~ . ey v FRR OO Y e A
e M e A St e oA T . v
LY N ) 3 * g ’ . . "" T N M t R
20028 o WL 0T
‘o 4 S -«‘5),._ S d P 3 e R
L - . Lo ] i el . B ’/“ o
"".'. i , ' ".'"_’.. .

o Blauoméous NATIONALE
‘ S OTTAWA L0

NAﬂONAL L.IBRARY
‘ brrAWA o

K
.

-

\mwmm&&uymﬂ SRS
 TIFIE. opmslsrs g C L‘ﬂyton.#ﬁaefa Q/nCl

-

L Penlssmn is> hereby granted to ’I'HE NATI(NAL LISRARY
\G . o N .
-, OF CANADA to mcrofll- tfus thesxs and ‘to lend or sell copies
A S a7 N B
" . > of the: fxl- S . S
A ‘\' ‘ - v : > e N ' \'*(-L

\ j o : \ T R ‘l‘he ﬂuﬂwr reserves otlier publxcatmn r1ghts and

a

n}tither the thesxs nor extenswe extr*ac*ts fron 1t mg/ be -
printed or otherwise reproduced wlthwt the author s

wntten pernss ion.

Lo .
. ¥ .
N . . . 1

R . !

e mmzn wn.-...JZ....*...‘.w,7‘f- IR
' NL—QI 610-68) - e IR S



-

. ' . »
-THE UNIVERSITY. OF ALBERTA '

‘Q'Q..b“. | o . ' ")o-
CHEMICAL COMPQSITION~OE;ROOTS AND DECOMPOSING ROOT

<. . RESIDUES FROM THREE GKASS SPECIES

‘»r ) by o RN

S | ) S
N | @ - WILLIAM ALLAN HERMAN
¢ ‘ ~ S

3 ’ . (,

SUBMITTED TO ‘THE FACULTY OF GRADUATE STUDIES AND RESEARC@

IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE ™

OF-MASTER oF SCIENCE h
l

;
/
/

, DEPARTMENT OF SOIL SCIENCE
o ‘ :
EDMONTON, ALBERTA

e ) o\ ‘Spring, 19'7‘,’4




' ' THE UNIVERSITY OF ALBERTA .
) FACULTY’V OF GRADUATE STUDIES‘ AND RESEARCH -
. . -‘/ . ‘-~
‘ . . . - he ’
e ‘The under51gncd certlfy that they have read and = _~
recommend to- the Faculty of Graduate Studles and Research
for acceptance, a thes1s entitled "Chemical Cbmposition qf
Roots and Decémp051ng Root Re31dues from Three Grass
‘Spec1es ’ submltted by W1111am Allan He;man, B.Sc., ‘in
i partlal fulfllment of the requ1rements for the degree of
Master of &cience. . R v
! . . . . .
o : A~ '
oL S ' _ ] —
, A .,,U/J/// /// o
. ‘ S v- P (quperv1sor) R L
o - . SRR ;7://‘(? : '
'Y . » . ) ] . ) ‘ ) . . . . ' . BN
Al ‘
4 o
» »
Daté\ _.'_QB.J-C-.QI, [?.73.. o ‘. . o
. . \ . . jl; . \a )



; ? . ABSTRACT R o
N : & . . . < t ) E R ’ v . .
i) 4 /
iy | T R , A} .
. Experlments were conducted to, dete*mlne the~1n—
fluence the chemlstry of the roots of threevpralrle grasses
mlght express’ in the raEe of root decomposition~and in the

<'\
3 v

types of products formed

LY

Roots of Festuca scabrella (rough fescue), btlga

sgartea varlety curtlseta (wes*ern porcuplne grass) and

.
/

¥ Stlpa comata (spear grass) were collected froh the Thin

Black Dark Brown and BrO’n 5011 zones, respect1ve1y,~ofv;‘
¥ e
Southern Alberta. ™ These were 1ncubated at 28 ° in llﬁuxd

‘culture and aerated by bubbllng CO2 free air through the o

-~

liquid. 'The content of ca*bon, nltrbgen, hydroqen .Tf”
phosphorus in thé undecomposed root tlssue was measured;;Q

as was the content of soluble and structural carbohydratesf”

.amlno ac1ds and llgnln. Numbers of carboxyl and methoxyl

' groups were also determlned. After varlous perlods of de-‘~
comp051t10n,‘the water 1nsolub1e re51dues were 51m113r1y
ﬂv‘characterlﬁed. The water soluble ‘ractlons were examlned
'fspectroscoélcally but dae to 11m1ted amounts of samgle were
knot as completely characteriZed chemlcally. T v
The greatest amount of dvcomp051t10n; in terms of

loss of orlglnal root welght, occurred in tha roots of S.

sgartea which lost 40 percent of its ash free welght followed

by F.‘scabrella and S - comata. 1os1ng 34 percent and 31 percent, s

'lrespectlvely. . The loss of carbon by each specxes did not



pspecies,was rélated to the loss of carbon but ndt‘the loss

.into watey

P

- : : R IR T A
follow this trend. The C/N ratio of the raw roots of)Laoh

4

in root weight.) The raw roots of F. scabrella, S. partea

B 4

- and S. comata were found to have C/N ratios of 35/1 Zz/l

and 18/1, respectlv 1y, and experlenced a carbon loss of

~

32 percent, 28 pe cent and 33 percent, respectlvely.

. . %

: The h1g stvamlno a01d.content 1nvthe raw‘roots

was assoolated w1thtthe‘greatést carbohydrate loss and-least

lignin loss." )
. . ;
L'} 14

Examination of'spectroscopic‘data (infrared, ultra-

-violet and visible) would indicate no substantial changes

‘

jln the water insoluble materk?ls w1th degradatlon mostly
voccurrlng 1n allphatlc groups. Small increases 1n the C/H

. rataos of the root residues support this’ data. Increa51ng'

E4/ES ratlos of water soluble materlals was considered'an

1nd1cat10n of decrea51ng chemical complex1ty 1nhthe water

J

soluble £ ctlon and possible conver51on of aromatlc materlal/ﬂ

1nsoluble materlal . _ ' R

Th' 1ncubat10n perlod 47 weeks, and/or the

condltlons for decomp051tlon were 1nsuff1c1ent for complete

humlfleatlon-of the roots and residues.““\

s
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T -~ INTRODUCTION
',_,_° '. ) ., c S / ‘ ‘ _’ " /

"

Tnc four 5011 zones of Southern Alberta are
dlfFere:tlafed by 5011 color, organlc matterfcontent and
k rn.the case of the Black - and Thln Black Sorl Zones, the
-,i."f‘ deoth of ‘ths Ah horlzon. Progre551ng from east to west
'across the orov1nce,f501l color generally darkens and organlc
W
‘ mﬁtter content of the s§rface horlzon 1ncreases as>one passes-$
through.the.Brown,JDark Brown and Thln Black Soal Zones.

. : S » .y
n S _ Di__c ‘ences: 1n the chemlcal character of t

decomposed plant. materlal at 51tes in each 5011\\on’

be" attrlbuted to. d1fferences~1h cllmate, annu plantwmat— e o
! {?}?ﬂ»ad itions, the‘lnfluence of,ﬁhe soil m{Jeral frgctlon |

s and/or dlfferences 1n e lnltlal chemlstry of the plant
B . e/ . .

spec1es grow1ng at each 51te.

>

-F S The roots of three common pralrle grasses, Festuca

4

scabrella (rough fescue), Stlpa _partea varlety curtiseta

4
(western porcuplne grass) and Stlpa comata (spear grass),

e

‘were - sampled from the Thln Black Dark Brown and Brown Soil
g~,Zones, respectlvely. The undecomposed roots were cgemically
characterxzed and‘allowed to decompose under laborat?ry
-7cond1t10ns. At varlous lntervals, the decomp051ng roots
‘,were agaln chemlcally characterlzed to attempt to determlne

; the 1nf1uende .of- the chemlcal comp051tlon and assoc1ated

:2 mlcroorganlsms of the 1n1t1a1 root materlals on: .

S \ .
P (a) the rate of decomp051t10n of each grass spec1es,

and (b) the products of decomp051t10n of each grass spec1es. 8

3 \vif o o /
RS R i ' . )




D o LITERATURE REVIEW

Produc's forrad" durlng decomposltlon of plant
“faterial in soil an partltloned into g&ree main categorles._
A portion is used for synthe51s of blomassh_whlle a portlon'

is completely mlnerallzed to C02, NH4 SO4= and=$0 . Th {

thlrd category is the humlc materlal formed thIOLgh reactlons

A
‘betweenzéxtra cellular mlcroblal metabolltes, partlally

‘degraded plant components and exlstlng organlc and m1nera1
e

]

entltles in soil.

-

Composition'of'Plant Tissues

Plants generally contaln the vame classes of com—'
'pounds (waxes \fats, re51ns, protelns, f:ﬁple and complex
carbohydrates, 11gn1n and other components) but the proportlons
depend on the spec1es being con51dered (Table l) Theé
proportlons of the ﬁarlous constltuents present 1nflu¥nces
v;the degree and ralt\ofhdecomp051tlon (Table 2). ThlS fact
helps account for different rates of decomp051tlon of
-dlfferent plant species (Table 2) |

. Cellulose is a major constltuent (2? to 30 percent)
of perenn1a1 grasses (Table lf’ It 4ds péegent 1n plants as

coiled rlbbon 11ke structures composed of a ‘minimun of one

lthousand D—glucose molecules linked through. ﬁl 4 oxygen

. ..o : . . 1. e N & ~
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linéages; It is often closely assoc1ated w1th other plant

?lysaccharldes by absorptlon or secondary vaIency forcesr
. (Gupta, 1967). ThlS assocratlon and the c01led nature of
the cellulose molecule imparts re51stance to chemical ana

microbial attack

o "In comblnatlon wilth cellulose, llgnln gives strength
- ¢ and durablllty to plant cellwwalls. Perennial grass roots

contaln 25 to 30 percent llgnl ,(Table 1). (”Only conlferous

and dec1duous wood has more llgnln.v The prec1se chemical
N structure of llgnln is not known, but ‘it 1s con51dered to be.

a complex macromolecule with varlable chemlcal characterlstlcs

s

and types of bonds ° (Oglesby, Chrlstman and Dr1verj,196}).

Flalg (1964) descrlbes llgnln of perennlal grasses as
ba51cally p-coumaryl alcohol unlts llnked through allphatlc
ether groups, ar 1 alkyl ether groups, dlphenyl llnkages and
carbon of s%de chalns linked w1th aromatic’ r1ng carbons ‘He'

descrlbes con1f rous tree llgnln as hav1ng a conlferyl
Ly
¥ LI,
unit while de01duous tree ~lignin belng
/

composed of co 1feryl alcohol and 51napyl alcohol units

-

(Flalg, 1964)

alcohol bu11d1n~

Barghoorn (1952) reported that plamt llgnln
content was c rrelated with slow decomp051t10n ratés;. t her
"complex llgn'n macromolecule‘benng most slowly attacked by

mlcroblal e
l‘

randomly d1 trlbuted in the Ilgnln molecule’ renders it the

most resis ant plant constltuent?f With no nitrogen ln-the -
.. i . =

f

es. ' The large number ahd type of bonds. et



Structure, other source% of nltrogen ust be avallable for ' '
4m1crob1a1 degradatlon of llgnln. |
Hemlcellulose, another constltuent of uncertaln
stru\ture, is found in plant cell walls in asSoc1at10n with
lignin-as structural strength ylelding units (Gupta,'1967)

Our 1ncomplete understandlng of the structure of hemlcellulose

is due in part to dlfflcultles in remov1ng the hemlcellulose

>

'Lvenvelope from the cellulose c01ls lt coats (Gupta, 1967).
Hydroly51s of hemlcellulose ylelds D-glucose, Dvélucuronic
ac1d D—xylose, D—galactose, —galacturonic acid,ﬁL—arabinose
andvD—mannose. | _“ | _. . '

‘Protein constltutes S to 10 percent of the welght
of perennlal grass roots (KonOnova, 1966 P. 112). In plants,
' protelns serve both ‘as enzymes and as structural units. "In
_prlmary cell walls . the‘proteln portlon servesﬁto coat the
‘11p1d bllayer fa0111tat1ng proper orlentatlon of the two
llpld layers.v The llpld—proteln assoc1at10n would be expected-‘

to render cell wall proteln more re51stant to degradatlon

14

than 1s enzymac or cytoplasmlc proteln., To date, llttle
1nformatlon concernlng the relatlve dlstrlbutlon of enzymeh
‘and structural proteln is avallable. | _ | |

Plant waxes (esters of “higher fatty*ﬂEids éhd
allphatlc alcohols), fats and re51ns serve 1n plant tlssues
as coatlngs to insure a satlsfactory moisture balance in

vleaves and stems. Kononova (1966 p' 112) reports a 5 to 12

percent fats, waxes and re51ns content in perennlal grass



' understood they. may protect agalnst disease, 1nvasmoh
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roots. Although thelr role in. root tissues ls’not we'll

\

(Stumpf, 1903) 3

»

Microorganisms Involved in Decomposition,

J
The varled phy51cal -and chemlcal cnaracterlstlcs

-of 5011 and ﬂhe dlverse nature of plant materlals added to'

- -

N #

‘it, results in a large and varled populatlon of soil micro-

.
organlsms whlch decompose plant tlssues (Aleh nder, 1961, p.

Alexander (1961, P- 168 169) considers fungl to be

the main cellulose degraders in humld soils whlle bacterla

Vare of greater 51gn1f1cance 1n sem1 arld 50115. - The large

number of mlcroorganlsms capable of attacklng cellulose'

permlts its decomp051t10n through a w1deﬂrange of pH levels

' m01sture condltlons, temperatures and oxygen ten51ons Cm

(Table 3). Altxander (1961 p. 167) states that degradatlonj

of cellulose 1n soxl is a JOlnt effortﬁﬂy a broad spectrum
X

o of mlcroorganlsms, w1th more rapld degradatlon in a mlxed

c

culture.than a pure culture;

3).

Two major problems have been encountered in attempts

to ldentlfy llgnln degradlng m1croorgaﬁ%§ms. These are slow

rates of chem1cal change durlng decomp051t10n and the dlffl—,

B

culty in extractlng llgnln w1thout chemlcal alteratlon.j

5011 fungi, partlcularly the Ba51d19mycetes and Ascomycetes,

Nt g 7

N
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are the'main dégraders of lignin; thelr mycelia are Capable
) ' of penetratlng the llgno cellulose aspociation (Garret .1934) .
f%v : Alexander (1961, p. 206)wreports a s dy 1n which 44 of 46
3, soil Basxdlomycetes studled were capable of degradlng both
‘3'cellulose and lignin. i (
Many- 5011 mlcroorganlsms utlllze hemlcellulose as .
»a1carbon ‘and energy source (Table 4). Due to the hetero—i
o,

,genelty of hemlcellulose hexosan and pentosan components,

" the rate of degradatlon is not_ constant Experiments have'

shéwn hemlcellulose to stlmulate growth of cellulose degradlng

miér organisms (Alexander, 1961 p. 188). _

Protelns are readlly attacked by many’ 5011 mlcro—
organlsms; Peptlde llnkages between amino ac1ds are hydrolysed
by proteolytlc enzymes, the proteases. The products of

“degradatlon of ‘proteins, peptldes and amlno ac1ds may per51st
1n 5011 through complex1ng with clays and aromatlc products
of llgnln degradatlon Free amino ac1ds are rare as they are.

o

rapldly degraded by 5011 mlcroorganlsms.

"Factors Influencing Decomposition Rate
& g Study of the decomp051t10n rate of 1nd1v1dual plant
h'components has been llmlted by the dlffxculty 1n extractlng
the components 1n a pure st te (Jenklnson, 1971). The perlod

of re51dence, 1n an unchanged state, of each plant componéntg

)
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must .be viewed in terms of the multiplicity of potential.

LY

chemical reactions “ip the soil environment.

The as 'on ofﬂ;qo or more cellular components

. - . R
;. ’ -
1 L vl

Table 5. Decomp051tlon by Pseudomanas ¥phemerocyanea of
‘Jute Preparations Containing Different Quantltles
of Cellulose and ngnln*

Lo ] o N
e
| . Cellulose _  Lignin % of Cellulose L
.Preparation Content . Content- i Degcomposed
R 3 R | N
A ~ 99.2 0.0 . 100.0
B 95.5 . .,3.3 . 95.6 -
< 8.2 6.3 7 83.1
& : - 4 v : R . o
b 82.7 11.9 ©37.9
E 75.6 . 12.9 . 17.7

Incubation period of 21 days..

*. Alexander, M. 1961. - Soil microbiology. - p. 167. - /-

‘% ‘ o o . R  _,)

"F _ o T
The reduction l* decomposition rate may be attributed to. an
increaSed number Qf bonds to break between oompohenté and, an
increased co plexity oftgo}§s requ1r1ng complex enzyme systems
(Ester%ahﬁ, 1959)! Component assoc1at10ns,‘such as cellulose-"

L35 R - .
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lignin complexes,'may'stericallffinhibft the activity of

| llgnln or proteln degradlng enzymes through preventlon of

proper enzyme substrate contact (Swaby, 1968)@ Swaby (1968)
alsoHsuggests_organrc crypts, a component_ex1st1ng within

another. organic ®ntity, may prevent enzymic attack.: .
' e . . LIS -~

In attackingvﬁﬁy substrate for energy and eventual

IS 2

e
e e

‘new cell:productfon, sufficient nutrients must be available

to the mlcroorganlsms before any major alteratlons ‘may occur.

<3

"‘Nltrogén levels are of. partlcular 1mportance in the degradatlon

_of carbohx&rates for eventual proteln synthe51s.u
| Thé*prodhctlon Gf toxic metabollc products of
'decomp051tlon may slow a constltuent s degradatlon (Alexander,i'
1965) . - o | e ) \”_
| Clays may strongly 1ﬁ%luence the degradatlon of
plant constltuents by adsorblng the constltuent and/or the
enzyme. The reduced moblllty'of,the substrate—enzyme system
may.érevent'proper’contact for reactionw,'v .
Swaby (1968) notes that orderly polymers w1th
_regularly repeatlng monome; units, such as cellulose, de—
-polymerlze more rapldly thar those molecules lacklng order;y
such as lignin. The variable naturefof bondlng,necessltates‘
moré than one enzyme for degradatlon. |
The env1ronment must prov1de proper condltlons of
oxygen ten51on, temperature, pPH and moisture condltlons.for

(S i
healthy mlcroblal act1v1ty.v Any one or. more of these condltlons

Ib %’;", B v

S ey - . o )
. . ) . IS



? A
lacklng/ln A tnvigonmeng may ellmlnate a requlred or nlsm

. ‘and 1ts enzymt system for eff1c1ent.§ec0mp051t1 n of lant

tlssues (Swaby, 1968). , T

3

- Decomposition Products and Fate

-

A dlscu551on of plant tlssue dECONDOSltlon must

I

stress the p0551b111ty that any constltuent may part1c1pate

) .
S

‘in 5011 humus format;on, any. plant constltuent nay be totally
mlnerallzed and. not part1c1pate.' ‘The env1ronmental condltlonS-Q

for decomp051t10n select the role of each constltuent
: (N h ",;,

(Aleksandrova, 1972).v

Y

Analyses of. 5011 organlc matter has often snowh a f.\\\\

53; cellulose content of less than one percent (Gupta, 1967),

B

déspite a hlgh cellulose content in 11v1ng plant tlssues
S v

¢ (Table 1). These results lmply cellulose belng completely

¥

mlnerallzed and used as an energy source, belng used in 7 .
'v'mlcroblal cell wallspln the rod—shaped mlcelle form or used in.
a the synthesis"of’new organlcs appearlng ‘in soil organlq m/tter -
(hlekander,'l961”‘p. 163). Cellulose 1s hydrolysed by cellulase )
j enzymes to yleld the . dlsaccharlde celloblose. Cellpblose is. |
) hydrolysed by the enzyme celloblose to yleld two glucose
:_molecules. Alexander (1961 p._173) llStS carbon d10x1de,>
{-hydrogen. ethanol, acetxc aéld formlc ac1d, succ1n1c ac;d,

butyrlc ac1d and lactlc ahj"” ,products:of-completefanaérobic

@ L -



]
o

cellulose decomp051tlon. He'lists carbon dioxide and'water-
B ~.as aeroblc products. | ‘ | | |

"~_ Alexander (1961 p 200) suggests the outstandinc <
-vmlcroblal characterlstlc of - llgnln is its re51stance to

o

degradatlon- lignin’ belng the last plant constltuent to
: show apprec1able ox1datlon.' Flalg (1964) suggested the'
probable absence of nltrogen 'in the llgnln molecule, thereby
an unfavorably hlgh C/N ratlo, llmlts the act1v1ty of llgno~ |
lytlc mlcroorganLSms.ﬁ ThlS 51tuatlon is also the case with |
cellulose and hemlcellulose and thelr respectlve m1crob1a1
degraders. Flaig (1964) added ammonium nltrate nltrogen to
accelerate the decomp051tlon of- llgn1n. The source and
iuamount of nltrogen avallable to soil mlcroorganlsms is of
great importance. Research may show a hlgh amlno acid level .
mln mlcroorganlsms to be necessary for rapld decomp051tlon of .
vplant tlssues. | - | |

”

Alexander (1961 p; 200) v1ews the 1n1t1al decom—.

p051tlon of 11gn1n as .a modlflcatlon of the macromolecule

4 ~

1nclud1ng cleavage of three carbon 31decha1ns from thelr

]aromatlc nucleus and a decrease in methoxyl group content e
s [ ~ .

c’The number of aromatlc hydroxyl and carboxyl groups 1ncreases.

The large 51ze of the llgnln macromolecule nece551tates

Y

extra cellular enzyme cata1y51s.' After most plant celluloses,
N £

hemlcelluloses and proteins have decomposed slow changeS'

~

1n 1lgn1n occur. :The changes may 1nclude degradatlon of the

a macromolecule to 1ts constltuent phenylpropane bulldlng

e
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unlts, oxidation of the benzene rlng to.qu1n01d tructure
and polymerlzation of the qu1nones to a hlghly re51stant
B entlty.:' . |

*He;lcelluloSe, also requiring.extraCellular‘
enzymic‘attack; dégrades*to 1ts constltuent hexosan .and
;pentosan'sugarSvused S energy soutces and cell synthe51s
v(érayﬁand.williams, lj;l) | | |

.Amino acids, the decomp051t10n products of peptldes

and protelns may dlsplay unexpected long re51dence perlods

R outvs

1n soil due to: complex1ng w1th soil clays. Sorensen (1971)

attrlbutes an unexpected long perlod of re51dence of amino
y . R

/)
ac1ds in 5011 to adsorptlon of peptldes and’ protelns to cﬁay'

partlcles. Subsequent enzyme deactlvatlon may occur through
greduced Sobflffy of substrate and enzyme (Harshall 1964)
'.5011 amlno a01ds eventually degrade w1th ammonlum b?i&?
released as a product (Alexander, 1961 p é§3) Bremner
(1955) reported 20 to 50 percent of organic bound soil |

»

'nltrogen to be amlno ac1d q1trogen.

éoncepts of Humification

“The degradatlon of plant tlssue constmiuents

'proceeds with a. fractlon of the products being used for

Ny

microbial cell synthe51s, a fractlon belng totally degraded

fto a’ m1nerallzed state whlle the remalnder is found in

-

e
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1mpeded‘enzyme attack., Y ¥

" 16

¥
o )

resistant soil'organic matter termed humus. Humus materlgls

exist in SOll for 1ong perfods of time due to resxstance o

| enzyme attack. The random nat re of bondlng in humus and ' )
Syre

-

the potentlal for adsorpt;on to. clay pa<§1cles results in

Ea

&
Through complex phy51o—chem1cal changes, all plant»

constltuents may contrlbute to 5011 humus (Kononova, 1966,

e

P- 181).: Kononova (1966 p 117) reviewed research by

.
Mulder and Liebig who produced humusjilke substances through

' the treatment of wood contalnlng ZS.percent llgnln, with

L]

alka11 solutions. Decomp051t10n of cellulose and heml—
cellulose ‘alone failed to yleld brown or black colored humusb

products.v Hoppe and Seyler found addltlon of whole wood to

'the cellulose plus hemlcellulose medlum re-ulted 1n the

- ! .
mlcroblal synthe51s of humus materlal

,The compleX‘reactlons Ln'5011'leading-eventually

~to soil humus should not be assoc1ated exclu51velyfwith the
'llgnln fractlon. Although general_y much less resistant to

'mlcroblal attack, all°other plant tonstituents may play a&
S

role in the formatlon of 5011 humus. erlcally protected/f~ )

by organlc macromolecules preventlng mlqroblal or enzymlc ‘.

contact or adsorbed by c01101ds may serve 1nd1v1dullly or

collec 1vely to 1ncrease ‘the resxdence tlme of an organlc y

materlal in soil (Sgaby, 1968,.

Oglesby, Christman?and uL“Ver (1967) proposed -a

Slmpllfled pathway for humlflcatlon whlch con51ders llgnln
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to be the major contributor to the humus product. Throuth.

"mlCIObl@l attack, the llgnln macromolecule is degraded to
v
: 1ts bhenyl propano;d unlts. These are enzymlcally oxidized
'to hlghly reactlve qu1n01d structures capable of poly-
merlzatlon to form the condensed humus macromolecule. The
polymerlzatlon of aromatlc qu1n01d structures 1ncludes e
'condensatlon w1th peptrdes, a product of plant proteln
degradatlon v The product exhlplts hlghly random bondlng of
"aromatlc plngs. The randomness of the bondlng may lnhlblt
spec1f1c enzyme substrate site conformatlon resultlng in.
slow decomp051tlon (Mahler and Cordes, 1968) .- . . "‘gc
Kononova (1966 P 150) suggests a second scheme |
‘representlng 5011 humus productlon (Flgure 2) This scheme
_;dlffers from that of Oglesby,.Chrlstman and Drlver s
(Flgure l) in that 1t 1ncludes planf protelns, carbohydrates
‘*and the mlcroblal metabollc products in the. synthesrs of
: humus in additlon to ‘the products of llgnln degradatlon.
Mlcroblal phenolox1 Ase enzymes are 1mportant 11;5
the'okidat}on of phenollc struCtures to quino d.structures
'(xononbva, 1966, p. 142) ' The reagtion dlag Ammed in"
Flgure 3 procedes e 51ly at’ alkallne pH in the presence of
phenoloxldases derlv d from fungl and actlnomycetes.f The
w eventual products are dark colored polymers (Kononova, 1966)
° | A more: recent attempt at understandlng 5011 humus

formatlon has developed through eLbctron spln resonance ‘ 5'

(E S R: ) countlhg of free rahlcals.a A free radlcal 1s a.
- . . _

.Ji;‘
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stable molecule with an unshared electron: the-Spin'of that
.electron being countable. . | >
Free radlcals may be stablllzed within plant llgnln
by being trapped or caged with a complex organlc network
(Harkin, 1967).9 Atherton (1966) rejects the caged .
radical concept feellng humus itself is a large free radlcal
:ﬁgalnlng unusual stablllty through an extended con]ugated
system. Lone electrons may - be stablllzed through exten51ve
resonance 1n p1 orbltals of aromatlc rlng structures of 5011.
organlc matter. Atherton S concept may over empha81ze [/
electron sharlng by resonance. For‘sharlng-throughout the
entire organic molecule, all'rlng\structureS'muSt:be'flat
"~and in the sam plane. V1ewrng the ent{re humus molecule'
as a free radlcal cannot totally explaln ‘the. stablllty of
the unshared electron.. Atherton (1966) suggests the lone
electron, g1v1ng electron spin propertles, orlglnates fro£
Q}an oxyge_Latom. - The electron spends less time in the p1
orbital of the;oxygen‘parent atom as add;tlon\and aromatic
rings are addéd or condensed to the complex.

o Accordlng to Schnltzer (1972), the structure,anvﬁ\;'
orlgln of soil organlc matter ‘free radlcals is not fully
‘understood | Steelﬁnk and Tollln (1961) “have shown the free
‘radlcal concentrat1on to lncrease w1th pa551ng,?ecomp031tlon
tlme- thelr research favorlng a qulnone group acceptlng a

J51ng1e G@ectron from amlnes or phenollc hydroxyls to fOrm a

semlqulnone, a stable free’ rad1ca1 ,Cautlon-should be

caN -
S A

Y
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exercised as there is no’absdﬁutelproof-of'substantial
o ' ' '

"quantities of quinone groups existing in soil organic matter.

- Research by Rex (1960) Showed free radicals to be stable in

soil for many years desplte exposure to oxygen. Rex (1960)

failed to flnd free radlcals in 11v1ng plant tlssues.jéRex
S E
(1960) suggests that free radlcals in soil organlc matter

are a result of a01d or. fungal attack on plant proteln-' 

>
.

) * v,
U

lignin complexes. R ." ' :.f . .

N Haworth (1971) states useful structural deductlons T
cannot be made from current electron spln resonance data,
He feels much. work remains . to be .done in evaluatlng E. S’é"

‘as a tool for the understa@dlng of the structure of 5011
humus. .

After the death of a: cell, 1ntracellular enﬁgmes

ey :

' are. Stlll actlve before mlcroblal attack Swaby and Ladd

;
LT

'(1965) have hypothe51zed humlc substances may be the product

K -_/'
T
o

- of heterogeneous cnemlcal cata1y51s, the condensatlon‘or

*

polymerlzatlon of free radlcals formed enzymatlcalfy 1n

Kplant .and m1cr0b1al cells after death "o ';Y
| In lnvestlgatlng the'various concepts and techéf”ﬂ
nlques of analy21ng 5011 organlc matter to galn an under—l,ﬁ@--fu?
”standlng of the- synthe51s of 5011 organlc matter, the- ;
researcher must. constantly be aware of the complex1ty of o
f.the soil. system ' The 5011 env1ronment 1s capable of ‘mafi y7?

chemlcal reactlons, many organlc systems and products-may.

ex1st in the 5011
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Many researchers have proposed new systems for the
synthe51s of soil humus.  No 51ngle scheme has been totally
accepted; an element of probablllty exists in all proposed
schemes. An element of - frustration exists in studylng 5011
humds and plant llgnln extracts w1thout chemical alteratlon;‘
To date, all llgnln or humus extracts contaln artlfacts.

It is often dlfflcult to gather 1nformatlon

'?3'spec1f1cally deallng w1th root tlssue degradatlon. Relatlve

to studles of root decomp051t10n, past research has emphaSLZed'

the 1mportance of plant surfacc growth.

-
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plant species'at;thevsitevsampled.’

<

MATERIALS AND METHODS

Site and Plant Community Description

: Soil samples conta1n1ng de51red plant roots were

rgathered'in May, 1971, from three sites in Southern Alberta
. ! !

(Figure 4). The three sites were.selg%ted to include three

The plant species selected were Stipa comata Trin. & Rupr.,

Stipa spartea Trin. varlety curtlseta HltChC. .and Festuca

'~ scabrella Torr. and were present in 5011 of the. Brown, Dark

Brown and Black_Great Groups,'respectlvely (Flgure 4, Table 7

and Plates L to 9). Samples of the Brown 5011 Great Group

were taken at the Onefour Research Substatlon from SE 16 2-4 WS.

Thls is a Brown sandy loam in the Brown soil zone developed on

glac1a1 tlll ' §; comata-was the domlnant plant species at

the 51te sampled; Samples‘of the Dark Brown'soil Great Group

’were'taken at the Plnhorn Ranch from NE 19-2-6 W4. This is

a Dark ‘Brown loam in. the Brown 5011 zone developed on glac1a1

'tlll.ﬂv_; spartea var;ety curtlseta was the domlnant plant
‘Species at the-sitevsampled.. Samples of the Black 5011 Great
Group were taken at the Streeter Basin from SW 27 -13- 1 W5.
.kThls is a.Thin Black clay loam in the Black 5011 zone

"developed_on gla01al-t111. g;-scabrella‘was the dominant

2

Qdominant plant_species and three soil Great Groups (Table 6).
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Plate 4. Landscape, Brown Great Group, Onefour;

.Substatlon, SE 16 2- -4 W 4.

. LRSS

\ N . ) “ b

Plate 5. Stipa comata at above location.

A

.29

&



[
Plate 6. Landscape, Dark . Brown Great Group, Plnhorr”v
Ranch NE 19-2-6 W4, .
;
,
!
» o

\

Plate 7. Stlpa spartea varlety curtiséta'aéiabbve

locatlon.

30
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Basin, SW 27-13-1 W5,

)

“Plate ?{ ‘Festuca scabrella at aboueiloc

Landscape, Black Crea-: Group,

o :
ttreeter.,

N

<
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Sampling Technique

‘Each site was sampled to a six fnch depth “th the
surfacedgrowtn cut away and discarded The. samples were
:-washed by hand squee21ng 1n a stream of water to carefully
Separate thevroot fibers from the'mineral portion of the
soil.. | L - |

L The roots were separately air drled and ground in
»
a Wiley Mill, Model Ho. 3, to pass" through a one mllllmeter

screen.

Experimental Design .

The main experlment was de51gned to fac111tate the.

-Lstudy of the chemlstry of the fresh and decomp051ng root
:tlssues and their rates of decomp051t10n.- To thlS end
samples of three root spec1es were 1rd1v1dua11y 1ncubated in
| dupllcate at 28 %% 1n quart (938 ml ) m11k bottles for varlous
' lengths of tlme rangrng from 2 weeks to 47 weeks., To each

~

bottle, 20. 000 g. of drled ground roots of one grass specles

,.4

‘was added with 200.ml. of dlstllled water.: From each
respectlve 5011 a lo.ml 1noccu1um from is g. of 5011 shaken
*in 100 ml. of dlstllled water for 24 hours was added to each
bottle. Alr, scrubbed of CO2 and a1rborn'm1crob1a1 spores,

' was passed through a glass tube reachlng below the 11quid
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,shaken ty hand to prevent anaeroblc condltlons through

Y

level in each bottle prov1d1ng an Qxygen supply and a.method

of slow m1x1ng. Each 1ncubat10n bottle was occa51onally

settllng of root partlcles. Resplred gases and buhbled a1r
was allowed to escape through a- second hole 1n the stopper
of each bot\t,le (Plate 10). . o

Dupllcate samples ofaea@h grass spe01es were

'removed from the 1ncubatlon system after 2, 4,'6,f8, 10, 12,

16, 20, 24, 37 and'47.weeks of ;ncubatlon and prepared'for"

analysis.

Analytical Techniques

A. €GO, Respirationﬁ'

Theicoz resplred by the mlcroorganlsms degradlng
the root: materlal was moultored%&"cordlng to the methods

descrlbed by Stotsky (1965)  After bubbllng 1nto-the.‘

1ncubatlon flask the air - and resplred CO2 was bubbled

‘through an addltlonal trap contalnlng lN NaOH (Plate 1‘).

Atmospherlc CO2 was scrﬁpbed before belng bubbled lnto the'

1ncubat10n bottles by pa551ng the air through 2N VaOH In
addition to remov1ng 002 from the air supply, mlcrobfal'SPOres

and water was removed in the gas traln (Plate 10) b lass .

wool and bubbllng air through 2N H2804, respectlvely.' Three'

samples of each grass species were monltored for aﬁtotal of

91 days.,.




Plate

W oW W o PRy s

Y

‘lQ.f'Ihcubatibn chamber.

.34




Plate 11.

Incubation bottle and C02"_ trap.

35
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B. SamplerPreparaiion
- Atvselected incubation termination times, duplicate

samples of each grass species were centrifuged'forVS minutesvy

at 2, 000 r.p.m. The liquid portion of kach sample was

filtered through a Whatman No. 4 filterﬁbaper and the pH

: taken with a Fisher Accumet Model 320 Research pH Meter

The filtrate (water SOIuble fraction) and the residue (non-

water soluble fraction) of each sample were separately

freeze- dried uSing a Virtis Freeze—drier and sgpred for later‘

- analysis. .

- C. .Degree of Hydrolyzability.

ReSidue samples were hydrolyzed in 6N HCl for 16
hours at 100 °c (Mortensen, 1965). The hydrolysed material
. was passed through a’glass filter. 'The filtrate was:madev
up to 25 ml."with distilled water and the reSidue dried for

_24 hours at 105 C.

mﬁnﬁgl Analyses

1. Total Carbon

- Total'carbon determinations were dOne on both‘the-

» water soluble and reSidue fractions by dry combustion at-
4

'.900 C for 15. minutes 1n a stream of O The evolved CO

2° 2
‘was collected in ASﬁfrlte. A platinum chloride catalyst
was used to ensure complete conversion of organic carbon

o

to CO2 (Allison, Bo%ien and Moodie, 1965)

g
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2. "Total Nitrogen

The total nitrogen eontentdof soil and residue
.samples was determined by the regular macro-Kjeldahl

method descrlbed by Bremner (1965) The total nltrogen

. v
o

content of the water soluble,fractlon»was determined by

the semrmBCro-Kjeldahlﬁnethod described by Bremner’(l965),

3. Qzal Hydrogen

“ "l».

Total hydrogen was determ;ned w1th a Coleman Carbon—

.Hydrogen Analyser, ‘Model No. 33, by the Mlcroanalytlcal B

Laboratory, Department of Chemlstry, Unlver51tﬁ

- 4. Total Phosphorus

Total phosphorus was determined usrng the perchlkrlc
- ac1d dlgestlon followed by colorlmetrlc detcrmlnatlon
- w1th sulfomolybdlc ac1d as described by Olsen and Dean

(1965) . | T

E. NH, and NO-
- N 3 _

. . 4
‘«NH4 and NO3-N determlnatlons were done by the steam

,

: dlstlllatlon method“descrlbed by Bremner (1965) .

-+

F. Functional Groups

\ : B ' . S

1. Acidic Functionaleroups'

Lot

The total andhcarboxylbaoidity of Samples were

-}



'1n the stream of CO

'7;Fundamental Polymers,

~Carbohydrates
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W ‘ - : o
de ermlned by the procedures descrlbed by Schnitzer and

Gupta (1965) . Phenollc ac1d1ty ‘was evaluated by the

idlfference between values for total and carboxyl ac1d1@§

[

Methoxyl Groups

The methoxyl content of each re51due sample was .

determined by the Zeisel semimicro method descrlbed by

:VClark (1929).' An addltlonal test tube of llquld bromlne

zwas utlllzed to ensure complete trapplng of CH3I carried

!

2 & L E

1

) .
A 2}
. v

Lignin

: The method descrlbed by Czerkawsk1 (1967) was used

to determlne the re51due lignin content _ Soxhlet ex-

,tractlon w1th ethanol and benzene extractants followed

.by reflux1ng w1th lN H. SO4 removed all other plant

2

v_constxtuents-from the residue samplesi. The remaining .

- lignin was dried;lweighed and corrected for ash content.

The procedure descrlbed by Derlaz (1961) was used

for the determlnatlon of re51due soluble and structural

tarbohydrates. Samples were succe551ve1y extracted with
dlethyl ether, 0. 5 percent ammonium oxalate solutlon, 1N

H., SO >

250, and 72 percent H SO Soluble,carbohydrates-in,the’
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ammonlum oxalate solutlon were determlned by anthrone.
The hydrolysed pentosans and hexosans in th° comblned
"IN H SO4 and 72 percent HZSO4 extracts were determlned

/
with anlllne acetate and chrdﬁotroplc ac1d respectlvely.f

3. . Amino Acids L . . o o
_Re51due amino acids were extracted in 6V HCl at
o 100 C for 16 hours. The hydrolyzate was cleansed of

lmpurltles on Doxex 50 (¥—8) catlon exchange columns.

Total amlno'

Ecx 7

the Moore and Stein (1954) colorlmetrlc method u51ng

ids in the re31dues were determlned by

.nlnhydrln. Absorbance was measured at 570 nvlon a
C e Bausch and Lamb Spectronlc 20 colorlmeter. The relatlve_l
' molar ratios of re51due amino ac1ds,'acylated n- butyl
"esters w1th trlfluoroacetlc acid, were termlned using.
-»the gas. chromatographlc method of Roach and Gehrke (1969){c

‘A 2x10 =6 mole ornlthlnc 1nternal standard was used in

every sample.:

-H. .Infrared, Ultraviolet and ViSiblefSpectra‘ :

A Perkin Elmer Model 457 was utlllzed to produce

- the 1nfrared spectra of the residue and water soluble samples.
.Each sample was pressed to a. pellet in KBr at 18,000 p. S . i.
pressure for flve minutes under vacuum : Freeze drylng each

sample reduced m01sture 1nterference durlng prlntlng of the

;nfrared spectra.
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The ultraviolet and VlSlbIe spectra of the Q%}
soluble fractlon was produced using a Cary 20 Spectro—'
photometer over a 200 _ to 360 and 360 to 600 nanometer range,

respectlvely. A dlstllled water mediun was used

I. Soil Particle Size.Distribution ‘

R A ' %fs\
- ' The plpette procedure described by Day (1965}/was

/
used to determlne partlcle size dlstrlbutlon of the Ah .

"horlzons of the 50115 sampled. ,

J. vah'Content

i
The ash content of the samples was determlned by

‘lgnltlon for four hours at 550 C.

K. ' Photomicrographs

'Photomiorocraphs of raw and'decomposiné root
partlcles were taken w1th Kodak Ver51pan fllm. The rootj
,partlcles were mounted in a well slide using’ a‘water medlum;>
. a cover slip, a»lO power ocular. lens and 10 power objectlve

lens of Weiss microscope.
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RESULTS3

Root Decomposition
The three grass spec1es decomposed rapldly durlng

" the 1n1t1al 30 weeks of 1ncubat10n, Stipa comata and Festuca -

scabrella each loslng 22 percent of their original root

weight and Stipa spartea variety curtlseta 1051ng 24 percentp
V(Flgure 3) Greater dlfferences in the anount of root |
}welght 1bst by each spec1es became apparent in _ae renaining
37 weeks of 1ncubat10n-:_; sparteavhav1ng lost a total of 40
- percent; F. scabrella 35 percent and S. comata 31 percent |
when iﬂcubation was ,erm‘nated' Loss_of organlc materlal
'from the root residues was not accompanled by a concomitant

-'1ncrease in organlc materlal in the water %pluble fraction

JH(Table 8)

Table 8. Welght of Water Soluble Organlc Materials at
B Various: ‘Sampling Times, from Three Grass
Spec1es Decomp051ng at 28°C

Deco$p;:rtlons Welght of Water Soluble Organic Mater1a1 (g)
(weeks) ' E;,scabrella ‘ spartea S. comata
2 i‘.09'> R ;f 11 .22

8 o3 T s

37 a0 - Lo .10
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The raw root. partlcles of each SpCCJeo, when
viewed m1croscop1ca11y, con51>ted of deLlncd xy;en, exodermis
and endeodermis tissues. G;lndlng of ‘the air dried roots |
vbefore incuhétion eaused a emall.amount of macetation of the
exodermis (Plates 12, 14 and 16). Thevphysical decompositien
of each species was a loss of the uell defined internal root
structures (Plates 13, 15 and 17). The root pééticle; of
S; sgartea and S. comata,aafter 47 weeks, retained‘only'the
skeleton—like cell walls of the‘endodermis.‘vThe F. scabrella
partlcles retalned much of the 1nternal materlals but in a
much less’ deflned ‘orn then were found in the undecomposed

r

' tissues. ’

2

C02 Evolutien :
Sy : _

;M1crob1al activity was monltcred durlng the flrst ge
91 days: of 1ncubat10n by measurlng CO2 evolutlon. 'The"
-resplred carbon from the re51dues of" F scabrella,.s.
sgartea and S. comata amounted to 2. 4 2 1l and 2.4 g., :
'\respectlvely, and accounted for 27 percent, 27.5 percent
"and 29 percent, :espeetlvely, of the raw ;oot.carbOn content

(Table 9 and Figure 6). R
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Plate 13. Féstuéa-Sdébréila'toot residue (x 100) -

- after 47 weeks incubation at 28°C.



Plate 14. Raw root (x 100, o»f Stipa épartea”variety'

curtisetas

o

e,

Plate 15. Stipa spartea vériety.cdrtiseﬁé'ropﬁ _
' . residue (x 100) -after 47 weeks incubation

- -at 28°cC. L S .

e
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Plate 16.v”Raw‘rootf{k 100) of Stipa comata.

T T -

-

—

Plate 173’ St;pa ‘comata root residue (x 100) afteri

3 | a7 weeks 1ncubat10n at 28°C

e
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Table p. Cumulative Carbon Respired from the Roots of

Three Grass Species Incubated at 28°c

: L 'Cumulaﬁiye’Respired co, - ¢
Decomposition o : (mg)
- Time . : <y :
(days) F. scabrella S. spartea S. comata
| " /
.5 38 35 35
1 180 124 96
2 247 138 110
3 303 197 159
5 472 - 271 259
8 598 379 399
15 799" 572 599 -
22 959" 755 . 757
29 - 1,094 | " 874 959
36 L,216 ° 996 1,152
43 . 1,378 a8 1,337
50 o 1,559 1,0 1,516
57 7 1,695 ©T1,437 1,659
64 7. 1,856 T1,626 1,837 -
71 L 1,994 41,7907 2,020
78 8 2,199 1,973 2,199
oL . , " 2,359 2,139 2,377

a

47
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Elemental Distribution

The raw roots and residues after 10, 20 and 47

weeks of decomposition of ali three species we:e analyzed‘for'
carhon, nitrogen, hydrogen and-phosphoruS/égntent (Table 10).
| "éarbon'content‘in the'residues of all‘three species.
rapldly decllned in the 1n1t1al 10 weeks of 1ncubatlon
(Flgure 7) ‘A moderate loss occurred in the 10 to 20 week
1nterval followed by llttle or no. Loss in the flnal 27 weeks
- of 1ncubat10n. S. comata and F. scabrella lost 32 percent |
‘of thelr orlglnal root carbon whlle S sEartea lost 30 per—
rcent over_the 47 week incubation. |
“ 'NResidue nitrogen content decreased in'all three
' species durlng the initial 20 weeks of decomp051tlon (Flgure
'7); The re51due nltrogen content'o¥ S' Eartea gradually
\increased 1n~the.f1nal_27 weeks of incubation to 80 perbent't
‘of°its original Qalue. |
The‘absolute weightJof carbon was of:thejsame..
ordervfor all;three‘species; the Order of nitrogen was not.-

S comata .and S Eartea contained greater amounts of nitrogen
\“l 7.

“in the raw root “tlssues (Table 10) The C/N ratio of the

raw roots of S ‘comata and S. sEartea was 18/1 and 22/1
respectlvely, the raw roots of F. scabrella hav1ng a §\bher
‘ ratlo at 35/1 (Figure 8). The C/N ratlo of the re51dues of
.all three species rem:rned relatlvely constant‘durlng

" decomposition.
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Table 10. Elemental Cdntent of Raw and Decomposing Roots
‘ ~ of Three Grass Spec1es Incubated at 28°C
4) .

Grams of Element in Total Re51due*

_ Element Decomp051t10n Tlme (weeks)

Species ' fg) . Raw Roots 10 20 47

F. scabrella - C 8.78 6.61 5.99 5.96
| N ;.25 .17 .16 .16
. H 1.8 .90 .82 .80
SRR o ? )04 . 02 .02 .02
S. spartea c 27,81 6.10 - 5.40  5.61
P N 1036 .31 .26 .29
H 93 T 78 .75 .68
P .04 .03 .03 .03
'S. comata - ¢ . 8.2 - 6.40 5.57 . s5.43
| = N .3 .45 '
H 097
“P“ . %'-04g §fY:
, ; ) ’i -
% Orlglnally 20.000 g of roots added‘%b ;ncubatlon bottle.fﬂ,j-
- For total re51due welghts see Appendlx 1 ﬁ‘% ' - r
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Re51due total hydrogen content contlnuously

decreased in all three species durlng dtcomposltlon

P

(Flgure 9). The residues of. S. comata lost the greatest ‘ ///{

o

hﬁﬁ L ' j A greater loss' of re51due hydrogen relatlve to
: : o

losSes of reSLdue carbon resulted in an 1ncrea51ng C/H ratio -
1n,the re51dues of S. spartea and 'S. comata durlng 1ncuba-
tlon'(Flgure,IO) The C/H ratio:of the re31dues of F. .

scabrella remalned unchanged

L w s

>
‘"
W

R651due phosphorus, durlng the initial 10 weeks

5

of 1ncubat10n, decreased in all three spec1es(§?}gure 11).
The re31due phosphorus content of all three species slowly

-»1ncreased durlng the flnal 27 weeks of 1nc%$atlon. Overall

A

ioss of re51due phosphorus in all three species could not be

accounted for 1n the water soluble fractlon of each spec1es

and may br procedural error. e
i A-curate werghts of "all the freeze drled water
soluble fracthms were not determlned the few samples of

¥ ! @ v,

each spe01es wh1ch were weighed contalned 22 g or less
materlal : In«all &ases, the amount of carbon, nltrogen,
hydrogen and phosp in the water soluble fractlon was

less than tgé 1ossec o these. elements from the decomp051ng
.3
re51dues (Table 11) A small amount of the water soluble

- nltrogen was accounted for as ammonlum and nitrate nltrogen

(Table 12).. o R
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Table 11.

57

Elemental Content of the Water Soluble Degradatlon
Products of Three Grass Spec1es
Decomp051ng at- 28°c

) | E: -mental Content (%‘dry wt,)*
L Decomposition Time (weeks)
Element )

"~ . Species (%) Raw Roots 10 20 47
F. scabrella c 33 20 25 24
e S

H 5 3 4 z

P 5 2 2 3

S. spartea c 30 21 22 25
TR H . 5 4 3 4

P 6 5. 7 5

S. comata . C 30 25 27 23.

H 5 3 " 3

, P 5 1 X é

*

éot total dry weight& see Table 8.

’ A‘{:‘é. :



o 2 L)
,;)uq 'I,..Ju"
I VT
ety
Ty L
- Species

)

st

!

N
o ‘,,ﬁ-/

(S

"Form of N?f

. .6 Weeks .
Decomposition

37 Weeks

Decomposition

" F. scabrella -
paay —-—‘—““.7_

,Total/

+,-,,,,
4

N

_No3

—N-

2.4
.07

.06

3.2
.19

2.1
04

.09

58

Nltrogen Content of the Water Soluble Degradatloh
';fo;Products of Three Gra&s Spec1es Incubated at 28°




\Constituent Distrikbution

¢ v

| Ptslcae percent llgnln 1ncreased in all three
species during decomp051tlon p0551bly due to a more rapld
decomposrtlon of other root constltuents (Table 13) Pers'
centage lnfreases'ﬁn lignin content of the re51dues of f
§£3brella, S. coaztgg and S. comata were 21 percent,_3l’
percent and 32z percent, respectively.v Theﬁiignin;const;tuentlﬂ:

- -did degracde in all three species. Percentage of original "

- lignin lost from ‘the rcsldues of F. scabrella, S. sgarte;;:
and S. comata was 21 percent 21 percent and ibkpercent, yﬁif
respectively. - - | |

5 _h vRaw root- and re51due percent nonhvdrolyzable
vnaterlal remalned between 51 percent and 61 percent in - all
three spec1es durlng 1ncubatlon (Table 14) Percentage loss
of nonhydrolyzable mater1al in the re51dues of F. scabrella,
___spartea aﬁd S. comdta was 31 percent 42 percent anﬁ 25,‘
-percent, respectlvely after 47 weeks.. The results:@%%
demonstrate degradation» even of organlc tlssuesawhlch
are re51stant to ac1d hydroly51s. _The greatesf: degradatlon
,occurred in the roots and re51dues of S. spartea.‘ |
; | The majorlty of raw and decomp051ng root carbo-
hydrates were in" the form of structural carbohydrates (Tablen
15) The decomp051ng roots of S. comata lost the greatest. ,h
amount of structural carbohydrates, 61 percent, while: the

tlssueS'ong. scabrella and?S gpartea lost 43 percent and

39 percent, respectlvely (Flgure 12)

kKt
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The decomposing roots of S. comata lost the great-

t of‘structural carbohydrates in 47 weeks, butilost

t amount of lignin. The residues oflg;'scabrella

‘and S. spartea each lost about - 40 percent of their structural

’carbohydrates and Zlvpercent of their 1lignin. S. comata

lignin 1oss.amonnted to-only 10 percent. kln all three species,
the structural carbohydrates degraded and loss exceeded the |
loss of llgnln from the re51dues.

The amino acid percent distribution and total

content was assayed in the residues of all three speCLes

13

,after 4 and 37 weeks of 1ncubat10n (Table 16) Amino acid

changes,ln types and amoun't were“evaluated as an'indicator
of changes in microbial enzymes. Changes .in amlno acid per-
cent,dlstrlbutlon was expressed as ‘an absolute range or sum

PR
of the range of percentage dlstrlbutlon of each amino acid ~’

for each grass spec1es over the 33 week 1nterval evaluated/

The largest absolute range was 21 l percent in the re51dues

r

of S spartea.. Thls flgure may be 1nd1catlve of the greatest

degree o; enzyme alteration in’ the mlcroorganlsms degrqdlng
G e
S. spartea tlssues.. Enzyme alteratlons are conducxve to a

,greater versatlllty of enzymes to degrade different sub-

strates. The welght of total amino ac1ds in the. re51dues of
- 6

spartea also 1ncreased from an 1n1t1ally low. vahue of..26 g

to .74 g. This may be lndicative'of a greater welght of

enzymes degrading the residues.of Eartea. The greater

enzyme weight may be conducive to a greater capac1ty to J'ﬁ
A T ) 3
degrade. the given ‘substrate, Res;dues of F. scabrella, Wlth

¢ /.'v .

-~
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o . . " - ' : a
. Table 16. Amino Acid Percent Distribution and Total Content
' ' in Raw and Decomp051ng Roots of Three Grass Species

.Decomposing ‘at 28°C

-

Percent}DiStrLbution

F. scabrella

Decdmbositibn/ liehuihsolnc ot b 5. spartéaz S. comata
Time (weeks)j_  -4 37H‘ 4 37 - 4 37 -
Amino Acid %
Alanine : 15.3 15.9  11.7 -8.8 12.1 11.4 
valine ‘8.3 7.5 8.2 . 5.9 9.5 10,5
Glycine 14.0  13.7  17.6  13.9 12.4 9.7,
Isoleucine 6.5 6.5 - »
Leucine’ 0.1 12.8.
Pfoline‘ | _ 6.8 ?.6
 .Threon1ne | 4.3 5.2
ﬂfSerlne~\. 5.7 ‘ ‘5:2
Phenylalanine~ . 3.6 4.9
'v'Aspartic‘acid R 9.3 9.0
 Glutamic acid 8.3 6.1 -
LYsine ! i” 8.0 6.3
Absolutepﬁange* K iOﬂS%
Total Weight (g) .28 1.8 qu'i' .74 1.04 L2
Percent Chahgefu';: +307 . +185 - -60

“* Calculated by: Summation ls Amino'Acid (Week 4 - Week 3.
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i

the lowcest absolute ange cf 10.5 percent,’also incroased
teir total amino ac:d weight from .28 g to 1.14 .g. Residues
of §#_comatar with 'aé'intermediate absolute range of'15.2
percenﬁ,'was the - .y species to decrease in‘tOtal amino
z.z2id totszl weidabr from 1.04”g to .42 g. The increases in
t..e total - .0 acid content in the residues of all three
species may be a result of micrcbial synthesis of:aﬁipo acids.
.Flaig (1970) reported addltlon of easily deconposable plant
.materlal to s0il rncreablng the amount of aminc ac1ds
throUgh‘microbial synthesis.

Leuc1ne, gl{Clne and alanlne were generally preeent.
in “higher amounts in the re51dues of - ail three species at
-both'assay trmes.'.Flaigi(l970) reported similar results with

soil hydrpi}zates:

- Functional Groupsi

-

Many authors have successfully utlllzed decreasing—
B pumbers of methoxyl groups 1n ‘degrading organlc tissues as

lan index of humlficatlon. The numbers of~me§hoxy1'groups C“//
decreased only in the residues of g; scabrella and actually
increaSédvin.thevresidues oflg;_spartea and §; comata (Téble
17). o _ : . L —

zp'h The loss of a metﬁoxyl group durlng’decompOSLtlon
of organic tlssues 1s an ox1dat1ve process with the productlon
of one. carboxyl group per OXIG?ZEd nethoxyl group (Oglesby,
Chrlstman and Driver, 1967). The carboxyl‘hydrogen_cgptent

- . . : . 3

Ay

-
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Table 17. Methoxyl Group Content of Raw and ‘Decomposing
-Roots of Thr@ﬁ”Grass Species Incubated at 28°C

, f,\
- A Methoxyl Group Content (mg)
Decomposition , . 7
Time (weeks) ‘ F. scabrella S. spartea S. comata
Raw roots v . 96 C 72 .59

2 T 64 117 129
4 | 51 - 108 133
6

50 107 R 86

10 w&Fl o 78 - 57 ‘ 68
12 e 52 ose el
6 55 53 90

20 . 13 43 |
24 . 65 . 84 & 72

g
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of the residues of all threé species‘decreased'during
Y p 4
1ncubatlon (Table 18) A 51tuatlon of redu01ng fondltlons,

rather than OX1d121ng condltlons, may have ‘existed in the

1ncubat1ng system Carboxyl groups may have been reduced
. : "!’z

to mehhoxyl groups rather than methoxyl groups ox1dr2ed to

carboxyl groups. o - : - ‘bf k
‘ The total acid hydrogen in the resrdueSvof F T ;

scabrella and S spartea decreased from an lnltlal 34 Bules and[
33 mg, respectlvely, to 18 mg and. 26° mg, respectlvely (Tablei'

18) . Total acid hydrogen in the- re51dues of S comata
- o

glncreased from 22 mg to 25 mg in the 1ncubatlon perlod The
,resrdue total ac1d hydrogen so exceeded the carboxyl hydrogen

in all three species that the phenolic acid hydrogen (by .

| dlfference) followed the trend of total’acid_hydrogenv(Table

A}lgj),» : : ‘ ‘ : .

- The pH of the dlStllled water medlum utlllzed to

i
harbour the mlcﬂoorganlsms and decomposrng roots, remalned

between 8.3 and 7.5 for all three species. durlng 1ncubatlon

(Table 18).
. 4

-

R

Spectroscopic Analysis

The infrared, ultraviolet and visible spectra of
the water soluble materialvfor,all three species were studied
to gain information concerning the ‘chemical structure of the

materials.
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-

Table 18. Total Acid Carboxyl and P nollc Acid Hydrogen

Content and pH of wWater Medilum of Raw and
Decomp051ng Roots of Three_frass Species.
. - Incubated at 28°C '

_/ : Total, Carboxyl and Phenolic Hydrogen (mg) -
: and Medium pH ~ )
;orm of Decomp051tlon‘Time (weeks)
» - Hydrogen Raw . : v o
Species . (mg) Roots: 10 - 20 47
F. sCabfella Totai acid - ..34 : 21 " 23  | .lé,
‘ Carbéx?@ o 7 .3 373
-phéholici' 27 18 200 15
pH 8.2 . 8.1 . 8.1
o ,
S. spartea  Total acid 33 29 26 26
| Carboxyl ~ 8 3 4 4
Phenolic ~ - -25 .26 22 22
o 8.0 7.6 7.9
§;.comata | Total acid 22 26 22 . 25
| Carboxyl 5 = 3‘1~ 3 ‘ - 3
Phenolic 17 23 19 22

pH . 8.0 8.3 8.3
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The infrared spectra of the waterfsoluble fractiond

for aill three species suggest the fraction to contain many

dlfferent types of bonds which change in type and number-

durlng decomp051t10n of the root tissues (Flgures 13 l4 and

15) . The three spec1es had 51m11ar spectra and only slight
modlflcatlons in the spectra occurred durlng the decomp051—
tlon perlod Each spec1es gradually lost a peak at 2 900 cm

(allphatlc C- H) indicative of decomp051tlon of allphatlc
o .

molecules and groups. The spectra of each species gradually

shlfted a peak at 1,620 cm l (C=C stretch) to l 600 cm -1

and gradually sﬁlfted a peak at 1,410 cm -1 to 1,380 cm™
(saltS‘of 'Co0~ ). The formatlon-of avl,380 cm"1 peak may

have been a result of‘cellular disruption releasing cations

1 .

to react=with carboxyl groﬁps to. form respectiVe salts. The

spectra of each spec1es 1nd1cated the p0551b111ty of un-f
¥ . . i’
saturated carbon bondlng in the water soluble fractlon. The

water soluble materlal from the decomp051ng r851dues of F

scabrella completely lost a peak at l 720 cm, (COOH) after'

10 weeks of 1ncubatlon. .
N T L ’ B B .
A ) The 1nfrared spectra of the decomp051ng rootS‘

f

after 2 and after 47 weeks of decomp051tlon in all three -

spec1es 1nd1cated llttle or no change in the types and

Y

lnten51ty of bonding , in” the rg51due materlals (Fygure 16)

Co/

The ultrav1olet spectra of . the water soluble

fractlons of each spec1es had no deflnlte peaks useful in, Jl,

structural determlnatlons (Flgures 17, 18 and 19) ln

9 ’ -

. f
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7

studies of 5011 humic materlals, Felbeck (1965) concluded
o

‘the ultraviolet spectra to be featureless. There appears
to be much more work necessary fbr proper evaluation of
ultrav1olet spectra.‘ “d.v.' :ﬁn |
Campbell - (1967) and Kononova (1966) have shown an
. 1nverse'relatlonsh1p between E4/E6 ratlos and the degree of
increasing complex1ty or condensatlon of the aromatic nuclei .
of humic substances. ’The 51mple water soluble materlals
produced durlng ‘the decomp051t10n of each spec1es were scanned
‘'with v151ble llght to observe pos51bly the d1rect relatlon—'

ship between E4/E6 ratlos and 1ncrea51ng degree of 31mpllclty

in” the chemlstry of the water soluble fractlon (Table 19)

~'Table 19. E4/E6 Ratios of the Water Soluble Fractlon
: o - of Raw and Decomp051ng Roots of. Three Grassv
- Species Decomposing at ZBQC, S

BRI

Decon;\\ltlon Tlme (weeks) %Q -

' Speciesf , S“Raw,Roots 10 20 - 47
F. scabrella- /. = 1.15 f"i.‘23‘ ©1i29 1.5
S. spartea - '+ 1,13 1.04 134 1.67
'S. comata - '\ 1.23 0 2.33 2.33. 2. ~

co

A dlrect relatlonshlp was observed the E4/E6 ratlos of the

water soluble fractlon of each spec1es 1ncreased durlng n#"
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ineubation. The E4/E6 pratios of F. sCaErella and S. sEartea
water soluble materials 1ncreased qontlnuously durlng the

47 week 1ncubat10n perlod. This trend may indicate contin-
uous chemlcal changes 1n the water soluble materials of

these two spe01es durlng 1ncubat10n. The E4/E6 ratio: of
the water soluble materlals of S. comata‘attained a maximum
after 10 weeks of'incubagﬁon and remained unchanged for the

remaining 37 weeks. This'may indicate a 51tuatlon of

chemlcal alteratlon in the water soluble fraction of S

*

comata occurring only 1n the initial 10 weeks of decomposition.

fThe m\terlals_constltutlng the water soluble fractlon of each

S

species may be altered .by changes in the re51dues and mlcro—
. o T v
bial suite. Water soluble materials may. be ntilized by -

microorganisms as nutrient sources of nitrogen. and phosphorus

‘or they may condensaté with humic products of decomposition.

e,



DISCUSSION

The chemical analysis of the undecomposed or raw
rcots of the three grass,speciesvstudied exposed a_difference
in the startinq.materlals invterms of elemental distrlhution‘
and’constituent'COntent. | |
. The amount of root welaht (dry ash free) lost.

durlng the 47 weeks. of incubation 1nd1cate the root tissues

of Stlpa spartea variety curtiseta degraded at the fastest

rate; the roots of Stiva comata degraded at the slowest

rate. The difference between the losses of percent root ..

weight of the fastest degrading tissues ard. the slowest

degrading was only 9 percent.. However, the roots and

- residues of S. comata lost 33 percent of its orlginal carbon

whereas Festuca scabrella and S. spartea lost_3§mpercent
and 28 percent respectlvely. ,The greatest percentagelloss
of carbon-. occurred 1n ‘the tissues contalnlng the hlgnest
nitrogen at 3.1 percent and the lowest C/V ratio at 18/1
The least percentage loss of carbon did not occur . in the
tlssues contalnlng the least nltrogen or haV1ng the hlghest
C/N ratia. The loss of carbon did not Give the same in-
dication of.decomp051t10n as total asn free welgnt loss
possibly due to losses of root hydrogen and,nitrogen while

carbon sources were degraded and synthe51zed lnto water

13

1nsoluble products. Influence of rcot ash vas, not studied.

80
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Numerouq authors have reportoa plant otgradatroq
rates in relationship to the chemlcal composltlon of the
degrading tlssues.' Paul (1970) reports plant and animal °
tlssues adequate in nutrlcnt content and low in llgrln
degrddlng rapldly. Bartlett and Norman (1958) report sim-
ilarlresults; lignin tending. to aCCumulate in decomposing,
tissues as the least avallable major ronstltuent Kononova .

1

(1966, p. ll7) reports research by Trusov show1ag more rapld
N
degradation of highly llgnlfled tissues in tne presence of

' proteln substdnces. Flalg (1964) and hononova (1966 D. 42)
r‘port faster degradation rates in tlSSULS hlgh ip. structuxa1

_and soluble carbohydrazji// Research by Flaig (1964) ard

Jenkinson (1066) Eeporf the elcmtntal nitrogen content to

be of critical Lmo@T&ance in degradlng tlssues. Jenklnson

(1966) found the amount of carbon lost from degradlng plant

re51dues to be dlrectly related to the re51due nitrogen.

conﬂemx.@ Fla:”?(l964) found nitrogen levels in degradlng‘

plant resxdueS“ilmltlng mlcxoblal act1v1ty To. lower the-
4773
.accelerdte decomp051tlon.' Bartlett and Normaa 1 (1958), Flaig

C/N ratlo in degradlng llgnln, Flalg added 'NH,NO to.

(1964) and Aleksahdrovah(l972) have utilized decreasrng

/(‘

numbers of methoxyl groups in res;dues as an 1nd1cator of

rate of decomp051tlon. .Kononova (l96q7 pP. 126) 31tes in-

- ) .,2‘1 7

creased numbers of acid groups durlng deccmp051tron as an

1nd1catlon of humlflcatlon. %ﬁ~
™5
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'fdlsagree with results rEported rn the llterature. The"

82

('J

Ana]y51s of the orlglnal content.of lignin and

. T
carbohvdrates in the o;;Ze grass spec1cs did not predict

the obsezved rates of decomp051tlon in terms of loss of

orlglnal root welght. The raw roots of S. spartea degraded

at the fastest rate desplte hav1ng the hlghest llgnln content

at 38 perccnt., The roots of S. comata decraded at the slow-

est rate despite hav1ng the” hlghest nitrogen content at
3 1 percent The methoxyl group content of the roots and
res1dues of all three species osc1llated rather than contlnu-

ously decreased Many of the results attained 1n thls study

. G

. r,

explanatlon for the observed rates of loss of percent root

weight may be found in che cnanglng distributiOn and'total‘

’

amount of amino acids in- the re51dues of each grass spec1es.v
Qualltatlve changes in the amino acid dlstrlbutlon 1n the
re51dues Were eXpressed as an absolute range or sum of the
absolute range of the percentage dlstrlbutlon of each amlno
acid over a 33 week perlod. Protein synthe51s is genetlcally
controlled (Mahler and;Cordes, 1968) . It is probable that
the proteln (hencc the amlno ac1d) sulte w1ll vary from one

4
type of organlsm to another. Therefore, changes in the

_relatlve dlstrlbutlon of amlno acids’ in decompos1ng root

res1dues may "be con51dered a reflectlon of the change in

the character of the re51dual materlal from one domlnated :

dby unaltered root re51dues to one domlnated by mlcroorganlsms.

The greater the change in relatlve dlstrlbutlon of amlno .

, a01ds, the greater the amount of alteratlon one may e\pect

-

o

e v W a2 e N
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to have occurred 1n\::eh;;;:djls. _The greatest change in
amlno ac1d distribution occurred with S. spartea, 21.1

¢J>percent, whlch wouldvindicate the greatest change'from
Plant to microbial protein. g; spartea also lost: the great-
est amount of root weight Part of thlS aopa rent conversicn
from plant to micrcbial protein results ftom the 1ncrease
in total amlno acid content in S. §oartea and also'in g;_$
scabr lla. - ) | N ,“

'vThe cnange from afsystemsdohinated by_the compon—;

. ents of plant roots to one dominated by microbial products
is‘consistent with many ofnthe present concepts of humifi—

‘cation (Haworth, 1971) ' The concept that licnin degradatlon

products are converted 1nto,ntm1c materlals with, the 1n-

N corporatlonvof protein nltrogen is con51stent with the '

,observed loss ofllignin_from S. spartea and build up .of
amino acid nltrogen.’ This trend was less’oronodnced in
S. comata (smaller loss of lignin, actual loss in total
Ze 22atd

~amino acids and smaller absolute range); o 'fi, ;
-/ = : : S S
t. o An abundant supply of nltrogen in detomposlng

'plant tissues is consldered tc favor rapid- deconpos*t;on
and a hlgh level of mlcroblal act1v1* (ucnklnSOW, l9b6)
Thls may be ehnected to favor{f?ose crganlsmsAWhlch grow
rapldly and-hence those functions which can proceed rapldlv
at the expense of slower fungtlons. Hence, 1ncr°a51ng éﬁ
nltrogen supply should accentuate the dlfference in break—.

X
‘Ao rates of easnly degraded as opposed to h*ghly

T
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the hlghest«nltrogen content and lowest

o »‘

C/N ratlo (18/1) loSt tw1ce as much of the or1g1nal carbo—'

’

nvdrate component as was the case w1th the re51dues of S.

.

spartea and F scabrélla.- Also, only IO percent of the
, llgnln in S. comata roots was degraded whereas 20 percent
‘\\  was lost rrom S. soartea and Fauscabrellaw ‘ ' A‘. //

]_f KonOﬁova (1966 p;J112 }13 and 181) descrlbes the

products of plant tlssue humlflcaflon as belng hlghly con-

; .

,' densed aromgtlc polecales of h;gh molecular weight and 1ow

H .
allphatlc group contént erght and Schnltzer (1961) con- ' g
| j cluded half 5011 organlc materlal to be present as{aromatlc '4{
compounds.' he C/H ratlos (welght ba51s) ofl four example "
: .
molecules 1mply lndtea51ng degreéﬁd‘ aromat1c1ty and condep—
w
b - 14
satlon c01nCLd;ng wlth an 1ncrea31ng C/H ratlo.
- v ‘ )
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4 . .
: 5 : The\decomp\sltion of the roots. and residues . of S.
. ) v/Q'." \
comata resulted in the greatest C/H ratio rp the residues
(10.6/1) . The 1ncrease may be v1ewed as an ‘increase in the
condensed nature of the organic tissues or merely a loss
: of aliphatij molecules 1n1t1ally hav1ng a low C/H ratio. ' P

The 1atter 1s likely the .case as S. comata lost 61 percent

of 1ts 1n1t1al structural carbohydrate content and only 1'.

percent of its lignin content Increa51ng C/H ratio wou' | }
.appear to reflect the en;ichment in lignin and 1ts 1nfluence ]
on the system in which S. comata re51dues ‘were degrading as
opposed to S. spartea and»F scabrella in Wthh twice as much
glignin waS»lost.i Changes in the C/H rat;o of the decom-
_p051ng re51dues doeSrnot appea lndicative of increa51ng '
condensation. Loss of aliphatic molecules and groups bomding
aromatic units results in a/more condensed product of
'.tincreased aromatic nature.. Tpe maximum C/H ratio attained
‘by any of the re51dues of all threewﬁpec1es was 10. 6/1
_1nd1cat1ng the grass species did not become exten31vely , \.
“}/ altered toKa more condensed structure ‘but dld become more
aromatic in nature diae to the decompos1tion and loss of
aliphétic molecules; | 1 | |
. " The E4/EG ratlo of 3011 humic materials ‘has been

- ﬁ—
‘1nverse1y related to the degree of" condensation of .the aromatic

. . ,
X nuclei of the decomposing residues, the increaSing chemical

-complexity of the products of decompOSition resulting in

‘1ower E4/E6 ratios (Kononova, 1966). The E4/EG ratio of the -
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1uater.soluble‘decompo31tlon products of each species was‘
_calculated The maulmum E4/E6 ratio wasfattainedhby'the
. water soluble fractién of S. comata. The ratlo was attalned
' after‘ld‘weeks of incubation apd aid not change in the
remaining 37-weeks. This situation'may be indicative of a
great amount of degradatlve act1v1ty in upe 1n1t1al 10 weeks
:ﬁof 1ncubatlon followed by greatly depresced actlvtty for
the rema;nlng 37 weeks. Durlng ‘the 1n1t1al 10 weeks of o
ncubatlon, 37 percent of the orlolnal S. comata structural
'carbohydrates were deg*aded whlle no lignin was- degraded
In the remalnlug 37 weeks, 10 perCent of the orlglnal S
_comata llgnln was degraded and 24 - .2rcent of the structural\
oa*bohvdrates. The hlgh E4/E6/;atlo in the water soluble
- products formed from S comata decom0051tlon is. con51stent
with the small amount of llgnln degradation in this spec1es
since products of llgnln degradatlon are probably the maln
contrlbutors te a low E4/E6 ratlo in the water 1nsoluble
‘component The gradually 1ncrea51ng E4/E6 ratlo,\over the
“entire 47ﬂweek lncubatlon period, of the water soluble
ﬁaterlals from the decomp051t10u og.the roots .and res;dues
of F. scabrella and S. spartea imply a tontlnuous reductlon
R A .
"~ in the amount of condensed water soluble mater1al ‘ ThlS
1mp11es elther 1ts complete decomp051tlon or 1ts conver31on ﬁFb
‘to humlfled materlal whlch would then. be located in the in- .
'soluble re51due. Thls is con51steut w1th conclu51ons drawn
'on the basis of amino acid distribution and loss of lignin..

V.. S 3 a

-
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\as temperature, aeratlon and nutrient status. Thq dlstllled

- . . . >
- . - v -
N 3
',

The lééubatlon pellod was nearly one year in length

~w1th root welghtggoss varylng from 31 to 40 ‘percent and 28

.. to 33 percent loss of original root carbon. Assumlng;a 50,\

gerCent efficiency, total carbon attacked ‘may have been as
,hwgh as 50 to 60 percent dependlng ‘on the amount of synthe-
51zed mlcroblal materlal that was also attacked. Kbnonova‘
"1966 ,p lSB) reports a study 1n which 47 percent of the

orlglnal welght of tlmothy roots was lost in 180 days of

lncubatlon. Tnls ‘may reflect a dlfference 1n chem1ca1 com- ‘.7,

p051tron of tlmothy or dllrerent 1ncubatlon condltlons such‘t

water medlum w1th bubbllng atmosphere may not have been

%oots degrading in'a,humld atmosphere may have resulted 1h

greater oxidative decomp051t10n.g

The three 50115 sampled for the root tlssues utll—'

Aized. in thlS studj dlffered in organlc matter content, root S

den31ty and depth and color of Ah horlzon. leferences in”

-t

the organlc matter found at. each sample 51te may bé attrlbuted

'tv to those factors not held constant in the laboratOry study. {

'The factors 1nclude cliimate and 1ts 1nfluence on ox1d121ng

addltlons of fresh roots to the 5011 and the influence of
the 5011 mlneral fractlon on decomp031t10n. The art1f1c1al

decompos1tlon condltlons created in the - laboratory d1d not

3‘resu1t in obv1ous product dlfferences in the three decomposxng

.. X s

¥

_:and,reduc1ng conditions at each 31te, root den51ty and annual
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grass spe 'eé; The 1nf1uence oﬁzcllmate appears to be of ..*

- extreme i ortance to the dlffcrences in the organlc matter =
status in the 50115 sampled |
- The author wishes to stress a:level of'caution/to
" be exegglsed in extrapolatlon of the results and- dlscugslon
of the manuscript:. The study was conducted using onIy the
%roots of three,pralrle grasses. The results achleved may
not be appllcable~to all plant spec1es and plant members:
| (stems, leaves, roots, eﬁg ) but may serve as gu1de11nes

for future studles.
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SUMMARY .AND CONCLUSIONS

e

/ ,
The amount of degradation of the three species’

studied was similar. A'slightly faster rate of decomposition"

was bbserved'in the roots}and residuesvof Stipa spartea

‘ varlety curtiseta while the roots and re51dues of St&ga

comata decomposed at the slowest rate.

1.

fj‘ Losses were probably as CO

‘dld not degrade the slowest the grass species w1th the ' V‘_

dstudlfd

1,
.
3

Conclpsions,drawn from‘this study are:

.y',T

The total nitrogen content of the original root tlssues

could not be used to predict the order of rate decom—
p@Sltaon of the three grass spec1es. The C/N ratlos of

the orlglnal tlssues did not predlct the rate of

mjdecomp051tlon of the roots of the three grass species.’

‘The - grass species with the hlghest root llgnln content

»

: hlghest rFot structural carbohydrate content did not

/7

degrade the fastest.

.Thevincrease,in rodt‘total_amino acid. content over the

decomposition perlod andkthe absolute'rangevOf the
P

; analyzed amino ac1ds were . the parameters predlctlng the

/\ ’
order of rate of decomp051tlon in the three grass spec1es'

&

'Mineralized forms’of carbon, nitrogen and:hydrogenbwere

v \ 4
lost by the roots and residues of all three spec1es.

NH, and H,0.

2" 3" 2

'.'\ ‘ ‘ 8..9



che undecémposed root tlssues on the products

'for decomposltlon and the short length of decomposmtlon

o

PR

-

_,decom—"’“

fp051tlon could not be properly evaluated The condltloﬂgﬂi}

¢

.z“

t1me may have masked much of the potentlal 1nfluence of éf

v

the cnemxstry of the startlng materlals. ImproCed

‘ ox1dat10n condltlons 1n the de51gn of the 1ncubat1&n

system would have more closely 51mulated decom9051t10n

condltlons in the soil and p0551b1y would have enhpnced

the 1nfluence of starting materlals.

N
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-, : " APPENDICES

ﬁ B e o e A )
- Table 1. Total Weight of Raw and Decomposi Roots of "
' Three Graés/Species Incubated{at 28°C

'

’3

v

Weight of Rgots and Residues (9)

DeCompOSLth%' - - - -
Time (weeks), F. scabrella_/’ S. spartea - S. ,comata

,
i e

' " / 4 . .
/ . : . VRN Sooe e

Raw roots r'u18132 - .16.97 15 01, R

2T 16, 30' - . 14.05 14.45
S TP 6. £6 7 13.5L  © 13789

<y » e . S
6 ‘*;ﬁ . 16.15 - 13.31% ~13.034

B . , . . -,V -.- :\ L . < ”,’ s ¥ . .‘ )
. \\7 . 8. o 16:15 . 13.37 ' ~«1;2.o/; __
. . s N i s ~ . i o . . . , . ‘ N

% Total weight on a dry ash-free basis. .

10 : 14.25 T 12.84. 11.63
12 o o12Ms 12,77 ¢ 12013
6 - . 12.64 . 10,95»£T\\x 11.30

20 12.62° - 11,09 .  11.65

>4 ')7
L&f}

&

24 .. 12.46. - 1110 . -1l.10 o
5 . 12.23  ° 11.02 . 10.68.

a7 . '- 11.96° . 10.24 = 1831

£y

r

- D . N ! - .
. ) ) . . .
. . : N - . . A
Y ) . .
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Table 2.’ Ash Ccfﬁtent of Raw and Decomp051ng Rood:s of
' - Three Grass Spec1es }ncubated at 2&
' : v SN — o B o £

,"Pe/ziqént Ash Content (). %

becompogition — - - : ;
Time (weeks) F. scabrella S. spartea . ¥S. comata -

= P = = . —

v " . A v [P a 5
Y o B L NS

Raw _roa\ts, 4 ,\,,'- 15.1 25.0 g Tl

PN v

8
2 7 . w2147 -, 17.9

4 . SRR Sy 2310 2006 e s

18.8 . 22,34

7

16 8.1 ‘ 17.3 2407
20\ T ;,_18;5 e 224
24 . . 1.6 . -18l1 T T23.2
37 S 80 . 2003, W
47 - 10.0 T.24.0 e 26.4
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Table 3. Lignin Content of Rew and Decomposing Roots
' * of Three Grass Specieé‘lncubatéd at 28°c

e

4, Weight of Lignin (g)

Decomposition

. o Vs N : '
‘Time (weeks) F. scabrella - .S. spartea S. comata

, — ) . = ~ &
RaQ rooﬁs_ - v; 5:31 ) g\% 6,491 o 5.61 .
2 s 751 s.91

» 4 3;‘ ’,A . 5.22 ;6L46 S 5.92
. .

6: . 5.8 6.40 5.77
4~8! . N 4,487 . 5.86 - 5.49
10 S . 4.03 . 5.58 '} '5.29
flzf e 3.85 '5§s7w SR 6.04 7
>L§F716 | :f‘; . 3.1 ’4{57'.' ' 4.68
| | | .5.08 5.46
24 379 7 a4l s
37 -._:"‘ P 4;30‘.')‘ . '4.34 o .4;98
27 Tews . sa1 5.06
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Table 4. Nltrogen Content of Raw and- Decomp051ng Roots
.of Three Grass Spec1es Incubated at 28°Cc

\ .

Weight.of‘Nitrbgen (g).

r~Becom sition ' . — S — '
T1me %oeeks) . “F. scébrella " S. spartea S. comata
. -. . . . )‘ ~ . . .
PRy s o

Raw roots . .25 -36
R 2 , 200 .34
o 4, . .20 .33

! }\j\q‘o ﬁ o — | ,’/éo 2y 29 ,/’l

|_” S ‘ ’»._“
8 S ﬂ{21 T 3T .37 _.\

w0 o« a7 R} R .37

12 ; 1 .17 .29 . .41
. . ' ’ =3 . . ) .
L 16 .16 < .25 . .41

.20 a6 26 .37

2 - . 16 - . .26 . .a0

-

3 S R .29 P38

[

47 ¢ a6 - ¢ 29 it lag
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Table 5. . Total and Carboxy# Acid Hydrogen of the Water
< Soluble Degradation Products of Three Gras :
: Species Incubated at_‘Za?C,"J 7 {
& — —& Ay
: Total and Carboxyl Acid Hydrogen (meg. H /gm)
. Q - - . »
‘ , Type of ,pscowposli}on Time (weeks)
Species Hydrogen  Raw Roots 10 20 47
| _ R C .
E; scabrella Total . 50.6 - ..91.5 147;0', 163.4
| Carboxyl 1.2 2,2 2.3 3.5
;\g; spartea Total '107.8" __<}09}1 180.8 167.2.
| Carboxyl 3.7 ° 2.7 3.4 .3.7
S. comata ‘otal . 62.1 129.2 ,.125.0 350.7

o
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~Table 6. " Decomposition Liquid Medium pH of Three .
Grass Species Incubated at 28°% 2

Decomposition Medium pH

- Decomposition

Timg (weeks) F. scabrella = S. spartea . S. comata

.‘ N ‘HA 8.1 8.0 -  3;1f
4 - guo 7.8 8.9
6 7.8 7.6 8.0
8 | 7.9 7.9 g.1
0. 8l | 7,5"' 8.1
12 1. 73 : 8.1
EUREE S o2 8.1
20- 8.2 7.9 8.3
24 7.1l 1.9
- | ) ¢ | |



