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Abstract: Crop management can be optimized and nitrogen losses can be re-

- -, duced with a better knowledge of soil nitrogen: avatlability.espeiglly if this infor-

" mation becomes directly available on-site in & fast and cost-effective way. In this -
.. paper. simple on-farm methads to.determine, nitrate-nitroges ‘in:field-moist soil'+
-+ samples immediately after sampling are'described. The-developed. progedures in-.

"+ cludesvelumetsic soil sampling, extraction based on manual s‘ha'kingwi‘thtap wa-
ter as universally. ga_.g\j{a;ijablfe extractant, filtering. soil/ extractant: mixtures ofrsite,"
on-site determination of the soil water content and reflect niétric nitrate measure-
ments based on test strips. Using correction factors can compensate the impact of

the temperature during the final nitrate measurement. An excellent agreement -
was found between the developed: quick-test procedures and the standard labora-
tory procedure. The proposed quick-test has great potential to enable economical

savings for farmers as well a_s‘ benefiting the environment. '
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- Introduction

A better knowledge of soil nitrogen availability is crucial for optimizing crop mahage-

" ment and for reducing the nitrogen contamination of groundwater and other nitrogen los-
ses. Residual nitrogen should be taken into, account in fertilization decisions and regular
soil nitrate analyses are needed. However, the often-times inadequate handling of soil
samples leading to unwanted mineralisation and nitrification, time delays until the farmer
gets the result, and the high costs reduce the acceptance of more frequent soil residual ni-
trogen analyses.

In recent years, substantial effort has been directed towards improving the situa-
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tion, with major efforts being targeted at simplifying the analytical part of the soil miner-
al nitrogen investigations. Simplified quick-test methods such as nitrate-sensitive, colozi-
metric test strips (Schaefer, 1986; Jemison and Fox, 1998; Roth e al., 1991;
Schmidhalter, 1994) for immediate nitrate analysis have been suggested. By contrast,

comparatively little effort has been directed towards simplifying the steps preceding the .

nitrate analysis. This includes simplified procedures for extracting, shaking and filtering
soil/extractant mixtures on-site; on-site determination of the soil water content; extract-
ants that require no pre-processing. This pﬁper describes a simplified on-field/on-farm
soil nitrate analysis of residual nitrate nitrogen. Further details including a procedure to
obtain instantaneously volumetric soil samples are presented in a companion paper
( Schmidhalter, 2005). - |

Materials and methods

The investigated soils. encompass a wide rarnge of soil textures, ranging from sandy to
loamy and clayey soils with variable nitrate, contents. Distilled water, tap water, and bot-
tled mineral water with known mineral- comp031t10n were tested as extractants together
with 0. 0IMCaCl;. Soil/extractant mixtures are either hand-shaken for 1, 3, 5 minutes, or
for one hour using a laboratory shaker. A sub-sample of about 100g moist sieved soil,
weighed with an inexpensive solat-driven kitchen balance, is filled into a-325 ml flask, to
Wh1eh __ 50: ml extractant is added (on—farm method [A:l) The flask is then capped and

manual v x:,,mechamcally shaken for an appropriate time interval. With the on-farm meth-

od [A], the soil water content:of a separate subsample is grav1metr1cally determmed after
axr—f 0ven~dry1ng An alternative method is used to determine soﬂ water content that does
not requlre any drymg of separate m01st soil samples. A 500 rl plastlc cyhnder is filled
with 250 mI extractant and about 100 ml sieved moist 5011 added (on—farm method [B]).

The weight of the added rﬁ:‘:"st’soﬂ is determined with an inexpensive sol riven kitchen

balance The cylinder is capped ‘and shaken for a, recommended time.  Using appropriate

values for the particle den51ty, gravimetric soil water contents can: be determined instanta- .

~ neously with a gravimetric-volumetric technique as described ‘in the companion paper
(Schmidhalter, 2005)... Nitrate, is -;meesured in the clear solution collected in a-filtér paper;
which is placed in a:funnel-like fashion in the muddy sclution, or without any filtering af-
ter 10~20 minutes settling’ time.* Nitrate concentrations are determined reflectometrically
_usmg mtrate test stnps and a reflectometer (Reﬂectoquant@ Nitrate Test and Reflectome-

ter RQﬂex, E. Merck, Darmstadt, Germany) The temperature dependence of the mtrate

test stnps was 1nvest1gated m the range frorn 6~30 C
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Results

 As compared to distilled water 0. 01 M CaCl, is pr‘efe‘rred a5 extractant because it floc-
culates suspended particles and-obtains a clear supeffatant after only a short settling time.
Nitrate-free or nitrate ¢ontaining Ca-containing bottled mineral waters represent very sim-
ple extractants and can also be used successfully for 'soil nitrate analysis. Similarly, . tap
Water with previously determined nitrate contents can also be used. Intensive hand shaking
in extraction flasks obtained adequate recovery of nitrate within-a few minutes; for most
soils; only 3~ 6 minutes of hand-shaking are adequate. Slightly ‘reduced recoveries: for

‘heavier soils can be improved by longer shaking times or by using correction factors: :Grav-

. imetric soil water contents can be determined with the grawmetrlc-volumetnc techmque to

a precision of +2%~3% of the actual gravimetric soil water'content:: -+ @i

Both simple on-farm' soil tests to determine nitrate-nitrogen in field-moist soils im-
‘mediately ‘after sampling show" good performance. The agreement between the ofi-farm
miethod [A-] and a standard- laboratory method. was trery good: (Fig. 1), An ezcellent a-
greement was also obtained: ‘with the ‘on-farm method [ B] and a standard laboratory

!
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The temperature dependency of nitrate test-strip measurements is shown in Flg 3

Nitrate values obtained at non-optimal temperatures have to be corrected through appro-

priate factors. No temperature correction is required at a temperature slightly below 20°C.

Temperature readings can be obtained with inexpensive thermometers. ”
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Fig. 3. Temperature. dependency of colorimetsie nitrate test strip measurements,

Conclusions.
The excellent agreement between our suggested qulck—test procedures and a standard
lahoraggeryftest procedure Dboints.10.a s1gmf1cant improyement 1n the determmatlon of resid-

ual SQIJ. mtrate contents ina s1mp11f1ed fast and cost—effec‘uve way These rnethods not on-

ly aIloiW ore freguent detertnmatlons, but they are also cheaper and dehver the result ina

much \shorter t1me because of. thelr reliance on. un1versally avallable extractants and. sunph— ;

fied extractlon/ filtering procedures As such, further‘ transportatlon, cr1t1cal handhng for
preventmg unwanted mmerahsatlon and storage are no longer requlred The poss:blllty to
1mmed1ately_ deterxmne on-site grawmetnc soil water contents represents a. mgmhcant im-
provement. nghly rehable test results can. be obtamed in a very short time. In. conclu—
sion, -the quick test procedures we propose herem demonstrate great potentlal and should
contrxhute o economical sawngs as well as benefit the enwronment. L e
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