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Ten Meryland eolls having various smounts of organic matter end
being representative of =1l the soile of Haryland were oxidized by
nine different methods %o get an indication of the amouat of organie
matter present. The #o0ils trested were Hlkton silt losm, Sassafras
811% loam, Portamouth loam, Saswafrzs sandy loam, Chester loam, Nashor
loam, Hagerstown silt losm, Congaree silt losm, Ash gravelly losm, and
Pean silt loam. The methods used were, hypolodite, mmmonia extraction,
potaszium permenganate, ceric sulphste, Walkley-Blaok, Thomas-Williams,
sulfato cerate, perchlorasto cerate andi total eardon.

One soil was incubated in the greenhouse with verying amounts of
organic metter, lime snd fertilizer. Ths Thomas - Williams and %alkley-
Blzek methods were run on all these asmples., Also the base axchange
capacity was determined before and after oxldation on these samples es
vall as on tha ten soils mentioned zdbove, From this the organie hase
exchangs capacity wes caleulated. Uxidation was performed with 64
Kaaa.

From the relationship of the v: ricus factors there is an indiestion
that = rapid oxidation may be set up to give 2 very elose approximstion
of the orgsnic sxchange capaclity of the soil., A4ileso, in the trestment
of the soil samples with organic matter, lime and fertilizar, it was seen
that organic materials in thesmselves may actuslly dse¢rease the orgenie

exchange capneity. From these oblservations it is concluded that the



best method of increasing organic bese exshange capacity is by the use
of nitrogeneous Bateriz) and lime,
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It hes long been kmown that organie matier —lays an iuport-at
wart in soil fertility. 1% serves %o improve scile from ceversl
standpolints. swmong these ore luproved water holding power, bio-
logicadl condiilons, csp=city %o hwld »lont nutrients =nd in other woye
iprove woil se = pedium for pl-nt growth,

The 20113ty to hold »l-nt muirients znd to dsliver those nutrients
to growlng plznts 1s closely ussocisted with the nroperty of buse
axcnsnge, -lnee barse exchange pl:ysz sueh z vrominent part in soil
econony, =uch smphesis has bean nizced on this tople by soil investi-
cators daring the lzst twn dscudeos, The genersnl featurer of the ex-
chunge peoverties have long been knows, but the inteneified recesrch
5% rocsoat yeurs hes added wueh to the practicsl interpretation of the
~rasessas involved.

In view of the grsst importr-nce sttoehad 4o 201l orgoanic mstter
in gener:sl snd to thst entering into bnce exchsngs eapnacity in
varticular, this investigztion woe wndertsken. The investigsztion
involves two importsnt factors. One, = comparisen of different
methnds for the determinstion of organle matter thst enters ixnto
the exchange capaelty. the other, @ study of baze exchange in

20il as sffectsd by the preseance of organic azitter.
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“he bofdies of dond orgeniane (10} snd the residues of living
mabber leuoeited on ond within the e0il form the watericl known as
53311 orgenic matier, G0il orgmanlc mstter theoreticslly comprises
osly thz desd residue of orgsaisue ~nd the voriocus products of thalr
decouwposition. 1% is pructically impoesible, however, to seporate
this osterizl from the living nicro-orgnisms the$ live in the soil
ind earry on the tuck of decomposing the residuez. The alk of the
wdies of micro~orzanlzms, together with thelr own residues, is
tharaefore regarded zs & part of scil orgsnic matter,

Chemically, soil orgsaic mattor comprises o mixture of o zrext
many substancec thut may De clussified inta three groups: (1) car-
bohydrates, (2) proteins, (3) ligpin, »nd (L) fats, resins, waxzes
and sinilsr compounds.

The term "humus’ { 20 is sonetises used to designate s~il orgsnmic
patter, “Humus® is - nape siven to = growr of bleck, sticky, or
wery, complex compound:s thet ure derived from organic mutier origi~
nabing From subetonces that the olsnts hove synthesized,

$ach of the meterizl thzt constitutes hunuas is derived from
1igmin of plzpt residues., 1% has been found that liganin ond lignin-
like subestances hove Dase exchange properties.

cGeorge (6) hes shown that the emchange cmpacity of organie
nstter 12 in lorgest part due $o ligneous compounds, =znd that lignin
poscesses n chemically equlvelent exchonge property., As for lignin
i%t2elf, he eazys that the exchange Capacity depends upon the methode

uead in proparing or sepzrating it from the mother substance, und that
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in ony of the Jorsgoing procedurss, sericus obdjections msy ariss,

=
&
3
b
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biectisn to (&) iz thot thic orocedure resuirss considersble
time. lso, the exchongs capoelty of the sresnic motter denends upon
the methiod used in groparing or asuereling 1t from tho mothesr substsnce,
iz (B} there is =z serious threst sf danydrating the 50il minerals
by ignition wmd thus reducing the Hare azchenge capucity of the i~
orgzaic complax, 4 second sericus threat to tide procsdure iz that
7 cr & mours of ignition sre required % brinZ about the destruction of
the organic natier.
In (¢} there iz = possidility thut the veroxide treatment might
sffoct the fnorgunic buse 2xmchinge Capselly in ¢ msnuer siuiler to
that of ismition. Heoleorze (D), however, showed 3hat digestion with
KO
22
principal gbjection to the use of thds procedurs ils the inconsistoney

does not sffect the sxchumge canasclity of synthetic zeollites, The

in the menner in which tho omidelions hove been carried osut. Alsc,
thare is « leck of definite infommntion concerning the effacite of
various eoncentraticons of peroxide in masking such Jdetermiuations,

Brozdfoot and Tyner (3) point out that the exchange cupazoily of
orgsale roxidues veries with the cation used for saturstion of the am-
changes cowplex. FPor instance, the absorptive capscity for mmmonium was
found in 311 cases %o be cousidorsbly less than thet for the divslient
entions,

Bartlett, luble snd Thomzs (2) found, in using the hydrogen per-
oxide smethod ol devermining org-nic exchange capacity, that thie reagent
incressed the inorgsnic oxcnsuge copacity in some of the soils.

Bzuve exchsnge, (10) vhetheyr srganie or imorgunie, is = wropsriy



of soils thzal haz very lopordmnt wractiesl sprnliexiions, “hen a
simple sodb, sueh as BE), is odded $o o e0il, some ypotassium changes
ploces in e collolidal particle with ecleium, sodium and octher minersl
boose alanenis, and fthogse in fturn enter fate the zoil =olution., Yhe
resuls iz thet only = vort of the nobdasssium wvhich wes =dded in zolo-
tion resasios wmaler coluble,

*Rang sxchange Caxproity? is - term thet = used to demots the
neasure of the relative ability of » 501l to retain bosic elamenta,
¥ ixehangoable cstions” would vossibly be = better term, for then
hydrogen which =lzo plays an lmportsnt pert in base exchange resstions
woulsd De incliuvded,

Ion exchenge (bsese exchange) (19) may bYe defined zs 2 raversible
interchsnge of ions Detween 2 liruld phese and = s0lid body which does
not ianvolve sy redics) eb:ause in the splid strocture, 18 was first
obesrved in soil by =y in 1850. He passed o solution of KC1 through
= bed of s0il, =nd found that =11 the potzssium wer remsved from the
solution and replasced by =n equivelent amount of cxlcium zrd sodium
from the soil.

Jedrois 2nd Hissink (20) hzve shown that bere exchsnge obeys the
chamical lsw of mass aeticn znd equilidrium. According to Gedroiz,
the law of 30il bose exchsnge mey be stnted re follows: YAbsorbed
fons of s0il compounds are disvioced By other iona in equivalent
ratio. !

snly s lisited cuasntity of =n exchsngestle besie clament of a
s0il mstericl esn be broucht into solution by the 2ingle =4dition of

a disulzeing ogent; but under lounching conditisns, the dlsplacement



exn finslly be nnde couwplede, #s lwedroiz =<n: Hissink hove shown,

From the foregoing review of literaturs it czn be sean that
the meth:ds used for the detersinstisn of argsnle urdisr ne well
ag thoae uzed for detemining the orgenic motter thoat anters into
the sxchange complex are far from sztisfactory. It is hoped that
the antoricl presented in the following veges may throw o 1itile

morae light on the problas.



PRUCKDURE

» survey was made on ten renresemd-tive Maryl:nd soils (5) for
sesrnde wnd inorganic braoe axchange crpsclty. These soils were
ok bacsuse they waried in orgmanic mstéer content snd genenlogy. It
vz thought thet resulds obisined from these Lrastments might be
spolicsble to #eryland s0ils in genersl. also, these soils were
sudbjected to detearminciions for total cr-anic matisr z2s well zs the
Fraciinu of orgsnic matter thet is resdily oxidizsble. Samples of
ane solil were brought inte the gzreenhouse zand allowed %o incubdate
with various treatments of orgenic matier, lime =2nd fertilizer., Baae
exchsnge Cannclty snd orgsmnie matter extractions were detormined on
these soils,.

¥or the base exchange snalysisz, the lesaching method of Schollenbergoer
smdd Jreibeldis (13) wee used with slight modifications for the soils
which were extracted with bsrium scetate. The vE of this solution
was adjusted to 7.0. In this methnd, ten grams of soil were weighed
sat 2nd trensferred to s leaching tube., However, instead of using
tubes having = perforated porecelslin disc covered by = filter paper, leaching
tubes with sintersd xzlzes disers were amployed. These speeded up the
leasching nrocesz consideradly. A rubber policeman was placed on the
stem of the leaching tube: so0 that the soll might seoek in the 150 m.l.
of lesching solution over night., In the morning the policeman was re-
moved snd the solution sllowed to leach throush the soils. Then the
leached soilz were washed with successive portions »f distillsd water
until the washings showed no tests for barium ions with dilute lz”k'

#inety-Tive percent alcohol was used in sne or %wo mmall portions for



lesching in order ta decresse hydrolysis. The wmehed s0ils wera next
loeccuesd with 150 m.1, of cone nornal wotaseium solutiosn in srder to dige
wlsee 11 of the Borilum iong srecent in the exchonge commlex., The diee
nlaced borium wos determined by using - slight modification of the
method roconnended by icott (L4},

The bnoe exchange Cynseity wis determined defore mnd ofter oxide-
tin of tho soiig. (¥For results sae Vsble 7)., 7The oxidsti-n w:g
neeomnllched with hydrogen veroxids, usins clx treatments of twenty-
Tive m.h. of gizx nercent hydrogen veroxide., Jech portion w s allowed
to raz=in on the soill over ndght -nd then dresined off the follawing
soraing by removing the nolicezan from the stem of the tube,

& oK determinntion ware wade on mch of the wmoile Dy me-ng of the
Heckman »H nster.

Jrgenie mobter determinstiions weve made on the soils before znd
sfter oxvidati n, usin: the wel method for tot:l esrbon (1). This
method inwvolves the oxidation ol orgunic mutter with = chromie-phos-
plioric-sulnluric zeld mixture znd the sbsorption of the carbon dioxide
in stsndard sodium hydroxide,

Hine diffevent methvds for Jdetarmining orgenic matter ware used on
the tem s80ila. The hypolodite methnd used wae that of Horman znd Peewy
€11). In thiz =n:lysis five grams of soil sare used, water addied, and
isdine znd sodiuwm hydroxide nlzced in the bottles to form EaDI. ot
intervzle portions are withdraswn, ¥C1 sdded, the 178ine titrated -ith
2}333.232(33. ¥or the smmonlizs extroction methed, & mndificstion of the
mothod of Cimeron aznd Greazesie {4} wi s earried cut. Inetesd of using
=~ %% spmoni: solution, aw in the method ~bove, the =20il wis shoken with

% 109 ocmeonis solutisn, centifuged, the clear extranet poured off and
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the ot olate,  ‘ho residue we isken up

with - 1it%le dlebiileou water s didute H_ U0, sad totzl enrbon
z 4
deterrinad,  The Blaosching owder method gale use of wman thet of

feoodwell cwd B3 {171, dero five orems of meil wers L ool in on
evooarating dish »lonv «ith the bBlesching nowmisr. This wrs nsde by
weishing out 9 grams, ~d&ding witer to mrke 500 m.l. sntd then taking
sat o 20 e.e. salioued.  Tou parcent KI sod 1 - ) HOY wars added
znc. e titrution made »ith Z'—'s:;g,?fégi}} . ‘Thres zramz of 201l weve used
40 ths ﬁiwu method (17). “wenty m.1l. of .1093 U lﬁém;% ware used
nd the sreess permanganate titrated with Yohr's Su)t: orvthoe
shetanthroline wes usad ne oo ilundiestor. Une gram of zoll woe used
in the Ceric Sulvhate Veothod of snzlvsis. This was nut in =n 8
inch tes% tube with 10 m.1. of 1% i Ceric Julph=te and hested in

2 boliling woter bpth for 15 minutes. The excess Ceric Sulph:te

was titrzted with dMohrle S:lt. & blank run was made =t the ssme time.
Cho sl ey-dlszek Method {18) mckes use of only one hulf grem of
acll., This is mizsed =ith 10 n.l. of zﬁaaﬁrge? and 20 m.l. of con~
cenbrated Hg:ﬁ!}& asnd heated in 2 hot weter bath for 15 wminutes. The
mizbure is cooled, dilutsd, 5 m.l. of Hgmh zdded 2nd titrzted with
Sohr?e Sols. This ie » modificutisn of the originsl method. There
1¢ zach similarity beotween the Thonas-Villime methad (16) and the
1kl oy-Blzek method., In the former 3 grams of soil ere oxidized
with Iiaé:rgﬂ7 snd 33503’ cooled, diluted and an slinunt titwated
with Bohrles 52lt. Heither the Sulfate Cerate nor the Perchlorato
Seraste nethndas {15) have been uscd befors in soil work, but were
erploved 2z describsd for the determination of flycersl. 1In the

first method, (:%}? Ce (;v»zs‘)}) 6 wee diasolved In 0.5 molar H‘amh



added to 1 gram soil =nd hested on the water szth fHy 1% aminates. Hohr's
salt wnrs ueed {or titratiom. The zecond method ie wery much like the
first, except that zpuvroximately 315% acmh is used instead of the ﬂgse“.
sodiume oxslate iz used to titrate the oxcess oxidizing agent. In botk
of these mothods bDorium divhenylsamine culfsnste wus used =nd found %o

be pref=rable to any other indieator used so far,

For =211 the determinstions ths Tinal cslenlation was made to zive
the snswer in terms of rercent carbon. This wig multinlied by the
factor 1.724 () for coaversion to percentege orgenic matter.

The sampizs of Baltevilie silt losm were collected from the first
£ inchies of soil, brought in and well mized. Thirty-four, tws gnllon
poty warcs set up, thus giving 17 treatmentsz snd checksz., ZEach pot wes
TAven tresntmente sz shown in Table 3. The dry orgroniec mastier, consisting
of whazt strow ond soybesn strzy wur zdded st the rste of 10 grams per
kilogram of soil, er 10 Sons per aere. The green org:nic matter used,
grao=n whest =nd green 2l1fz1fxz, were zdded st the rate of 20 grams per
kilogram of =oil, or 20 tons per scre. The lime added was burnt lime,
YO-50% Cal and 9=10% MghO. 4 10-0=U fertilizer wae used., It ac a
asatrsl mixture, mads ap of Uramonm, 50% muriste of potash and
20% suwperphosphate, and spplied at the rate of 4 gram per kilogram or
} 1 pn por ecre. 4lso used were 5 pots filled with ssnd and treated
w#1th the same ocuantities zs given above, ZXzeh pots was inoculsted
with moil bascteriaz. The dry organic mate -ial was ground in = Braum
¥ill, while the green material wns ground in a Mixsblend Orinder
containing weter. HWoisture determinationz were made on the soil hy
neans of the Hilgsrde Cups and the pots kept at optimum moisture

by sdding distilled water =t lntervals, 3ZEvery tvo or three weeks the
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cantonts of the pols were sersaned, -ad well mixed., The incabation
#az czrrisd on for sporozximastaly 300 days, bt the and of which the
Sontnats of the nots were well mixeld, zrmnles wore taken, =ir dried mad
sersaned,

The determinatiosns mzde on the pote ware ar follows: pH wvalue,
oTzanic matier determinatisns by the Thymao-iilliame, d2lkley-3leck
=nd by the totsl enrbon method., 4Also, base exchange capacity was ran
befnre =nd sfter oxidetion with H O

22
described 2bovs and the remults are given in Tadble 3,

A1l thene methods heve heen
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Sven though the dats shown in the tahle: ars mors or lees salf
explanatory, the discussion iz siven to ewphasize certzin important
noints snd to point out the relstion of the warious fzctors., For
ingt.nce, in Tsble 1, thers cun be seen the effectiveness of the methods
for determining the nrgenic motior content of the v -ricus soils, The
total corbon determinstions is taken ss the standsrd,

The ammonia took out about 20% of the srranic msterizl. There
zgzmed %o be no relation between the orgunic malter dissclved and
el ther the total orgsnic matier or orgznic Base ewchange cepacity,

It 48 poseible that 1f dilute HC1l had been urnd prisr to the ammonis
troatment, hizher znd nore sienifilecant values would have besn obtained,
Hypoiodite removed 25~50% of organic materisl. The mnﬂh method was
zueh less effective, giving vslues & little lees than half of the
hypoicdite. The Thomau=¥illimms method is similar in principle to the
7alkl ey-Black procsdure but employs = wesker oxidizing selutioan. It
e presumsble that this meth:d evaluztes the orgznic metter thatl may
be expeected to be well incorporated in the soil. Thece two methods
sppezred %o zive Laetter snd more signifiesnt vslues.

The three oxidizing solutions involving cerate as =n oxidizing
medium bear a certzin relationship %o one another dut vary in thelr
effectivenese. The perchlorato cernte being the mildest oxtdizing
medium of the group. Thess three methods removed the orgamie matter
more in proportion to the organic exchange capacity than the other
methods,

Bleathing powder w-s also used as an oxidizing agent but the results
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ware nodt included Ln e walbls., ol sethod needs further investigation
in wisw 23 $he fzed Bhat only =lisht veristions were shown in the

rermal i for Mialy vorying 2oils. The vslver obtcined renged from 2,03
3o 2.385 percent ergzunic mstier.

Thero iz shown in Table 2 the bare szchinge canscity of the un-
~xidized cad sxidized soily znd the baue sxehsnge capscity dus to the
srgenic natter slone. 1f the ovrgonic erxchange canacity for each 30il
is divided by the vercentage organic natter found by the different
sethads it 1= belisved a relstionshiz will be obtained., If the = me
mameriesl value 1s obtained for 211 tenm s0ils then there iz = definite
selsnkinonchin. This wae done as it thown by the results in Table.h.

A eosunl survey of those dats indiezte thet for some of the methods
there does seem %to be = relatlonshir betwesn the oxidized org:nie
masther sad ths orgenic cxehange caprncelity, In orler o check this, the
stenderd devistion oo woll =s tho coefficlant of varistion were eslculated
far these values 2t well se those in Table 3. In Table 4 the smallest
soefficient of varistion sppears in the Julfzato Cerate method where it
1o 0.160, and 0.195 for the Perchloratoc Cerste method., The latter is
not 28 good o value =2 the Sulfato Cerste method., Howevsr, when the
aight soils that have the leznst varimtion are subjected to such a
statisticsl anxlysis the coefficient of variaiion iz 0,091 for the
Percehloreto Cerntes method and 0,118 for the Sulfato Cerate method.

The coefficient of varinstion volue of 0,091 is conzidered to De
very significant, fThe coefficient of varintion vslues obtained for the
other vslues which were secured by dividing the orgsnic exchasnge ospaeily
by the soluble orgenic matter zre aot considersl to be significant, It

would spoesr thet the valuec obtained for the sight soils by the Per-
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shlorsls Yerste mothod 12 coproxastely ons-tenth th-t of the nrgenic
azchangss capscidy. fals sould inddeqts that tids rvonid method amight
De ouwaed s 0 Boang of erzlusting the ovgenie exehonge capneity. Al-
Thol more 4ata will Lave to e aobtained bBefore this oun be Justified.
It apuesrs ae 1Y sne ez ssetiasts fairly elosely ths orgenic exchange
canncity by smultiplying the amount of srowmnic matter oxidized by the
PereMlorsto Vernte preocsdure by tan.

In Table % it c:n be seen that ths trsatment definitaly influences
the srzanic exchange copseify. In order thet the effects of this
treatnent can bes more clearly se:n the results of Table 3 are sumserized
i1 Table 5. Cf the green materisl, green vhest very definitely decresses
the buse exchonge capzeity vhile green =1falfz dié not lower it quite
woach.,. In dry materi:zl the high nitrogen content hed little effeet
an thg organic exchange caprcity vhile low nitrogen materisl decreased
it. uUrganic matarisl slone and Ffertilirer slense decreassd the organle
baze exchenge canncity. »slso lime and fertilizer togother did adout
the same thing. Lime slone di4d4 not decrease the values, but gave even
2 1li%tle hizher ones. ‘hen from these dats 1t sonld sessn that the ox-
zanie exchan-e Capacily can only bs Dulltd up by the use of organie
residuer high in nitrogen that do not decompose too readily along with
the julicious use of lime.

In the razt the difficulty experienced in dtempting 2w oxidize
orgznic matinsy ha:s nrobably been due to its close ancocistion with ine
organic snd minersl mstter. Jince » great deal of both orgsnie and
inorgzni¢ active matier is in the colloldsl form thie m-ans that ths
org=nic znd inorgsnic colloids are vsry cleosely related. The impression

sequired from the literzturs bears cuat this observation as well as those
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date ssoembled in this investipgation. In the lastter caze the Sulfate
Cerzte snd Ferchlorato ler.ie probably oxidize the organie matier in

the relation in which it exiatc in the orgsnic exchaznge complex.
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Tasls 4, ‘'fhe Value Obtained by Dividing the Milliequivalent of the Orgonie txchsnge Capscity by the Percent
of Organie Hatter secured with the Different Methsds of Determintisns on the 10 Heryland

dails.

T me wumericsl Vilues for h Vifferent Hethods
Sa11 Tymes Used damopis  Potamslue Gerie Yslkleye Thousse “ulfzto verchlorato Votsal

Hypoiodite ixtraction Permangsnste Sulphate Black Uilllems f;ﬁ’f?fﬁnngﬁfﬁzi’_“.ﬁmﬁﬁﬁﬁ33_,,_u,,,
‘Akton 541t Lowmm Bo 5l R n.% 3.4 1,64 2.52 3,32 6.5 2.18
Sassafras i1t losm 1.75 10.%0 1.84 5,20 4,32 15,00 5,50 11.% b, 60
Portemouth losm 1i4,30 14,90 0,04 6,00 7,44 5.15 5.0 11,01 3.1%
Sageafras vandy Lowm 4.3 1.97 8.% 6,50 6.00 ¥.%m 482 14 6,30
Chester Loum 9.25 9.25 24,20 5.00 3 .35 L55 10.10 L,85
Munor Losm 10.02 bh,50 37.00 5.5 .22 7.0 0,90 11.60 b, ko
Hugerstown 511t Losm 11,01 51.50 42,00 L% 2,95 5,68  4.35 9.% 3.52
Congeres 511t Lomn 8.75 12.50 12,20 342 2.50 4,00 3.8 10,04 b 60
Ash Orevelly Losm 14,70 7 .80 79.50 5,70 2.75 31,69 5.5 9.9 2.5
Penn 511t losm 9.35 26.00 20,80 4,18 1.85 b80  3.42 9.1%5 3,76

iversges  3.48 30.39 21.32 4,87 3.1 9,95 k.57  10.33 4,00

61



Tadle 5, ‘The #ffects of 350il Trestments on the Crgenie
Zxchznge Capacity of = Joil.

Average Orgsnioc
Exchange Capsclity

30ll Treatments ®.e,
heat Straw 5.2
Green Wheat 3.2
Soybean Straw 6.
Grean Alfalfn 5.2
Organlc Matertials Alone k.2
Fertilizer Alone 5.1
Pertilizer and Lime 4.8

Idme Alons 6.3



.,‘ZP;’{{% _J:L‘L:ﬂ

‘en reprecentativs deoylond solles were oxidized with nine different
4 Tor deteralniag the organic msilter contsnt, lso the basze
eschangs capscliy wes determined bafors znd after oxidation of the soils.

wzidation wa: perforwed by wesns of 55 3292.
vte soll was brought iato the greenlwuse ami inceubsted with vorying
trestments of orgunie metter, lime and fartilizer., The baze oxchange

cupaclly we: alse determined on thesz zamples before snd after oxidation,

frowe the resulte of all these trostments it is coneludsd that:

1. There iz an indication that a rapid method can be devieed to
estinate the organie azchange cspacity of the soil.
Ze

“he use of orgenic materisls slone may asctuslly decrease the
ar guaie exchange capmeity of 2 soil.

j« ‘he moet sztisfactory method to inecrease base exchange capaclity
is by the use of nitrogensous organic materisl sznd lime.
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