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EAA®OAOTIA.— Evaluation of methods for assessment available soil
nitrogen, by A. D. Simonis, S. B. Bladenopoulou, P. G. Koukoulakis*,

St Tob "Axadnuainod x. ‘Twdvvy Iamaddry.

ABSTRACT

Twenty one soil samples representative of the main soil groups of Northern Greece
were cropped with ryegrass plants, and various biological and chemical methods and
technics were used for the determination of the available N of soils. The best index of the
soil available N, which was accounted for more than 549, of total uptake by ryegrass plants,
was obtained with the potentiometric method-leaching of soil with a solution of 0,5 N KCl
and measurement of N with the specific nitrate electrode.

INTRODUCTION

Under the present energy crisis, and the problems of environmental
protection, the need for the improvement of the low N fertilizer efficiency
is given top priority, in the research programs and the belief for its impor-
tance is being established more firmly with the time (Simonis, 1987). The
imense quantities of energy which are needed for the production of Nitro-
genous fertilizers and the high losses of N in the soils due to leaching, deni-
trification and volatilization, constitute an important economic problem as
well as a menace to the environment.

A successful aproach to the problem of rational Nitrogenous fertilizer
use may be achieved by taking into account the mineral soil N (NO;-N) in
addition to the N needs for the maximum crop yields. This quantity depends
on the organic N which is nitrified during the period of crop growth and the
residual quantity of inorganic N (min-N) (NH,"+NOj) which is initially
present in the soil (Standford, 1977).

The need for a method which will give a sufficient index of the avail-
able N of soil and will allow the accurate prediction of the N quantity needed
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for optimum yield, has for years been the subject of objective discussion
amongst research workers.

Numerous Laboratory methods and techniques for the assessment of
the available soil N, differing in their general principles and technical datails,
have at various times, been proposed. These methods include: aerobic-
anaerobic biological incubation procedures, chemical techniques, water,
inorganic acids, bases, oxidazing agents as well as {racer techniques and
electro-ultra-filtration. Most of these methods have been critically analyzed
and reviewed by various research workers (Hamsen and an Schreven, 1955,
Bremner, 1965, Stanford and Legg, 1968, Dahnke and Vassey, 1973, Stanford,
1982, Keeny, 1982, Meisinger, 1984).

None of the proposed methods for available N assessment has been uni-
versally accepted. All of them are characterized by limitations and vices which
are basically due to the fact that almost all soil N is basically found in organic
form, which must be mineralized (NH,*, NOy") before beign taken up by plants.
Furthermore the processes of NO; leaching, denitrification, biological fixa-
tion and NH; volatiliza tion, complicate furthermore the problem of N avail-
ability and make more difficult its solution (Dahnke and Vassey, 1973).
Our knowledge about the relationships between the chemical composition
of the organic matter and N availability in various soils, is very limited, and
the available information concerning the complex biochemical processes which
determine the various transformation of soil N is very scarge. It is impossi-
ble to simulate in the laboratory the biochemical effect of microorganisms,
and the only method that can give a close simulation is the one of incubation.

During the last decade very encouraging results have been obtained
in the USA and W. Europe with respect to the determination of min-N in
the profile (Smith, 1980, Henkens 1980, Ris et al, 1981, Becker and Aufham-
mer, 1982, Keney, 1982, Stanford, 1982, Koukoulakis, 1984). Soil sampling
is done up to a depth of one m. during the first stages of plant growth and the
soil samples are either analyzed immediately or placed in freezer for analysis
in due time.

The use of models seems to be rather promissing in the study of soil
N transformation where the inclusion of submodels may be very helpful
in describing the various phases or processes involved in N cycle (Frissel,
and van Veen, 1982 Greenwood, 1982- Tinker and Addiscott, 1984 Rachhpal -
Singh and Nye, 1986).
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The quantity of soil N taken up by plants in being ususally used us
the standard criterium for the avaluation of laboratory methods, while the
experiments with ryegrass in pots give in relatively short time biological
data with respect to soils capacity to provide plants with N (Simonis, 1985).

The additive N uptake by a consecutive crops in the greenhouse, may
be evaluated as a function of the initial N content of soil, and the relative
potential availability of organic N. In these sense, the present work aims at,
determining, by means of a large number of laboratory techniques, the avai-
lable soil N, and evaluating these methods by correlating their values with
the N quantities taken up by plants.

MATERIALS AND METHODS

1. Soils used and their characteristics.

Twenty one soil samples (25 cm depth) were taken selectively from
various regions of N. Greece. The soils had been chozen on the basis of preli-
minary soil tests, so that they were representing the main Soil Groups of
N. Greece. In Table 1 the parent material, Soil Group, as well as some basic
characteristics determined by the universaly accepted methods (Jackson,
1958) are given.

2. Laboratory methods used for soil N.

The methods used and their characteristics are given in Table 2.

3. The technigue of pot experiments.

To obtain standard biological criteria for the evaluation of analytical
methods used for soil N determination, the soils were cropped with ryegrass
according to the following experimental technique, About 1000 g soil (parti-
cle size <2mm) and 400 g coarse sand (>2mm), which had previously been
washed five times with concentrated solution of HCI, were mixed by means of
a mechanical shaker along with the nutrient solution which contained 100 mg
P and 100 mg K in the form of K,HPO, and K,SO,, respectively, and ade-
quate, quantity of water. 1.5 g of ryegrass seeds was broadcasted uniformly
over the soil of each pot. Plants were cut consecutively each 30 days. Four
cuts were made in total. The grass was dried at 75° C, washed for the deter-
mination of dry matter, and total N was determined by Kjeldahl method.
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RESULTS

The range and the average values of soil N, determined by various
methods, are given in Table 3.

The average quantities of N taken up by ryegrass plants during the
experimental period, were calculated on the basis of the N quantity taken
up by each consecutive crop or cut, depicted in Fig. 1.

The exponential Cobb-Douglas equations curves for the N uptake (y=
axP) are given in Table 4.

To evaluate each soil N method used, the available N values were cor-
related with the total N uptake of crops, which was considered as the standard
biological criterium. In Tabl. 5 the correlation coefficients which were obtain-
ed, as well as the corresponding coefficients based on the total cumulative
yield of ryegrass, are given.

In Tabl. 6 the correlation coefficients realting the available soil N
values and the values of the methods used, are given, while the coefficients
correlation between total plant N taken up and available soil N, for soil groups
with different pH, texture, total CEC and percent base saturation, are gi-
ven in Table 7.

DISCUSSION - CONCLUSION

Various quantities of N, differing significantly, were extracted from
the soils studied by the extracting agents/methods, used (Table 3). Relati-
vely, small quantities of N were extracted with the weak extractants i.e.
0.01 Ba(OH),, 0.5M NaHCO,;, 1IN KCI-MgO, Ca(OH),40.29/p. GTA and
anaerobic incubation, while large quantities were extracted by means of the
acid hydrolysis with HCIL. In practical advisory work regarding fertilization,
the quantity extracted is not what counts most, but whether this quantity
is a reliable index of soils capacity to provide plants with N. The soils studied,
differed significantly with respect to their capacity to provide plants with
N. The total N quantity taken up by ryegrass varied between 4,1 and 38.4
mg /100¢ soil (Fig. 1). Largest quantities of N were extracted from soils 1
and 17 as shown by the values of the a coefficients of the exponential reggres-
sion equation (y=axP), obtained for the camulative N uptake curves (Table 4).
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The correlation of the available soil N (N-values) with the total yield
of ryegrass, were generally small than the corresponding N-uptake values
(Table 5). Many factors influence the yield and the crop response to the added
N, but at the same time they affect slightly the N uptake (Simonis, 1985).
That is in the present work the methods are being evaluated on the basis
on plant N uptake.

The correlations between N taken up by plants and the available N
which was determined by the various methods used, with the exception of
acid hydrolysis (0.1 and 5.0 N HCI), were statistically significant. The
highest correlations with the total uptake of four cuts, were obtained with the
following methods, Electrometric (r=0.742**%*) the anaerobic method of
14 and 21 days (r=0.712*** ane r=0.720***), respectively, and the method
of total N (r=0.710***) (Table 5). Only the methods which accounted for
over 509, of the variability in N uptake (r=0.50), are considered that they
give relatively satisfactory evaluation of the available soil N (Cornforth
and Walmsley, 1971). The methods of aerobic incubation and of the 1N
KCl-MgO extractant, gave about the same results (r2=0.48).

The method of total N was very closely correlated with the values of
the aerobic incubation (r=0.894***), with anaerobic incubation of 7, 14 and
21 days (r=0.902***, r=0.907*** and r=0.888***, respectively). Also close
correlation were attained with the methods of anaerobic incubation of 21 days,
with 0.5 M Na,CO, extraction of N (r=0.892***)  as well as with acid hydro-
lysis 0.1 and 5.0 N HCI (r=901*** and r=0.890*** respectively). Also close
correlstions were obtained between the methods of anaerobic incubation for
21 days and the 0.5 M NaHCO;-N (r=0.892***), as well as the method of
basic hydrolysis with KMnO,(c) and the electrometric method (r=0.890%%*%*)
(Table 6).

The correlations between the total N uptake by ryegrass plants, and
the available N values, were generally better in the acid soils (pH<5.5) ra-
ther than in the basic ones (pH>7.0), as well as in soils with total CEC>30
me /100g rather than in those with CEC <15me /100g (Table 7). The method
used were least affected by mechanical analysis and the percent saturation
of soils (Table 7).

Among the methods tested, in electrometric was proved to be the best
one. In order to be used in practical work, it must be calibrated, so that its
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result be satisfactory for each crop and under definite soil climatic factors.
Such calibration is currently conducted by the Soil Science Institute, Thes-

saloniki, Greece.

Parent material, Soil Group and general characteristics of the soils used

TABLE 1

No Parent material Soil Group Clay Silt C/N pH CaCO; CEC
soil 9e % 9% o me /100g
samples soil
1 sch. micaceous  Lithic Dystrochrept 17,2 40,8 11,60 4,18 - 35,10
2 sch. micaceous Typic Dystrochrept 9,2 29,6 11,71 5,45 - 26,47
3 granite Ultic Haploxeralf 17,2 24,8 14,383 5,5 - 15,33
4 dep. cal. schis. Ultic Haploxeralf 8,8 17,6 11,53 4,45 - 12,08
5 dep. cal. schis. Mollic Xerofluvent 24,8 35,6 11,46 4,95 - 35,20
6 alluvium Typic Xerofluvent 17,2 45,2 11,75 6,60 {ixvq 36,37
7 alluvium Typic Haploxeralf 7,2 43,6 11,41 742 1,2 3591
8 alluvium Typic Haploxeralf 35,3 26,9 11,48 6,34 0,6 35,38
9 dep. cal. mar. Typic Haploxeralf 32,8 288 11,42 7,45 0,6 31,33
10 dep. cal. mat. Vertic Haploxeralf 843 27,5 14,26 6,02 0,6 3523
11 dep. cal.sch. Vertic Palexeralf 10,8 27,6 11,48 5,05 - 13,05
12 dep. cal. sch. Typic Haploxeralf 17,2 47,2 1,28 &85 - 36,10
13 dep. cal.sch. Ultic Haploxeralf 29,2 17,2 9,67 5,95 - 19,83
14 dep. cal. mat. Typic Haploxeroll 88,2 27,2 11,52 6,95 1,8 42,50
15 dep. cal. mat. Typic Haploxeroll 36,8 27,6 10,88 7,038 3,0 34,98
16 dep. cal. mat. Vertic Haploxeroll 32,8 882 44,67 7,06 18,7 34,58
17 dep. cal. mat. Lithic Haploxerojl 20,8 51,6 11,00 6,95 1,2 19,33
18 Gneiss Lithic Dystrocrept 6,8 23,6 10,28 4,18 - 12,70
19 Gneiss Lithic Dystrocrept 52 452 14,64 4,35 - 12,21
20 limestone Typic Eutrochrept 48,8 43,2 12,00 6,65 1,4 50,00
21 dep. cal. mat. Calcic Chromoxerert 31,2 18,8 10,25 6,05 Iy 19,91
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Ranges and mean values of available N soils studied

a/a Methods Ranges of values Average values
mg /100g soil mg /100g soil
1 total N 60 - 468 169,2
2 Aerobic incubation 210 - 8,45 4,3
3 » » 7 days 0,60 - 2,20 1,0
4 » » 14 days 0,80 - 2,70 1,2
5 » » 2 days 0,80 - 3,00 1.4
6 Basic oxidation « 51 -14,2 9,9
7 » » B 4,5 - 14,0 8,5
8 » » Y 5,6 - 14,9 8,6
9 Acid hydrolysis 0.1 N HCI 10,0 - 37,0 16,1
10 » » 1,0 N HCl 11,0 - 42,0 21,5
11 » » 5,0 N HCI 20,0 - 65,0 27,6
12 0,1 N Ba(OH), 1,8-46 2,4
13 0,1 N Ba(OH),-distillation 0,8-3,6 1,3
14 0,5M NaHCO, 1,9- 75 3,1
15 1N KC(Cl-MgO 1,45 - 3,88 2,2
16 1 N KCl-Devarda 2,27 - 8,92 4,7
17 Ca(OH),0,29% GTA 1,92 - 4,22 2,4
18 0,25 N H,S0, 5,0 - 14,8 4,7
19 Electrometric 6,2-11,9 2,8
20 EUF 2,15 - 8,4 44
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TABLE 4

Cobb-Douglas exponential equations (x=ax") for the curves obtained

axb
1 5,669 x 0,714 0,977
2 3,522 x 0,723 0,981
3 2,324 x 0,836 0,997
4 2,060 x 0,925 0,999
5 2,550 x 0805 0,993
6 2,601 x 0,829 0,997
7 3,294 x 0,733 0,985
8 2,381 x 1,006 0,980
9 2,368 x 0,838 0,998
10 2,046 x 0,878 0,998
1 2,458 x 0,831 0,995
12 2,718 x 0,855 0,998
18 2,854 x 0,836 0,995
14 2,961 x 0,779 0,989
15 1,297 x 0,894 0,998
16 3,814 x 0,842 0,994
17 5,379 x 0,693 0,972
18 2,991 x 0,709 0,991
19 3,212 x 0,803 0,991
20 3,150 x 0,864 0,997
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TABLE 5

Correlation coefficients of N-values with the total yield and N uptake
by ryegrass

ala Availability index N  Correlation coefficient (r)

Total yield  Total N uptake

sum of 4 cuts ryegrass
1 Total N 0,625** 0,710
2 Aerobic incubation 0;58H** 0,692%**
3 Anaerobic incubat 7 days 0,450%* 0,642%%
4 » » 14 » 0,6322* 0,74 2e%*
5 » [ e 0,690%** 0,720%%%
6 Basic oxidation « 0,421ns 0,640%*
7i » » B 0,371ns 0. 6552
8 » » ooy 0,455* 0,555**
g Acid hydrolysis 0,1 HCI 0,202ns 0,225ns
10 » » 1,0 HCI 0,318ns 0,540*
1 » . 5,0 HCI 0,376ns 0,425ns
12 0,1 Ba(OH), 0,321ns 0,541*
13 0,1 Ba(OH),-distillation 0,376ns 0,545*
14 0,5M NaHCO,3 0,352ns 0;525%
15 1 N KCIl-MgO 0,542* 0,692%***
16 1 N KCl-Derards 0,642%* 0,620%*
17 Ca(OH); 0,2% GTA 0,610%* 0635
18 0,25NH,S0O, 0,376mns 0,525*
19 Electrometric 0,620** 0,742%**

*P<0,05 P00 **P <0,001



410 TIPAKTIKA THX AKAAHMIATZ AGHNQON

TABLE 6

Coefficients of correlation between soil N values determined with different methods.

=
(=]
= : : . g 2 .
£ % % 8 £ 8 £ ¢
8 & 2 8 2 2 z_%© g
N- values g = = -~ < - F = ST ER ER
> _Q. ,_Q. w _d ‘; \8, o — .g = = >
= &8 TaflR R > . : o= a@m
E g &8 §© §~= 2 =& & m™== w<o
s & g =g =2s & 3 8 B B§o
13 < <4< <« < M M o] < <
Total N - ,894, ,902 ,907 888 ,702 ,870 ,834 ,901 ,798
Aerobic incubation - ,823 ,831 ,877 ,804 ,740 ,822 ,860 ,790
Anaerob. incub. 7 days - ,831 ,842 ,812 ,675 ,770 ,856 ,859
» » 14 days - ,832 ,791 ,690 ,825 ,870 ,779
» » 21 days - ,794 ,703 ,770 ,772 ,744
Basic oxidation o - ,700 ,733 ,722 ,704
» » 8 - ,692  ,677 ,649
» » Y - ,802 ,835
Acid Hydrolysis 0,4 N HCI - ,705
» » 1,0 N HCI
» » 5,0 N HCI

0,4 N Ba(OH),

0,4 N Ba(OH), distillation
0,5 M NaHCO4

1 N KCI-MgO

1 N KCl Devarda
Ca(OH), 0,29% GTA
0,25 N HyS0,
Electrometric
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Lo - ol B vl el RSl B
Total N 890 ,882 ,730 841 ,833 ,792 ,827 831 842
Aerobic incubation 881 ,833 ,720 ,793 ,787 ,768 ,792 ,812 ,808
Anaerob.incub. 7days  ,79 812 ,721 ,842 804 ,802 ,821 814 ,875
» »  14days ,648 ,801 ,72% ,892 ,870 ,845 ,820 812 .832
» »  20days ,652 ,817 ,639 697 ,717 743 742 ,733 722
Basic oxidation « 643,831 ,701 ,73% ,752 ,735 742 754 713
» » B 670 642,684 ,692 ,677 ,704 645 ,703 638
R L 742,690 ,749 ,761 722 840 812 821 ,890
Acid Hydrolysis0,4 N HCI 649 ,712 ,755 ,745 ,741 ,833 ,833 ,822 ,870
y oo 1,0NHCl ,780 ,720 ,833 ,757 ,746 ,824 ,816 ,802 842
» s50NHCl - 623 ,692 ,M2 ,755 ,782 ,702 ,712 ,790
0,1 N Ba(OH), - 617 ,642 704 ,690 ,688 ,702 ,710
0,1 N Ba(OH), distillation - 78t 726 722,807 814 841
0,5 M NaHCO, - ,822 ,833 ,791 ,812 ,831
1 N KCl-MgO - 790 731 815 781
1 N KCl-Devarda - ,79 ,820 ,812
Ca(OH),0,2% GTA - ,798 822
0,25 N HyS0, - ,820

Electrometric
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TABLE 7
Coefficients of correlation between soil N-values and cumulative N uptake
by ryegrass. The soils grouped on the basis of pH, texture,
CEC aud percent base saturation

Total uptake
Texture pH

CGSCL L,SL, L8 < 55 5,570 10

n=10, n=11 n=9 n=3_§ n=4

Total N 0,921*** (0,923*** (,915%** (,843** 0,954*

Aerobic incubation 0,902%**  0,913*** (,943%** (0 911** 0,981*
Anaerobic Incubat. 7 days 0,931%** (,915%** () 977%** 0,955*** (,990**
» » ladays 0,917%** (,932*%** () gg5*** 0,870** 0,991 %¢
» » 21 days  0,913*** (,913*** (,793%* 0,813%* 0,993%*
Basic oxidation a 0,922%%*  (,918%** (,877%* 0,833** 0.997%*
» » b 0,983*%* (,922%** (,855%* 0,910%* 0,997 %+
» » g 0,911***  0,984%** (,973*** (,945%** (,992**
Acid hydrolysis 0,4 N HCI 0,944*** 0,925%** (,934%** (,901** 0,997:%%
» » 1,0N HCl  0,953*** 0,944%** 0,945%** 0,911** 0,902 %%
» » 5,0 N HCl 0,812** 0,932*** 0,933%** ' (,907%* 0,993%#
0,1 Ba(OH), 0,905*** 0,896*** (0,962*** (,923*** (,993**
0,1 Ba(OH), distillation 0,933***  0,925%** (,963*** (,956*** (,996**
0,5M NaHCO,4 0,914%** 0,911**% (,955%*** (,958*** (,995%*

1 N KCI-MgO 0,967*** 0,925%%% (,991%*% (,934%** (,9831*
1 N KCI Devarda 0,971*** 0,932*** (,963%** (0,947%** (,990**
Ca(OH), 0,29% GTA 0,897%%* (,945*** (0,972%** (,955*** (,990**
0,25 N H,S0, 0,951%%* 0,967*** 0,945*** (,911%* 0,996%*

Electrometric 0,936*** 0,923%** (0,955*** (0,910%*  0,993**
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TABLE 7 (Continued)

N
CEC (me /100g Soil) Percent Basis saturation %
<15 15-30 30<< <60 60<<
n=4 n=>5 n=12 n=10 n=11
Total N 0,990%* 0,952+ 0,963*** (,900%%* (084%s*
Aerobic incubation 0,992+ 0,954** 0;956%%* (0,972%%* (,962%+»
Anaerob.incub. 7 days 0,994** 0,954** 0,943%** (,972%%% () ggQees
» » 14 days 0,992*+ 0,905*** 0, 990%*% (951 %** gigoqete
» » 21 days 0,982* 0,990%* 0,987%%¢ (,880%%% (0L 0%%
Basic oxidation a 0,983* 0,990%** 0,356%%* (,872%%¢% () 876%%*
» » b 0,973* 0,996%*** (,062%** (,832** 0,890%**
» » g 0,997%+ 0,956*%% (0;943%%s (gggsss (793e*

Acid Hydrolysis 0,4 N HCI  0,993**  0,997*** (0,933%*** (,843%*  0,945***
» » 1,0 N HCl 0,956* 0,990%*  0;942%%% (0,945%** 0,903%%*
» » 5,0 NHClI 0,967* 0,006%%% 0,974%*% Q,9434% (9848

0,1 N Ba(OH), 0,956* 0,905%%* @,975%%*  0i965%** 0,945+~
0,1 N Ba(OH), distillation ~ 0,983* 0,980%*  0,964%** 10,945%** (,936%*"
0,5 M NaHCO,4 0,008%% 0,900%* 0,998%** (0,946*** (,902%%*
1 N KCI-MgO 0,997**  0;996** 0,980%*% Q11 %s% (,0GpEeR
1 N KCI Devarda 0:008%% 0,981** (0;9652%%* 0,900%** 0,93pe%s
Ca(OH), 0,29 GTA 0,995%* 0,978%* 0,984%** (,943%%¢ (,923%%
0.25 N H,80, 0,992%%  0,990%* 0,932%** (0;966%** 0;028%%»
Electrometric 0,992¢* 0,990%* 0,975*** 0,968%%¢ (;980%%*

*P < 0,06 **P < 0,01, ***P < 0,004
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ODNEPIAHYH

*Extipnon v 1eBédwv mpoodiopiomod tod Siabesipov dldTov Tob &8dpovg

Elxoor &éva Selypata &3dgpovg, avrimpocwmevTing T@Y *uplwy Eduqurdy
ouddwv tie Bop. ‘EAM&Sag xalhiepyffnxay pé @uta ryegrass xal Sidkpopeg Pro-
royixds xal ymuinds pébodor - reyvixee ypmorpomornxay ik Tov mposdiopiopd
7ob Stabestpovr N 7ol &3agove. ‘O xahdtepog Seintns Sixbesipov &ldrou Tod
&ddpoug mod mpoadibpioe mepLosbTepo  dmd 1O 54Y, Thig Ohuiic mpbohndme dmd
T& Quta ryegrass fitav adrog mod mhkpbnxe ud THv Nhexrtpopetoinn uéodo - Ex-
mhvone Tob E3dgoug pé Swkdvpa 0,5 N KC1 xal pérpmon 7ol N pi eldind fe-
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