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A COMPARATIVE STUDY OF DIFFERENT METHODS FOR OBTAINING AN INDEX
OF NITROGEN AVAILABILITY IN UPLAND SOILS
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A study on 50 soils with wide range of properties was conducted to find out a simple, rapid and reliable method
of obtaining an index or soil N availability. Three chemical methods; mineral plus mincralizablc N determination by
modified alkaline permanganate method, mineral N as (NH4 + NO)) and NOJ-N estimation by 2 N KCI were found
promising as the soil N values obtained by these methods showed high correlation with mineral N of incubation test
(r = 0.92, 0.88 and 0.85, respectively) and N uptake by wheat plants (r = 0.90, 0.87 and 0.85, respectively). The
relationship between yield response of wheat plants to applied N in pots and soil available N determined by the three
methods was also studied.

Key words: Alkaline KMn04 extraction, Incubation, N uptake, Soil N availability.

Introd uction
Despite more global servcrity of plant available N

deficiency problem than any other nutrient clement, a well
accepted method for its estimation is yet to be found. This is
partially because nearly all soil N (97 to 99%) is present in
very complex organic form which slowly becomes available
to plants after conversion to inroganic forms through micro-
bial decomposition of organic matter [l ]. Making N fertilizer
recommendations without knowing the N supplying capabil-
ity of a soil can lead to inefficient use of N, less economical
crop production and N pollution. To improve assessment of N
fertilizer requirements there is need to find a method that will
provide a satisfactory index of soil N availability and will
permit reasonably accurate prediction of the amount of fertil-
izer N required to produce a desired crop yield. Therefore,
several efforts in this regard have been made in the past and
consequently many methods for assessing soil N availability
have been proposed which have been reviewed by various
authors [1-3J. Of these, the biological methods involving soil
incubation have gcncrall y been considered relatively satisfac-
tory 13J. However, major limitation of these methods is that
they are time consuming. Therefore, scientists have long been
searching for a rapid chemical method. To evaluate some of
the important ,Ilcillical methods and their modifications for
assessing soil N availability, considerable work has been
carried out in this laboratory 14-7].The results obtained so far
showed the modifcd alkalinc-pcrmanganate extraction to be
a relatively rapid and raliablc method for estimating available
N ill upland soils. A detailed study was carried out to further
test this method alongwith other chemical and biological
methods. Evaluation of the methods was made by comparing
* Nuclear Institute for Biotechnology and Genetic Engineering, Faisalabad,
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their performance in relation to yield and N uptake by wheat
plants,

Proper calibration of a soil test value againts crop re-
sponses from the applications of nutrient in question is also
required for its meaningful interpretation. A simplified ap-
proach involves plotting of relative or percentage yci ld and the
soil test value [8], and a suitable test makes it possible to
separate soils in two groups, deficient and nondcficicnt [9].
Therefore, an aucmpt was made in this study to correlate the
promising available soil N tests with yield response of wheat
to Nappi ication in pots.

Materials and Methods
Soils. The study employed 50 soils (0-20 em) with

greatly varying properties which were collected from agricul-
tural fields of 20 districts of Punjab, Pakistan (Table 1). The
sampling area represented a broad range of climatic condi-
tions; irrigated plains, rainfcd lands and wet mountains.

Irrigated plains cover areas between Sutlcj and Jhelum
rivers; different flood plains and bar uplands; climate semiarid
to arid, subtropical continental; mean daily maximum and
minimum temperatures 39.5 and 6.2°, respectively in the east
and 41-42 and 6° .respcctivcly in the southwest; mean annual
rainfall 300-500 mm in the east and 200-300 mrn in the
southwest; canal irrigated agriculture, Rainfed lands cover
Salt Range, Pothowar Plateau and the Himalyan Piedmonts
plains; nearly humid, mean daily maximum and minimum
tcmpcaturcs 38.5 and 3-6·, respectively; mean monthly rain-
fall 200 mm in summer and 36-50 mm in winter; rainfed
agriculture. Wet mountains cover high mountains and pla-
teaus, humid with mild summers and cold winters; mean daily
maximum and minimum temperatures 35 and 0_4°, respec-
tively; mountain tops snow clad in winter and spring; mean
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monthly rainfall 236 mm in summer and i16 mrn in winter; The soi Isamples were air dried soon after collection [tom
25% of the area under rainfed agriculture, the rest under the field, crushed and passed through ai trim screen. The soils
forest [10]. were analyscd for various properties (Table 1).

TABLE1. THELOCA110N,ACRO-ECOLOGICALZONEAl\rDPROPERTIESOF THESOILS.
Previous

----.--
Soil Location Agro-cco- pH ECa CaC03 OMb Nitrogen pc Clay Textured
No. logical cropping cquiv. Nfr-i\jo~otjl (mg/ (%)

zonc (%) «(Yc) ) - -(mg/kg)-- (%) kg)
..-------------~--~ -----------.~---------.~~+~-

FAISALABAD
1. Jhopai IP" F.iIIow 7.7 1.90 6.55 0.57 0.0 40.7 0.042 4.4 22.5 SCL
2. Chak 263/RB, Dajkot IP Maize 7.7 0.60 4.55 U5 3.5 8.5 0.077 2.3 23.4 CL
3. AARI Fruit PI,int IP Mang,d orchard 7.6 0.80 4.70 3.35 2.8 16.2 0.171 i39.9 19.4 SCL

Nursery (standing crop
4. Ghausia Nursery, IP Flowering 7.4 l.00 4.60 2.44 i.4 42.1 0.140 47.4 21.8 tL

Mall Road plants
·ToBA

5. Chak is IP Wheat-fallow 7.4 2.54 7.45 0.77 1.1 25.0 0.056 4.6 26.7 Lt
6. Chak 3351GB IP Wheat-fallow 7.5 2.60 7.70 1.36 0.0 33.0 0'(J74 23.4 26.8 Lt

SAIllWAL
7. Chak 187 ip Cotion- fallow 7.6 1.59 6.00 0.96 0.7 35.1 0.069 4.8 16.2 SCL
8. Chak217/EB IP Maize 7.8 1.18 9.05 1.40 1.1 8.2 0.061 4.9 i3.8 SL

VEilARJ
9. Chak 5/WB IP Wheat-fallow 7.8 8.90 9.50 1.17 2.1 64.5 0.078 7.1 24.4 cL
10. Chak 155/WB IP Sorghuin 7.8 4.50 12.30 1.50 4.2 21.8 0.085 6.4 29.8 LC

MULTAN
11. 17 Kassi IP Sorghuni 7.8 0.80 5.95 i.36 4.9 13.4 0.090 2.9 26.6 LC
12. Goyal Pur IP Sorghum 7.8 1.19 6.75 1.89 3.5 15.5 0.113 5.4 29.8 LC
13. Moza Habib Murt IP Sorghum 7.7 O.()O 9.00 1.33 2.1 8.5 ().O79 2.9 21.2 tL
14. Moza Ghulam Nar IP Sorghum 7.8 OJ)() 6.60 0.93 1.4 5.7 0.055 3.1 22.2 SeL

RAIIIMYARKnAN
15. Moza Trinda IP Sorghum 7.8 2.00 i0.00 l.7() 1.4 2.6 0.112 3.8 43.0 Lt

MIRKIIAN
16. Mahmood Kot IP Sugarcane- ~ 7.6 2.21 9.45 1.03 i.8 19.0 0.070 2.5 22.6 CL

sorghum •
MUZAFFARGIIAR

17. BUSLi Imam Walu IP Sorghum 7.7 0.50 11.65 l.65 3.9 5.7 0.098 6.1 36.5 LC
18. Moza Chak Godar IP Sorghum 7.9 1.21 8.25 0.68 1.1 3.6 0.037 1.7 13.0 SL

RAJANl'lJR
19. Wasti Rindan IP Maizc-Iallow 7.9 1.22 8.20 1.46 3.5 9.9 0.065 4.4 17.0 SeL
20. Kot Tahir It> Sorghum 7.8 1.40 12.35 1.20 3.5 5.0 0.065 3.1 23.0 CL

JI!ANG
21. Moza Dhoriwula IP Sorghum 7.6 O.GO 11.15 l.44 4.2 15.9 0.096 1.9 32.2 LC
22. Moza Venokah IP Sorghum 7.8 ·0.78 8.25 1.52 1.8 13.4 0.094 4.6 26.2 LC

SARGODIIA
23. Chak 107 Jannobi IP Maize 7.4 3.95 5.40 1.46 1.1 71.2 0.097 6.4 24.4 CL
24. Chak 18 Shumali IP Sugarcane 7.8 0.71 6.20 0.82 2.1 11.0 0.049 3.4 17.4 SCL

GUJRAT
25. Gojra Town, Phalia IP Wheat-rall<lw 7.6 ().,I () 2.W 1.22 3.) 8.9 ().O84 7.6 46.4 C

(Continue ...)
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(Table I, continued)

26. Basti Dhol Rajian DOl, IP Sorghum 7.4 0.60 2.35 1.58 3.5 19.4 0.107 10.4 45.4 C
PIlALlA

27. Charan wata, Phalia IP Wheat-fallow 7.5 0.60 2.20 1.12 4.9 11.3 0.072 3.5 21.4 SCL
SIALKOT

28. Malkan Da Daira IP Rice 8.0 .0.55 5.05 0.94 4.2 6.4 0.055 5.3 14.2 L
29. KotJi Haji Pur' IP Rice 7.7 0.72 3.00 0.73 6.3 14.8 0.128 5.8 42.2 LC
30. Kotli Kurian Di IP Rice 7.7 1.21 3.15 1.76 3.5 16.9 0.118 8.8 36.6 LC
31. Area of Ghlotian IP Rice 7.8 0.80 3.70 1.23 7.0 15.5 0.076 6.2 29.0 LC

GUJRANWALA
32. Pind Roop IP Rice 7.6 0.83 2.15 1.14 6.0 13.7 6.071 5.6 19.0 SCL
33. Kot Mian IP Rice 7.8 1.50 4.05 1.24 4.6 11.0 0.066 6.7 17.4 SCL

SIIElKlIUPURA
34. Chuharkana IP Maiz 8.1 0.50 3.75 0.85 2.5 12.4 0.052 3.5 17.4 SCL
35. Pind Nabi Pur IP Rice 7.4 0.41 1.85 1.27 3.5 7.5 0.081 4.8 21.4 SCL

LAHORE
36. Basti Araian Wala IP Sorghum 7.6 0.80 5.50 1.33 4.6 8.9 0.081 5.8 24.2 SCL
37. Buddo Ke Sorghum 7.6 0.43 2.45 0.88 3.9 6.1 0.058 1.7 20.2 SCL

QASOOR
38. Tulvandi, Chunian IP Rice 7.7 un 8.40 1.25 0.7 13.4 0.084 23.5 36.6 LC
39. Meer Kot IP Rice 7.7 1.00 6.70 1.08 2.8 11.7 0.060 17.1 15.6 SCL

OKARA
40. Basti Hansan IP Sorghum 7.7 0.57 6.55 1.22 0.7 1.9 0.086 3.3 36.0 LC
41. Chak 40 0, DipaJpur IP Sorghum 8.2 1.60 10.35 1.08 0.4 13.4 0.071 2.8 23.6 CL

D. G. KHAN
42. Basti Mulana . IP Sorghum 7.9 1.40 11.25 0.91 2.5 2.9 0.056 4.1 26.6 SC
43. Basti Moza Yare Wali IP Sorghum 8.1 5.40 12.35 1.02 3.5 3.6 0.064 4.6 39.6 LC

RAWALPINDI
44. Dhok Chiari Dalal RFU Sorghum 7.5 0.35 12.30 0.91 3.2 4.3 0.064 2.3 24.8 CL
45. Barani College RFL Sorghum 7.5 0.40 2.20 1.23 1.8 3.6 0.090 1.5 21.4 CL

JIIELUM
46. Dhok Mohal RFL Millet 7.7 0.35 2.25 0.61 3.5 3.3 0.041 4.4 12.4 SL
47. Purana Sohawa RFL Millet 7.8 0.25 8.05 0.54 3.2 2.9 0.032 1.8 8.8 SL

MURREE
48. Sugarcane Res. WMs Sugarcane 7.4 0.42 4.95 2.40 6.7 15.5 0.112 26.3 31.4 LC

Station, Charral Pani
49. Sanitorium WM Maize 7.5 0.60 12.45 3.00 4.6 14.5 0.156 9.2 27.4 LC
50. Ghora Gali WM Maize 7.5 0.52 12.45 2.69 5.6 11.7 0.131 16.9 16.4 SCL ..
a. Electrical conductivity of saturation extract, b. Organic matter, c. NalICO,-extractablc phosphorus, d. SCL, CL, LC, S1., C, 1., SC refer to sandy clay loam,
clay loam, loamy clay, sandy loam, clay, loam and sandy clay, respectively, e. Irrigated plains, f. Rainfed lands, g. Wet monutains.

Chemical methods of measuring soil available N. 01'- distillation as follows: 4 g soil sample was placed in 500ml flat
ganic matter contents of the soils were determined by bottom flask and 20ml of 0.32% KMn04 solution and 2.5%
dichromate oxidation [11] and total N by salicylic acid- NaOH solution were added. It was connected to the distillation
thiosulphate modification of Kjeldahl mcthod [12]. Mineral· apparatus and 50 ml of the distillate was collected in 5 ml of
N (NH4 and/or N03) of the soils was estimated by steam boric acid-indicator mixture. The flask was then disconnected
distillation method using MgO and Devarda alloy [13]. and contents were cooled. 1/2 g Dcvarda alloy was then added

Modified alkalinc-pcrmanganatc method that ensured to the flask and further distillation was done until another 50
the inclusion of soil nitrate [14J was used to estimate mineral ml distillate was collected. Ammonium-N in the distillate was
plus mincralizable N in soils. The method involved two-stage determined by titrating it against 0.005 N H2SO4.
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Biological method of measuring soil available N. The
method involved aerobic incubation of soils. Triplicate soil
samples (50 g) were placed in plastic vessels with lids having
a central hole to provide gaseous exchange. Soils were brought
to 75% field capacity with deionized water and incubated at
30± 1· for4 weeks. Soil moisture was maintained at75% field
capacity throughout. At the end of the incubation period, the
soils in vessels were thoroughly mixed and subsamples were
analysed for mineral N [13].

Pot culture. Wheat (Triticum aestivum L.) was used as a
test crop for correlation and calibration of N availability tests.
Triplicate 1.5 kg samples of each soil were weighed into
plastic pots lined with polythcne bags. Nitrogen was applied
as (NH4)2S04 at the rate of 40 kg ha' to each soil except
control. All the pots received a basal dressing ofP at the rate
of 17.5 kg ha-I as KH2P04. Soils were brought to field capacity
with deionized water. Nine seeds of wheat (cv. Blue silver)
were sown in each pot and the stand thinned to 5 seedlings
thereafter. Soil moisture was maintained daily, at field capac-
ity, throughout the plant growth period. Plants were cut at the
soil surface 40 days after germination, oven dried (70· for 48
hrs) and weighed. Total N in the ground plant material was
determined by a semi-micro Kjeldahl procedure [15].

Results and Discussion
Relationship of dry mailer yield and N uptake by wheat

with soil available N measured by different me/hods. Mineral
N of soils after 4 weeks of incubation ranged from 11.5 to 94.8
mg kg:' soil, organic matter content, 0.54 to 3.35%; N03-N,

TABI..E 2. CORRELATION COEFFICIENTS FOR INDEXES OF N
AVAILADILn'Y vs. DRY MA1TER YIELD AND N UI'rAKE BY

WIll'AT (N= 50).

Measure of available N Correlation coefficient (r)
Dry matter N uptake

BIOLOGICAL

1. Mineral N of aerobic
incubation

CHEMICAL

1. Mineral plus mineralizable
N by modified alkaline
permanganate method

2. Mineral N as (NH4+N03)

by2N KCI
3. Mineral N as N03 by

2NKCI
4. Toml N
5. Organic matter

0.88** 0.96**

0.83** 0.90**

0.68** 0.87**

0.65** 0.85**

0.62**
0.59**

0.51**
0.46**

** Significant at P<O.OI.
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1.9 to 71.2; (NH4 + N03)-N, 2.6 to 72.3 and mineral plus
mineralizable N (by modified alkaline permanganate method),
60.1 to 149.4 mg kg:' soil. All the methods indicated a wide
range in N availability across the experimental soil samples.
Comparison of different biological and chemical methods to
obtain soil N availability index in relation to dry matteryeild
and N uptake by wheat plants has been made in Table 2.
Mineral N of incubation test showed high correlation with
wheat dry matter yield (r = 0.88) and N uptake (r = 0.96,
Fig. 1). The results confirmed aerobic soil incubation to be a
fairly reliable method for assessing available soil N. This
method has a reasonable basis because of similarity in factors
responsible forrelease of mineral N and conversion of organic
N to available N during plant growth. However, this method
has a big demerit in that it consumes more time. A previous
study carried out in this laboratory on 35 soils revealed that
at least 4 weeks soil incubation is required to obtain mean-
ingful results [16].

Of the chemical methods tried, mineral plus mineral-
izable N by modified alkaline-permanganate method most
closely correlated with wheat dry matter yield (r = 0.83) and N
uptake (r = 0.90, Fig. 2). Soil N values obtained by this method
also showed high correlation with the mineral N of incubation
test (r= 0.92). The results confirmed our previous findings [7].
The modified alkaline-permanganate method has been shown
to provide better estimate of the available N in upland soils
becuase it involves two measurements (i) readily mineral-
izable Nand (ii) instantly available N [14]. The method is
rapid and easy to run and has been widely used for assessing
available N pool in soils, especially in India [14].

Mineral N as NH4 plus N03 extracted by 2 N KCl
appeared as second best chemical index of available N as its

8

7 Y = -{).5712 + 0.0626 X
r = 0.96, P<O.OI

0 6en ••
'"-'""- 5
'"e. 4

"CI>sz~ 3
>-.£>.,

2-'"0a.
:>

Z

o 10 20 30 40 50 60 70 80 90 100
Mineral N of incubation test, mg/kg soil

Fig. I. Relationship, for 50 soils, between N uptake by wheat and mineral
N produced on aerobic incubation of soils at 30±1· for 4 weeks.
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correlation with the N uptake by wheal plants was also high
(r = d.8?, Fig. 3j. CbtTeiatioH Bclweerl tius index arid incuba-
tiori test was riiso gbod (r = d.s8). The results indicated the
wdhh of thiS method for available soil N estimation.
McCracken et at. [17] working on soil N availabili ty indexes
(liiological and chemical) found kCl-cxl.rriciabie (NH4 +
Nb3)-N as the best index fdr predicting soil N availability to
com. Siinilar results have been reported by other investigators
for crops like wHeai, pdlaibes aitd sugar bed [18].

Minerai M as &d3 eXtracted by 2 1::ikCI also showed
good cdrrelauoti willi N uptake oy plants (r = 0.85, Fig. 4) and
the value obiained was close to that obtained with (NH4 +
Ndj)-N. tHe ihUex also corhilaied welt with the jiicilbalion

, I I 'b btest (r = 0.85). In the recent years, N 3-N test has een
reported by many investigators as a good predictor of soil N
availability tdcrops like torn [17,19,20]. Keeney and Nelson
[13] reported thai 13 Slates hi USA are currently measuring
N03-N content in their soil testing laboratories and utilizing
these values in making N fertilizer rccornmcndauoris.

Soil nitrate test is beirig used more widely for making
nitrogcl] fertilizer recbrhlTleridaliohs [21j. The literature sel-
dom rcfel to the NH4-N coriieiii of soil. AlthougH the amount
?f resi?~al mi~eral N as NHt found in most soil~ i~low [2~].and
IhcluslOh of Rel-extraclabie NH4~Nresults Ih negligible
iri1provcrhcrltln coHelntiorl over KCI-e'd..ractaole Nd3-N alone
[17] but stili researchers have pointed out that NH4-N could
also be coirsidered alongwith N03-N to predict soli N availa-
bility [22]. Karlsas State Univeisity uses N tes! which includes
N03-NpiLisNH)~'[1]. in case b~tbdt spring soils particu-
larly where nitrification is likely more inhibited than is min-
eralization, inclusion of NH4-N' with N03-N ih routine soil
iliialysis; td ttuike fertilizer N recommendation fdt winter
wHdt, Has been much emphasized [231. Recent data of Lock-
man and Storer [21] has suggested thai N Icrtilizcr recom-
mendation could be improved if tile NH4-N is considered
alongwith the i'W3-N levels for predicting response to N
fertilization.

Stearn distillation methods for determining mineral N
(NH4 and/or N03) as followed in this study have advantages
of being simple, rapid, precise and applicable to colourcd ex-
tracts and have been widely adopted r13l. If one has to deter-
mine N'03-N with Ulis method then two stage steam distilla-
tion will have to be done. In the first step, NH4-N in the soil
extract will have to be removed by steam distillation with
MgO. In the second step, N03-N will be determined by steam
distillation with MgO and Dcvarda alloy. So. if NH4and N03
are determined collectively then only single step procedure
involving steam distillation willi MgO arid Devarda alloy will
be required. Thus estimation 01" NH4 and N03 together by
steam dtsiillation procedure is rather more easy and rapid than

8

7 t = -3.25 + 0.d559 X
r = 0.90, P<O.OI

:;6
••
.: 5
•..•.
•••E 4.
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II 2..:
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~I
z

°5L..O~6;;"'d;"""'71J-""'8d-""90-"'IOO--:i"'IO""""i"'20-13T"0-14'-0-""50

Alkaline K1'vfnO,- cxtraclable N, mg/kg soil

Fig. 2. Relationship, for 50 soils, between N 'uptake by wheal and
available soil N estimated by modified alkalinc-pcrmanganatc method.

8

Y = 0.3949 + 0.0746 X
7 r = 0.87, P<O.OI

Z I

o 10 20 30 40 50 GO 70 80
KCI - extractable (Nil, +NO,) - N, mg/kg soil

Fig.3. Relationship, for 5d soils, between. N uptake by wheat and
available soil N estimated as (NH. +NO,)-N by 2 N KCI.

8
Y = 1.017 + 0.1061 X •.

7 'T = 0.85, P<O.(H .t
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..
'" I...•
....
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;; .....•
"" 3 ". •.•

o 10 20 30 40 50 60 70 80
KCl -cxtractablc NO] -N, mg/kg soil

Fig. 4. Relationship, for 50 soils, between N uptake by wheat and
available soil N estimated as NO, -N by 2 N KCI.
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that of N03 alone. Ease in determination of (NH4 + N03) -N
favours this method for obtaining an index of soil N
availability.

Correlation of soil total N and organic matter vs dry
matter yield and N uptake was significant but lower as com-
pared to other chemical measures of soil available N. Chemi-
cal methods involving determination of total N and organic
matter have been found to be of little value [24,.25]. Under
conditions where soil.organic matter is low «1 %, like that of
Pakistan), soil organic matter is not a good measure of avail-
able N [26].

Relationship between yield response of wheat to applied
N and soil available N measured by different methods. Using
Cate-Nelson graphical technique, when soil N values ob-
tained by the three promising methods were plotted against
percentage dry matter yield (yield of -N/yield of +N x 100),

120

110
..

100 .• tf!. .•
A •• 11

~ 90
's,

80 A
A AA

! ..\ .••..... ....
0 70 .• *"4 ..
E

~~ ...•
~ 60

.•. ", • .&. ..., 50 .•
8' ....
C 40 A Deficient.,
e 30 A Nondeficient•.a.

20

10

O~~~--~-r~r-'-~--~~~
50 60 70 80 90 100 110 120 00 140 150

Alkaline K1\1riO. - extractable N, mg/kg soil
Fig. 5. Percentage dry matter yield as a function of available soil N

estimated by modified alkaline permanganatc method.

120-

110

100 A
A A A.., 900; •.,.. • ••.. 60 .~~~ •• ••••:: 700 • ¥.E,.. 60 .!-,.-~ •••••••II 50

"" ••...
0
C 40., • Deficiente•• 300.. A Nondeficienl
20
10

o 10 20 30 40 ~O 60 70 80

KCl - extractable (NH, + NO,)-N, mg/kg soil
Fig. 6. Percentage dry matter yield as a function of available soil N

estimated as (NH. + NO,)-N.
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A 11 11

90 •... .•. ..
OJ eo "Ai ." •...'s.
t ••••t
l: 70 .. ~
0 .• ..
E A"z- 60 .••.... I#-... ~..,... 50'" ..•..l!

"
..•. 40e•.

Il. 30 .•. Deficient
20 A Nondeficient

10

.0 10 20 30 40 ~O 60 10 80

KCl - extractable NO, - N, mg/kg soil
Fig. 7. Percentage dry matter yield as a function of available soil N

estimated as NO, - N.

(NH4 + N03)- and N03-N estimation methods separated
deficient from nondeficient soils more clearly than the me-
thod involving determination of mineral plus mineralizable N
(Figs. 5-7). Percentage yield of 90 was used as the horizontal
criticallcvel as this best partitioned soils into the upper right
and lower left quadrant i.e., nondeficient and deficient soils,
respectively, which is the objective of the Cate-Nelson proce-
dure. About 98, 21 and 18 mg N/kg soil appeared to be the
critical levels of alkaline KMn04-extractable-N, KCI-ex-
tractable (NH4+N03)-N and KCI-extractable N03-N, respec-
tively.

Overall results of the present study revealed that, of the
chemical methods tried, the three methods; mineral plus
mineralizable N determination by modified alkaline-perman-
ganate method, (NH4 + N03)- and N03-N estimation by 2.N
KCl hold considerable promise for providing good indexes of
available N in upland soils. It also appears that these methods
could work on most alkaline calcareous soils because soils
under different crops and with greatly varying properties were
used in the studies. The critical levels as determined in the pot
study, though may not be directly applicable to field condi-
tions yet they could provide a good basis for further research
and interpretations. Field studies on these promising N availa-
bility tests using different upland crop species are now war-
ranted to establish critical levels of available N in the field.
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