried and stored for about 6 

months) the mineralised NH4
+-N value increased to 108 µg g-1 (mean value) (for explanation 

see Section 1.1.1.). 

(b) Comparison of 7-dav aerobic incubation test performed at the Ravensdown Fertiliser Co-

operative and Lincoln College laboratories. 

There was a very poor correlation (r = -0.073) observed between the mineralised 

N values obtained using the 7-day incubation method at both laboratories (Figure 4). Although 

the mean N values were similar, the variation in maximum and minimum values was high 

(Table 9) indicating that the values obtained from both laboratories for a particular soil sample 

may not relate to each other. 

A thorough analysis of Figure 4 reveals the following findings and questions the 

reliability of the 7-day aerobically minerlisable N method: 

(i) Minimum and maximum 7-day aerobically minerlisable N values obtained at the 

Ravensdown laboratory were 10 and 80 µg N g-1 whereas values of 3 and 177 µg N g-

1 were obtained at the Lincoln College laboratory. 

(ii) Although the majority of the values lie between 0-80 µg N g-1 range, only about 10 soils 

of the total 82 Ravensdown soil samples show approximately similar values.  

(iii)The majority of the samples produced entirely different mineral N values when they 

were incubated in both laboratories. For example, a soil sample which minerlised only 

30 µg N g-1 at the Ravensdown laboratory produced 176 µg N g-1 at the Lincoln College 

laboratory. In contrast, a sample which produced 50 µg N g-1 at the Ravensdown 

laboratory mineralised only 2 µg N g-1 at the Lincoln laboratory. 

(iv) Although the soils incubated at the Lincoln College laboratory appeared to have 

produced more mineral N than at the Ravensdown laboratory (see (i) the mean 

mineralised N values were approximately similar for both laboratories (50 and 45 µg N 

g-1 respectively (Appendix 4)). 

When this method was studied by Quin et al., (1982) it was concluded that "the disadvantage 

of the time required for the incubation (7 days) is more than made up for by the flexibility in 

the timing of the test, and its reduced susceptibility to errors due to small changes in the mineral 

N content during storage of the sample prior to analysis". However, the present study has shown 

that sample handling and storage must have had a large effect on the N values obtained using 

the 7-day incubation test in the Ravensdown and Lincoln College laboratories. Keenev (1982) 

cautioned that the results of any short-term incubation must be treated with care because 

mineralised N values would be affected by sample pre-treatments and handling. This has also 

been emphasised in Section 1.1.1. 







 

 

 

 



The following treatments are believed to have caused the poor correlation observed between 

the 7-day aerobically mineralisable (Pot N) values obtained from both laboratories: 

(i) Soil samples were incubated after one month storage in the refrigerator at the 

Lincoln College laboratory. 

(ii) Soil moisture content which is considered as one of the major factors influencing 

the soil N minerlisation was not adjusted to optimum amounts (field capacity) 

during the incubation. Note that the soils tested had a wide range of field moisture 

contents (minimum, 9.5 and maximum 31.5 % wet weight basis). 

(iii) It is believed that the provision of an aerobic condition for the incubation was not 

satisfactory in both laboratories. Soil samples were placed in unsealed polyethylene 

bags and incubated after simply folding the bags once. It is suspected that high 

incubation temperature (37°C) could have caused excess evaporation of soil water 

which was condensed in the bag and subsequently stopped the air circulation by 

sealing some of the bags completely at the folded area. Consequently, soil samples 

with good air circulation were mineralised and nitrified well. This was evident with 

the significant differences observed among the duplicates and quadruplicates of 

some of the soil samples incubated at the same time. These differences may also 

have been caused by an uneven distribution of potentially mineralisable soil N in 

the wet soil samples which were difficult to mix uniformly before placing in the 

bags for incubation. 

(iv) Different methods of analysis of mineral N have been employed at both 

laboratories. Although this may also have contributed to the different values 

obtained from both laboratories the errors involved should be relatively small 

compared to those introduced by sample handling. 

Note that the 7-day aerobically minerlisable N values were obtained by subtracting the initial 

mineral N value from final mineral N value measured after 7 days incubation. The correlation 

between initial mineral N values of both laboratories was, however, not as strong as expected 

(r = 0.774) (Table 5) (section 3.1b). On the other hand, a statistically significant but poor 

correlation value (r = 0.374) was obtained between final mineral N (7-day mineral N) value of 

both laboratories (Table 10). Consequently, the correlation analysis for the 7-day minerlisable 

N values from each laboratory gave a lower coefficient (r = -0.073). 

Moreover, it should be noted that soils which are incubated aerobically over short 

time periods are sensitive to the level of aeration. Sufficient aeration should be provided during 

the incubation period. If the soil samples are incubated in the open containers, a device may be 

set up to humidify the incubator to prevent water loss from the soil samples. It is also suggested 

to adjust the soil moisture content to field capacity and mix the moist soil sample with acid 

washed-sterilised quartz sand before the incubation. This will enable the soil samples to be 

mixed thoroughly and thus is expected to provide uniform and maximum aerobic 

mineralisation and nitrification conditions. The use of short-term aerobic incubations is only 

possible if the conditions of sample preparation and incubation are rigidly standardised and 

controlled. Otherwise, the values obtained may be inaccurate and misleading. 

(c) Comparison of 14 day aerobic incubation with other biological tests. 

There was only a very poor correlation obtained between the 14-day and the 7-day aerobically 

mineralisable N values of all the soils tested (Tables 10, 11, 12 and 13). Figure 5 shows the 

poor correlation (r = 0.004) between 7-day and 14-day aerobically mineralisable N values for 



the Ravcnsdown soils. This is thought to be due to the errors involved in the 7-day incubation 

test, as described previously (section 3.2(b)). However, the 14-dav method showed a good 

relationship with NH4
+-N released after 7-day anaerobic incubation of the 0-15 and 15-30 cm 

MAF South Island soils (r=0.852 and 0.840 respectively) (Tables 11 and 12). 

The 14 day mineralisable N values of 0-15 cm soils correlated well with 15-30 cm 14-day 

mineralisable N values (r=0.868) (Appendix 9b) indicating that there was a strong relationship 

between mineralising capacity of both surface and sub-surface soils. The present study of two 

aerobic incubation tests also revealed that measurement of the final amount of NO3
--N 

produced was adequate to predict final mineral N released (Figures 6 and 7). The NO3
--N 

relationship with mineral N clearly demonstrated that Canterbury soils have high nitrifying 

capacity. Evidently. NH4
+-N values were found to be continuously unstable due to their 

consistently lower values obtained during the whole growing season for Canterbury soils 

(personal communication with MAF. Lincoln). Similar behaviour was observed in the 

laboratory incubation tests indicating that the NH4
+-N mineralised from organic N was readily 

nitrified. 

The strong correlation between the 14-day incubation and the anaerobically mineralisablc N 

values agreed with the similar relationship obtained by Waring and Bremner (1964). When this 

anaerobic method was developed it was performed for 2 weeks at 30°C. Later. Keeney and 

Bremner (1966) modified it to incubating for only 1 week at 40°C. Their findings showed that 

the relationship between the two anaerobic methods and 14-day incubation technique was 

strong. 

(d) Comparison of anaerobic incubation method with other biological tests. 

The amount of NH4
+-N mineralised from field-moist soil after 7-days anaerobic 

incubation was highly correlated with the 7-day anaerobic incubation of air-dried (and stored 

for 24 weeks) North Island soils (r=0.734) (Table 13). Keeney and Bremner (1966) obtained a 

better correlation between field-moist and stored (up to 48 weeks) air-dried soil anaerobic 

incubations (r > 0.95) than is reported here. The high correlation coefficients obtained for field-

moist soils is promising and requires more investigation. 

The anaerobic incubation method has several advantages over the 7-day aerobic 

incubation test. Thus it can be strongly recommended for routine measurement of N-supplying 

capacity of the soils for the following reasons: 

(i) It is rapid and precise. 

(ii) Only NH4
+-N need to be measured. 

(iii)Only a small sample of soil is needed (5 to 10 g). 

(iv) The problems of establishing an optimal water content and the loss of water during the 

incubation are avoided. 

(v) With the addition of a nitrifying inhibitor special precautions or equipment is not 

necessary to provide anaerobic conditions. 

(vi) The effect of sample pre-treatment is less than with the short-term aerobic incubations. 

(vii) With the addition of 4 N KCl and a few seconds shaking, the sample is ready for NH4
+-

N analysis. 

(viii) Nitrogen mineralisation under submerged conditions is usually not limited. Therefore 

the net result is positive mineralisable N values. The present study also indicates that  









 

 

  

 



all the anaerobically mineralisable N values obtained were positive whilst both aerobic 

incubations yielded some negative values. 

(ix) The ammonium electrode method can be used very conveniently. 

If the Ravensdown 7-day aerobic incubation method was replaced by the more accurate 

anaerobic test, the accuracy of fertiliser recommendations would be improved. 

3.3 Chemical vs Biological methods 

Only one chemical method that of boiling KCI hydrolysable N. yielded good correlations with 

the biological methods tested (Tables 14, 15, 16 and 17). Boiling KCl hydrolysable N showed 

good correlations with mineralisable N values obtained from all the biological methods studied 

(Table 17a). 

Table 17a Correlation coefficients obtained for the relationship between boiling KCl 

hydrolysable N and selected biological N indices 

Soil Number of soils Biological N indices r+ 

MAF South Island    

0-15 cm 15 
14 d aerobic N 0.779 

7 d anaerobic N 0.828 

15-30 cm 15 
14 d aerobic N 0.921 

7 d anaerobic N 0.881 

MAF North Island    

0-15 cm 35 
7 d fresh anaerobic N 0.581 

7 d aerobic N 0.544 

Ravensdown Fert. Co-op.    

0-15 cm 82 7 d anaerobic N 0.524 

+ All r-values reported are significant at 0.1% level 

This clearly explains the selective extractability of soil organic N by boiling KCl and its 

relationship with biologically available soil N after incubation. This simple chemical method 

also appears to be a possible alternative to the 7- day aerobic incubation method. The method 

if used in routine analysis would save space, time and reduce the likelihood of sample pre-

treatment errors which are associated with short-term incubation tests. However, further 

evaluation is necessary using field moist rather than using air-dried soil. Field trials to relate 

this test to crop yield and N uptake are also seen as the next priority. 

 



 



  



 

 



 

  



3.4 Grain yield 

An attempt was made to investigate the relationships between wheat/barley grain yield and the 

chemical and biological indices studied. Owing to the low number of yield values available 

from the MAF South Island N trial plots (wheat, 6 and barley, 6), it was decided to not to use 

these grain yields in the present study. 

(a) Ravensdown Fertiliser Co-operative 

For the Ravensdown soils 32 Canterbury farms were selected on the basis of 'better than 

average management’. Of the 26 yield values received 20 were for wheat and 6 for barley. Only 

the wheat grain yield values were used in the present study. Grain yield values (t ha-1) of wheat 

are given in Table 18a. The yield values ranged between 2.0 and 6.8 t ha-1, the mean value 

being 5.2 t ha-1. The correlation coefficient values obtained for the relationship between wheat 

grain yield values and the laboratory N test values are presented in Table 18b . 

While the soil N tests such as total N content and anaerobically mineralisable N 

showed positive significant correlations (r=0.544 and 0.562 respectively), both residual 

mineral N and NO3
--N measured by the electrode method gave negative but significant 

correlations (r=-0.565 and -0.561 respectively) with grain yield values. It appears that the 

previous growing season may have left a considerable amount of residual N in the soil and 

further addition of fertiliser N during the 1985 season (amount applied ranges from 25 to 100 

kg N ha-1), associated with high rainfall were believed to have resulted in crop lodging. Note 

that the Canterbury 1985 season grain yield survey showed that lodging was one of major 

causes for the season's low grain yield. Consequently, a negative correlation was obtained 

between the residual mineral N levels and grain yield values in the present study. 

On the other hand, the significant correlation observed between the anaerobically 

mineralisable N and grain yield indicates that more future investigation on the anaerobic test 

and hence its application as a soil N availability index for the Canterbury cropping soils is 

warranted. 

(b) MAF North Island 

The grain yield values (t ha-1) of wheat and barley obtained from North Island zero N and 40 

kg N ha-1 plots are given in Table 19a. Note that the addition of 40 kg N ha-1 did not increase 

the yield significantly. Correlation analysis was performed on yield values of wheat and barley 

and N values obtained from the chemical and biological N availability indices (Table 19b). 

Table 19b clearly demonstrates that the relationships of grain yield values with residual N 

levels of field moist and air-dried soils hold the highest correlation values. Similar relationships 

have been reported by several workers (Gasser. 1961; Soper et al., 1971; Walker and Ludecke. 

1982). Note that the highest correlation value r=0.847 was obtained for the relationship 

between air-dried soil NO3
--N (air-dried at 33°C for 18 h; passed through 2 mm sieve and 

stored in unsealed polyethylene bags for 6 months before analysis) and barley yield values 

from unfertilised plots. Practically, it is not possible to use such NO3
--N values for any N 

availability index experimental purpose due to the unusual length of storage period. Thus 

similar studies must include sample pre-treatments which can be easily adapted for future 

investigations and recommendations. 

 



 



  

 

 

 

 



In contrast, all the other chemical and biological indices tested in our study gave low correlation 

values with grain yield. Obviously, biological indices yielded negative correlation values 

because mineralisable N values were obtained by subtracting initial mineral N level of either 

field-moist or air-dried soil. 

 

4. CONCLUSIONS 

(a) Residual mineral nitrogen 

Nitrate nitrogen was the dominant form (60-80%) of mineral nitrogen in most 

surface soils (0-15 cm). Study of the MAF South Island soil profiles indicated that the 

contribution of NO3
--N to total mineral N content increased with depth. Correlation results 

obtained for the relationship between NO3
--N and mineral N emphasise that. 

(i) for the soils studied residual NO3
--N values could be used to predict the level of NH4

+-

N in field-moist and air-dried samples. 

(ii) such prediction was even possible for the soils which contained as much as 50% of the 

total mineral N as NH4
+-N since there was still a high correlation between NO3

--N and 

mineral N, and 

(iii)for the 1985 spring, it is possible to predict the residual mineral N values for the total 

0-60 cm profile using the 0-15 cm soil NO3
--N content of the MAF South Island soils. 

The following points are believed to be important for planning similar residual mineral N 

studies in Canterbury: 

(i) The majority of the Canterbury soils tested in the present study are moderate to slow 

draining soils and receive only an average rainfall of 58 mm per month. Thus in an 

"average year" these soils may be able to retain most of their residual mineral nitrogen. 

Nevertheless, soil sampling is not recommended soon after a heavy rainfall. It must be 

emphasised that such prediction should only be used with reservations when the 

annual/monthly rainfall significantly exceeds the average rainfall. 

(ii) The readily nitrifying nature of these soils is believed to replenish any leached NO3
--N 

quickly. Although our chemical and incubation tests conclusively proved such 

occurrence, a microbiological approach (e.g. determination of the population and the 

activity of the microorganisms such as ammonifiers, nitrifiers and denitrifiers for 

various seasons) would assist in obtaining a better understanding of N transformations 

in Canterbury cropping soils. 

(iii)Since the soil mineral N content did not increase significantly after air drying (some of 

the MAF North Island soil mineral N contents were reduced after air drying due to 

immobilisation), measurement of field-moist soil mineral N alone is considered to be 

sufficient. 

The electrode method used to measure mineral N levels in field-moist soil at the Ravensdown 

laboratory was the most rapid method investigated in the present study. Although initial NO3
--

N levels measured at both laboratories correlated well (0 =0.828), the correlation results 

obtained for initial NH4
+-N and total mineral N (r=0.140 and r=0.774 respectively) were not 

satisfactory. It is believed that future evaluation of the Ravensdown electrode method should 

be carried out for the soils subjected to standard sample pre-treatments. 



(b) Chemical methods 

(1) Acid KMnO4 oxidisable N 

Of the chemical extractants studied, acid KMnO4 extracted considerably greater 

amounts of soil organic N (maximum value 330 µg g-1 of NH4
+-N), than boiling KCl and H2SO4 

(maximum values of 59 and 235 µg g-1 respectively). Nevertheless, in general, the acid KMnO4 

oxidisable N method did not correlate with any of the chemical or biological methods tested. 

Thus this method is not recommended for future N availability studies for the soils tested. 

However, if this method is evaluated in future, it is suggested that the extraction should be 

separated from the extractant-soil mixture and steam-distilled immediately because the 

oxidation process of soil organic N does not cease until the extraction is steam-distilled. 

(2) 1 N H2SO4 extractable N 

This method has been found to be simple, quick and inexpensive. Although the 

method yielded statistically significant correlations with soil residual N values and other 

chemical methods tested, the correlation was stronger with total N and organic C contents for 

the organic N rich North Island soils. This suggests that the amount of NH4
+-N extracted by 1 

N H2SO4 may be used to predict the total N content of such soils without performing expensive 

and laborious kjeldahl analysis. Nevertheless, H2SO4 extractable N is not recommended as a 

soil test because routine soil N indices do not require total N content determinations. 

(3) Boiling KCl hydrolysable N 

This rapid and inexpensive chemical method provided the strongest correlations with 

the biological methods tested in this study. This new chemical method may be used to replace 

the laborious and rather expensive biological N tests. There are number of advantages of using 

this method for routine soil N tests: 

(i) Only a small amount of soil sample (3-5 g) is needed. 

(ii) Field moist or air-dried soils can be used. 

(iii)Only standard laboratory equipment is needed. 

(iv) Although a 4 hour boiling time is required, several hundreds of samples can be boiled 

at once, depending on the capacity of the waterbath used. 

(v) If centrifuged no nitration is necessary. 

(vi) Only NH4
+-N needs to be measured. 

(vii) The NH4
+-N can be measured by a rapid autoanalyser method. 

(viii) Analysis of NH4
+-N need not to be done immediately after boiling. The extractions can 

be stored in the refrigerator for several days before determination of the NH4
+-N 

because the 4 hour boiling can be expected to kill most of the ammonifying and 

nitrifying organisms. 

(ix) The high statistically significant correlation values obtained with soil mineral N values 

and all the other chemical methods for the North Island and Ravensdown soils suggest 

that this method is also suitable for a range of soils. 

(4) Total soil N and organic C contents 

All the soils studied had higher soil total N and organic carbon contents than most of the 

reported values (e.g. Stanford and Smith (1978), Gianello and Bremner (1986)) indicating that 



these soils are rich in soil organic nitrogen. Although these two indices provided statistically 

significant correlations with the other chemical and biological N indices, for most of the soils 

studied, both methods are considered to be expensive and laborious. Thus these methods are 

not recommended for routine soil N analysis. Nevertheless, these methods are important in any 

detailed soil N studies. 

(c) Biological methods 

Of the short-term incubations employed both aerobic incubations (7 and 14-day) yielded 

negative mineralisation values (i.e. -AN) for some of the soils tested. This is attributed to the 

occurrence of a vigorous immobilisation process during the short-term aerobic incubation. This 

finding may also question the reliability of the positive net mineralisation values obtained in 

any of the short-term incubation studies. In contrast, anaerobic incubation mineralised the 

highest amount of N and never yielded negative mineralisation values. 

(1) The 7-day aerobic incubation test performed at the Ravensdown and Lincoln College 

laboratories 

Sample handling, differences in soil moisture contents, incubation conditions and to a lesser 

extent, employing two different methods to determine mineral N levels were believed to have 

caused the poor correlation (r=-0.073) observed between the 7-day mineralisable N values 

obtained at each laboratory. Future studies should consider the following points: 

(i) Soil samples collected for aerobic incubations studies should be analysed for mineral 

N levels and incubated as soon as possible. Although the samples can be stored in the 

refrigerator overnight, prolonged cold storage is believed to affect the final 

mineralisation results considerably. This is particularly important when soil N tests 

(especially field-moist soil mineral N levels or short-term incubations) are carried out 

in different laboratories on similar soil samples. 

(ii) Sufficient aeration should be provided during the incubation period since improper 

aeration can affect the mineralisation and nitrification processes significantly. 

(iii)Soil sample moisture content should be adjusted to field capacity. 

(iv) If the soil sample is incubated in open containers a device may need to be set up to 

humidify the incubator while the incubation temperature is constantly maintained. 

(v) It is also believed that mixing quartz sand with field-moist soil would enable uniform 

mineralisation and provide further aeration needed during the incubation. 

The problems outlined above appear to be too difficult to solve in a routine method of analysis. 

Therefore the results from a routine 7-day aerobic test are likely to be inaccurate and it is 

recommended that the Ravensdown 7-day test be discontinued. 

(2) The 14-day aerobic incubation 

The 14-day aerobic incubation method cannot be recommended for routine soil N 

analysis because soil samples need to be air-dried, ground, sieved, mixed with sand and 

rewetted before being incubated. These pre-treatments were found to affect the mineralisation 

process. 

(3) The 7-day anaerobic incubation 



The 7-day anaerobic incubation method is highly recommended as a routine test for 

the following reasons: 

(i) It is a relatively rapid incubation. 

(ii) Field-moist soils can be used and thus the effects of sample pre-treatments (air drying, 

grinding, sieving etc.) on mineralisation arc minimised. 

(iii)Only a small sample of soil is needed (5-10 g). 

(iv) Problems of establishing optimal water content and loss of water during incubation are 

avoided. 

(v) The net mineralisation value obtained is positive due to more vigorous mineralisation 

than immobilisation occurring under anaerobic conditions. 

(vi) More net N is mineralised because the loss of NO3 -N due to denitrificalion is reduced 

by preventing the nitrification process under anaerobic conditions. 

(vii) More N is mineralised in a given period due to the higher incubation temperatures used 

(e.g. 40°C). 

(viii) No special provision (such as the precautions taken in the present study) of anaerobic 

condition is needed if nitrifying inhibitors are added before the incubation. 

(ix) Only the NH4
+-N released needs to be measured. 

(x) With the addition of 4 N KCI and a few seconds of shaking by hand, the sample is 

ready for NH4
+-N analysis. 

(xi) The electrode method employed at the Ravensdown laboratory can be used to 

measure the NH4
+-N released 

(d) Grain yield 

Grain yield values of wheat and barley obtained from the MAF North Island fertilised and 

unfertilised plots showed consistently good correlations with residual N levels of field-moist 

and air-dried soils. This indicates the usefulness of residual N level measurement in N 

availability studies. Although the number of observations used in the grain yield correlation 

analysis (wheat n=9 and barley n=7) were not sufficient to derive any further conclusions, 

similar findings have often been reported in the literature. 

The wide range in amount of fertiliser N used (25-100 kg N ha-1), the high residual mineral N 

accumulated in the past growing seasons, high rainfall for the 1985 growing season and the 

consequently high incidence of crop lodging were believed to be the main factors influencing 

the grain yield values obtained from the Canterbury cropping farms studied. Consequently, 

there was an inverse relationship between residual mineral N levels (electrode method) and the 

yield values observed. 

On the other hand, the positive significant correlation (r=0.562) obtained between 

anaerobically minerlisable N and grain yields indicates that this incubation method may be of 

use for a wide range of Canterbury soils. It is believed that a fertiliser N trial designed to 

evaluate the anaerobic incubation test for some of the major cropping soil types may provide 

the basis for using this test as a soil N index for wheat and barley. 

(e) Recommendations 

From the results of the present study the following methods of assessing N availability can be 

recommended for a wide range of soils: 



(i) measurement of field-moist soil residual N levels and 

(ii) boiling KCl hvdrolysable N or 7-day field-moist soil anaerobic incubation 

These methods possess numerous advantages over the other methods evaluated and are suitable 

for making routine soil N availability measurements. It is also recommended that the 

Ravensdown Fertiliser Co-operative should discontinue the current 7-day aerobic incubation 

test and replace it with the anaerobic test. It is believed that the laboratory measurements of 

both the residual mineral N and anaerobically mineralisable N may provide a better soil N 

availability index for the Canterbury cropping soils. 
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