TRAINING COURSE ON

SOIL TESTING & FERTILIZER USE

COMPENDIUM OF

GUEST LECTURES

HELD AT
A. P. AGRICULTURAL UNIVERSITY

HYDERABAD - 500 030
From 3rd November To 2nd December, 1987

15 €%

ORGANISED BY
Department of Soil Science & Agricultural Chemistry
College of Agriculture
Rajendranagar, HYDERABAD - 500 C30.




80 SOIL TESTING MET:.ODS FOR WITROGEW
K. L. SAHRAWAT

G-6/1

Introduction

Nitrogea (N) is almost universally deficient in Indian
soilc. For judicious use of fertiliger N it is imperative to
know the N supplying capacity of soils because soils ciffer in
their~ability to supply N to crops. Nitrogen that becomes
available to crops during the growing season forms a very small
fraction of the total soil N. Organic N accounts for over 90%
of the total N jn most soils and is made available to plants
through “he mineralizaticn process which converts organid
nitrogen into ammonium and is carried out by a host of hétero-
trophic s0il microorganisms. While in the upland soils, the
ammonium formed through mineralization is converted to nitrate
via nitritc, in the flooded rice soils, mineralization usually
stops at ammonium stage becausc nitrification is an aerobic pro-

cess.

Several soll. testin: methods have becn proposed for assess-
ing the pocl of available soil N. Before discussing the
methods proper,it would be prudent to briefly discuss the
methodologies used for taking soil samples and their process=
ing because these affect the results obtained by the soil
wea tests.

Soil sampling and prepuration of the samples

50il testing for furtility evaluation involves three

steps: soil sampling, processin_ of the soil samples, and its
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testing in the laboratory. Necdless to cmphasize that our
83il testin_ would be as ga0d as our soil sanples are repre-
suntative of the experincntal site or plot. 4 number of soil
cor. sauples are taken to form a composite sample to represent
a triatment or plot. The number of corcs to bc taken would
aejend on the soil variability. The cxperimental plot should
be divided in such a way that it rcpresents the ucan fertility

level of the area.

Usually more than 20 cores should be taken for normal
exririnental plois to form a composite sample from the surface
(0-15 cm) s0il. . Sampling of the subsurface is usually optional
but ray be useful for uplend crops particularly in situations
wherc crops are grown on stored moisture. In such case nitrete

rrof iles would te a useful inlex of nitrog.n supplying capacity
of soils.

The diamweter of the coie sampler would also influence the
auiber of soi1l sauples to be taken. Nuturelly more soil cores
would bc necded when sampled with a 5011 sawplir of narrower
Jiameter. Usuelly a soil sampler of nbout 2" dia, 158 suggested.

After so1l samrling, the composite samjlc is thorodughly
wixeu and air-dried in shade. It is wsually gently ground
withg.procelain mortar and a2 wooden pcstle to pass through a
2-mm sicve. The 8511 i3 ajain uixc! and a represcatative
sanple taken. For organic ¢ and totel N Jetermin.tiosn the
soil samples arc grouns to pass a 0.5 mm. sicve. The prepared
sample is then tested in the laboratory for availableN using

various ncthods.
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$221 testin, wethods

Several bislogical and chcmical methads have been vroposed
for essessing the-podl of pot.ntially 'evailable N thet moy be
mode available for crop growth by wineralization of £3il
organic nitro en during the growing scason (for revicw and
details see Keeney, 1982; Stanford, 1982; Sahrawat, 1983).

These methods are bricfly discusscd herc with examples.

Biological mcthods

Among the mcthods used for soil testing for N, the-
bislogical mcthods involvin: aersbic and anserobic incubation
methads though time consuming arc useful becausc they measure
the nitrogen relcased by the mineralization proccss. Details
of ?heee methols are #iven in Keeney (1982) and Sahrawat
(1983).

The underlying principle of these methods is thet when a
8011 iz incubated under laboratory conditions at optimum
touperature and moisturc cond'itisng f£ar short puerisds (7 !'ays
to suviral weeks), it quickly rcliascs the ainerrl N, and the
amd>unt releascd is an iniex of the capacity of the soil to
surply N. Both acrobic and anserobic incubstion wethode are
used for asgessin, the availablllty of 8211 N t)’upland Ccrops,
and amaersbic or waterlogped incubation tust ic ew used for
wetlund rice soil conditions. The s>il seuple is incubated
under aerabic or watcrlog,ed conuitions at 30°é for 2 weeks
or more an¢ the amount 5 mincral N relcased during the in=
cubation period is cetermined.

The waterlogged incubation method is more simple and
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easy 53 adopt, boccause only awconium released is mcasurcd and
asretian~1s not e prablcm. Also the waterlog..ed incubation
test'is v;ry vereatile t> a range of teap 'ratures. For example,
incubation of s3il sauple at 40% for 7 days under waterlogged
coniitions can be uscd Aas an in.ex of soil N availability.
Adsption of this method would shorten tgc incubation period

fron 2 weeks to 1 week an. thus make it wore rapid.

The results of incubatinsn ncthads are affectcd by the wey
the avil aampleé are processed befare the conduct of the test.
For cxamrle, air-drying of samples and tﬂeir rewetting can
alter the pettern of nitroven relesse. The best way sut pere
naps woiuld be to air dry the s>il samples quickly by spread=-
iny in thin laycr in shade.

L aumoer of studies evaluating the incubation methirs (bath
ecrabic and ansersbic) under rueahsusc andé ficld con. itions
have been reported. It has been penerally found that thesc
tests are wore successful in rredicting the aveilability of
711 N t0 uplan' crops and wetland rice under ,reenhouse con-
ditions than unier ficld con. itions (Tables 1 and 2). It is
nainly cdue to the 'interaction. of mineral N an. water un.er
fici! conditions which results in thc loss of availablc N
eitner by denitrification or lcaching. However, it hes bcen
foun: thet nitrate profiles of soils could be o 4aod index of
N aveilability particularly in situstions where there is
nminiwal interactiosn between rainfall and nitrogen for cxample,
when crons arc grown an the stored naistufc in poet rainy

scason.
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Chenmical m.thxis

Incubation methods though uscful as tests of s>il nitrog
availebility o rlants are tic comsumin . Apart from time-
consuning, the rcsults obrainud by incubation muthods are
effccted by thc way the.samrles are pracessed or | rep.red
before a test. On the other hand, chenical mcthous cre rapi
and simple. & number of chemical nethods have been proposcd

for mssessing the availability of s5il N to crops.

Ileally chemical methods th.t sclictively cxtract the
fracvion or fractions >f 80il or anic N that contributes to
bislotical wincralization of orgsnic N c=n be uscd for asset
inp, the availability of soil N. Howcever, in practicc, it i
rathcer difficult with a simple chewicel method to simulate
the bislogical process of 511 N minerslization and usually

chenical nethais arve first standardized with incubation
uethocs before evaluating them under greenhouse an! field
conditions.

The chealeal methals cmployed 1n s0511 testing for N
vary froa organic C cantent of s31ls t> the usc of voriosus
cxtractents under varyin: concentrations and cxpuilnental
conditisns. The underlyin principle in usin, the chemical
methads is the relcase of mincral N from 831l organic N
by the oxidative and or hydrolytic action >f tnc¢ rea ents
used. List 2f commonly used chcmicnl nethous is piven in
Tablé 3. The corrclations between the s>1l tcst valuis
determined by varisus chemical ncthods and srgoamic C, total
N, and the incubatisn methods for 30 Philiprine 8ails are
£iven in Table 4.
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The suceess with chinical methids h:ve been mixed as with
the biological nethads. However, it wo}ll:l appear from the
rcvicw of the work thvt: at tiucs organic C ressurcment could
be a useful index r;: assessing s2il N availability particularly
in s>ils with a range 1n organic matter contunt belaarlar 3 a
re;1on with siniler climetic conditions. Ferhars incorporation
of some aspect of the quality of arg.enic mattir in aduition to
its quantity mi¢ht furthcr iwprove its capability as a tust
for 8511 N availability (Sahrawat, 1983).

Alkaline permanganate 18 the wost wilely tested method in
Indie for uplan. an. wetlan( rice 82ils. Several mddificatisn
af tnc wethad srginally propasce for mcasurins the available N
in wanurcs (404C, 1930) are available. The method proposed by
Subbiah and fsija (1956) is widely used in Inlia. It has been
founi that the ncthod is more sucecrssful in predicting the
availability of 8911 N t5 wetlzna rice than for the arable
crpe. Recently, Sehrawat and Burford(1982) su‘vestcd thot
the noninclusisn >f nitrete N thot cownonly accunulates in
upland 85ils in the available N pssl might be the reason for
the poorer predictability usually obtaincd by this nethod for
uplond erops. Nitrate formcd in wetlan. 85ilé ~re >f 1ittle
conscquence ta rice bucauce they would be 19st by denitrification
nowever, nitratc could be important for urlanu crops specially

in the piet ralny scason.

Recent literature perteining t5 the use >f cheuicsl me-
thode for s2il tcstin, for N for upland crops an! wetland
rie. bave been sumurised by Stanford (1982), Kecncy (1982)



86 G-6/ T
anl Sahrawat (1983).

Sumniry and conclusiins

S2i1 testing is hclpful in the judicious use of fextilizsey
N by rcepulating N aprlicction as per the N su;plying capacity
of soils. Howcver, 821l testin, for N has not becn vury
successful becausc >f interaction betwcen niineral N rcleased
and 8111 water. Als> the previsus cror history for example
the uce of lesumes in crop rotation cen affcet -a the N suprl
ing carecity of soils. Previosus erop history should be cone
sivered while usin, s2il tests for N in 2ifferent cropping
systeins ratations, which arc becoruin, mors ¢ouman than the

83l croprin,.

52101 testin, has been rore lrequcntly usid for irrigsted
agriculture, where it is more likely to Mp.successful as
»pased to its usc under drylan. conuitions. Dryland agri-
culture sses a great challenre to 821l scicntifts for devisy,
s0il testing methods that take into account nitrogen and
80il water regime interactions not only in the cxcess w>isture
ran_c but 2ls> in the s2il moisture deficit range. Considera-
tion >f the temperaturc prevalent during the ¢rowin, season
o>f o trop is also immortant bececuse it not only affccts N
ave1l-bility but alco affects plant growth and the availa-
bility >f other nutrients. It shoull,howcver, be, borne in
min. thet in review of the.diverse s>il and climatic conditions
(where cropping is conc) thot affect s2il N availability, a

single 6511 test £or N may not finu universal acccptance.
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Table 1. Correlatiins between values of available goil N

by different methods with drymatter yield and N uptake of
rice in a greenhouse pot study*

L T I

Correlatisn crefficicat(r

Drynatter N uptake

availatle N methsd welsht

Organic C 0.45%% 0.82%+
Total N 0, 46%% 0.84%%
Anzersbic incubation, 30°C(2 weeks) 0, 40% 0.84%#
Anaerabic incubation, 40°C(1 week) 0.46%% 0.t
AT ine RLG, 0.40% 0.81%%
Acic lxmD, 0,39+ 0. 7o+
Acid E,Cry0q 0.39% 0.T4%%
H,0, 0.46%% 0.82%%
h2804(0.5M) 0.10ns O0.42%%

L I . T I N .

& Pnc stuly was carricd sut with 39 svils with a wide range
1n pH, texture and srganic matter contest.

Source: Salirawat (1983).
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Table 2. Correlation coefficients (r) between 83il N

availability mcthads and rouzh rice yiclds, et 34 lacations
in Iouisiana (USA) without applicatiosn of fertilizer N2

N evailrbility uwethod cggﬁ:g.%ai‘;:%‘(‘r)
Totel N 0.363%%
Alkaline Kmx()4 0.273%%
Ancerosbic inbuation 0.560%+
Aersbic incubetion 0.433%%
Autaclavin_ in 0.01M CaCly 0.352%%

D T T R R e e el

A pdapted fron Dolmat et al (1980). Experimental plots
received 24.6 kg P/ha and 46.5 ki K/ha.

source: S~hrawat (1983)
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Table 3. Saic chemical methads used soil for testing -6/

fir o

Orzanic C* (Or.anic watter)

Total N I
‘Mincral N (NE, + NOy or NO3)
slkaline perzanganate aigc.-stian
A‘cid permanganste uvxtractiosn
Acid cichromate extractiosn
Hydrogen reroxide oxidation
Extraction with dilute H2804
hutsclaving in CaCl,(0.02 M)
Hydrolysis with NaOH or Ca({ﬁﬂ)a

Loiling in CaCl, (0.u1 M)

-, e B m e ™ Emem e meoe e mEm® W e ®mEmemom o ow MW W W

Sourcc: Sahrawat (1983)
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Tatds 4. Uorrelatims botween cheaical methods of O-o/12
avpileble ¥ and argenic C, total N, and aineralisale N
weasured by anaersbic incubatisa methade®

Creelution coefficieat{r)

Chemical Orgenic C Total N Incubatisa wcthods
method

30°%, 2 weeks 40%C, 1 weel

- . ew e e R EA T e ®® e E e " E T E®m® e " ® e ™

Alkalinc mo4 0.855 0.882 C.859 0.812
heid mn04 0.83) 0.845 0.800 0.758
heid KpCryCq 0.830  0.855 0.858 0.828
HZO;‘Z DJFidatlan 0.814 0.840 0.855 0.795
HyS0, extractisn 0.440 0.461 0.541 0.457

2 Data sbtainud with 39 Philiprine wetland rice uoils
Source: Sahrawat (1983)
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