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ADETBALT

This paper desgeribes an analysis for nltrogen in the
goils of pure econiferous and mizxed hardwood and coniferous
stands in Hew fngland, 4 diseussion of the lltersture
ralating Lo nitrogen and feorest growth is glven., The methods
of making total nitrogen determinatlons are compared and a
gonelusion reached s to the best mothod for this wmork,
Attempls were made to determine nitrates and recommendations
are made for procedure in the determination of nitrates in
Torest sells., Results of the analyses showed larger amounls

in the solils under mixed stands,



THE OCCCURRENCE OF NITROGEN IN BOIL PROPILES UNDER PINE

Because various BDuropsan investlgators bave shown that
the nitrogen content of solls is more closely ecorrelated with
the growih of the stand than any other single chemieal faotor
in the soll, it was thought that a study of the nitrogen in
pure and aixed stands might bring scme interesting factz to
light., Up to the present time there has been very 1little work
of thie kind done in this country. This study was undertaken
partly a8 an orientation gtudy of conditiong in Wew England
Torest golils and partly to determine whether there is any
explangtion of the belier growith of mixed gtands in terms of
nitrogen econtent of the solles in these stands,

The growth and development of mized e¢onliferous and hard-
weod ferests 18 superlor to that of ome of puve conifers. The
guality of the softwoeds produced in the mixed etand is superior
to that of the pure stand., The econifers in the mixed stand
prune better than thosge in & purs ﬁtgna and & larger amount of
clear lumbey is secured, An advance growith of hardwoods is
found in the mature amized type and therefore it is easlier and
leps expensive to perpetuate it than to work Tor & pure conif.
~erous growth., The origlnel forests of New Ingland were mixed,
and there ie a natural tendency to revert to the climax nmixed
type., In the elimax type a» blologleal equilibriuvm is malintained
which apparently results in a betier growih dug to a betier
soll econdition,

Hitrogen hag been ghown by European investlgsitors to be
more closely correlated with the growih poesibllitlies of a slte

than any other single chemicsal element in the soll. 4 number



of s0ll analyses were made in the southern part of Finland b§
Valmarl (1921) and the correlation evefflelents between the
growth of normally developed Seoteh pine stands and the chem-
ical composition of the goil have been worked out from the
figures by Ilvessalo (1923} as followe:

NIbroZem, v vicnncvosensnos 0,756 & 0,056

LAM@ savesvincussonsassove 0,618 2 0,069

POtBER tosiiiaessancecnass G.214 £ 0,001

FPhosphorie acld ,...es¢... No correlation
It has also been shown by Falekenstein (1912} that in the sandy
lands of northern Germany there is a cleoser correlstion between
the nltrogen content of the humus and the site e¢lass than with
any other single ehamical factor,
| The rete of nitrogen formatlion depends wmainly on the rate
of humus decomposition, In the solls of dense spruce and pine
stands Nemeo snd Xvapil (1924-25) have shown that nitrogen
fization is greater in the top stratum containing muech humus
and organie matter than in the mineral strata and in adjacent
mineral solls, Carrying this idea 8till farther Hesselman (1926)
hag shown that the rate of nitrogen avallabllity depends on the
rate of humus decomposition,

The rate of humus decompositlion in turn depends on a
nunber of dilrfevent fsctors, The mpet lmporitant of these fac
tore, mccording te Heseelman, 18 temperature. He has shown
that under conditlons which are practically alike in the northern
and southern parts of Bweden, exeept for temperature, the humus
decomposition iz more rapld in the warmer region., The hydrogen-
lon concentration as determined by buffer substances is also of

importance in litter decomposition. Sinece the activity of fungi



and bacteris is influenced by hydrogen-3ion concentratliona, the
amounts of aeld and alkaline buffer substances determine the
rate of decompogition of the organic matier, Hardwood iltter
contaline a larger amount of basle buffers than solftwood litter,
Therefore, the admizture of hardwoods helps te determlne the
nitrogen avallsbility. The lime content of the socll ls alge
of ilmportance, epince 1ime ig & basie uffer, In lime-rich
reglons the admixture of hardwoods in the stand has & negli-
sible effeet wpon the hunus ﬂ&@amﬁéaiﬁien, pince the baele
buffers are supplied by the lime in the soll (Hesselman, 1926),
That nitrates are vresent in measurable guantities, however,
even in very acid goils, has been shown by Clark (1924). The
move acid strata of scils under plne stands ave relatlvely rieh
in nitropen and organic matter aceording to WNemee and Kvapll,
In studying the nitrogen forms in different soils, Fudrlavisgeva
(1924) found fized diffewveneces in the forms of nitrogen in seolls
of different acidities. In the less acid solls they are more
stable in character, lese easily leached out and tend to accu-
malate in AAfflcoulty hiydrolysable forms, while these in the more
aclid #olls on the contrary were nore pohile, meore easily hydro-
iyzed and more soluble in acids,

for the most part thefe iz no relatlon between aerztlon
and litter decomposition (Heseelman, 1926). The main tendeney
under aerobic econdltions 1s'f@r the steble niltrogenous sub-
starices to change gradually inte unstable forms with the
reverse oceurring under aneroble conditions {(Kudrilaviseva,l924),

snother faetor entering into the rate of nitrogen trang-
formation 1s the age of the stand, Hesselman (1926) hss shown
that in young stands there 1s a lively nitrogen traneformation

which diminishes as the stand ages, Nemeo and Evapil have also



ghown that the nitrate content of the humus decreases as tha$
age of the gtand lnereases, The density of the stand also
geemns to have some effect on the rate of nitrogen transforna
tion, Hesselman has shown that in the case of thinnings there
ig a correlation between inereased growith and the inersased
rate of nitrogen tr&méfa@m&ti@nﬁ Sufficlient work has not heen
dene on this ?sints however, to warrsnt any deflnlite éanalusi@m.
Eath of these affects are due to the continued formation of
aecld buffers which have a cumulative affeét in counteracting

the alkaline tuffors of the soil.

Baterial

A number of sample plold were laid out in various stands
in the north seniral part of Ysesachusetts., In the eass of
the comparison ploite in mixed and pure stands, an attempt was
nade 0 find stends under as nearly like conditions as possible,
Eaech plot wag cavefully messured and the stand was mapped,
Yotes were taken on the species, age, origin (geed or sprout),
height, and L,.0,H. Notes were slgo taoken on the aspeet, penersl
aslope of the land, and the go0il proflle where the sauples were
taken, Thesge notes are complled in Table I,

In the description of the various seoll layers, the clasg.
gificatlon as glven by Pisher (1028) is used, except that
FMgher's burnt slenna horizen (Flg. 1) i subdivided into an
upper and lower laysr. The upper layer is ususlly consliderably
darker than the lower portion and contalns a lavger amount of
organic maltter. The dark brown, the upper portion of the burnt
glenna, 19 the dark eoffee brown layer of the Bureau of Solls;
the light brown, & lower portion of the burnt slenna, is the

llght coffee brown of the Bureau of Beollg. In case the dark



brown layer was missing, the light brown layer is arbitrar11§
divided inte upper snd lower levels and dealgnated se upper and
lower light brown layers. The gubsell is the same a8 the yellow
horizon in Pilcher's descrintion,

The soll gamples were gollected in paper bags and géon
after welng brought in from the fleld were spresd out on pspers
on the floor of a warm atbtic., They wesre =z=lso covered with
papers to prevent dust or other foreign material from colleciting
while they were being dried, after becoming thoroughly dried
eut, they were replased im the paper bage and kept in the attle

until they were to be analyzed,

Yethods

Belfore the analyses of the solls were begun, four of the
mnethods of determining total nitrogen wére studled, These four
nethods were (1) Yjeldahl-tunning-Arneld method; (2) Kleldahl
method medlified to include the nitrogen of nitrates uelng sodlunm
thiosulfate; (3) Fleldahl method modified to ineluds the niirow
gen of nitrates uging zine dusd; (4) Gunning sethod modifled to
include the nitrogen of nitrates, ALL Four of these methods
woré poed ag degeribed in the Offielal Yethods of Analysls of
the Aspoolstlon of Officlsl Agricultural Chemiste. OFf the four
nethodse the seeond, Kjeldahl methed uvslng sodlum thiosulfate,
proved to be the best for this work, Coneletent resulis wers
obtained end the method wee falrly slumple in operatlion, The
ttethod ie glven balow: "

Pongenig:
Por ordinary work 0,% N aeld is recommended, For

work Iin é@términing very amall guantitles of nitrogen, 0.1 ¥
ig recommended,

¥ Tgken from Officlal and Tentative Wethods A.0.4.0. with
variations,



{a) ptendard bydrechloric suid. Determine the absolfie

shrengbl ag follows:

Preliminary test: Place s messured portion of the seild to
e standardized in an Eriepmeyer flask and add an excessg of
calelum carbonate to newtrallze free acld and a fow dropg of a
10 per cent solution of potassium chromate as indlestor, Ti-
trate with 0.1 ¥ gilver nlirate solution and note the exaect
guantity requirsd to preciplitate the chl@ria@a.

Final determinstlon: To a measured portion of the aeid to 3
bes standardized, add from a buret 1 drop in excess of the
required guantity of silver nitrsate selution as determined by
the preliminayy test. Heat to bolling, proteet frem the light,
and allow to stand unill the precipitate is granular. Fil%af
on a (ooch erucible previously heated to 140° - 150° ¢, and
weighed; wash with hot water, testing the Tilirate to verlfy an
excess of silver nitrate. Dry the silver ehloride at 140° -
150° ¢., cool, and weigh,

{b) gtondard alkall solution. Aceu?ﬁteiy determine the
gtrength of this solution by titratlon againgt the standard acid,
A 0.1 H solutlon iz vecomsended,

{e) gulfuric scid. Contains 93 to 96 per cent sulfurie

acid and is free from nitrates and ammonium sulfate,

(d) Meballic mercury, or mercuric oxide. Mercurle oxide

ghould be prepared in the wet way, bul not from mersuric nlirate,

{e) Granulated zine ~ nitrogen free, Added to the con-

tents of the dletillation fissh bo prevent bumping,

(f) Bulfide golution. Dissolve 40 grame of commercial

potassium sulflide in 1 liter ol water,



_ b
(g) godium hydroxide polution, Dissolve approximately

410 grame of commereial sodium hydroxide, free from nitrates,
in 1 1liter of water, This solution should have a specific
gravity of 1.325,

() Cochinesl indicator. Digest ¥ grams of pulverized

cochineal in a mixture of 50 €.C. of 95 per cent aleohol and
200 ¢.0, of water for 1 or 2 days at ordinary temperature with
freqa@nt agltation, and then filter,

(1) dethyl red indicator. Dissolve 1 gram of methyl
red §&imathyl«aﬁimo—azco%enzeneuarthe-earbcxylie aeld) In 50 ¢.¢.
ef 95 per ecent alcohel, dilute to 100 e.c, with water, and
filter 1f necessary. -

(J) godlum thiosulfate. (WapSplx. 5HapO)

(k) Commerclal salicylic aeid,

Determination

Place 5 gr, of 8oil in a Kjeldahl digestion flashk, Ad&
B0 e,c,. of sulfurie neld containing 1 gr, of salieylie acid,
shake until thoroughly mized, allow to stand for at least 30
minutes with frequent sheking or until complete solution results
and then add 5 gr. of erystallized scdium thiosulfate and digeet
am follows:

Heat over a low flame until all danger from frothing has
passed. Then increase the heat unitll the acld bells briskly,
and continue the bolling until white fumeg no longer escape [rom
the flask (5-10 nminutes). Add approximately ,7 gr. of mercurie
oxide, or iis equivalenit in metallie mercury, and econtinue the
bolling untll the liguid in the flask 18 coloriess or nearly so.
In case the contente of the flask are likely to bescome golid

before thils point is reached, add 10 move e,c. of sulfurie aeid,
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Allow to cool, dilute with aboubt 200 e.c. of water and

add a few pleees of zine to prevent bumping and 25 e,c¢. of
potageium sulfide solution with shaking., Next add sufficient
sgdium hydroxide solutlon to make the reaction strongly alka-
line (100 ¢.0.), pouring it dewn the pide of the Ilask so that
it does not mix at once with the aecld solution, Connect to the
condenser, the tlp of which extends below the standard aecid in
the reeclver; mix ithe contents by shalkling and disdill until all
the ammonia has passed over 1m£a~a mensured guantity of the '
standard acid, The Tirst 150 s.e. of the distlillate generally
contain all the ammonia., Titrate with stendard alkall solution,
uging methyl red or cochineal indleator. _

A great deal of work has been done and a voluminous liter-
ature has been built up on the determingtion of nitrates., 111
(1894) has s2ld, "No determination regulres more cavre, oOr 0CoE-~
plong more trouble in its sxecution, or 18 moye unsatisfactory
when Tinished than the one in question®, A large number of
methods of more or less value have been develsoped, bul three
general metheds are in use:

L I, The Zine-Iron feduection Hethod,
II. The Tismann-Schulze Hethod,
IIZ, The Celorimetriec iethod.

Of these three, the colorimetrlc method is the most sensitive
and the most rapldly earried cut. In the determination of
nitrates in so0ills,; these are two factors of prime importance.

The prineiple of the c¢olorimetrie method is the nitration
of phenoldisulphonic acid, the resulting pleriec acild being
neasured colorimetrically. The great diffieculty in the use of

the metheod 1s in oblalning a elear soll extract., The majority



of forest solls contain a large smount of organic matter, and§
when an extract of sueh 3 seil ig made, it has a light yellow
color which is thousght to be & colloidal carbon sol.  The 1it-
erature 1g replete with descriptions of metheds for the clearing
of thie extract. These methods were sll tried in the attempt

to find & webhod which would clear the extract from the dried
soll, but it seemed to be impossllble. An experiment was per-
formad to determine whether it was easier to obtain a clear
extract from s fresh sell than from the same soll after 1t had
veen dried, 4 forest soll contalning a large amount of erganie
matter wag obtained and an extract made as soon as the soll was
brought in from the field. It was found that thie extract could
be eleared by the wmethod glven below. The soll was then dried
in an oven at 98° ¢, and ancther exitract woe made, It was impos-
sitle %0 elear this exitract by any of the methods used. Thus

1t 1ls apparent that the determination of niirates 1z besl carrled
out in molist sollas,

A4 method of clearing up the extract was developed which
glves consistent vresults and whieh sceme to be more efficlent
than any of the other metheds iHried, The procedure is as follows:

Make a 801l extraet from 100 grams of geoil in 500 c,c. of
distilled water and Tilter - preferably using a Chamberland.
Pasteur filter, Take 100 ec.ec. of the exiract and add 20 c,e, of
s normal solution of alum (potassium aluminum sulfate), Heat
almost to boiling snd then add 6 e.e, of 1.l NHuOH, Filter; add
2 grane of decolorizing carbon te the filtrate and filter agaln,
A elear golution should be obtalned. Care ghould be taken that
the decslorlzing carbon iz free of nitrates, If nltrates ave
present in the emrbon, they aay be removed by repeated washling

with hot water,
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4fter the clear solution 1s obtalned, the procedure of the
phenoldisnlfonic acid method is followed,

Reagenta:
(a) Phenoldisulfonie aecld solutlon, Dissolve 25 grame of

pure white phenol in 150 c.e. of concentrated sulfurie acld, 2448
T8 c.g. of Tuming suifurie acid {(13~15 per cent §03), and heat at
100°% ¢, for two nours.

(b) gtandard nitrate golutlon, Disselve 0,607 gram of

pure godium niltrate in 1 liter of nitrate-free water, Hvaporate
5Q c.e. of thie solutian to dryness in & poreelaln dish; when
ooel, treat with 2 e.c. of the phenoldisulfonie aeld smlmtiong
rubbing with & glase yod to ipnsure intimate contaet, and dilute
0 500 e,0, One c.c., iz sguivalent to 0,01 mg, of nitrogen as
nitrate, {(This golutlon is permanent), Prepare etandards for |
comparison by adding strong ammonlum hydroxids to mesguvred

volunes of the standard solution in 100 ¢,8., Negsler tubes,

betermination:

Fake B0 c.e, of the elear soll extract and evaporate io
drynegs in a porcelain evaporating dish om a steam bath, When
cool, treat with 2 e¢.,e, of the phenoldisulfoniec acld solutiom,
rubbing with a glass rod to insure intimate contact, Dilute
with water and add slowly strong apponlum hydroxide untll @h@
maximum coler is developed. Tranefer to a colorimetrls eoylinder
and compare with the standards in the ususl menner, The Duboseg

coloringter proved to be very satlefactory for this weork,

* Token from Officlal and Tentative Methods of 4,0,A.C,
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Diseusgsion of Results

A summary of the analyses of the solls studled 1g gliven
in Table II. The table 1lp divided into two halves, the mixed
stands being placed on one s#lde and the pure stands on the
othey, Comparlison plots af.mixad and pure stends have b@aﬁ
ylaéaﬁ on the same line. ‘The column "Z N solil” glves the per-
eentage of nitrogen determined in that part of the sample which
would pass through & willimeter sleve, The column "f N fine +
eocarse material” gives the percentage of nitrogen in the sauple
onn the baals of the entire ﬂaﬁpi@, including that which would
not pass through a millimeter sleve., The column (F 4 C)D is
sgual to the column 71 fine + coarse materisl multiplied by the
depth of the layer from whleh the sample was taken. This gives
the amount ¢f nitrogen per unit of area actunlly available to
the stand growing on the aoil,

In the ease of the comparison plots of mixed larch and
pine and pure white plne, the mized plet shows a decldedly
higher vaelue (1.074) than the pure plet (,065). From this 1t
would seem that a miziure of larch i decldedly advantageous in
ralsing the nitrogen conbent.

In the case of the compariscn plots of mixed pine and
hardwood stands and pure plne giands, there are lve ecases where
the wmixed stands showed a higher percentage of nitrogen than the
pure stends snd one ease in whileh the velues are practically
allks, the difference belng but 005 per cent in the upper
layers of the s0ll. The asmount of nitrogen avellable in a given
growing space depends upon the depth of the layer. When this
faetor ie taken inte consideration ({(F & C)D), the figures for

the mized stands ave consistently higher than they are for the



i2

pure pine stands, These data bear out Hesseluwan's e@mclusiong
that the admlxture of hardwoeds helps determine the amount of
nltrogen present in the soil, fufficient weork has not been done
on the ineyeaged yield dus te¢ the larger percentage of nitrogen
in the mixed gtand teo show jJuslt bhow mueh the growth is inereased,
but very evidently there is some ineresse, Thls farnishos a
further reason for growing mixed rather than pure plne stands in
Hew Ingland.

Iin the case of the two comparison plets 11 and 12, it was
found that there was considerably morve nitrogen in the plot in
which fubug was Pound growing, ¥#From this it would sesm that
Fubus 18 an indicator of favorabls nlirogsn conditions, More
pamples are nécessary, howevar, Lo form any definite cemclusions,

in indsresting Tact 1s shown by plots 24, 25, 26, and 27.
The nitrogen content of the upper layers of the plots which have
noet been burned is much greater than that of the burned plots,
Prom this it would seem that burning ls deeldedly disadvantageous
from the standpoint of the nltrogen econtent of ithe soll,

This study ls not adecuste for guantitetlve conelusions,
but there is sufficlent evidence ito demonstrate the value to
gilvicultural practice of a simllar but more detailed etudy of
thig gort, The differences in the nitrogen contents ol the soll
under pure plne and the soll under mixed pilne and hardwoods lg
only a single case in the variatlion of nitrogen content which 1is
undoubtedly controlled te a large extent by silvicultural treat-
ment, There ig a need for more "seasonal ocontrol"” studies
before extensglve comparative investigations are made, While
Clarvk {1924) 418 net find & lavge and glgnificant seasonal varl-

ation in nitrates 1in ¥ngland, more determinations of this effect
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p
due to local New ingland conditlionsg of temperature and mainfall
are needed, Investigadions of the fegtors which influsnee the
transformation of the organie soll materials 1ls the outstanding
problem in forest soil research, The decomposliition products of
the organic matter have a profound effest on the phyeinsl prope
erties of the gsoil. The availability of nutrients and egpeclally
nitrogen is likewige detevmined 1o a largs extent by the naturs
of the humus brsnsformatlion. This study offers more evidense
that the condition of the #0ll under a pure stand @f‘a single
species of seftwood iz improved by the admizture of hardwooeds

and cartasln other conlfers,
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SULEARY

Oomparative tests of metheods for determining totel nlirogen
ineluding nitretes weve nmade on forest zolle., The Kisldahl
method using sodium thiosulfate was Ifound to be sglmple in
operation and gave consistent resgulis,

in the attempt to dstermine nlirates by the eslorimetric
method (phencldigulfonic aeld methed), it wae found fmpos-
sible to elear the soll extraects from dried solls, A nathod
for elsaring with the Chamberlain-Pasteur {ilter follewed
by alum and decolorizing carbon is given for use with
extracts from molist soils, |

IT the percentage of nitrogen i reduced to an ares basls,
the valuss for the mized stands are consletently highsr
than for the pure white pine sgtands,

“he one sample obtalned showed that the admixture of larch
with white plne iz decidedly advantageous in ralsling the
gontent of total nitrogsen,

The comparisen of burned and unburned plots shows that

burning dlminishes the total nitrogen eontent of the sell,



15

BIBLIOGRAPHY

Aaltonen, V. (., 1926, fber die Umsetzungen der Stickatoffs
verbindungen im ¥aldboden, Yetsatie~
teelllisen Koelaltoksen, Helsinki,

Allen, K, R, 1915, The determinastion of nitrie nitrosern
in soils., dourn., Ind, and Mng, Chem,
T:1H2le=529,

Bauwer, ., 1910, detabolisnm and transloestlon in young

conlfers, NMaturws, Ztechr, Foret, u.
Landw, H{l0):457-408,

Uhamot, k., #. et al, 191, A eatudy of the phenoldisulfonie
acid method for the determination of
nitrates in water, dJour. Amer, Chenm,
Soe, 33:366-384,

Clarke, G. R, 1024, 201l acidity and ite relation to the
production of nitrate and amnmonia in
woodland solle, Oxford Foreastry
vemolrs 2, 1924,

Davis, G, 9. 1917, dtudies on pheneldisulfonic aeld method
for nltrate determinstion in soils,
dour, Ind, and Eng. Chem. 9:3%, 290,

Davison, B, 8. 1918, Ammonia and nitrie nitrogen determina-
tiong in goll extracts and ohysiologiecal
golutione, Ibld, 10:6800-8605,

v. Falecksnegteln, ¥, Vogel, 1012, Untersuchungen von mirkischen
TlinenzandbBden mit ¥iefernbestand,
Internat, ¥itt, flir Bodenkunde 1,

Figher, ¥, T. 1928, 201l changes and pllviculture on the
Harvard Forest. Ueology 9(1):6-11,

G111, A, H. 18¢4, On the determivation of nitrates in
notable water, Jour, am., Chen, Soc,
16:122,

Greaves, J. £, and Hiyst ¢. T. 1917. come faetors influeneing
the quantitative determination of nitrie
nltrogen in the soll. £oll fclence
!‘}‘ H 179-206-

Hesgelman, Henrik, 1917, Studler dver salpetervildningen 1
naturliigs Jordmaner och dess betydelse
i vixtekologiskt avseende, leddelanden
frang%tat@na Skhogeforsoksanstalt., HHfte
1314,

1926, “tudier bver barrskogens humustdeke,
dess egenskapsr och berocende av skogs-
varden, Hifte 22,




16

g%

Hiii, H. H,, 1lul2, The determination of nitrates in 201l and
g0ll extraets. Ann. PReport ol the Va,
fxp, Sta. 1911=12, p, 133.

Hanece, ¥, B, 1914, Inhibition of busping in the determination
of nitrogen ln the s0il. dJour, Amer, SHoe,
Agron, 16(12):790-791.

Ilvessalo, ¥. 1923, Ein Beltrag zsur Trage der Forrelation
zwisgchen den figsnechalten deg Bodens und
dem Zuwacha dee ¥waldbestandes, iecta for-
eat, fion, €5,

Fudriavtoseva, A. 1924, Transformation of nitrogen compounds in
201l in connectlion with nitrification
(irane, tlile), Nauech, Agron, Zhur,
(Jour, lLandiw, Wies,) 1{4):297-311,

Llebig, Justin, 1840. Chemistry in ite application to Ag?ieﬁl-
ture and physiology.

Hemee, A, and Kvapil, ¥, 1584, intensity of asgimilation of
atmospheric nitrogen by forest solle, Bul,
foe, Ohem, Blol., 6(6):515=520,

1924, domposition of Foregt foll {(trans, title),
Compt. Rend. Ac=d, Sel, {Parig) 179(11):
537-539, : :

1925, Preesence of nitrates in Torest solls
(trans, title) Ibid, 180 (19):31-1433,

1925, Offleial and Tentative letheds of Analyels
: of the Aseociation of Officisl Agriculturzl
Chemiste, Washington, D.C.

Paul, A, ¥, and Berry, &. H. 1922, The HJeldahl nitrogen method
and ite mocdifiestions, Jour, assn, OFF,
sgri. Chem, 5:108a17%2,

Plummer, J, K. 1916, Stome effects of oxygen and carbon dioxide
on nltrification and ammonification in
poilyg, dornell Agrl, Exp, Sta. Bul, 384,

Potter, R, B, and Snyder, #, B, 1915, 7The determination of
nitrates in the sell., Jour, Ind, and fng,
Chem, 7 863864,

Romann, ., 1911, VYaristion in tlme of nutrient absorption
among forest treds and its practieal impor-
tance in fertlilization and silviculiure,
Ztgchr. Forst, u, Japgdw. 43{10):747-757.

s

Ranker, K., R, 1925, Determinatlon of total nitrogen in plants
and plant solutions: a comparison of methods
with modifleatlons. Ann., ¥o, Bot, Gard,



17

§
Ranker, H, #, 19206, Determination of total nitrogen, nitrate
nitrogen and total nitrogen not ineluding
nltrate nitrogen: Puriher observatlions on
a modificatlon of the offieial salicylie-
thiosulfate method. Ann, ¥Mg. Bot, Gard,
13:391-424,

Pussell, %, J. 1213, S0il eonditions and plant growth, Long-
mans Green & (o,

Saussure, Theodors de, 1804, Thecherches chlmiques sur la vegeta-
tion., Parls,

chaw, W, 8, 1924, application of "formol titratlon” to the
Fjeldahl nmethod of estimatling nitrogen.
snalyet 49(585) 1858565,

Gehreiner, O. and ¥Fallyer, G. #. 1906, Oolorimetrie turbldity
and titration methods used in soll inves-
tigations. U.8.D.A, Bu. of Soils pul., 31,

sehiltze, ¥. 1871, Bezlehungen zwischen chemlischer zusammén-
petzung und Eriragsfihigkeit des Walde
bodens, sbechr, flr Forst. u. Jagdw,

sievers, ¥, J. and Holtz, H., ¥. 1926, The signiflcance of nitrogen
in soil organie matter relatlonshlips.
wash, Sta. Col, Bul, 206:5=43,

Strowd, %, H. 1920, petermination of nltrates and nitrltes in
plant tlssue. So0il Sclience 10:333-342.

Syme, W. A, 1808. The golorimetric determination of nitrates
in soll solutions containing organile
matter, N.0, Agrl. Bzp. Sta, 3let ann.
Report, p. E4=85,

Valmari, J. 1921, neitrige zur chemischen Bodenanalyse, Acta
Torest, flmn, 20,

Finters, N, E., 1924, Soll conditlone which promote nitrogen
fig&tlon.ff&mer. sfoe, Agron., 16(11):701-
716,



TABLE I, DESCEIPTION OF PLOTE

i.L X B 2 BT AR D S P U R E £ T A E D S .
: ' ' ' Age of gStems AV, Av. ' - ' Lge of Stems  iv,
Plot ABw Ztand per Hgt, DBH, Plot LB Stand per Hgt,.
Ho. Location pect Jlope Bpecles Yeard Aere Ft, In.  Wo, Loeation pect Blope  Ppeciles Years Acre P,
i ¥E corner,Comp.V,Tom Swamp ‘ White plne, ash, 4 within 25 ft, of Plot 1 ¥ Gentle Yhite pine 11 53,240 5.5

bloek, Harvard Forest. # Gentle hard maple, oak B-11 62,920 5.5 0.4

2 Within 25 £, of Plot 1 W Gentle White pine,red ocak 8-11 67,760 5.5 0.3 3 Within 25 £t, of Plet 2 ¥ flentle ¥hite pine 11 33,880 6,0

5 1 mile SE of Warwiek: _ 6 Within 50 ft, of Plot 5 Lvl Level ¥hite pine H.38 387 48,0
bottom of steep slope. Ivl Level vhite plme, larch® 35-38 620 45.0 6.6

T 1.5 miles E of Warwlek: _ Yod, & Within 25 yds, of Plot 7 #ﬁ Hod,
on glde hilil &% steep Fine, red oak 35-50 122 : 1 Eteep White pine 58 140

9 4.5 miles NE of Warwieck;
(Bullock Lot) Jigs

¥Mod, Pine,Bireh,ash 12-14 40,443 8,5 0,6 10 Within 25 yds. of Plot O NF Gentle white pinme 12«14
11 Within 25 yds of Plot 9 NY Centle Clear cub:no Bubus | ‘

12 #ithin 25 yds of Plel 11 5T (entle De : Rabus vres,

13 %ithin ¥ mile of Plot 9 Iwvl Level Clear; Blueberry

and grasse
14 5 miles from ithol Pine, oak, ash, 16 Within 30 yds. Plot 14 & gentle vhite pine 20
{(Fratt Lob) 2 gentle nmaple 10
15 within 28 yds of Plot 14 &  Gentle Pine,oak,ash,maple 10 18 Within 25 £, Plot 17 ¥ gentle White pine 35 680 32.0
17 Cemp. IV, Tom Swamp Pine, beech, bireh, ' .
Bloek, Barvard Forest, ¥ Gentle oak 35 450 35,0 20 Within 30 ydas, Plot 17 # gentle White pine 45 907 40,0
19 Within 100 yds of Plot 1T ¥ (Gentle Pine, hemlock,
bivreh, chesinut HeBH0
21 Adsme Fay Lot, Pine, hemlock, 22 Within 25 yds, Plot 21  Lvl Level ¥hite pine
Harvard Foresd ivl level G®irch, osk, maple 50 and hemloek 80
2% ¥ithin B0 yds of Plot 22 Lvl Level Clear cul; herbaceous 24 2850 yds. H. of Plot 23  iwl Level ao 60
25 #Within 50 ft, Plet 24 1wl Level do ‘ &0
26 %ithin 25 yds, Plot 24  Lwl Level dg 60

27 Within 50 yds. Plot 24 Iv1 Level vWhite pine 60



TABLE II, BUM@ARY OF S0IL ANALYSER

)
- E:%_i&ced 5t a n d 8 E’tlz'ewt&nﬁ_ﬁ
. Welght of %4 N Depth pepth % M o welght of
Plot Coaree Fine » of (W) 9 W % X (FaC) of Fine 4 o Gearse
. Ho, S0il ¥atl  Bell Type Renarks Goarse Layer D  Soil Seil D  lLayer loarse Remarks poll fype  Soll datl
Hatl : ¥atl
1 47.2 2 Dark brown Comp.V, Tom Swamp, Young stand, 337 1/8 .042 750 317 037 1/8 .293 Dense stand, LIELLS peri brown 187 15
.1 281 40 Light brown Plots i,@,ﬁ,é close together. .195 ,ggglﬁgag ? .160 harawood litter. Light brown 504 83
2 13 9 Dark brown .288 1/8 ,0%6 -,308 .24 ,020 1/10 .198 | bark brown 273 36
2 312 48 Light brown « 203 234, Ho sample. Light brown
5 219 16  Dark brown Bottom of steep slope, Holl B8 7 1.07hA 384 278 L0656  1/4 258 Same loeation as 5, Upper 1t.br, 316 24
.5 192 66 Light brown molst, Pine-larch mixture. « 23L U0 L1190 .178 pPuve pine, ne larch. Light brown 327 22
7 201 42 1tark brown On fairly steep slde hill. L1990 5/8 L1285 288 ,177 .0%9 1/4 L1565  On approximetely ihe Dark brown 385 85
T 476 159 Light brown Hizxture by £roups. LOTE ) L1098 095 070 same Slope as riot 7. Light brown 476 171
9 24% 18 Dark brown Leeatlion - Bullock Let, 212 o 4ok 228, ,306 .14% 1/2 287 Plot near 9, Nob pure verk brown 301 20
9 293 39 Light brown 176 .198, .229 '506 pine, idwa litter pres, Light brown 403 45
11 630 58 Upper layer Under slash pile,No Rubus pres, ,163 .178.
12 Umper layer Under slaeh pile,Rubue present, o240 . 265
1% 714 76 Upper layer Teforestation ares, Top of hill. .184 204
i4  F00 167 Dark brown Location - Pratt Lot, Sterd 7,106 »131 179 Ji7l  Pratt Lot. Pure plot old- Dark brown 395 19
14 192 307 -Light brown +to 10 years old. L0587 » 149 06T .055 eor then mixed, sge 20 yre Lght brown 560 123
15 238 54 Dark brown Pratt Lot. &tand 7 to 10 years 148 184 .11 LOL8  1/10 .176 . Loeatien: mesr Plet 17. Upper Lt.br. 397 73
15 7i 20 Light brown old, . 1LOL L1290 126 092 Light brown 476 181
17 205 61 Upper 1t.br., Tom Swemp, Plots 17 spd 18 ot 171 2  .342 206 ,235 ,101 1/10 .202 ‘Wear bottom of long Upper 1t,.br, 264 42
17 48% 140 Light brown top of smell loecal rise. 111 143,161 © .1%3 sleope near Plobs 17,18, Lower 1%,br, 541 112
19 414 44 Upper li.br, Pine-beech mixturs, , 145 % 4% ,161 ,118 ,0%9 3/8 (103 Lecation: near Plot 21  Uppew 1t.br, 326 48
19 410 112 lower 1lt.br, LO75 095 123 101 subsoil 368 a2
21 308 153 Upper 1t.br, Adams-Fay Lot. Near large kettle.136 3/4 .102 ,203 ,192 .186 1 .186 Under burned slash plle, Dark brown 876 29
21 311 817 Lower 1t,bw, hole, Pine, hem,, better hdwds. » 040 , 106 '
L2%4 226 1 o986 Yot burned, Comparable
2% 603 147 Upper 1lt.br. Fay Lot. Widest ¥-8 strip eub., L1858 1/2 .062 [1B5 ' to Plot @4, Subsoll ThE 28
23 259 %94  Subeoll Coming up Lo herbaceous growth, 041 : .103 y
JTA2 282 3/8 L6T3 Mot burnmed, fample from
Bumas, park brown 223 27
82 948 4 .158 Under burmed slash pile. Dark brown 814 9z



