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ABSTRACT 

Hemlock and beech leacha.tes wbich had percolated 

through the forest canopy and through the organic layer and 

the A horizon of two podzol soils were studied. Evidence 

was obtained to support the view that the podzolization pro­

cess is more active under a conifer (hemlock) than under a 

deciduous (beach) canopy. It was found that the organic 

matter in the hemlock leachates was sirnilar to the organic 

matter deposited in the B horizon of the soil studied. A 

chemical fractionation procedure was developed which isolated, 

from both hemlock leachate and B horizon extract, a substance 

that was potential!y active in podzolization. Amino acids 

and phenolic materials were detected in the hydrolyzates of 

hemlock leachates and B horizon extracts. Phenolic acids 

produoed by alkali fusion of hemlock leachates were identified. 

There was evidence that chlorogenic acid, as such, is not an 

important factor in podzolization of soil under hemlock canopy. 
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INTRCDUCTION 

Since 1947, work has been conducted at Macdonald Collage to 

investigate the mschanism of podzol formation. Particular attention 

has been paid to the JEChanism Of the translocation ot iron in the 

profile. Early workers haTe studied the decomposition of litter of 

the forest floor and the characteristics of leachates passing through 

this litter (17) (43) (45) (46). Work was also done on the capacities 

of aqueous leaf extracts and leaf leachates to react with iron and on the 

nature of this reaction (59) ( 21). Many othe ra have studied the pod­

zolization process by reans of investigating leaf extracts (11) (41) (42) 

( 67) and others by investigating the organic matter extracted frau the 

podzol soil ( 71) ( 20) (53). It was decided that in order to study podzol­

ization under more natural conditions, it would be necessary to examine 

organic matter present in the actual process of podzolization. It seemed 

that the logical place to find this organic matter would be in solutions 

resulting from natural rainfall that were leaching through the soil and 

bad just reached the bottom of the A2 horizon of the podzol. In order to 

collect the se solutions, trays were set up contai ning the A horizon or 

the soil from the organic ley'er to the bottom of the A2 horizon in auch a 

way that natural rainfall passing through them could be collected. This 

thesis describes investigations on the nature of the organic matter in 

these solutions. 

REVIEW OF LITERA.TURE 

According to Joffe (34), in a review of the podzolization procesa, 

Sprengel described, over a hundred years ago, what we now know as podzol 
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soUs. At that time many believed that the ash-grey to white horizon 

found :in podzols is not formed in situ, but it bad been brought in by 

winds or laid dawn by water. Muller, and later Ramann, refuted the idea 

of the white 1B1'Elr being an inde pendent geological atratum but did not 

explain its origin. It was not until the Dokuchaev school of soil science 

revealed the genetic relationahip between the soil horizons that it waa 

possible to elucidate the mode of formation of the bleached layer in the 

forest soils of the temperate region and the north. 

Podzols are a Great Soil Group that occur widely :in Ruasia, 

Northern Europe and North Alœrica. They are typically developed under 

coniferous forests but bave been round under numerous deciduous trees 

and under heath vegetation. Podzols are characterized by iron movement 

in the profile and a bleached layer. The profile bas a strong acid reaction. 

It was due to the bleached layer that the profile acquired its name from 
' 

the Ruasian word "podzol11 which signified an ash-like soil. 

The typical podzol profile has several distinct la,ers or horizons. 

The top la;yer, the Ao horizon, is essentiall.y organio and is dark brown 

in colour. 

The next horizon, jlst below the Ao, is the A1 and ia the begin­

ning of the mineral soil. It, too, is dam in colour and bas a high 

content of organic matter. Russell (58) states that the thiclmess of the 

Ao horizon relative to the A1 horizon varies considerably. Under heath 

and soma forests the Ao can be thin and the A1 thick; whereas, under vell 

developed podzols under coniferous forest on sandy soils the A1 is absent. 

The next horizon is the ~ wlûch is the bleached layer. The 

organic cœtent is rel.ativel.y low in this layer and sesquiœ:ides have been 
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leaohed out. 

Next is the B horizon which is enriched wi th some of the 

materials that have been leached from the above horizon. The con­

stituants most frequentl.y accumulated are organic matter, seequiaxides 

and clay. The col our of the B horizon may vary from a rust to a dark 

brown. According to Russell, the A2 and B horizons also vary consider­

ably, often over a small area. The boundaey between them also is irregu­

lar. The depth of the profile from the top of the Ao to the bot tom of 

the B horizon can vary from a few centimeters to over a me ter. 

The C horizon is next and is considered to be the parent 

ma.terial. 

Joffe (34) has reviewed the work done up until 1948 on the 

process of podzolization. According to Joffe, in all the earlier studies 

on podzol soils, the process of podzolization bas been linked wi th the 

soU organic acids and organic matter in general. 1-fu.ch of the work re­

viewed by Joffe suggests tha.t it is organic matter in true solution as 

organic acids or in colloidal solutes that leaches sesquiaxides from the 

A2 horizon and carries them down the profile. It is this leaching of ses­

quiaxides, particularly of axides of iron, and the failure of dark-coloured 

organic matter to accwm.ùate in it, tbat gives the ~ horizon its bleached 

colour. 

Many pépers have been published since 1948 on the podzoli.Zation 

process. However, the mechanisms of podzolization still remain unclear. 

It is still generally considered that the organic matter leached from the 

forest litter is responsible for the leaclùng of the ~ horizon. 

This review of literature will present sane or the later work 

that has been dona on the processes of podzolization. Particular attention 
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will be paid to the constituants of organic matter believed to be active 

in podzolization and their cbemical nature. 

The crux of the problem1 according to Russell (58), is what 

fraction of the organic matter is responsible for the movemen t of iron 

and alnm:inum in the profile? Two processes are thought to occur. 

First:, finely divided humus particles can mobilize the hydrated :terrie 

ax:ide forœd during the weathering of the soil. Secondly, polybasic 

carbaxylic acids are the principal. agents for the movement of iron and 

the aluminwn. It is lmown that axa.lic, mal.ic and tartartic acids are 

· capable 1 even in weak solutions, of bringing iron and aluminum into 

solution in the form of co-ordination compounds. Russell stated that 

their presence has only been assumed and not actually demonstrated in 

the downward moving water. He suggested that the finely dispersed 

humic acids may also mobilize the iron by the formation of co-ordinate 

complexes with ~ir carbaxylic acid groups in which case the mechanism 

would be the same for both processes. 

Deb ( 20) reviewed the proposed mechanisms for moveœnt of iron 

in podzol profiles and dismissed al.l but two of them. He thought that 

iron moved either as a negati vely charged humic-protected iron oxide sol 

or as complex metallo organic ions. Deb proved that complete peptiza­

tion of iron œcide coul.d be obtained at an iron a:x:ide/humic acid ratio 

of appro:x:imately 3:1 at a pH value of 4.o. He al.so found that a higber 

pH values less humic material. was necessary for peptization. He concluded 

from these findings that there waa enough humus in the soil solution to 

ful.ly peptize any iron axide sol fonned by weathering in the upper hori­

zons of a podzol and to carry it dawn in the percolating water. 

Stobbe (63), working with leaf leachates which were collected 

from natural rain:fall passing throogh decamposing ma.ple leaves, founcl 
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that they could extract iron and aluminum from grey brown podzolic soil 

wbich was alkaline in reaction and contained carbonates. These leachates 

remved more iron and aluminum from the above soil than from an acid soil. 

This is contrar.y to theories on podzolization which suppose that the 

carbonates are leached out bef ore the sesquiœd.des begin to mo"Ve. 

Lutwick and DeLong (~) found that beach and maple leat leachates 

obtained in a similar mannar to that used by Stobbe, could extract iron 

and aluminum from both water-deposited sand and calcareous till tak:en from 

the C horizon of a podzol and a brown forest soil, respectively. In agree­

ment with Stobbe1 they found that the leachates extracted more iron from 

the calcareous till than from the podzol soil. The beach leachate lost 

aluminum to tbese soils whereas the maple nearly always extracted it. 

Both kinds of leac.ha.tes extracted calcium from the brown soil and lost 

calcium to the podzol soil. 

IJ1 similar leachates, Boswall (17) .round small amunts of citric, 

malic and oxalic acids. McKinley (46), who continued the investigation 

of the organic acids in leachates from decanposing leaves initiated b;y 

Boswal.l, also proved the presence of phosphoric and sulphuric acids in 

addition to those proved by Boswall, but concluded that these were present 

in such small amounts that it was unlikely that they played a signif'icant 

role in podzolization. 

Lossaint (41) (42) reported t.ha.t sterile aqueous extracts ot 

eleven forest litters were able to dissolve terrie ax:ides from soils. 

Extracts from coniferous forest litter were more active than extracts 

from deciduous litter. Titratable acidity and the presence of tannins 

gave a good correlation with ability to dissolve the sesquiaxides. 

Thorp (65) showed that appreciable quantities of calcium, 
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magnesium, iron and manganese were mobilized by passing leaf' extracts 

(oak, beach, ash and hickory} and organic acids (oxalie and tannic) 

through oolumns of sail. The organic acids produced visibly bleacbed 

"A horizons" and "B horizons". Maple leaf extracta produced about the 

aame blue-grey "gleyed effect" as tannic ac id. Extra.cta fran. hickory, 

oak and beech gave weakly bleached "A horizons". 

Bloomfield (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (lS} has 

done considerable work with aqueous leaf extracts and their abilities to 

mobilize iron and aluminum o:x:ides. He found that aqueous extracts of 

picked Scots pine needles, kauri litter, picked and fallen larch needles, 

fallen aspen, and fallen ash leaves were capable of bringing into solution 

large amounts of iron and aluminum from co-precipitated iron and aluminum 

oxides. This mobilization took place over a wide pH range (4-7) and under 

anaerobie and aerobic conditions. Both lowering the pH and having aerobic 

conditions decreased the aDIJU.llt of iron in solution. The affect of pH and 

aeration varied considerably with the kind of extract. The resulta were 

the saE for the solution of alumi.num but changing the pH and the aeration 

made amaller differences in the amount of aluminum DK>bilized. 

Bloomfield claimed, since he found large a:roounta of ferrous iron 

in the extracts, that the solubilization of ferric oxide by the extracts 

involved the reduction of the iron to the ferrous state. He believed 

that the reducing compounds were polyphenols. 

From the resulta of theae experimenta, Bloomfield proposed a 

mechanism for the formation of the ~ horizon of podzols. He thought that 

percolating rainwater leached materials from the fallen leaves and that 

this solution dissolved, reduced and complexed the sesquioxides and thus 
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moved them out of the A2 hc:rizon. Bloomfield said that in the earlier 

work in podzols, the process of podzolization was associated with the 

type of podzols found; that is, they were strongly acid in nature and 

had considerable raw humus. The fact tbat the podzolization process 

can talee place in slightly acid and :in sone cases alk:aline soUs shows 

that an acid enviromnent is not essential. This is in agreement with 

his work with leaf extracts which were able to dissolve ferric and 

alumtnwn arldes at a neutral pH. Stobbe (63) 1 :Wtwick and DeLong (44) 

also found tha.t leaf leachates could extract iron and alum:i.n'Wil from a 

calcareous till. Bloomfield stated tbat it vas possible tha.t the more 

transitory constituants of the plant debris and its relatively simple 

decauposition products, rather than humic compounds, were responsible for 

the podzolization process. 

De1ong and Sc1mitzer (21) (59) have also done extensive work with 

leaf extracts of finely ground air dried leaves of the autumnal. leaf fall 

and leachates from decomposing leaves. They were mainly interested in 

the capacities of these solutions to react wi th iron. The extracts were 

obtained by ma.king water extracts of various fall gathered air dried 

leaves. Their leachates were obtained from natural rainfall leaching (a) 

tree-tops in leaf, (b) leaves of the autumnal leaf fall and ( c) the com­

bined Aoo, Ao, and A2 horizons of a podzol profile beneath beach and 

beneath pine-heml.ock canopy. 

They measured the capacities of these solutions to hold iron in 

solution when added as ferric nitrate, at a cœstant pH value. They found 

tbat ail these solutions were capable of holding large amounts of iron in 

suspension and that this capacity increased with increasing pH. The anount of 

iron held by an extract of poplar leaves at a pH of 8.5 using Na OH as the 
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base approaehed the proportion of 1:1 of iron to organie matter. It was 

eoneluded tha.t this bigh value eœld only be explained by the organie 

matter acting as a proteetive eolloid. 

The eapaeity of these solutions to take up iron from freshly pre­

eipitated terrie hyd.rorlde was also measured. All of the solutions took 

up iron, but it was DDlch less than the amount of ferrie iron that the 

solution eould eontain in suspension. Raising the pH of a poplar extraet 

from 5.5 to 7.5 doubled the amount of iron taken up. Shaking the solution 

also inereased eonsiderably the quantity of iron in solution. In contrast 

to Bloomfield, they found tha.t most of the iron was in the .terrie form. 

Generall.y the leaehates were mueh more active than leaf extracts 

in holding iron in solution and in mobilizing iron from .terrie hydroxide. 

It was possible to isolate a fraction of organie matter from 

aqueous extraets of poplar leaves and from leaehates obta:ined in the field 

from poplar leaves, in the first and sec md year of exposure, by adding 

ethanol to these solutions to a concentration of 8o per cent. This pro­

cedure precipitated out a fraction whieh they ealled the AIF {aleohol 

insoluble fraction) . The AIF fractions had characteristies which would 

indieate that the major eomponent in them was an acidie polysaccharide. 

These fractions possessed the major part of the capacities of these solu­

tions (50 to 85 per cent) to react with iron while onl.y containing 20 to 50 

per cent of the organic matter. Potentiometrie titrations of the AIF 

fractions in presence and absence of ferric iron failed to reveal evidence 

of ehelation. One of the conclusions drawn from this work by the authors 

was tbat both the forest canopy and the forest floor contributed solutions 

capable of the mobilization and transportation of iron under favourable 

conditions. 
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Much of the litera ture reviewed so far bas been concerned wi th 

the abillty of aqueous leaf extracts and leaf leachates to mobillze iron 

from soUs and terrie oxide. It bas been clearly shawn that these solu­

tions can mobilize iron in large amounts. However, little information 

is available on the chemical nature of the organic matter active in pod­

zolization. The leachates studied at Macdonald Collage should resenble 

fairly closely the ma.terials that are passing from the litter of a pod­

zol. Boswall (17) and McKinley (46) have del!DllStrated tha.t citric, malle 

and oxalic acids exist in leachates in small amounts. DeLong and Schnitzer 

(21) have found in leachates a fraction resembling an acidic polysacchar­

ide. Much work has been dona with organic matter extracted from soils. 

Whether organic matter extracted from soils resembles tha.t passing through 

the A horizon is open to question. However, a brief review of recent 

concepts of the nature of the organic matter of soils may be appropriate. 

By the classical method of extraction of organi.c matter from 

soil by alkali, two fractions are obtained: (a) humic acid which is solu­

ble in alkali and insoluble in acid, (b) fulvie acid which is soluble in 

alkali and soluble in acid. Work on both these fractions will be discussed. 

Humic acid or humus has been reviewed by Waksman (69). At the 

time of this review the majority ar investig.ators believed that humic acid 

was derived from lignin as a complex of lignin and protein. 

Bremner (18) has reviewed the recent litera ture on soil organic 

matter up to 1953. He has concluded that there are two distinct theories 

regarding the origin of the humic substances of soil: (a) the lnumls is 

derived from the alteration of plant lignins entering the soil, (b) the 

hunus is a product synthesizeci by, or fornwad by, autolysis of soil micro­

organisms. 
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Gottlieb and Hendricks ( 28) used the :newer techniques of lignin 

chemi.stry to study tm humic fraction of the soU. The alk:aline nitro­

benzene axidation of a mele soU and of an alkaline extract of a soil 

yielded various amounts of aldebydic, acidic, and neutral oUa. No defi­

nitely characterizable products could be obtained from these oils. The 

application of hydrogen under high pressure and high tenperature to 

various organic matter preparations resulted in hydrogenation and hy-­

drolysis of a large part of the organic matter into colourl.ess oils. 

These were probably mixtures of saturated aromatic alcohols. Gottlieb 

and Iilndricks compared the resulta of hydrogenation of material.s derived 

from soils with those obtained from the hydrogenation of "alkali lignin 11 

and from the general similari ti es of the products concluded that lignin 

in the soil goes through a similar t;ype of change, at a lover pH and a 

slower rate, than does lignin that bas be en treated wi th alkali. This 

change consista of a condensation of the lignin molecule with the production 

of fused rings. These tused rings are more resistant to hydrogenolysis tban 

unaltered lignin. They concluded that the ma.terial derived from plant 

lignin in the soil is drastically altered in the kind and position of the 

peripheral groupings on the aromatic rings. 

Sowden and Atkinson (6o) treated a soil humic fraction by a method 

used to obtain lignin from plant material. The products obtained were 

different in many respects from lignin. The soil fraction was much lover 

in œthaxyl content than the traction obtained from plant ma.terial and 

higher in nitrogen content. It was soluble in water and insoluble in acid 

solutions, even when the acid concentration was weak. They found, however, 

that the ultra violet absorption curve of the ma.terial studied was similar 

in many respects to that of the 1'lignin" fraction obtained fran plant mate rial. 
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This could indicate the aroma.tic character of the isolated ma.terial. 

Morrison (48) reported from the resulta of axidizing soi1 organic 

matter with alkaline nitrobenzene that there were significant amounts of 

syringyl, guaiacyl and p-hydroxyphenyl residues which were almost certainly 

derived from lignin. The yields of the aldehydes of the above materials 

from mineral soils accounted for about o.5 to 1.0 per cent of the total 

organic carbon and from peats for about 1 to 4 per cent. 

Many investigators are of the opinion that the humus of soils is 

not derived from lignin. .AJ.eksandrova (1) reported that the hunru.s fraction 

need not necessa.rily be assooiated with llgnin due to the fact tha.t algae, 

lichens and mosses which do not contain lignin give rise to humus. 

Laatsch (38) concluded from his experimenta that many organisms, 

especially fungi and actinomycetes, produoe quinone derivatives "in vivo", 

and tbat these react with am:l.no acide to give hunru.s. 

Kononova (36) (37) claiœd that the view developed by Waksman (69), 

that humus is a ligno-protein, bas been abandoned and has been replaced by 

the theory tha.t humus consista of a group of high molecular condensation 

products such as humic, crenic, and apocrenic acids. This view has been 

ma.inly developed by German and Rus sian workers. Kononova believed that the 

formation of humic acid is a process in which all constituants of plant 

residues and their decomposition products interact with products of micro­

bial metabolism. The resulta fran her data suggested that fund.a.lœntal.ly 

the humic and fulvie acids are similar except for their degree of pol.ylœri­

zation. The humus of chemozems have the mœt highly candensed humi.c acide 

whereas the podzols have the least. She believed that the fundaœntal 

structural unit is a flat net of polyœrized cyclic carbon with aide chaine 

of li.near polyœrized carbon. The law humic acid content of the podzols is 
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due to the large hydrolytic affects; whereas with chernozems, tœ conden­

sation process proceeds with lesa hydration. Kononova and Aleksandrova 

(35) have recently found that Penicillium and Asperillus niger, grown on 

inorganic materials and glucose, produced a cherry red solution which had 

soœ of the properties of soil organic matter. They detected aromatic 

compounds in the solution. Enzym9s of the phenolaxidase types were found. 

They believed tha.t these catalyzed the condensation of aromatic compounds 

with organic nitrogen. The kinds and amounts of amino acids obtained 

from newly formed material and from hums from soil were similar. 

Pochon and Wang (52) found that during the rœtabolism of benzoic 

acid by Azotobacter a substance was for.med that resembled soil humus. 

They believed that tœ œddation of benzenoids by Azotobacter is one 

cause of the formation of humus in the soil. 

Several investigators have produced humic-like sUbstances by 

chemical methods. Cornee and Brusset (19) have found that hydroquinone 

on axidation with sodium persulphate gave a product that resembled humic 

acid. Flaig ( 24) has found that solutions of para and ortho dihydrœcy 

benzenas were axidized by air at a pH of 8 to 9 and polyœrized to model 

humic acids according to this schemes 

M ~' ~ l \ ~ 
~0~ ~./" .. 

VoH ~ 
Resorcinol did not react under the same conditions. In the presence of 

NHL.OH at a pH of eleven, nitrogen was introduced. This gave a polymer 

containing 5.65 per cent nitrogen as shawn on the following page. 
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The nitrogen was resistant to distillation with concentrated NaOH. 

Fla.ig and Beutelspacher (2.3) fomd no difference in · appearance between 

the na tural and synthetic-phenolic humic ac ids when viewed wi th an 

electron microscope. No evidence of crystalline structure could be 

found with either the synthetic or natural humic acids. Flaig and 

Schulze ( 22) found that the synthe tic humic aoids prepared fran hydro­

quinone were the closest to the natu.ral. hwnic acids. Flaig and Schulze 

consider it proved that the formation of humic acid goes through an 

oxyquinone state. 

Much less work has be en done on the ful vic acid fraction of 

soU matter than with the huml.c acids. Tiurin (66) (67) found that 

water soluble hulll.1s from the Ao and A1 horizons of a strongly podzolized 

soil had equivalent weights of 2.35 and 200, respecti vely. The high con­

tent of carbon and the high degree of ax:idation resembled fulvie aoid. 

He concluded from this that the principal part in podzolization is played 

by organio substances having the properties of fulvie aoids. Ponomareva 

(5.3) extraoted fulvie acid from the B horizon as an aDIIl.Ollium salt. The 

acid had an equivalent weight of 16o. The solution was separated into 

two fractions by the addition of barium or calcium hydraxide. The solu­

ble fraction was lighter in oolour and contained more carbon. Forsyth 

(2$) has developed a method for the fractionation of fulvie acid. This 

was achieved by a selective absorption teclmique on oharooal. The solution 
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of fulvie acid was passed through a charcoal pad and washed with 0.1 N 

HCl. Fraction A was comprised ot the fUtrate and washings. Three more 

fractions were obtained by eluting sucees si valy wi th an aqueous acetone 

solution containing 90 per cent acetone, distilled water and o.5 H NaOH. 

These fractions were called B, C and D, respectively. Fraction A was 

thought to have coutained ma.n;y simple organic substances ( am:tno ac ids, 

purine bases, sugars, etc.). Seve nt y to eighty per cent ot the total 

nitrogen vas tound in this traction. A powder isolated from fraction B 

had many properties of a phenolic glycoside. By adding three volumes ot 

acetone to fraction c, a white precipitate occurred which was shown to be 

comprised of polysaccharides containing uronic groups. Fraction D vas 

rich in nitrogen and phosphorus and gave a positive test for pentoses. 

EXPERIMENTAL MATERIALS AND METHCDS 

Ieacha.tes were obtained fran natural rainfall that had percolated 

through the forest canopy and through the organic layer and the A2 horizon 

of two podzols. The A horizons were obtained by cutting out from beneath 

the appropriate canopy tour sections each measuring approxi.mately 1 foot 

by 3 teet by 6 to 9 inches to fill a tray. The se sections were fi tted 

into each tray tightl.y enough so tha.t the rainfall would pass through 

rather than around them. The trays were special.l.y designed to collect the 

natural rainfall percolating through the A horizon of the sou. :Each tray 

was 4 feet by 3 feet by 10 inches vith a bottom sloping towards the centre 

and the front terminating in a pipe connected to a cOTered pail. The tra.ys 

were set into the ground with their tops slightly above ground leval under 

the appropriate canopy, and covered with 1/4 inch mesh wire screens. The 

surfaces of the trays, screens and pails were coated vith asphalt paint. 
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Canopy drip solutions from henùock trees were col.lected in similar trays 

to those holding the A horizon of soU by placing them under a bemlock 

canopy. Each year 0.5 pounds of bee ch leaves were added to each tray con­

taining the A horizon of the soil obtained under beech canopy. This opera­

tion was not necessary for the bemlock A horizons since the natural fal.l 

of henù.ock needles could penetrate the œsh screens. 

The A horizons were obtained frcm two locations on St • .Amable 

loa.Dzy" sand occupied by beech (Fagus grandifolia) and hemlock (Tsuga cana­

densis) stands respectivel.y. This soU has been described by La joie and 

Baril (39). The soU under the bee ch is a moderately well drained podzol 

while that under the hemlock is less well drained. However, there is little 

difference in the drainage of the two profiles above the lower part of the 

B horizon. The profile under henù.ock has a thicker and more consistently 

developed A2 horizon. Four trays of each type of A horizon were set up 

adjacent to the respective areas from which the A horizons were removed. 

The A horizon samples were placed in the trays on May 12th and 13th, 1955 

and have rema.ined the re since that date. Ieachates obtained und er bee ch 

canopy from A horizons taken from beneath beech canopy are called beech 

leachates and those obtained under hemlock canopy from A horizons taken 

l.Blder henùock canopy are termed heml.ock leachates. 

Henù.ock needle extracts were prepared by shaking 4 gm. of grrund 

hemlock needles in lOO ml. of water for thirty minutes. T:œ hemlock needles 

were obtained from hemlock branches that had been eut from live trees. When 

the tw:Lgs were stored in a dry place, the needles fell fran them in a few 

days without any visible change in colour. The needles were air dried and 

ground. 
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Organic matter was extracted from a sample of the Bgl horizon 

of tœ soil under heml.ock canopy obtained near the site where the A 

horizon was remved. This was achieved by adding 20 gm. of the soU, 

which bad been ground to pass through a 20 mesh sieve, and 20 ml. of 

Dowex-50 cation exchange resin (H fonn) to 150 ml. of water. A sma.ll 

amount of chlorofonn was added to prevent any microbial activity. These 

suspensions were then shaken for various times up to ninety-six hours. 

The resulting aqueous solution was then separated from the soU and rasin 

by filtration. It was possible by this œthod to extract, at the longest 

period of shaking, up to 48 per cent of the organ:i.c matter. The extracts 

mentioned later were obtained by shaking soil1 rasin and water in the 

proportions given for fifty-six hours. These extracts contained appraxi­

mately 31 per cent of the total organic matter of the Bgl soil sample. 

Preliminary Examination of Leacha.tes 

Leachates were collected after each rainfall from June ll, 1955 

to August 14, 1956 that was of sufficient intensity to cause penetration 

through the ma.ter:l.al on the trays. The vol11.1œ of leachate from each tray 

was recorded. The leachates were then filterad and the following deter­

minations were carried out: 

1. pH, using a Beckma.n Model G potentiometer with glass-calOJœl 

electrodes. 

2. Total solids, determined by evapora ting a portion of the 

leacha.te over a steam bath and weighing the residue after completion ot 

desiccation at l05°C. 

3. Organic matter, determined by the dichroma.te œthod (51). 

4. Iron determination, made by the thiocyanate method of 

HonHhan and Farina (33) after a wet digestion with nitric and perchlor:l.c 
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acids. 

Separation of Organic Matter from leachates 

Separation of most of the organic matter contained in the 

leachates waa achieved by alternating additions of small amounts of 

solutions of ferric nitrate and sodium hydraxide1 these additions being 

adjusted so as to maintain the pH near that of the leachates collected, 

namely about pH 4.5. The additions were continued until a precipita te 

formed and the supernatant was colourleas. The precipita te was allowed 

to settle and the aupernatant liquid was decanted. If the material was 

not needed immediately, a small amount of chloroform was added to the 

residual suspension and it was stored at a temperature of about 6°C. 

Prior to use, the iron was reJJDved from the precipitated ma.teri­

al. For this purpose lOO ml. of the residual suspeœion were adjusted to 

pH 6.5 by addition of NaOH solution; lOO ml. of a one per cent solution 

of 8-quinolinol in chloroform vere added, and the mixture was shaken on 

a rotary shaker. Frequent adjustments of the pH of the aqueous phase 

vere required during tœ early part of the extraction of iron. After 

twenty-tour hours of shaldng, the phases were separated and the aqueous 

layer was extracted twice more in the same mannar. Following the se ex­

tractions the aqueous phase was shaken repeatedly for twelve hour periods 

wi th chloroform only 1mtil the chloroform phase no longer gave a positi:ve 

test for 8-quinolinol, the ferric chlori.de-ferricyanide test for phenols 

(3) bei.ng used for this purpose. At this stage the organic matter retain­

ed in the aqueous phase represented about 90 per cent of that present in 

the original leachates. The concentration of organic matter in the aqueous 

phase was apprœdmately twenty times the concentration of organic matter 

in the original leachate. 
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Preparation of a HYdr?gen Rasin 

The hydrogen resin was prepa.red by first leaching a column of 

Dowex-50 cation exchange resin (Na :f'orm) with 3 N HCl. The column was 

then eluted with distilled water until the pH of the effluent was approxi­

mately equal to that of the original distilled water. 

Iron Saturation Capacity 

The iron saturation capaci ties were determined by the method out­

lined by DeLong and Schnitzer (21). The iron saturation capacity at aey 

given pH was determined by alternating additions of small amounts of 

solutions of ferric nitrate and sodium hydraxide, these additions being 

adjusted so as to ma.intain the pH at the desired level. The additions 

were continued until a precipi tate formed. 

Electrophoretic Studies 

Electrophoresis was carried out in a Spinco paper electrophoresis 

cell, Model R - Series C, Durrum type developed by Willia.zœ as described 

by mock et al (4). The s~les were pipetted on Whatman No. 3 fil ter 

paper which had been saturated with the buffer solution. Several buffers 

were used: Borate at pH levels 7 .2, 7.6 and 8.6; veronal bu:f'fer at pH 8.6; 

phosphate buffer at pH 7.6; acetate buffer at pH 3.6 and 4.4 and citrate­

phosphate buffer at pH 3.3. The acetate buffer at pH 4.4 was found to be 

the most satisfactory. This is approximately the pH of the na.tural leach­

a te. A current of 5 mi.llianperes was maintained which gave a potential 

of approxim:J.tely 70 volts. The duration of the run was twenty hours. 

Af'ter the papers were dri.ed, they were exami.ned under ultra violet light. 

The papers were then stained with two stains: a) œthylene blue (20), b) 

diazotized p-nitro aniline plus sodium acetate (4). 
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Identification of Sugars 

The solutions were hydrolyzed by boiling under renux for six 

hours with normal sulphuric acid. The resulting solutions were neut"":' 

ralized with barium carbonate using indicator paper. Tœ barium sulp­

hate was separated by centrifugation and the supernatant was concentrated 

in an evacuated vacuum desiccator over concentrated sulphuric acid at 

room tenperature. The sugars were separated by one dimensional downward 

now of benzene-pyridine-n-butanol-water (1:3:5:3 v/T) along with a mix­

ture of known sugars on the same chroma.togram. The sugars were detected 

by staining with aniline hydrogen phthalate (50). 

Amino Acid Determinations 

The solutions were hydrolyzed with 6 N HCl for twelve hours under 

renux. The solutions were then evaporated to dryness in an evacuated 

vacuum desiccator over sodium hydraxide, taken up in water and evaporated 

dow.n again. This was repeated twice more to eliminate the last 'traces of 

hydrochloric acid. The ma.terial was then taken up in a 10 per cent solu­

tion of isopropanol. The amino acids were separated by two diJœnsional 

paper chroma.tography. The chromatogram was run on Whatma.n No. 1 paper with 

phenol followed by n-butanol - acetic acid-water (4:1:5 v/v) organic phase 

(4). The amino acids were revealed by spraying with 0.25 per cent w/v 

ninhydrin in acetone and heating in an oven at 105°0 for a few m:iJlutes 

(4). The amino acids were tentatively identified by conparing the pattern 

and colour of the spots on the chroma.togram wi. th a chromatogram that had 

been run with known amino acids. 

Acid Breakdown Products Determinations 

The hydrolyzed materials used for amino acid determinations were 

used here also. Chromatograms were run using the descending technique. 
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Small amaunts of the solution were spotted on Whatman No. 1 chroma­

graphie papers and the papers were irrigated with n-butanol - acetic 

acid-water (4:1:5 v/v) organic phase, for twelve hours. After the 

papers were dried, they were examined under ultra violet light. For 

detection of phenolic mate rials, two stains were used: a) ferric chloride/ 

ferricyanide (3), b) diazotized p-nitro aniline plus sodium acetate (4). 

Potassium ~xide Fusion Studies 

Fifty ~· of organic matter, which bad been taken to dryness 

on a steam bath, were fused in air with 3 gm. of potassium hydraxide in 

a nickel crucible. The cooled fused mass was then taken up in water, 

acidified with hydrochloric acid and extracted with ether. Purified ether 

was used ( 68) • The ether solution was extracted with an aqueous solution 

of sodium bicarbonate. This was done to separate phenols fran phenolic 

acids, the phenolic ac ids being extracted in'to the sodium bicarbonate 

solution. The acids were recovered by acidif'Ying the sodium bicarbonate 

solution and extracting it with ether. The ether solution was concentrated 

by evaporation on a steam bath. The resulting solutions were studied by 

means of paper partition chromatography using the descending technique. 

The ether solutions were spotted on Whatman No. 1 chromatographie paper 

and the papers were irrigated with the following solvants: isopropyl 

alcoho1-aqu.eous amnonia-water (8:1:1 v/v), benzene-propionic acid-water 

(2:2:1 v/v), organic phase; 20 per cent aqueous potassium hydroxide (w/v); 

n-butanol-pyridine-diaxane-water (70:20:5:5 v/v) (2); n-butanol-acetic 

acid-water (4:1:2.2 v/v) (30); n-butanol-pyridine-water (6:4:3 v/v) (54) 

and 2 per cent aqueous acetic acid (v/v) (3o). After the papers were dry, 

they were examined under ultra violet light. Phenolic substances were 

detected by coupling them with diazotized sulfanilic acid (4), diazotized 
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p-nitro aniline plus sodium acetate (4), diazotized p-nitro aniline plus 

sodium carbonate (4) and dipping in ferric chloride/ferricyan:lde solution 

(3). 

Phenolic acids were isolated using a cellulose column. The 

ether solution was evaporated, the residue tak:en up in a few nù.. of iso­

propyl alcohol-a.queous aJIIDOnia-water (8:1:1 v/v) and this solution was 

chromatographed on a cellulose column i x 20" wi th isopropyl alcohol­

aqueous ammonia-water (8:1:1 v/v) as a developing solvent. Ten nù. 

fractions were collected. A smal.l portion of each fraction was spotted 

on cellulose paper and stained wi th a phenolic stain to locate tœ pheno­

lic acids. The fractions were evaporated under vacuum to dryness. The 

rernaining mterial was tak:en up in a solution of potassium bydroxide, 

acidified with hydrochloric acid and extracted with ether. The ether 

solution was evaporated to dryness. This procedure was repeated at least 

four ti.mœ. Melting points and mixed melting points with authentic material 

were detennined on the isolated material using a Fisher-Johns apparatus. 

Qumtitative determinations were carried out on the four phenolic 

acids detected on the chromatograms. Tl'e method used was essentially that 

of Pridham (54) • The solution containing the phenolic na te rials was spot­

ted on No. 1 Whatman chromatographie paper and the chroma.togram was irri­

gated w:Lth isopropyl alcohol-aqueous amrnonia-water (8:1:1 v/v). The 

chroma.togram was dried and dipped in a solution of diazotized p-ni tro 

aniline buffered with sodium acetate. The excess moisture was allowed 

to dry off and the spots were eut out in equal sizes. The coloured com­

ponents were eluted with aqueous ethanolic potassium hydrarlde solution 

in test tubes. Tœ paper remained in the solution for twelve hours. The 

tubes were shaken by hand occasiona.lly. The absorbance of the resulting 
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solution was measured in an Evelyn colorineter. Standard curves were 

prepared by chroma.tographing known amunts of standard canpounds and 

carrying out the above procedure. Absorption spectra of the standard 

solution were d.etermined using a Beckman Model D.U. spectrophotometer. 

The wave length of tl'e maximum absorption peak was used as the wave 

length for the quantitative detennination with the Evelyn colorineter. 

It was found that after the subtraction or blanka the intensity of colour 

or the solution bore a linear relationship with the weight of the pheno­

lic acids. 

Hemlock Needle E&:tract Studies 

The hemlock needle extracts were chromatographed by spotting 

the solution on Wha.tma.n No. 1 chromatographie paper and irrigating the 

ohromatograrœ witb the following solvents: n-butanol-acetic acid-water 

(4:1:2.2 v/v), two per cent acetic acid, forty per cent isopropyl alcobol, 

and water saturated ethyl acetate (4). After the chromatograms were dried, 

they we:re examined under ultra violet light, held over ammonia as a test 

for anthoxanthins (32), tested for catechins and leuco-anthocyanins w.1. th 

the vanillin test (32), tested for chlorogenic acid using the Hoepfner 

test (.56) and stained with ferric chlori.de/ferricyanid.e (3)# ferric chlor­

ide (4) and diazotized p-nitro aniline buffe:red with sodium acetate which 

are general tests for phenols. 

Determination of Equivalent Weights 

In the fractionation procedure, all the fractions were in the 

barium form at one time or another. Fraction 2 was in the barium form 

after precipitation from alcohol and fractions la and l b (combined at 

this stage) were in the barium form in the initial stages of the separa­

tion. After removal of the barium wi th a hydrogen :resin, the fractions 
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were in the hydrogen form. Equivalent weights were determined by 

neutralizing the fractions to a pH of 7 .o with sodium hydroxide. 

otber Methcxls 

Aluminum was determined by using aluminon (57). Nitrogen 

was estima.ted by a micro-kjeldahl procedure (49). Carbolzydrate was 

estimated by an anthrone method using glucose as a standard (40). 

Phosphorus was determined by the method of Martin and Doty (47). 

EXPERIMENTAL ' RESULTS AND DISCUSSION 

PreHminary Exami.nation of Leachates 

The values found for the concentration of organic matter in 

1955 and 1956 leachates are presented in Figures 1 and 2. Inspection 

of the data shows that the organic concentration of the hemlock general­

ly increases throughout the 1955 season. The increase is continued the 

following season making the average 1956 values higher than those of 

1955. 

The organic matter concentration of the beach leachate was 

relatively constant throughout 1955 with a possible mid-season maximum. 

The concentration of the leachate at the beginning of the 1956 season 

was relatively high, but became considerably less with the advance of 

the season. The concentration of the organic matter of the beach leach­

ate was less than the hemlock throughout both seasons. 

It nmst be emphasized that the data gi ven in Figures 1 and 2 are 

œan values for the leachates obtained from four trays of beach A horizon 

and four trays of hemlock A horizon, and that the difference between the 

mean values is relatively small. The organic matter concentrations 
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in leachates for individual trays varied cansiderably. In v:i.ew of the 

well known variability of soils and of the fact that the A horizons 

leached have been disturbed, such variation is to be expected. It may 

be noted in this connection that differences in concentration of organic 

matter in leachates from individual trays have been maintained ever 

since the first leachate collection was obtained from these horizons. 

It is also possible that part of the difference between the trays was 

due to variation in the contribution to the leachates from the canopy. 

The data for the inorganic solids 1 concentrations found in the 

two trays of leachate are given in Figures 3 and 4. The data presented 

there are, like the organic matter concentrations shown in Figures 1 

and 2, mean values for the leachates obtained from four trays of each A 

horizon type. The quantities of inorganic solids present represent dif­

ferences between total solids and organic matter. Comparison of Figures 

3 and 4 wi th Figures 1 and 2 shows that the concentration of inorganic 

solids in these leachates is much more variable than the concentration 

of organic matter. This comparison also fails to reveal any definite 

seasonal differences in the concentration of inorganic material in the 

two types of leachates such as is suggested for the relative concentration 

of organic material. Although the concentration of beach and he:mlock 

inorganic material often differa considerably for any given date, the 

trend of the values throughout the season is remarkably similar. No 

definite correlation of the average content of inorganic material in 

either type of leachate with either pH or rainfall volume could be estab­

lished. 

The anly inorganic component of these leachates for which suf­

ficient infornation has been obtained to warrant cOlllllent is iron. The 
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data available are presented in Table 1. Iron was determined on a 

composite saJrple of leachate obtained from four trays of each A hori­

zon. Inspection of Table 1 shows that, as in the case of concentrations 

of total inorganic material, the beech leachates have a more variable 

concentration of iron than hemlock leachates. The relative constancy 

of the ratio of the concentrations of iron to those of organic matter 

throughout the period Jul.y 16 to August 31, 1955, and the marked simi­

larity' of these ratios for the two types of leachates suggests strongly 

that the removal of iron for these A horizons is closely related to the 

movement of organic matter. The iron-orga.nic matter ratios for the 

1956 season appear to be rising toward the levels found in 1955. The 

fact tb.at, although essentiall.y the same amount of iron per unit of 

orga.nic natter was transported under both beach and hemlock, more organic 

matter moved downward under hemlock, indicates more active podzolization 

under the latter type of vegetation. 

It may be noted that the ratios found for these leachates are 

of a similar order of magnitude to the values previously reported (21) 

for the iron uptake capacities of leaf extracts, leachs.tes from decom­

posing leaves and canopy drip solutions. 

Comparison of A Horizon Ieachates with J.eaf J.eachates and Aqueous J.eaf 

Extracts 

The leachates described above are dilute and concentration of 

the organic matter in them facilitates the investigation of its nature. 

Beech and heml.ock leachates which bad been collected after rather large 

rainfalls late in the 1955 season were concentrated by vacuum evaporation 

at eleTated temperatures (not exceeding 5o - 6o°C.) 



Date 
collected 

1955 

July 16 
25 

Aug. 8 
12 
15 
16 
23 
27 
31 

1956 

May 10 
15 
17 
21 
28 
31 
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Table 1. Total iron content of beach and 
heml.ock A horizon leachates. 

Iron content Iron/organic matter ratio 
~. ironLli ter !!!m• ironLS!!!· crganj c matter 

Bee ch Hemlock Bee ch Heml.ock 

2.50 3.24 27.5 21.7 
1.44 3.12 15.5 21.2 
1.80 4.oo 18.5 23.2 
1.98 3.54 21.9 22.3 
1.77 3.00 17.5 18.0 
2.72 3.6o 22.2 23.5 
2.28 4.o8 22.4 18.8 
1.83 4.02 20.0 21.3 
1.82 3.90 20.2 21.1 

Mean 20.6 't 2.5 Mean 21.2 t 1.2 

1.15 1.81 14.7 13.4 
2.20 2.67 15.4 13.8 
2.15 2.87 14.6 13.5 
2.57 2.64 18.0 11.9 
1.93 2.98 19.2 12.9 

3.52 15.5 

Mean 16.4 t 1.4 Mean 13.5 t o. 7 
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Delong and Sclmitzer ( 21) in their studies on podzolizatian 

worked wi th aqueous leaf extracts and leachates obtained from natural 

ra:Ulfall passing through decomposing popla.r leaves. They isolated a 

fraction from each1 by precipitation in 8o per cent aqueous ethanol, 

which possessed the major part of the capacities of these solutions to 

react with iron. It was decided1 as a start:ing point in the study of 

the nature of the organic matter in beech and hemlock A horizon leach­

ates, to see if these solutions contained fractions similar to those 

isolated by DeLong and Schnitzer. Concentrated beech and hemlock lea­

chates were subjected to the fractionation method of DeLong and Schnitzer 

using 8o per cent ethanol. It was found for leachates from both sauples 

that although a large precipitate was formed in the first precipitation 

(67 to 75 per cent of the total organic matter), subsequent reprecipita­

tions greatly diminisbed the aize of' the precipitate untU after two or 

three reprecipitations no precipitate for.med. It was also found that 

the fraction of the organic matter of these leachates which was separated 

from them by a single precipitation with 8o per cent ethanol had the same 

capacity (per gm. of' organic matter) to retain iron in suspension as had 

the original leachates. 

These leachates were produced by the passage of rainfall through 

beech and hemlock canopy and also through the 0 layer and the eluvial 

horizon of soil found under these canopies. On the other hand, the 

solutions investigated by DeLong and Schnitzer (21) were obtained either 

by extraction of poplar leaf powder in the laborator,y or b,y passage of 

r ainfall through beech canopy and then over decomposing poplar l eaves 

without contact with either an 0 layer or soil from the eluvial horizon. 

The behaviour of' the leachates presently under study in respect of 
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precipitabilit;y with 8o per cent ethanol, ot the relative capacities ot 

the organic matter so precipitated and ot the total organic matter ot 

the leachates to retain iron in suspension, suggests strongly that the 

organic matter of such leachates dif'fers marlcedl.y from the organic 

matter present in extracts and leachates obtained from popla.r leaves 

tmder the ccnditions and with the methode used by DeLong and Schnitzer. 

Electrophoretic studies on Hemlock Leachates and B Horizon Extracts 

other than in the preliminary etudies, only henù.ock leachates 

were used from 1956 onward in the studies of the organic matter in A 

horizon leachates. The organic matter in the se leachates was concen­

trated by iron precipitation followed by the extraction of iron with 

8-quinolinol in chloroform. 

The concentrated hemlock leachates obtained in September, 1956 

were subjected to paper electrophoresis using several buffers at dif­

ferent pH levels. Under ultra violet light two electrophoretic canpo­

nents were distinguishable on the strip of filter paper when the pH of 

the buffer was 7.6 or grea ter. Both of these components moved toward 

the anode. Tœ one nearer the anode fluoresced a light yellow- under 

ultra violet light while the other which overlapped the first appeared 

as a dark band. When the pH of the buf'fer was 7 .2, another component 

appeared near the origin which absorbed ultra violet light. At pH1 s 

4.4 and 3.6 the band near the origin was more evident. At these lower 

pH1 s there was also a narrow band at the origin tha.t fluoresced under 

ultra violet light. 

Table 2 gives the results of a typical run at pH 4.4 with an 

acetate buffer. The results would indicate that the hemlock leacha.te 

contained at least four electrophoretic components. An electrophoretic 

run was also made with a leachate coll.ected on June 3, 1957. The 



Compone nt 

A 

B 

c 

D 

Table 2. El.ectrophoretic run of heiiÙ.ock leachate 
at pH 4.4 using an acetate buffer. 

Distance moved Appearance under 
from origin toward Ultra violet Visible Stain with 
anode in cm. light light methylene blue 

0 fluores ces none none 

1.6 absorba brown faintly 

8.7 absorba brown strongly 

10.3 fiuoresces none none 

Stain with 
diazotized 
p-ni tro aniline 

none 

1 

faintly VJ 
VJ 

1 

strongly 

none 



- 34-

resulta were identical with those of the 1956 leachate. Two of these 

co~rponents stained with diazotized p-nitro aniline. The stain produced 

with p-nitro aniline is specifie for aromatic compounds; therefore 1 it 

would appear that the se two components contained aromatic compounds. 

The same two components also stained with nethylene blue. This cationic 

dye has been used to stain acidic mucopolysaccharides (29). The fact 

that the two components stained wi th nethylene blue probably indicates 

an ionie groups were present. 

Recent work (71) (62) on electrophoretic separation of organic 

matter extracted from soil suggests that in the solutions these investi­

gators worked wi th there were two 1 and sometines only one 1 electrophoretic 

components. Since there appear to be at least four electrophoretic corn­

ponants in the hemlock leachate 1 i t was thought that i t would be of 

interest to see how many components were present in a soil extract from 

the B horizon of a soil under hemlock canopy. The organic matter was 

extracted from a saJ'I'4)le of the B horizon by mixi.ng the soil wi th a hyd­

rogen resin in water and shaking this nrlxture. 

An electrophoretic run was made on the extract from the B 

horizon at a pH of 4.4 using an acetate buffer. The B horizon extract 

contained four electrophoretic c~onents which 1 with the methods of 

detection used, were very similar to those found in the henùock leachates. 

Any differences in these components seetœd to be quantitative rather than 

qualitative. Components A and B were present in smaller alJI)unts and 

component D in a larger amount in the B horizon extract than in the hem­

look leachate. It would appear from the se re sul ts that the B horizon 

under study ccntained electrophoretic components similar to those in 

leachates percolating through the A horizon. 
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' 
Fractionation of tm Hemlock ~achates and B Horizon Extracts 

Since it was found in the electrophoretic examination of 

hemlock leachate and B horizon extract that both of these materials 

contained four detectable electrophoretic components, an attempt was 

made to isolate some of the se components. The organic matter re-

covered from iron-precipitated leachates from the collection on June 

3, 1957, and tha.t extracted from the B horizon was found to be separa-

ble into four fractions. The initial step in the fractionation schema 

used was the passage of the aqueous solution through a column of Dowex-

5o cation excbange rasin (ey'drogen form) after which the effluent was 

neutralized with barium hydraxide solution. The precipitate obtained 

(fraction 1) was separated by centrit\tging and washing with 80 per cent 

aqueous ethanol (v/v). The etbanolic washings were added to the super-

natant from fraction 1 and the ethanol concentration of this mixture 

brought to 6o per cent (v/v) by addition of 95 per cent ethanol as 

required. This caused precipitation of fraction 2, fraction 3 remaining 

in solution. 

Fraction 1 was sub-divided by first shaking with Dowex-50 

cation exchange resin (hydrogen form) to remove barium and filtering 

to remove the resin. Addition of anhydrous sodium acetate to the 

solution so obtained to a cœcentration of 10 percent (w/v), followed 

by adjustmenli to pH 6.5 with acetic acid or sodium hydroxide as re­

quired and addition of n-propyl alcohol to a concentration of 6o per 

cent (v/v), precipitated fraction la, fraction lb remaining in solution. 

The organic matter in fraction lb was found to be precipitable to the 

extent of about 90 per cent by addition of sufficient barium acetate to 
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give a 5 per cent (w/v) solution. 

This method, then, gave four fractions wi th bath the henùock 

leach a te and the B horizon extract. In both cases the fractions vere 

named la, lb, 2 and 3. 

Characterization of the Fractions Obtained from Hemlock Leachates and 

B Horizon Extracts 

The tirst indication that a separation had been achieved was 

the colour of the fractions. Fractions 3, 2, and lb of bath the hem­

look leacbate and B horizon extracts were all much lighter in colour 

than fraction la even when the concentration of organic matter was the 

saœ. Fraction la appeared almost as dark as the original solution. 

Electrophoresis was carried out on these .fractions to see if 

the separation bad actually isolated an;y electrophoretic conponent. 

Table 3 shows the resulta obtained by electrophoresis of three fractions 

of hemlock leachate and B horizon extract using an acetate buffer at 

a pH of 4.4. There is sorne evidence that the fractionation procedure 

was successfUl in separating different camponents of organic matter. 

Fraction 2 seems to be entirely composed of electrophoretic component 

4. Fraction lb is mostly composed of electrophoretic COJ!l:>Onent 4, but 

has small amomts of components 1 and 3. Fraction la contains nearly 

all of the electrophoretic components 1, 2 and 3 with a trace of 

CODJ>onent 4. It was found that the trace of electrophoretic COJJI>onent 

4 could be eliminated from fraction la by several reprecipitations with 

sodium acetate and n-propyl alcohol. 

DeLong and Sclmitzer ( 21) found that the fractions they bad 

isolated from leaf extracts held considerably more iron in suspension 



Conponent 

A 

B 

c 

D 

Table 3. Electrophoretic run of 3 fractions of hemlock leachate 
and B horizon extract. 

Distance moved Fractions in which 
from origin towa.rd the electrophoretic 
anode in cm. cœnponents are Eresent Appearance under Stain with 

B horizon Hemlock Ultra violet Visible :œth;rlene 
extract leachate light light blue 

0 la lb* la lb* nuoresces none none 

1.6 la la absorba brown faintly 

8.7 la lb* la lb* absorba brown strongly 

10.3 la* lb 2 la* lb 2 nuoresces none none 

* in small a.mounts 

Stain wi.th 
diazotized 
p-nitro 
aniline 

none \N 
-J 

1 

faintly 

strœgly 

none 
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per unit weight than did the original solution when measured by their 

saturation capacity method. In view of this it was thought that it would 

be of interest to see if any of the fractions isolated bad any enhanced 

ability to hold iron in suspension. Saturation capacities were run on 

three of the tractions of the hemlock leachate. Fraction 3 was not in-

cluded since no method was found to separate the organic matter from the 

alcohol. 

Table 4 summarizes the information obtained up to this point 

concerning the composition and properties of the organic matter fractions 

obtained from the henüock leachates and B horizon extracts. Inspection of 

the table shows that fraction 2 bas a large saturation capacity compared to 

the other fractions. Fraction lb has an intermediate saturation capacity 

while fraction la bas a comparably small saturation capacity. There would 

seem to be some correlation between electrophoretic mobility and the amount .. 
of iron that the tractions are able to hold in suspension. This is not un-

reasonable in that botha high electrophoretic mobility toward the anode(the ~ . 
anode) and a large iron holding capacity would indicate a co~onent rich in 

negative charges. The fact that electrophoretic component D did not stain 

with meteylene blue might i.ndicate a lack of anionic groups. However, it 

might also indicate that this c~onent was composed of low molecular weight 

materials which could be washed off the paper in the process of staining. 

I.f the amount of iron that a caupound can hold in solution is any 

criterion of the ability of the co~ound to mobilize iron and transport it 

in soil, then fraction 2 would seem to be the most active in the podzoliza-

tian process. That this traction is a consistent part of the hemlock leach­

ates is borne out by the fact that as a percentage of t he total organic 

matter it varied less than 1 per cent on three collections made in September, 

1956, May, 1957 and June, 1957. 



Fraction 

la 

lb 

2 

3 

Table 4. Composition and properties of the fraction of hemlock 
leachatea and B horizon extracts. 

Organic matter content 
of fractions as a per- Saturation capacity Color at simi-

Electrophoretic centage of total organic of the leachate lar organic 
CO'ftt)onents 12resent matter mg. Fe/gm. o.m. matter conc. 

Ieachate Extract Ieachate Extract Iëachate Extract -
k.BCD ABCD 53 37 387 Dark brown Dark brown 

ACD ACD 17 26 785 Yellow Yellow 

D D 24 32 l022 Yellow Yellow 

5.2 5.4 Light Light 
yellow yellow 

\,.) 
\0 

1 
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The fractions obtained above were characterized to some extent 

by analysis for metals, ni trogen, phosphorus, and carbohydrate, and by 

paper chromatography after acid hydrolysis. 

Table 5 shows in the first column the per cent of the total 

organic matter found in each fraction and in subsequent columns the 

percentages of nitrogen and of carbohydrate in the organic matter of 

the individual fractions of the hemlock leachate and B horizon extract. 

Fractions 2 and la of the B horizon extract make up a larger proportion 

of the total organic matter and fraction lb ma.kes up a smaller propor­

tion of the total organic matter than do similar fractions of the hem­

lock leachate. The re was soœ indication of this in the resul ts from 

electrophoresis. 

Except for fraction 3, the percentage of nitrogen is fairly 

unifor.m throughout the fractions and differences between the hemlock 

leachate and the B horizon extract are small. The result for fraction 

3 of the hemlock leachate was not recorded since nitrate was present 

and was expected to interfere in the estimation of organic nitrogen. 

The per cent of carbohydrate varies in the fractions much more than 

does nitrogen. The carbohydrate content of the hemlock leachate is 

somewhat higher than the B horizon extract, but the fractions of each 

show a similar trend in per cent carbohydrate. In both hemlock leachate 

and B horizon extract, carbohydrate is surprisingly low being 2. 2 and 

1.9 per cent, respectively and therefore contributes very little to the 

total organic matter. These resulta are in agreeœnt with those of 

MacLean and DeLong (4.5) who found that the carbohydrate content of pine 

A horizon leachates was law (4.8 per cent) as compared to leachates 

passing through pine litter (17.9 to 28.6 percent). In the present 
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Table 5. Percentage of the total organic matter in fractions 
of hemlock leachates and B horizon extracts and 
nitrogen and carbohydrate as a percentage of the 
organic matter in the fractions. 

Fraction 

L 
la 

E 

L 
lb 

E 

L 
2 

E 

L 
3 

E 

L • Ieachate, 

Table 6. 

Fraction 

Ieachate 

la 

lb 

2 

3' 

B extract 

la 

lb 

2 

3 

% of total 
organic matter % Nitrogen 

% Carbobydrate 
as glucose 

53.5 .80 

36.9 .62 

17.1 

26.1 .70 .9 

24.3 .94 4.0 

31.6 .90 2.5 

5.2 1D.4 

5.4 2.12 6.8 

E • B horizon extract 

Phosphorus, iron and aluminum content of fractions 
of hemlock leachates and B horizon extracts. 

mgm./gm. of organic matter 
Phosphorus Iron Aluminum 

0.2 o.5 1.8 

6.3 o.3 3.0 

12.8 o.4 1.9 

1.2 2.8 5.2 

1.1 12.5 5.7 

1.5 o.2 1.7 

o.3 3.7 1D.5 

0.7 3.3 1D.7 
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instance, the percentage of carbohydrate in the who1e hemlock 1eachate 

may we11 have been higher than that found for the organic matter pre­

cipitated by iron. The organic matter which was not precipitated by 

iron (10 per cent) may have had a high carbohydrate content. 

Qualitative analysis for sugars was run on the acid hydrolyzate 

of the hemlock 1eachate and B horizon extract by means of paper partition 

chroma.tography. Five sugars were detected in both hydro1~ates in very 

sma.ll amounts and tentatively identified as galactose, glucose, arabinose, 

xylose and rhamnose. 

The analyses of the fractions of phosphorus, iron and aluminum 

are given in Table 6. The leachate contains considerably more phosphorus 

than does the B horizon extract. Ninety-one and sixty-five per cent of 

the phosphorus in the leachate and B horizon, respectively,was inorganic. 

Most of the phosphorus in the leachate (71 per cent) appears in fraction 

2 and nearly all the rest is in fraction lb. The fractions of the B 

horizon extracts are lower and more uniform in phosphorus than the 

leachate. Fraction 2 of the B horizon extract, in contrast to fraction 

2 of the leachate, contains the sma.llest percentage of phosphorus. 

The iron and aluminum contents of the 1eachate fractions are 

low. This means tha t most of the iron and aluminum could be removed from 

the se solutions wi th 8-quinolinol extractions combined wi th treatment 

with a lzydrogen resin. The iron and alunrl.num contents of the B horizon 

extract fractions are generally considerably higher than those of the 

leachate. The B horizon extracts had not been extracted with 8-quino­

linol and this possibly explains the difference. Fraction lb of the B 

horizon extract is comparatively very low in iron and aluminum. This 

might be due to the fact tha.t in the separation this fraction had been 
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treated twice wi th a hydrogen resin, whereas fractions la and 2 had 

only been treated once and fraction 3 not at all. In all fractions 

of the leachates and B horizon extract the reœining traces of alumi­

nwn seemed to be more difficult to remove than iron. 

Paper Chromatography 

Amino acids contained in the 6N HCl hydrolyzates of the hemlock 

leachate and B horizon extract were separated and ten tatively identified 

by means of paper partition chromatography. Tœ hydrolyzates of the 

whole leachate and B horizon extract were run on two cli:lœnsional chroma­

tograœ. The chromatographie patterns of the two solutions were identical. 

The amino acids tentatively identified were: cysteic acid, glutamic acid, 

serine, glycine, lysine, arginine, aspartic acid, threonine, alanine, 

leucine and/ or isoleucine and methionine and/ or valine. (À)e dimensional 

chromatograœ were run with 6N HCl hydrolyzates of fractions la, lb 

and 2 of the hemlock leachate and B horizon extract and of the whole 

solutions. The patterns of spots on the chromatogram liban stained With 

ninhydrin were identical for all fractions of both the hemlock leachate 

and B horizon extract and alao of the whole solutions. It would seem that 

the amino acid composition was uniform throughout the fractions separated 

and tmt the amLno acid composition of the hemlock leachate was similar 

to that of the B horizon extract. 

For detection and separation of compounds other than amino 

acids, one dimensional chromatograms were run w.i. th the hydrolyzates of 

fractions la, lb and 2 of the henù..ock leachate and B horizon extract 

that were prepared for amino acid analysis. The sol vent used was n­

butanol - acetic acid-water (4:1:2.2 v/v). Table 7 gives the resulta 



H-2 

:fluorescent : not . . . . 

Table 7. ~values with the solvant n-butanol - acetic acid - water (4:1:2.2 v/v) 
or phenolic materials obtained from an acid hydrolyzate of fractions of 
a hemlock leachate and B horizon extract and their appearance under 
ultra violet light. 

. . . H-la : E-2 . E-la . . 
-. . 

: fluorescent : not : nuorescent: not : fluorescent: not . . . . . . . . -

. . . . 

. . 
1 : fluoresoent : : fluorescent . : fluorescent: :fluorescent: . 
1 . . . . . . . . . . . . . . . • 

.04 . . .o4 . . .o5 . .10 . .o4 . .oa . • . • . . . . . . • • . . . . • . . • • • • . • • . 

.12 • . . 1.5 • .12 . .15 . .12 . .14 • . • . . . • . . . • . . • . • . . • . . . .22 . . .22 . : .22 . . .22 • . . • . . . • • . . : : • • . . . . . • • • . . . 

.32 . • .33 . . .34 • . • 36 . . • . • • • . 
1 . . . . : . . • • . . . . . . . . . . . . :: . • . • . . • • 

~t 
. . • . . . • . • • . . • • • • 
: .78 . . Trailing . . : • • • • . . . : : : : • . . 

: .90 . . . . . • . : . • • • • • • 
• . • : . . • • : • • • . . • • 

H- hemlock leachate 

E - B horizon extract 

g: 
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of runs with fractions la and 2 of each type of solution. The resul.ts 

for the lb fractions are not included since they were very similar to 

those for the No. 2 fractions. The spots detected stained with both 

ferric chloride/ferricyanide and diazotized p-nitro aniline. This in-

dicates that they were phenolic in nature. Sorne of the spots also 

fluoresced under ultra violet light. Inspection of Table 1 shows that 

fractions 2 and la of the hemlock leachate differ in sorne components. 

A non-fluorescent spot appeared in fraction la which was not present 

in fraction 2. Fraction 2 bad a fluorescent spot at Rr value.l2, a 

non-fluorescent spot at Rr value .78 and a fluorescent streak from Rt 
value. 33 to .90 which fraction la did not reveal. 

There was not as much difference between fractions la and 2 

of the B horizon extract as there was between similar fractions of the 

leachate. The only noticeable difference between the two fractions was 

that the fluorescent trailing in fraction la from Rf value .36 to Rf 

value .90 was much less than in fraction 2. In all the chromatograms 

of both types of solutions, a great deal of material did not move out 

of the origin. The material at the origin also stained strongly with 

both terrie chloride/ferricyanide and diazotized p-nitro aniline. The 

hydrolysis of all of the fractions of both types of solutions was in-

c~lete as there was a large amount of insoluble material at the end 

of the heating period. EKcept for non-fluorescent compounds, the chro­
; 

matograms of the No. 2 fractions of hemlock leachate and B horizon ex-

tract were ver.y similar. 

Attempts were made to identify some of the phenolic compounds 

separated b.Y paper chromatography; however, no success was attained. 

Several solvents were used but no spots were obtained that had colour 
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reactions with phenolic stains, fluorescent properties under ultra 

violet light, or Rr values that consistently corresponded to values 

found in the literature. Different normalities of acid and times of 

hydrolysis were tried but were of no avail. This method or attack was 

therefore dropped. 

studies on the Products of Potassium Hydroxide Fusion with !èmlock 

Leachates and B Horizon Extracts 

Since acid hydrolysis of the hemlock leachate and B horizon 

extract gave evidence that phenolic materials were present and becausa 

the products formed proved difficult to identify, it was decided to use 

the method of KOH fusion to study the ''building blocks" of these materi­

als. Ini tially only the heml.ock leachate, collected on June 3, 1957, was 

studied. The leachate 1 after evaporation to dryness on a steam bath, was 

fused with KOH in air. The fused ma.ss was then dissolved in water and 

acidified with HCJ.. The acid solution was extracted with ether. The 

ether solution was then evaporated to dryness on a steam bath. The 

amount of ma.terial recovered in the ether extract varied from 15 to 35 

par cent of the original material depending upon the time of fusion. 

As the time of fusion was increased the amount of material recovered was 

decreased. 

The fused material was taken up in a small volwœ of ether and 

the solution was studied by means of paper partition chroma.tograpey. 

Several solvants and stains were used with varying success. It was found 

that the solvant isopropyl alcohol-aqueous ammonia-water (8:1:1 v/v), used 

by .Armstrong ( 2) in the study of phenolic acids, was the most satisfactory. 

With the other solvants, sœœ of the compounds either ran together or were 

not clearly separable. By use of this solvant and diazotized stains it was 
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possible to detect five well defined spots on the chromatogram. Tenta­

tive identification of the compounds was achieved by comparing the colour 

reactions of the spots after staining and their Rr values with those 

found in the li terature. Authentic sanples of the se fi ve co~ounds were 

obtained and run on the saxœ chroma.togram as the unknown. Again several 

solvants were used and in all cases the unknown compounds were found to 

have the same Rf values and the same colour reactions with the diazotized 

stains as the known compounds • Table 8 lists the Rf values, the colour 

reactions with the diazotized stains and the tentative identification of 

the unknawns found in a typical run of the fused products of the hemlock 

leachate organic matter. The fusion tilœ used gave approx:imately 35 per 

cent recovery of the organic matter. Inspection of the table shows that 

unknowns 1 to 4 have been tentatively identified as phenolic acids and 

unknown 5 as a phenol. 

The tentative identifications of unknown materials made in the 

ma.rmer outlined above is usually correct. However, it is not a positive 

identification. For positive identification, isolation of the compound is 

necessary. If the compound is isolated and has the same melting point as 

the known compound, and its tœlting point is not changed by mixing with 

an authentic compound, then positive identification is usually considered 

to be proven. 

It was desirable, then, to isol a te the phenolic conrpo'Wlds in 

qu.antities such that melting points could be obtained. A large quantity 

of the hemlock leachate was fused with potassium hydroxide and extracted 

with ether as had been done previously. This tilœ, however, phenolic 

acids were separated from non-acidic phenols b.Y washing the ether solution 

with an aqueous solution of sodium bicarbonate, the phenolic acids being 



Unknown 

1 

2 

3 

4 

5 
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Table B. Phenolic ma.terials obtained from a potassium 
hydroxide fusion of the organic matter in a 
hemlock leachate. 

Rr in the solvant Colour reaction Tentativaly 
Ipr. NH3 - H20* Dz PNAR Dz S_N){U identi!ied as 

.24 brown brown 3,5-dihydroxy 
benzoic acid 

.29 red yellow p-hydroxy 
benzoic acid 

.35 dark dark 2 ,4-dihydroxy-
brown brown benzoic acid 

.44 red yellow m-hydroxy 
benzoic acid 

.82 brown none m-dihydroxy 
benzene 

* Ipr. NH:3 - H2o - Isopropanol - aqueous ammonia - water (8:1:1 v/v) 

** Dz PNA - diazotized p•nitro aniline 

*** Dz SA - diazotized sulf'anilic acid 
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extracted into the sodium bicarbonate solution leaving the non-acidic 

phenols in the ether phase. The phenolic acids were recovered by 

acidifying the sodium bicarbonate and extracting again with ether. The 

solution containing the phenolic acids was evaporated to dryness. The 

residue was taken up in a small quantity of the solvent isopropyl al­

ooho1 - aqueous ammonia - water (8:1:1 v/v), and the acids were separa­

ted on a cellulose column using isopropyl alcohol - aqueous ammonia -

water (8:1:1 v/v) as the deve1oping solvent. The compounds after a 

further purification process were white in co1our and cr,rstalline in 

nature. Unsuccessful atte~ts were made to puri.fy the non-acidic 

phenolic material. The material always remained a dark brown colour. 

It ne1ted s1ightly above room te:nperature. Melting points and mixed 

nelting points were done on the separated phenolic acids. 

The unk:nown compound thought to be p-hydroxy benzoic acid 

melted at 209 - 2ll°C. The a1 thentic compound also nelted at 209 -

2ll°C. Mixing the authentic cœnpound with the unknown compound did 

not depress the melting point. The unknown co:npound thought to be 3,5-

dihyd.raxy benzoic acid melted at 230 - 234 oc. The authentic compound 

melted at 232 - 235°0. The unknown and authentic compounds mixed to­

gether melted at 230 - 234 oc which was the same as the unlmown. The 

l.Ulknown thought to be m-hydroxy benzoic acid me1ted at 197 - 201 oc. 

The authentic compound melted sharp1y at 199°0. The unknown and aut­

hentic compounds mixed together melted at 197 - 201°0. It was there­

fore assumed that these compounds had been positively identified. The 

compound thought to be 2,4 - dihydraxy benzoic acid occurred in only 

small amounts and no melting point was obtained. 
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Since i t was possible to identify posi ti vely three of the four 

aromatic acids, it was permissable to do a quantitative determination. 

Pridham (54) ha.s developed a method for the quantitative determination 

of phenolic glycosides and aglycones. This method consista of sEp ara­

ting the phenolic compounds by paper partition chromatography, coupling 

them on paper with d.iazotized p-nitro aniline, and eluting the spots 

with a solution of potassium hydroxide in alcohol. The concentration 

of the coloured solutions are then determined quantitatively using a 

spectrophotameter. This method was used for the quantitative deter­

mination of the four phenolic acids. Positive identification had not 

been obtained for 2,4 - dibydraxy benzoic acid; nevertheless, it was 

assumed that the tentative identification was correct. Standard curves 

were run with authentic compounds after they had been chromatographed 

with isopropyl alcohol - aqueous B.lllll.onia - water (8:lsl v/v) as a de­

veloping solvent, stained with diazotized p-nitro aniline and eluted 

with potassium hydrox::tde in aJ.cohol. The intensity of the colour of 

the resulting solution bore a linear relationship, after subtractian of 

blanka, with the weight of the compound. Table 9 shows the amount o:t 

the phenolic acids obtained on fusion with potassium hydraxide as a 

percentage of the amount of the original organic matter. 

It was found earlier that organic matter extracted from the B 

horizon of the podzol soil studied resembled in many ways the hemlock 

leachate. Therefore, it was thought to be of interest to see if this 

material contained the sane phenolic acids after fusion with potassium 

hydroxide as did the hemlock leachate. The organ:i.c matter extracted 

from the B horizon was fused with potassium hydraxide and treated in the 
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Table 9. Phenolic acids as a percentage of the 
original organic matter in a hemlock 
1eachate and B horizon extract. 

Fer cent of the original organic matter 

Phenolic Aoid Hemlock 1eachate B horizon extract 

m-hydrax.y benzoic acid 2.8 3.0 

p-hydr~ benzoic acid 2.1 2.3 

3,5-dihydrox.y benzoic acid o.a 1.0 

2,4-dihydroxy benzoic acid 0.5 o.6 

same ma.nner as the hemlock 1eachate. The amount of material which was 

recovered in the ether was of the same order of magnitude as that ob-

tained with the hemlock leachate. Chromatographie studies revealed that 

the organic matter from the B horizon extract after fusion with potassium 

hydroxide contained the same five phenolic compounds as did the hemlock 

leachate. Many solvents were used and in all cases the chromatographie 

patterns of the compounds were identical with the compounds obtained 

from the hemlock 1eachate. This was taken as evidence that the compounds 

obtained from the fusion of the B horizon extract were identical to those 

obtained from the hemlock leachate. The phenolic acids obtained from the 

B horizon extract were not isolated; therefore, melting points were not 

determined. Assuming that the materia1s were the same as those iso1ated 

from the hemlock 1eachate, a quantitative determination was made on the 
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four phenolic acids. The resulta are given in table 9. It is evident 

that the recovery of the four phenolic acids from the fused henùock 

leachate was approximately equal to the recovery from the B horizon 

extract. 

It has be en shown previously by me ans of che nd. cal analysis, 

electrophoresis, iron saturation capacities and acid hydrolysis that 

there were sorne differences in the fractions obtained by the separation 

procedure outlined earlier. Fractions la, lb and 2 of both hemlock 

leachate and B horizon extract were fused with KOH to ascertain if the 

products produced were the same for all fractions. The resulting ma.terial 

after extraction with ether was subjected to chroma.tography' using several 

solvants. In all fractions the detectable products of KOH fUsion were 

identical to those obtained from the whole leachate and B horizon extract. 

Quantitative analysis was not run, but it was evident from the size and 

intensi ty of the spots after staining that the amounts of phenolic ac ids 

obtained per unit of organic matter were approximately equal for ail six 

fractions as that obtained from similar amounts of the organic matter 

from the whole leachate and B horizon extract. 

A large portion of the organic matter in both the heml.ock 

leachate and the B horizon extract (up to 35 per cent in a short fusion) 

was recovered in ether arter the potassiwn hydroxide fusion. The ether 

solutions bad been washed with a solution of NaHco3, a procedure which 

normally separates phenolic acids from non-acidic phenolic materials. 

In both the hemlock leachate and B horizon extract, 90 to 92 per cent 

of the organic matter was extracted into the NaHC03 which would indicate 

that it was acidic in nature. It is not surprising that the ma.terial 
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was acidic since the original ma.terial before fusion had an equivalent 

weight when titrated in the acid form with sodium hydroxide, of the 

order of 16o. It is possible that this low equivalent weight is due 

partly to inorganic material; however, fraction 2 which mi.ght be ex­

pected to be in a purer state bad a lower equivalent weight, narœly 130. 

Although the amount of material recovered in ether from the 

KOH fusion was relatively high, only a small percentage of this material 

was such that it could be easily identified. The amounts reported are 

minimal since i t is qui te possible that the se conpounds are destroyed 

almost as quickly as they are fonned. This was borne out by the fact 

that if the fusion was allowed to go just a little too far, the amunt 

of material recovered in the ether, and the a100unt identified, were 

both greatly reduced. It is impossible to say from what materials these 

phenolic acids were derived. Many phenolic conpounds, when subjected 

to KOH fusion, will break down to yield phenolic acids such as these. 

It was found by the author that gallic acid when axidized b,y raising 

its pH to 9.0 with sodium hydroxide and shaking in air for a few days, 

yielded, after potassium hydroxide fusion, the sane four phenolic acids 

in small amounts as did the leachate and B horizon extract. There may 

be many phenolic compounds in the A horizon of this soil which are 

capable of producing simple phenolic acids on fusion with potassium hy­

droxide. 

.An important aspect of this potassium hydraxide fusion study 

was that the hemlock leachate and the B horizon extract both yielded the 

sarœ phenolic acids in approximately the sa:rœ amounts. This is further 

evidence that these materials are similar in nature. 
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Table 10. Organic cons ti tuents of the henù.ock leachate. 

Per cent of total 
Constituent organic matter 

Crude prote in 5. 2 

Carbohydrate 2.2 

Isolated pbenolic acids 

TOTAL 13.6 

Table 10 summarizes the results obtained on the organic 

matter composition of the hemlock leachate. It can be seen that 

the major portion of the organic matter is unaccounted for. The 

results from the potassium hydroxide fusion of the organic matter 

would indicate that the phenolic materials probably account for a 

much larger portion of the organic matter than the table would indi-

cate. 

The Stugy of Organic Matter in Canopy Drip Solutions 

It bas been shown by MacLean and DeLong (45) and DeLong and 

Schnitzer (21) that canopy drip solution, obtained by collecting rain 

that has passed through a forest canopy, contained appreciable amounts 

of organic matter. It was thought that the next logical step in the 

stud;y of the organic matter in leachates would be to study organic 

matter fomd in the heml.ock canopy drip. Comparison of the quantity of 

organic matter found in the hemlock leachate with the amounts found in 

canopy drip solutions showed that for four rainfalls between June 16 and 

July 17, 1958 the canopy drip contained from 16.0 to 32.4 percent of 
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the amount of organic matter found in leachates collected at the sa:ne 

tilœ. 

The iron saturation capacities of these canopy drip solutions 

were measured. It was found that the saturation capacities of the 

canopy drip solutions were about one-half of those of the leachates. 

These heml.ock canopy drip solutions, therefore, cannot, under the ex­

perilœntal conditions used, hold as much iron in suspension as does the 

hemlock leachate. If this mate rial percolates through the A horizon 

of the soil without any alterations, then the organic matter of the 

leachate which originates in the Ao horizon mst have a much greater 

capacity to hold iron in suspension than does the canopy drip solution. 

Iron and aluminum determinations were made on the canopy drip 

solutions. ünLy trace amounts of each were found. 

A large volume of the canopy drip solution was evaporated down 

on a steam bath and fused with potassium h;ydroxide. Chramatogra.ms were 

run with the fused material using the solvent isopropyl alcohol-aqueous 

aDIIlonia-water (8:1:1 v/v). The chroma.tograms, after staining with the 

phenol stains, resembled those run with the fusion products of the hem­

lock leachate. The same four phenolic acids were present along with the 

spot that was tentatively identified as m-dihydraxy benzene. Quantitative 

anal.yses were run on the four acids using the Pridham (54) method.. Table 

ll gives the resulta of these detenninations. Inspection of the table 

shows that these acids were not present in the fusion products of' the 

canopy drip solution in as large quantities as they were in the hemlock 

leachate. The fact that they were present, however, shows that the 

canopy drip contributes phenolic materials to the forest floor. None of 
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Table 11. Phenolic acids as a percentage of the original 
organic matter in a hemlock canopy drip solution. 

Phenolic Acid 

m-byd.roJcy" 
benzoic acid 

p-hydroxy 
benzoic acid 

3 ,5-dihydraxy 
benzoic acid 

2,4-dihytirax:y 
benzoic acid 

Fer cent of the 
original organic matter 

0.9 

o.a 

trace 

trace 

the eleven phenolic materials found later in a hemlock needle 

extract was detected in the canopy drip solution. No new 

light was shed on the nature of the organic matter in hemlock 

leachates from this brief study of canopy drip solutions. 

Studies on Hemlock Needle Extracts 

Much work bas been done with leaf extracts in the in-

vestigation of the podzolization process (21) (55) (12). Some 

of the workers have based theories concerning nature of the 

podzolization process on resulta from studies of aqueous leaf 

extracts of picked and tallen leaves. There is seant information 

on the compounds present in the se aqueous leaf extracts. DeLong 

and Schnitzer (21) isol.ated material from a leaf extract tbat 

resembled an acidic polysaccaride. Raudnitz (55) .found material 

in several leaves that he believed was a humic acid. Bloomfield (12) 
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claimed tbat a large portion of the organic matter in the leaf extracts 

that he studied was pbenolic in nature. He did not, however, report the 

occurrence of definite compounds of phenolic type. Swain (64) has suggested 

that in leaf litter there are two types of phenols, (a) those which will 

precipitate protein and are non-accessible in the litter and (b) the 

soluble compounds auch as chlorogenic acid which will solubilize iron. 

Chlorogenic acid is known to bave a ldde distribution in the plant kingdom. 

Gibbs (26), who is making an extensive study of the cband.cal composition of 

plants in relation to their taxonomie classification, found it so generally 

distributed as to be of little use to him in this connection. For the se 

varions reasons it seemed desirable to study an aqueous extract of hemlock 

needles, c ollected from the canopy under \oJhich the hemlock leachates and 

canopy drip solutions were obtained, in orcier to look for the occurrence 

of such compounds as chlorogenic and/ or the ir degradation products. 

The hemlock needle extracts obtained were acid in nature, having 

a pH of 3.9 to 4.0. Approximately 25 per cent of the leaf material was 

accounted for as organic matter in the extract. 

The hemlock needle extract was studied by means of paper parti­

tion chromatography using several solvents. The solvant n-butanol -

acetic acid - water (4:1:2.2 v/v) gave the beat separation of spots of 

any of the sol vents. Table 12 gives the results of a typical chromato­

graphie run of the hemlock needle extract with the solvant n-butanol -

acetic acid - water (4:1:2.2 v/v) and the resulte of tests with several 

stains and of observations under ultra violet light. A dried chromato­

gram was stained with ferric chloride/ferricyanide which is a general 



Table 12. Chromatographie run of a hemlock needle extract using the 
solvent n-butanol - acetic acid - water (4:1:2.2 v/v). 

-Test-

Unknown Rf Ferric chloride Ammonia Ferric diazotized ultra 
number value ferricyanide vapor HoeEfner chloride p-ni tro aniline violet light 

-Col our-

blue yellow pink green orange yellow 

1 .13 + 

2 .19 ++ + 

.25 
' 1 

3 +++ + ++ 
\.Tl 
CP 

4 .28 + + + 

5 .30 ++ + 

6 .34 + 

7 .39 +++ + + + ++ + 

8 .43 + + 

9 .55 ++++++++ ++++++ ++++++ ++++ +++++ ++++ 

10 .6o + + 

11 .73 + + 

12 .87 + + 

+ signifies a positive test and gives an indication of the intensity. 
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test for polyphenols. Eleven spots of varying intenaities and sizes 

gave a blue colou.r with this stain. cne spot, at Rf value S5, stained 

particularly well. The intensi ty of the stain and the aize of the spot 

was approximately equal to the other ten spots combined. Another chro­

matogram was stained with diazotized p-nitro aniline which is specifie 

for aromatic ma.terials. 

orange wi th this stain. 

chloride/ferricyanide. 

Nine out of the eleven above compounds stained 

This stain was not as sensitive as ferric 

The two spots that did not stain with this 

reagent were very faint even with ferric chloride/ferricyanide. Another 

chroma.togram was stained wi th ferric chloride. OnJ.y three spots, the 

ones that stained most strongly with the two phenolic stains, gave a 

green stain. It is possible that the other spots would have stained 

bad they been present in larger amounts. The green colour with this 

test is indicative of the catechol grouping; tbat is, two adjacent hy­

draxy groups on a benzene ring. A chroma.togra.m was tested for anthoxan­

thins by holding it over a.mmonia. Three yellow spots a.weared on the 

chromatogram. One of these spots bad not been d.etected before. The 

other two bad stained strongly wi th the phenolic stains. .Another 

chromatogramwas tested for catechins and leuco-anthocyanins but no 

positive resulta were obtained. This result is in agreeœnt with 

Williams (70) who states that the simi.lar phenolic ma.terials in leaves 

are mostly flavones and hydroxy cinnamic acids while catechins and leuco­

anthocyanins are lesa abundant. The Hoepfner test for chlorogenic a cid 

was next used on the chromatogram. The spot at Rot value .55 stained a 

strong pink. The other two spots that gave a positive test for antho­

xanthins, stained a weak pink. The se three spots were also the only 

ones that nuoresced under ultra violet light. It is thought that these 
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spots probably represent related hydraxy cinnamic acid derivatives. 

The spot at Rr value .55 was found to resemble chlorogenic 

acid in many of its properties. A sample of authentic chlorogenic 

acid was obtained and tests were run to compare this compound with 

the unknown. Chromatograms were run where the authentic chlorogenic 

acid was placed on the same chromatogram as the unknown material. 

Several solvants were used and in ali cases the Rf value of the 

chlorogenic acid was the same as that of the unknown substance. The 

following tests were made on both the a uthentic chlorogenic acid and 

the unknown materialafter they had been spotted on filter paper. 

1. Three tests for phenolic materials including ferric 

chloride/ferricyanide, diazotized p-nitro aniline and diazotized 

sulfanilic acid, 

2. ferric chloride, which is a test for the catechol group, 

3. the col our developed when held over anmonia vapours, 

4. the fluorescent colour under ultra violet light before 

and after holding over ammonia vapours, 

5. the colour developed when dipped into a solution or 

aluminum chloride and then held over ammonia vapours. 

The resulta were identical for both substances which would indicate 

that the unlalown was chlorogenic acid. This is not a positive identi­

fication, but there is a strong probability tbat it is correct. 

A semi-quantitative determination of the aJOOunt of chlorogenic 

acid in the hemlock needle extract was made. This was accomplished by 

chromatographing known amounts of chlorogenic acid and known volumes 

of the extract on the saJœ chromatogram. This procedure was repeated 
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unti1 the size and intensity of the chlorogenic acid spot when stained 

with severa! stains corresponded to that of the unknown. It was found 

that chlorogenic acid accounted for about 20 per cent of the organic 

matter in the heml.ock naedle extract. This would mean that the hemlock 

needles contained at 1east 5 per cent chlorogenic acid. 

The heml.ock 1eachate was chromatographed using the n-butano1 -

acetic acid - water so1vent (4:1:2.2 v/v) to see if it contained any of 

the pheno1ic materia1s that were present in the hemlock needle extract. 

None of the eleven pheno1ic materials that were present in the hemlock 

needle extract was detected on the chromatogram. Nearl.y all of the 

ma.terial in the 1eachate remained at the origin of the chromatogram. 

A small apron of material that nuoresced under ultra violet light moved 

out of the origin. other than this, nothing was detected on the chroma­

togram Wi th any of the stains. 

The hemlock leachate had been concentrated by precipitation with 

ferric nitrate. It is possible that this method of concentration might 

have a1tered the properties of any phenolic materials originall.y present 

in the 1eachate. A fresh collection of hemlock leachate vas concentrated 

by evaporation on a steam bath. This concentrated material was then 

chromatographed using the solvant n-butanol - acetic acid - water (4=1: 

2.2 v/v). The resulting chromatogram was identica1 with the chromato­

gram of the hemlock leachate precipitated with iron. This would indi­

cate, if the heating did not interfere, that the tresh leachate did not 

contain, in an unaltered form, any of the phenolic materials that were 

present in the hemlock needle extract. 

The addition of terrie nitrate to a solution containing 
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chlorogenic acid produces a green colour even when the concentration 

of the chlorogenic acid is relatively low. The leachate has never 

shown this green colour with the addition of ferric nitrate. This is 

further proof that chlorogenic acid was not present in the fresh 

leachate. 

As rentioned previously, none of the eleven phenolic mate rials 

found in the hemlock needle extract was detected in the concentrated 

canopy drip solutions. 

It was observed that the hemlock needle extract, after having 

been allowed to stand in air for several days, turned a darker colour 

even when chloroform was present. An experilœnt was initiated to see 

if the passage of air through the hemlock needle extract had any effect 

on the phenolic materials present. Ordinary air was sucked through cotton 

wool into the solution which was contained in a suction flask. Chloro­

form was added to the extract in an attempt to prevent microbial activity. 

Every few days chromatograms were run using this material. The solution 

beca:rœ darker wi th the passage of tilœ but even after ten days the chroma­

tograms were similar to those run with the freshly prepared extract. The 

air was allowed to pass through the solution for another twenty days 

without any further testing. At the end of the twenty days the solution 

had turned a dark brown. A chromatogram was run with this material and 

this time the phenolic materials were not evident; in fact, the chroma­

tograms resembled a chromatogram run with the iron precipitated leachate. 

It was not proven that the addition of chloroform. to the solution of 

hemlock needle extract prevented ali :microbial activity. There was also 

no atteopt made to stop phenolaxidase activity. Therefore, it is quite 
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possible that there were more reactions going on than just the oxida­

tion of ma.terials by air. 

The fresh henü.ock needle extract was next fused with potassium 

hydroxide 1 extracted with ether and chromatographed in a similar manner 

as the hemlock leachate. The resulta indicated that the sans four 

phenolic acids were present that had been identified in the fused hem­

lock leachate, namely, p-hydroxy benzoic acid, m-hydroxy benzoic acid, 

3,5-dihydroxy benzoic acid and 2,4-dihydroxy benzoic acid. The phenolic 

compound tentatively identified as m-dihydroxy benzene was also present. 

There was also a very large spot present with a law Rr value. 

The products of the fused hemlock needle extract were chroma.­

tographed in several solvants. In every case the large phenolic spot 

ran with the same R:r value and stained with phenolic stains as did 

protocatechuic acid. A small amount of chlorogenic acid was fused with 

KOH. Chromatographing the products of the fusion in several solvents 

and staining with the phenolic stains revealed one spot that corresponded 

to protocatechuic acid. It was assumed, therefore, that most of the 

protocatechuic acid found in the tused hemlock needle extract came from 

chlorogenic acid. 

Quantitative determinations were made of the contents, in the 

extract from fresh hemlock needles, of the four phenolic acids also 

found in heml.ock leachate after fusion. The Pridham (54) msthod was 

used. An estimate was also made of the amount of protocatechuic in the 

tused hemlock needle extract in a similar manner to that used for the 

estimation of chlorogenic acid in the needle extract. Table 13 shows 

the resulta of the se analyses. Inspection of the table shows that 

protocatechuic acid was the only compound present in an appreciable 
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Table 13. Fhenolic acids as a percentage of the original 
organic matter in hemlock needle extract. 

Phenolic Acid 

3 ,4-d.ihydrax:y 
benzoic acid 

m-hydroxy 
benzoic acid 

p-hydroxy 
benzoic acid 

3 ,5-dihydroxy 
benzoic acid 

2 ,4-dihydroxy 
benzoic acid 

Per cent of the 
original organic matter 

a.o 

o.a 

o.5 

trace 

trace 

amount. The other four ac ids did not represent as large a portion 

of the original organic matter as they did in the fused hemlock 

leachate. 

The henùock needle extract which had had air passed through 

it for thirty days was fused with potassium hydroxide. The products 

of potassium hydroxide fusion were chromatographed with ispropyl 

alcohol - aqueous amrnonia - water (8:1:1 v/v). The resulting chro-

ma.togram was similar to chromatograms run with the fused freshly 

prepared henùock needle extract with the exception that it had no 

large spot corresponding to protocatechuic acid. The chromatogram, 

in tact, was almost identical to a chroma.togram run wi th the .fused 



- 65-

hemlock leachate. Apparently compounds auch as ch.lorogenic acid had 

be en altered sufficiently by the passage of air (or other factors) so 

that they no longer yielded protocatechuic acid on potassium hydraxide 

fusion. It would appear that the co~ounds found in hemlock needle 

extracts are relatively unstable. It is not surprising, then, that 

these compounds were not found in the hemlock leachate. Steele (61) 

has pointed out that since chlorogenic acid contains t~ ortho-dihy­

droxy grouping it is ax:i.dizable to a quinone. She also stated that on 

uncontrolled axidation a dark brown stable substance is produced. 

Perhaps the chl.orogenic acid in the extract had been axidized to com­

pounds silllilar to those described by Steele. The passage of air through 

the hemlock needle extract did not seem to affect the yield of the other 

four phenolic acids from the potassium hydroxide fusion. 

The above results reveal that the hemlock needle extract con­

tained large amounts of phenolic co~ounds or co~ounds that have a 

phenolic constituent. Chlorogenic acid alone accounted for almost 20 

per cent of the organic matter in these solutions. Since these com­

pounds were not found in th~ hemlock leachate, i t is apparent that there 

were large differences between the freshly prepared hemlock needle ex­

tract and the hemlock leachate. The passage of air through the hemlock 

needle extract altered its properties considerably. The resulting 

solution more closely resembled the hemlock leachate than did the 

freshly prepared material. This does not mean that passing air through 

a heml.ock extract produces materials auch as those found in a hemlock 

leachate. Nevertheless, the changes in the aqueous extracts of ground 

needles may, in some degree, parallel those occurring as needles age 

and die on the tree, when enzyma.tic reactions run wild and produce hy-
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drolysis of glycosides. Also, periodic wetting and drying under the 

aerobic conditions of the 0 layer may weil result in the production 

of brown polymerie substances. The latter are characteristic products 

of the condensation of quinones resulting from enzymatic axidation of 

phenols (16). Such changes also might occur in needles detached by 

icing in winter or in violent storms. The au thor has observed many 

green hemlock needles on trays under hemlock canopy after a heavy rain. 

Since none of the eleven phenolic materials was found in the 

hemlock needle extract or the canopy drip solution, with the xœthods 

of concentration used, there is reason to doubt any conclusion reached 

on the podzolization process when leaf extracts alone are used. 

CONCWSIONS 

Preliminary work showed that appreciable amounts of organic 

matter passed through the two A horizons studied with each rainfall 

of sufficient magnitude to produce a leachate. These leachates also 

carried small ammmts of iron. The relatively cmstant ratio of iron 

to organic matter in both leachates suggested that the movement of iron 

is closely related to the moveœnt of organic matter through these 

horizons. It is evident that the iron-leaching process of podzolization 

is still going on in these soils. Much more organic matter moved 

through the A horizon under hemlock than through the A horizon under 

beach. Th,is would ind.icate, since the ratio of iron to organic matter 

was alm.ost the same for the two types of solutions, that podzolization 

was more active under hemlock canopy than under bee ch canopy. 

An unsuccesstul attempt was made to isolate a fraction of the 

organic matter from the A horizon leachates having properties similar 
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to those recorded by DeLong and Sohnitzer (21) for the alcohol-insoluble 

fraction they obtained from extracta and leachates of poplar leavea. 

The lack of similarity in characteristics of extracts and leachates from 

poplar leaves and of A horizon leachates is not unexpected when the 

difference in the nature of the màterials leached is taken into account. 

In electrophoretic studies on the heml.ock leachate, i t was 

f'O\Uld that the solution contained four detectable componenta. Two of 

these components contained aromatic materials. Four electrophoretic 

components were also found in an aqueoua extract of a aample of' the 

B horizon of the podzol under study which with the methods of' detection 

uaed were very similar to those of' the hemlock leachate. The se findings 

auggest that organic materials passing through the eluvial horizon have 

been accumulated in the illuvial horizon. 

A fractionation procedure was developed which separated both 

the hemlock leachate and B horizon extract into four fractions. One 

fraction in each of the two solutions appeared to be composed entirely 

of one of the electrophoretic components detected with paper electro­

phoreais. This material had a high electrophoretic mobility and held 

much more iron in solution than did other fractions of organic matter. 

The resulta would indicate that this material was relatively rich in 

negative charges. Perhaps for this reason it may be the most active 

fraction of the organic matter in the podzolization process. 

The fractions of the hemlock leachate and B horizon extract 

were partially characterized by analysis. The analyses sbawed that there 

were only sma.ll differences in nitrogen content between the three major 

fractions of each solution or between corresponding fractions of the 

two solutions. Qualitative amino acid analyses showed that the compoai-
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tion of the amino acids was unifor.m throughout these fractions of 

each solution and was the same for both the hemlock leachate and B 

horizon extract. The carbohydrate content was more variable in the 

fractions although it never attained a high percentage in ~ fraction. 

The carbohydrate content of the hemlock leachate was somewhat higher 

than that of the B horizon extract. It would seem from these resulta 

that neither nitrogenous or carbohydrate materials accounted for a 

large percentage of the organic matter in these solutions. 

Several materials giving positive reactions for the presence 

of' phenolic groups were detected in the hydrolyzatesof the fractions 

of the heJIÙ.ock leachate and B horizon extract solution by meana of 

paper partition chromatography. The~e phenolic mate rials were not 

uniformly distributed in ali of the fractions of the hemlock leachate. 

The fractions of the B horizon extract showed less variation in pheno­

lic materials. Nearly all of these phenolic materials were common to 

both the hemlock leachate and B horizon extract. The fraction of each 

solution thought to be the most active in the podzolization process 

produced almost identical chromatograms. None of these phenolic 

materials was analyzed either quantitatively or qualitatively. However, 

it was anticipated, since the total carbohydrate and nitrogenous content 

of henùock leachate and B horizon extract was law, ( 1.4 and 1 .o per 

cent, respectively) that aromatic material might constitute a large 

percentage of the total organic matter in these solutions. 

The organic nàtter in the hemlock leachate was .f'used with 

potassium hydroxide. Up to 35 per cent of the organic matter of the 

leachate was extracted into ether a.fter the fusion. Four phenolic 

acfds were identified which accounted for 6.2 per cent of the original 



- 69 -

organic matter. It is not possible to tell from what compound tbese 

phenolic acids were derived. It can only be stated that they came 

from aromatic substances. It is most likely that the leacbates con­

tain a nmch larger percentage of aromatic materials than this result 

would indicate. 

It was shown by paper partition chromatography that after 

fusion the B horizon extract also yielded the same four phenolic acids 

in approximately the same percentage as did the hemlock leachate. 

This was additional evidence that the organic matter extracted fro.m 

the B horizon resembled that in the hemlock leachate. Ea.rlier resulte 

including the carbohydrate content, the nitrogen content, the amino 

acid composition, the phenolic materials found in acid hydrolyzatea, 

the resulta of electrophoretic studies and of fractionation of the 

organi.c matter pointed to the similarity of the B horizon extract and 

the hemlock leachate. These resulta suggest that the organic matter, 

after precipitation from the leachates passing through the A horizon 

of this soil, was not altered greatly. 

Heml.ock needle e.xtracts were examined. It was found that 

these e~tracts were quite acidic. Eleven phenolic compounds were de­

tected in these extracts by means of paper partition chromatography. 

Che of these, identified as chlorogenic acid, accounted for approxi­

ma.tely 20 per cent of the organic matter in the solution. Since none 

of tbese materials was detected in the hemlock leachate, it is evident 

that the hemlock needle extract differed greatly from the hem.lock 

leachate. 
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CLAOO OF CONTRIBUTIONS TO KNOO.EDJE 

1. Experimental evidence bas been obtained in support of the 

view that the podzolization process is more active under a conifer 

(hemlock) than 1mder a deciduous (beech) canopy. 

2. A method has been developed for the separation, from very 

dilute aqueous leachates, of nearly all of the organic matter con­

tained in them. 

3. A method has been developed for the extraction of organic 

matter from a podzol soil by means of a cation exchange resin. 

4. A chemioal fractionation procedure has been developed which 

bas served to isolate 1 from both a hemlock leachate and a B horizon 

extract, a substance which moved as a unit in electrophoresis, and 

bad properties indicating that it was potentiallY active in podzoli­

zation. 

5. Ami.no acids and phenolic mate rials were fo1md in acid hy­

drolyzates of hemlock leachates and B horizon extracts. 

6. Phenolic acids produced by alkali fusion of bemlock leachates 

and B horizon extracts were identified. 

1. Evidence was obtained that chlorogenic acid, as auch, is not 

an important factor in podzolization of soil under hemlock canopy. 

0 
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