5.2.8 Rate constant and pool size

N .

,'(Thesc parameters were calculated as described in Chapter 3. Pool size for solution

cystine in cultivated and virgid® Dark Brown Chernozzmic and the 2 year rotation Luvisolic

. ~ 1}
soil were given-Yy _thaplcr 2. ' . ’ .
5.3 Results o ' '
[ . 1 ) .
5.3.1 *C remaining in solution : . SRR
.. o o, b,
The activity of '*C remaining in the salution of all soils after 6 hours was < 1% of*

the initially added dose. The analysis of "variance showed nd significant differences between

soils in '*C activity remaining in solution (Table 5-1).

5.3.2 '*C evolved as CO,

.o <
l.hB:lled CO, production approached a plateau in ever:v soil within 6 hours of
incubatidn._ The plateau ranged between 14.1 and 29.6% in the virgin Black Chernozemic and
the Luvisolic soif (2 year rotation), respectively. e
Cultivated soils evolved signiffc.:ntly more CO, than their respective virgin samples
(Figure 5-2a,b,c). Within the Chernozemic order, the amount of '*C evolved as CO, from t!mc
cultivated samples tended to increase in the following order: Brown < D. Brown < !;lack{.
Conversely, the mﬂl samples torresponding to the Brown soils evolved significantly more
CO, than did the Dark Brown or Black virgin samples. The amount of '*CO, respired from

the Luvisolic 2 y otation s'amples was similar to that evolved from the S year rotation

samples (Figure §-2D).

5.3.3 Dissolved ‘CQ; in the soil solution
Samples of four soils encompassing the range of pH found in all eight were examined

to determine the extent to which the “C oxidized 10 CO, was transformed into carbonates,

. /
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which would cause CO, evolution 0 underestimate A6tal CO, production.’

Treatment with 4 M HC! followhing OO, collection during incubation released less than
0.2% of the inilially added "C (Table-5-2). This Teluse was complete thhm five minuté
Beyond thi¥ time, neghgxble or no 14C was detected gs CO,. It was goncluded that “OO,_
‘mcasurcmcms did not. underestimate total CO, producuon by sonl mxcroorgamsms (Tablc
5-2). o o
. . \
5.3.4 Microbial biomass-'‘C
| Several soil sax_nplés were fumigated with chigroform to”cdnfirm 4C’had been
'mcorporatee ‘imo soil organisms. Biomass-'*C for different soils ranged between 54 and 75%
of lixe initially:added '*C (Table 5-3). The '*C in MHTCTOBMAI cells varied but there were no
obvious trends for the period starting at 60 minutes and ending after 6 hours of incubation.
‘ | !
535 I‘AMeI selection for the cycling of cystine in cultivated and, virgin soils
“The four,compartment model of Figure S-IB' was aoocp‘téd‘after its output mir;ncked
the '*C remaining in solutfon and evolved as CO, over tithe }in all soils. The output for model
5-1b is consistent with the hypothesis that '*C is allocated into cytoplasmic materials and cell
proteins. One example of the model validation is represcﬁted by results obtained with the

. : _ /
cultivated Black Chernozemic samples, (Figure 5-3). Test of models 5-la and 5-lc,

»

respectively overestimated and underestimated experimental CO, values.

5.3.6 Rate constant and turnover time

” The average overall turnover rate constant + standard deviations for five pools
decreased in thc'.follo*ing order: soil solution, 3.6 % 0.6 min' > cytoplasmic free amino
acid pool 0.64 £ 0.09 min' > adsorbed, 0.016 1 0.005 mml > cell prolems 0.0007 t
00002 min' (Table 5-4). Thc turnover rate for the cytephsmnc pool is always faster in

cultivated than in virgin Chernozemic il samples. Although no other pool showed this
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consistent trend between virgin and cultivated samples, the adsorbed pool tended to be less
- dynamie in culivated Chernozemic soils and in the mére frequently cultivated (2y) Luvisolic
soil. In cultivaged samples lhe tumover rate for the solution afd cell protems is fastest in v

Brown > Dark Brown > Black (Table 5-4). )
. v
. The kinetic model proposes that microbial uptake (k,) and adsorption (k,) rates are

\ . Fa r .
the prevalent reactions transfering '*C from solution. The adsox'pti.on rate (k,) exceeded

uptake rate (k,) by an average of 3 fold. The oxidation rate f rom thg C)’Qopla’smic'pojl (ka)
exceeded the protein oxidiation rate (k,) by an average of 244 fold. In the Jguvisol‘ic soil cvc;y
reaction rate, with the cxccpti:)ﬁ-of the rate of desorption (k,) ,‘ is equal to or greater in the 2
ycd{ rotation thar; in the 5 year rotation 'simplcs. Also, the. solution and protein pools cycle _
faster in the Lﬁvisolic 2 ycér thah in fhe S ycaxrr&au'og samples ('[ablc‘s-.d}.- ,

In summary, the .ki‘netic model of Figure 5-1B " describes the experimental
observations. Cultivated samptes evolved more "CO, than their respecuvc vlrgm samplés

Wxthm the Chernozemic order the ‘.‘CO, evolved f{om virgig samplcs was greater in the ~
Brown > D. Brown > Black. Differences in 1CO, evolution from virgin soil samples are
coupled to the solution turnover ;atc. This rat'c was faster in the Brown > D. Brown > Black
samples. The rate of C oxidation from the ’cytoplasmic\pool in cultivated samples is greater,
than the oxidation rate from prote{n-C. X : A
: . ‘
5.4 Discussion
Most soil organic matter _.transformatjdn studies describe the changes of soil variables

such as CO, respiration over time. Processes producing differences in the magnitud& such .
variables are, h‘owcver, frequently undefined. Within this oo‘n(ext. the present study attempts
to describe mechanisms fielding differences in CO, respiration from soils having different
management and pedogenic histories. The present four component model explains the

experimental data and includes tw'o microbial components. Chapter 4 associated the two

biontic pools with cytoplasmic amino acids and intracellular protéins. The kinetic model linked ‘
A
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e o
thé two microbial comfoncnts to mejabolic components rather than to different microbial
taxa. B , A

-
—

| Significint differences in 1400, Evoluuon were observed between cu]ti‘vated and vxrgm
samples and between samples corresponding to differemt soil groups. Dormaar (1975) '.
condt;cted‘* an orgamic gatter dgcoxpposiu’on study in n'au've‘ Prairic soils- of Canada. The
a'moums of CO, respired per g soil C was greater )in !}r‘ov»;n > D. Brown > Black samples.
When '*C-glucose was added 1o th; former soils, a similar trend in ;‘CO, ‘Was observed among
the soil groups. Dormaar (1975) attributed such'.»diffqrences in CO,~respiraﬁon between soil
groups to effects caused by different plant species inhabiting those soils. In the present
experimemts, the oxidafion of '*C-cystine to CO, from virgin samples a‘xhibitd the same trend

. — -

among the Brown, Dark{ Brown and Black samples. The present kinetic model is consistent -
. BN Pe _
‘with these experimental observations. Funh._c\r, the model associates the higher '*CO, .

respiration from Brown samples with a faster turnover of solution cystine.
Decomposition of labelled organic matter to CO, is.slower in planted than in fallow
soils and these C losses were related to microbial processes (Reid and Goss,. 1983). In the

.?pmscm experiments, rre '*CO, was respired from cultivated than from virgin samples. In all
- l f

soili: solution cystine-C is adsorbed to colloids and is rapidly transfered iato microbial cells o

_where it is incdrpora'led into proteins (Figure 5-4): After 6 hours, microbial proteins become
the major sink for cystine-C based on cal&ula‘tions of steady-state pool sizes (Table 5-5). The
biomass-'*C values obtained through CHCl, fumigation and those simulated after 6 hours of
incubation are in agreement. This consistency shows up in spite of the fact that the model
prediction is based on short 'six hour cxpcrimcnis and the estimate of biomas$-C by CHQCl,

. fumigation takes twenty daysf of 'incubau'fm. About 80% ofv the *CO, evolved from the

cultivated_samples originated from the rapidly cycling free amino acid pool (’Figurc 5-5). In

) comra;t, '70‘!; of the '*C-CO, evolved from the virgin sa;;;lles originated from the 'slower

cycling protéin pool (data not shown). The relation: microbial-*C/(microbial-'C+CO,)

] ‘ .
estimates efficiency of substrate utilization by soil microbial biomass. Microbial-'*C was -

\ L4



aummd from simulation modellmg Thede values expreued as % of initial dose were 38 3
 and 45 for the cultivated Brown; -Dark Brown and thk soils, respectively. The simulated /
mlcrotnal-"C values in vxrgm Brown, D‘brown nd thk _soals were 56, 7S, and" 46%.

mpectxvely On average the cfﬁcxcncy of cystine uuhzauon in cyltivated sonls and Vll'gm
su.apl&s was 60% and 76%, respecuvely The CO, metabolic sources and the substrate

L/
utilization efficiencies are related to differences in oxidation rates between cultivated and

virgin soils. .
-McG:ll et al. (1981) reported losfcs of up 1o m of the organi¢-C from cultivated
soils in the last 100 years across"tl!e Canadian Prairies. For_the soils used in this study a
potcnliallrelation may exist between C ind)rpora&n into ;hc protein p£>01 anl losses from the
mncrobml cytoplasmic pool on one- hand and cumvuuon on thc othcr If this is true, short
term incubation studrcs&and associated modelling may provide reliable information- about the
effects of soil rnanagement on the long term soil organic matter content.. As such this

appr'oach could be a valuable tool for soil &onscwation/mmagemcm studies.

. "In conclusion, the present kinetic model dcribed cystine cycling in eight different
- Soils. The model results were interpreted on the basis of the role of soil components and C
allocation mechanisms influencing CO, respiration from soils with different maﬁngemgm and
pedogenic histories. 'I:hc greater *CO, evolﬁlion frorﬂ.thé virgin Brown Chemomic s?il was
asséciaged with a faster turnover of solutioh cystine. The diffetences in '*CO, cvolun’on'
‘betwecn cultivated anc mgm samplcs are atusibuted to different C allocation pauems among ‘, )
' m;crobxally mediated proccsses In cultivated samples, th® main sink for '*C-cystine “is the |
protein pool and the main source for “CO, evolution is the cyoplasmic component. In
contrast, a gre‘ater proportion of '*C is oxidized from the more stable protein pool in virgin
samples. Adsorpuon did not explain the mrcnccs between soils in '*CO, evolution and '*C

-
remaining in solutiod.
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Tabl;i‘).i Mhﬂ v (i’éf’xmtfal dose) for **C remaining in solution and evolved
\,.\ . m*" w.ﬁ M\oﬂs incubated during 6 hours following addition of
g I‘ N o
.. » - I“tﬁ' e ’; ‘\g ’ !
'-‘ ; 0y v M
IX:& 3
g Gray
: Black Luvisolic
Variable C v Yy Sy
Solutich 0.11:'3%@; 0.11a 0041 0182 080a 006a 0.l1la
‘o i‘. 3 P’P“h‘h“ v"j., ’ ks : L]
" ‘:}ﬁ# Pj. * ) .
4900, 3 : 19 243b 98c 294 M4d B6a 23
L3 -

'C & Cultivated, V Vlrgm

! Within each'row values not followed by the same letter are significantly different
(p=0.05) from each other asﬂudged by Duncan's multiple range and the Least

significant difference tess. %

o

..



86

~
'$°9 = uinA “Jwazowsdy) eid 'g°9 = (AS) dNosian AmD 7L =

poRAn|nd

*JIWIZOUIIY)) UMOIY 169 = (A7) d1josian] Aei) :sem uotsuadsns ‘D) W [0°0 O [10§ Z: [ ® ul pasnsedw Hd [10s oY),

s “280p [enUl JO (ARUIW 13d SUOHIEIBAUNSIP) A1ANDROIPRI JO JUNOWY = %y
897861 292561 96099 1829 o(wdp) %b
‘o 1€$82 S 0002y L ZIL8I z £e6Ll = 09€
0 ¥eVIT 0 0609€ 0 8E¥91 0 06191 082
. " S8BT o 00S2§ 0 PoLET 0 1Ll 081
L o IpT 0 LSEST 0 0¥ 1 0 S6IET ozl
0 9928 ov oL 0 $L06 £ €901 1 09
0 LEvy 0 L2911 0 116 0 868L o€
0 82IE 0 L269 -0 SETE 0 1 ol
9 £v61 6t £282 (8 20€1 0 98 S
- sa1RUOQIE) ‘G0 sd1eu0qIE) ‘00 s211u0q ) ‘0D sajeuoqiey - ‘00 (ww)
, awi]
uBnA - owjew pIIRANIND - [[RyxnEp uoNNOJ 18X § uoN®o 18K 7
Nwazowy) Ywg MuNOWIND) umOIg * osian Amip nos
2 .
14
SIRVOGI Wo1J {0, JO HEAN ) PUT WNSAO-D,, JO UONEIAS [BIQOINWN  "T-S AQEL

s



Table 5-3. The recovery of '*C-cystine ( standard deviation) as microbial biomass
in different soil§ and at diffgrent time.

87

~
: Biomass-'*C (% of initial dose)*
Time Brown " Dark Bwn_ Black
(min) v uC Y C C
T
60 60 t6 4 5 68 + 12 60 £ 11 67 6
90 675 70t 6 66 + 8 70 t 4 60 t 7
120 71 10 57 4 €16 58 £+ 8 414
40 MNt9 . S1t4 1 12 S8 t 7 62 t 9
360 7216 60t S 66 £ 5§ 60 £ 13 575

{ .

y ' Labelled cystine was added at time zero at a dose equivalent to 195,000 dpm.

"3V = virgin, C = cultivated.
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Table 5-5. Pool size and flow rate values for Cystine-C cycling at steady -state through
three soils defined as the four compartmerit model of Figure 5-1B.

%
e ‘.r' ﬂk
55& Gray
Dark ‘ Luvisolic
Browngy :
X c % (2y)
- Pool Size (Q. ngCg ') —
Solution 54 102 111
Cytoplasmic 35 . 268 154
Adsorbed 11631 - ~10200 — 25900
Protein 28000 © 160800 - 73920
r -
Flow Rates (F, ng Cmin ' g ')
Adsorbed (F,) . 151 235 233
Desorbed (F,) 151 235 233
Microbial uptake (F,) 26 v 131 100
Protein synthesis (F,) 17 129 74
Cystine oxidation (F;) 10 82 26

Protein oxidation (F,) 17 . 129 74




ADSORBED

Hypotheses representing the cyching of free cystine throughla' three and four

compartment soil ecosystem.

k6

— coz'

&



91

b Y

| - “sqdwes [10s :: Anposan) Aein) ul pue SpOS dWOWIND)
AUV umolg ‘(gq) umoig vieq "(v) ydeig ¢ ut unsf13-H,, jo u -.:amvs Nl - ‘7-¢ . undy
’ " oeutw) Bwry (Utw) Bwry
. H
oor o 00€ 0S2 002 0SF 00F OS o A 00Y 0SE 00€ 0s2 002 O§F 00F 08 O
)
a e -+ -4 o
l’
- -4
-
) 3
-, 1 e
r
-+ 4 -4 >
o
b
- —4
. a
hos @
4 1 § o
(Q) (2) ®
i i A4 1 i i L [~ L 1 ' —i Iy i 3 [
n’.
00r 0S€ 006 0@2 002 O0S? 00F 0OG 0 00y OGE O00€E 0G2 002 0G5 00F 08 O
$ -+ ¢ t +—t t+ o _
o ~' UTBJTA + " e
Fpajeat3Tnd » o
|’
- I.IOﬂ
-
- ~+-GT YU\.
-t
+ 4-02 e
o
- - < -
s~ T i ~4ce o
. o
[N . 4 € w
. () o
1 s 1 1 1 1 1. .}gE had

'00 se paAaloa3l 2,

100 se paarora 3,



9 -

\

-

(2S0P. TRT3ITUT 40 %)

D) se: paAloAs 3,

21n314 jo [spow JudWIIBdILOD INOJ Y} SB PIULJIP [10S 1WazOUIIYD
* 2 U1 'QD SB PIA[OAS PUB-UONN|OS U BUIUIEWAI D), PAIIIPaId pUB PIINSEIL JY

’

qr-¢§

yoed

‘g-S aundig

Y

(UTW) BWwTy .
L. : . - ~—
osz ~ oo2 ost 00% 0s o
1 1 | J i R? O
T b T 1 T
* % X% \.
) i Vg
4\.\ ‘.- .
o § ‘
. 3
] 0" ¥
G- 52 * -
”
oet-
R 3 -
" X @ & >
se : '
L 4005
b
o€f &
gel Pa30dtpaud °*00,, =O- UOT3NTOS UT Pa3dTpadd J,, —+-
padnseaw’ *0J,, =X~ uotT3nios Ul padnseaw J,, -%-
omrdi 1 _ t o4 > 1 L | %0 00F

| (ssOf TETITUT 40 ¥)
UOT3INTOS Ur Bututewad 2,

@



93

o)

B 5 ‘3
- urajodd + ’
-~ N L4
N otwserdolA] x
3 |
) . paquJospy X
T . : o' oF
"UoT3INTOS O
]
1 1 1 § 1 1 1 1 1 1 1 1 1% 1 1 1 ho oot

.

- ..n:.w a3t Jo [apows yuawiiedwod p Y1 4q |
| PAQUISIP 105 JNWIZOUIYD Yor[g | PITBANI[ND B UL 2UNSAI-D),, JO SIIWeRUAp 3y L
)

Or¥E O2E OOE o082 092 oOovzZ o0c2 002 oBF 09% Or¥®T 02F 00F o8 09 or oe o
I § 1 4 J BT } } } § v} ! } Il
1 T T 1 T

"p-¢ undig

(Utw) Bwrt]

T L] T T 1 T T

(3S0p TeT3ITUT 30 ¥)

5

~

40 sotweulk

8ut3sAo-Q,,



- ' . 10§ 2MWIZOUIAYY) ¥3Bjg PAIBANIND
€ JO siuauoduiod [1g0IdlW oMl Wolj {00 SE PAAIOAl D),y PAIdIPAId JO sddunoS | © *g-¢ andiyg

(utw) ,_mEﬁH . )

osE - 00€ : os2 ooz oSt oot - o8 )
b 1 } } 1 ! : P 3 3 o)
T T 1 T 1 - ) m— w=t % S
' ) ] . ‘
.uﬁ\.\\\\\.\\\l\l\\\\u\* ' e >
. . 0
4+ ( tood utaijoud x . v o SO
. \ . <
+ . ‘ . b9 O
—
<
T e 3
. o
+ ] A 0% o
/ ]
| L 2
, - (=}
.ﬁ ’ . +re ™
_ .
+ = -~ B Lor 5
: 100d oStwset1dolA] x o
+ . - +4-8% =4
[e3o’ o 402 5
e . 3
T 4ee
- | e
o
~+ve
. a
482 O
o
=2
1 1 1 Oﬂ/




e

. ‘ : v \ .
6. THE EFFECTS OF SOIL AMENDMENTS ON THE DYNAMICS OF FREE CYSTINE
CYCLING AT STEADY-STATE THROUGH THE SOLUTIONS OF A BLACK

CHERNOZEM AND AN ANDEPT SOIL8

<

N

6.1 lﬁtroduction

Deéomposi[ion of soil organic m.amcr'and plant residues such” as cefeal ;lraw and
alfalfa hay are affected-by the addition o\f fertilizers (Harmsen and Kolenbrander, 1965;
McGill et d.'1_2815, level of sut.qstrate (Stotsky and Norman, 1961), irrligali.on (Dc Jong et al.
- 1974), cultivation (Chapter 5),,‘ the envirqnmcntal quality surrouhding microbial cells (Zunin‘o
et al. 1982), and by microbial interactions (Woods et al. 1982). Explanations descn'tﬁng the
effects caused by di.fferent soil amendments on CO, evolution are inconclusive and
unsatisfactory (Sogerstrom et al. 1953).

Kinetic models used in Chapters 3 and 4 separated and identified abiotic and microbial
vpéols controlling the-internal cycling of free cystine in allophanic- and’nOn-al]ophanic soils.
Two microbial pools were associated with cytqplasmic aminoacids and intracelkular proteins in
non-allopham:z soils at stead&-state (Chapte: 4)'. Both pﬁysiologic components. controled
Eystfne dyrllamics in eight such soils (Chapter 5). In one allophanic soit (Andept) qynamics
were controled by onme physiologic pool (analogue. to proieins) and abiotic stabilization
reactions.’ The- ~ki'néiic Amode_l associated differences in '*C evolved as “CO, between
non-allobhanic soils with different pedogenic and management histories (Chapter 5).

With this backgrox—md,the present s‘tudy uses nkinetic analysis and modélling to

determine the effects of igorganic and organic amendments on the internal cycling of free

cystine in one allophanic and or. non-allophanic soil. -

R
B
Ry Sy
- .

1

‘A version of this chapter'wi be submitted for publication. C.M. Monreal and
W.B. McGill (Soil Biology and “Bigchemistry). '
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6.2 Materials and methods

©6.2.1Soils S

. : . > . 1 . .
A cultivated IBlack Chernozemic (Malmo CL, Canada)__and an Andept cultivated -soil
(Santa Barbara C,"Chile),were‘used .in this study. Other soil characteriStics‘were described in

Chapter 2.

[}
L ¢

6.2.2 Protocol of kxper«ihxents‘,

-

Incubation stuti v with **C-cystine and expgrimental measurements of '*C remaining

«
in soluiion and evolved as CO, were described in Chapter 3.

a .

6.2.3 Amengiments' =
) Barley straw (0.4% N, 0.09% P) and alfalfa hay (4.3% N, 0.3% P) were added at the
beginning of a 14 day preincubation period at a rate of 2% (w/w). Gllucose, the amino acid

mixture and inorganic f er‘tilizer,‘szlts were mixed and added with the *C-cystine at the start of
. % .

each incubation. For each soil, the volume of solution added, brought soil moisture to 4
potential of -33 kPa. Glucosé (Fishef'Sbicmific) aﬁd a standa;d mixture containing 5.6 u‘g"
ul'of each of 19 amino acids used for amino acid autoanalyzérs (Sigma) were added at a rate
| o‘f 30 and 5 ug of each am'ino'acﬁ g‘ soil, respectively. Nitrogé,n, sulphu; ahd bphosphorus .
Qere added as NH.‘NO,, K,SO, and KH, PO. (Ffsher Scientific, reagent grade) at a r:;te of

84.6, 40 and 122 ug compound g soil, respeceively. Note that K was incidentally added.

I !
- s

¢

‘_‘6.2’.4 Statistical design
d

Incubation studies were designed as factorial experiments, with soils,' amendrhéms-apd
time defined as the main factors. Analysis of variance (ANOVA) was conducted on the *C
remaining in solution and evolved a5 CO; over time. Duncan's multiple' range and the least

significant difference tests were used to determine statistical differences between treatments
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(Zar, 1984). ' ‘

625 The models : ¢
The models of Figure 6-1 were gsed to describe the. cycling of cystine in soils of

Canada and an Andept of Chile (Chapter 3). The two biontic pools of _Eigure 6-1B have'been

associated with microbial cytoplasmic amino acids and proieins (Chapter 4). Model» 6t1C

pro.posés that cystiné is partially protected against ';iérobial attack by stabilizalio‘n réactions

of the substrate w‘ith soil minerals.

6.2.6 Model seiection and numerical analysis

R 4
Values for 'C rgmaining in solution and evolved as CO, were compared to those

simulated by models 6-1',:\':_: B and C. A model ‘was accepted if the obff;(jd arid pedicl,cd.
~values were no;‘,._d.if ferent as detérmined by a Chi-square test for goodness of fit. The slcp§ of
.A ﬁﬁmerical analy\g;'f or model selection used BMDP3R, BMDPAR and CSMP (Chapter 3).
63 Resuls . o _ o
Experfments were carried out to c?c’:terminev the effec;ts of organic.and‘ inorganic
- arﬁendmeﬁts on the internal cycling of free cystine. Addi&\{(\m ‘of plant residues and solutions |
containing N, P, and S separately or in combination were intended to simulate the ef fects of

practices such as straw or green manure incorporation and’ fertilization. Addition of glucose

and the mixture of amino acids Simuiate their release from cellulose and proteins, respectively.
- ! 8 i

¥

>

6.3.1 *C remaining in solution
The *C activity rema}ining in solution varied betwefn 0.02 and'0.24% in all treated soil
samples after six hours. The ANOVA showed no significant différences in solution-**C

between the treatments (Ta.“ble 6-1).
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6.3.2 C evolved as CO; -

-~

=

The' addition of amendments significantly affected the *CO, evolutiori frqm both éoils '
(Table 6-1). Every amerdment increased the *CO, evolved from the Black Chernozemic soil
sainp]es. T.he"largesl prb;)onioﬂ" of MC was respirf;d ih th; straﬁ and alfalfa amended Black

' samples, (36.5 0 39.4% of initial dose), respectively (Figure 6-2A, B, C).

Amendment of Andept samples with aifalfa, barley straw, NPS and glucose did not
affect the **CO; evolution. Addition of N, P, S, NPS and a solution containing 19 amino

acids significantly inhibited the 6xidation of C-cystine to CO, from the Andept soil (Figure

6-3A. B, C).

6.3.3 Model selection A SR °

'

-

Model 6-1B dcsCfibed the Chernpzemic selmples. 'Jts* output .closely _sirﬁulated‘ ,
experimemal CO, and soh}bn Qalues over ti\mfe (Table 6-2). Output of model 6-1a and 6-1(:' .
overestimated and uﬁderestimated,_ respectively ’_‘CQ,‘ respiration from tﬁ; Chei‘noz::mic
treated samples. Model 6-1b was also the only model that described the expevrimental data
obtaiAncd‘from Andept s"amples pretrealeﬁ with alfalfa hay and barley straw (Table 6-3). The
otzserved HC remaim’ng. in’ solution ahd,respired from Andept samples treated with N, P, S,
NPS, the amino acid mixturé and glucose were consistent only with the output of model 6-1C
»

(Table 6-4). Model 6-1a overestimated the ‘ex'perimental 1CO, respiration from all amended

samples.

6.3.4 Rate constant

vAddition of amendments to the Chernozemic samples iﬁcreasecl turnover rates for the
solution_ and protein pools. Conversely, the turnover rate of “C in the cytoplasmic and
adsqrbed pools wés reduced. Respiration rates from t}f;e cytoplasmic and protein' pools were

the most sensitive reactions to the addit‘ion of amendments (Table 6-5). The half -life for the

prqtéin pboHn the Chemozgmic soil changed from 58 hours in the control samples to 4 and



-

12 minutes in the alfalfa and straw amended sarnpies, respectively.

Untreated and ﬁ_e\ated A?‘ndept samples with the amino acid mixtwfe, N, P; S :nd NPS
résulted in apparent adsorption rea;tions between “C-'cystine and gctive organoallophanic
groups. The effect of glucose an.d NPS on cysiine cycling is similar to thalt shown by Ahdcpl
control soil samples (Chaptér 3). Abiotic stabi‘lizafion generated a cystine-C pool wﬁth nb
ldetectabl‘e tu}no;'er during the six hour periad. The kvinelic mpdel alsd indicates 'the lz{tlcr

amendments increased the turnover rate of solution, adsorbed -and microbial proteins, but

decreased the rate of micrbbial uptake @le 6-5).

6.4 Discussion T
| Previous incubation studies have shown differences in‘ CO, EVol'uii'on from the same
soil treated with different amendments (Soderstrom et al. 1983). So far, no explanation
describes such differences and neither physica]v—or chemical soil properties ekplain them
_ (Agarwz;l et al. 1972). The present "kinetic model addressing this question involves two
microbial pools thch werelassc'mi'aled with microbial cytoplasmic and protein components
| (Chapter 4).’The mo@el» helped‘to describe differences in CO; evolution between soils with
different pedogenic and-managerhem hist- riés (Cﬁaptgr 5). The physiologic designation of
&

pools has been accepted in this work to \describe the dynamics of cystine through biontic

components and to explain the differences ip **CO; respiration from amended soil samples.

6.4.1 Effect of amendments on the cycling o cystine—C‘ in a Black ChéTnozemic soil

Earlier studies have shown diversé ffects of various amendments on soil microbial
processes. Addition of N or PAsour’ces stimuldte CO, respiration (Roberge and Kn_ow]es: 1967,
Van Cleve and Moore, 1978). On the other hind the addition of N to a Black cultivated “and a
Gray Luvisolic soil decreased the decomposition of straw, alfalfa and glucose carbon (Leukcr'x

et al. 1962). Also, N additions to a native Brown soil decreased the annual CO, output from

the soil (De Jong ef al. 1974). In the present éxperimems all amend}ngg;s"increased the *CO,
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respiration from cystine in the Black soil. The kinetic model of Figure 6-1B describes the

1

| experimental observations o})Lained from the Black Chernozemic soil. The model indicates
most *C-cystine is vadsorb}ed or evo}vgd. as ‘COZ; On averagé._ addition of amendments
increased the amount adsorbed from 25 to 60% after six hm;rs of intubation. Conversely, the
amount of *C incorporated into cell proteins decreased from 45% to < 12 in sém’ples treated

with N, P, S, NPS, and to < 2% in samples pretreated with barley straw and alfalfa h;y

. 1 .
(Figure 6-4). Efficiency of substrate utilization by soil microbial biomass was affected by

amendments. Mic%bial--“g was simulated for 6 hours. The microbia]-“C content ranged
between 8.7 and 13.8% of the initially added dose in samples amended with N,P.S,NPS, -

glucose and amino acid. The efficiency of substrate utilization decreased from 65% in control

sz%mples-(Chapter 5) to about 25% in samples amended with glucose, amino aciq mixture,
N,P,S, NPS and to < 2% in samples pretreated with alfalfa hay add barley Straw. These'
striking differences in utilization efficiencies must be related to Imetabolic controls on C flows.
Two metabolite components associated with microbial cytoplasmic amino aéid and proteins

control cystine dynamics in steady-state non allophanic soils (Chapter 3,4,5). The present

»

kinetic model showed the half-life for the protein,_component changed from 58 hours in the

control soil to 12 and 4 minutes in the straw and alfalfa pretreated samples, respectively. Both
! .
prokaryotic and eukaryotic cells present intracellular compartmentalized proteins where

long-lived proteins coexist _with short-lived proteins (Alberghina and Martegani,‘ 1977). For

exampie, the B-galactosidase half -lives range between a few minutes to more than 20 hours,

¢

depending on the nature of the terminal amino acid of the protein (Bachmair et al., 1986). -
. 3 .

Both, the change in protein half-lives and the low eff idqncy of substrate utilization show thq%
~,most "C-cystine flows via protein catabolism in amended Black Chernozemic samples.
begradation of proteins is a function of the gell's p‘hysio]og'ivcal'state and appears 1o be
controlled differenuauy for individual_ protésns;_(ﬁpfgi?@mon and Melloni, 1986). It is

h’ypothegized that added plant residues released soluble-C which created temporary conditions

of microbidl growth. These substrates and ‘d‘ghe‘r- nutgients were already. depieted from solution

N 0 Ml " \‘-..‘
-

¥
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at the time of !*C-cystine addmon This adverse growth envxronmem created conditions of

microbial starvation and death. Under such conditions, a low energy cell charge acuvalcs

“

catabolic enzymatxc reactions (Atlas, 1986). Conversely, a condition of high cell energy charge

-

stimulates biosynthetic reactions. Under such conditions C is allocated intracellularly into
macromolecules and is not respired- (Chapter 4). The modet output is consistem. with the
| latter ,hypbthesi\s. Furthét, it shows that about 90% of '*CO, evolves from the short-lived
protein- pool in amended samples. In_ comparison, most '*C oxidized to CO_. in the control
samples originate;f rom the cytoplasmic p&ol (Figure 6-5). .
6.4.2 Effect of amendments on the cycling of cystine-C in an Andept soil

Addmon of plant residues did not affect '*CO, evoluuon from the Andept soil bul

changed cystme dynamics. The kinetic model of Figure 6-1B is consistent with the

experimental results and further suggests a physiological control by two biontic péols. In soles.

<
t

residues such as straw serve as substrates as well as hvmg habitats for mxcroorgamsms

values given by the kinetic model. About 42 and 31% of the @r{jti |
incorporated into proteins and adsorbed after six hours, 1es '
model also indicates that >‘ 95% of the *CO, originated from th
turn contained < 1% of the initially added cystine. Turnover ratgs 3"th cytoplasmic and
protein pools are similar to those of the unmnded Black Cherr‘llgz“eumic soil. The half-lif e
value for proteins in the Andept soil increased from 4.6 h in the cbntrol to 58 hou;; in
samples amended with alfalfa. The slower protein turnover Shéws that cystine-C ﬂowslvaia

anabolic reactions in the Andept soil samples pretreated with plant residues. Conversely, this

growth proviso could not have existed in the Ghernozemic samples at the time of cystine

-
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addition. A measurement of the adenylate energy charge for botn soils can test the validity of

_Lhis hypo‘th.esis. A sl’ower microbial growth and adaptations 0 soil internal changes after
- inclusion of plant residues in the An‘dept‘, may explain this difference. A slower N
mineralization than in non-allopﬁanic soils has been reported for this Andept soil (Monreal et
al. ,198.1). Nitrogen and P_ inhibit microbial respiration (Kowa]enkq et al. 1978; Soderstrom et
al. 1983) or do not affect it (Ino and Monsi, 1964). In perturbation studies, additions of >
400 g P g 'to Andepts of Columbia increased CO, evolution (Munevar and Wollum, 1977).
On the other hand, Nlapplications’ ;ither depress or stimulate microbial respiratiori in volcanic
soils (Jackman,‘ 1960). In the present studies, the addition of the amino acid mixture, or of
N, P, and S singly to the' Andept reduced the amounts :of *C oxidized to CO,. The model
attributes this reduction to a lower rate of microbial uptake and 1o stabilization of cystine by
- the active surf aces of the o‘rgano-allophane complex (Figﬁre 6-6B). Borie: an%unino (1983)
attributed the increase of organic C and P iﬁ Andepts of Chile to stabilization)reactiohs of
inorganic P with allophane or through associations of organic matter with inorganic P.

In spite bf a stabilization reaction, additioh of glucose and NPS did ﬁot affect the
_ oxidation of cystine t?x CO;. Energy or C sources such as glucose havevbeen found to be
limiting thc; microﬁial agétivity in the Andept soil (Mc;nreal et al. 1981 .

In conclusion, kinetic analysis and modelling helped to explain differences in CO,
evolution from sampgs incubated with- C-cystine .and amendéd with organic and inorganic
substrate_s. The kinetic model attributes an increase in cystine regpiration from Black
Chernozemic samples to catabolism of C gllocated into proteins with half-lives of a few
minutes: Differences in *CO, respiratiqn from am.ended Black Chernozemic samples are
associated with differences in turnover raies of prpteins. Addition of pfant residues to Andept
soil samples causes micrql&;iai\acdvity to approach that of Chernozemic sbils. Cystine cycling is
then physiologically contrw}le biontic pools of nonfallophanic soils. Inhibition of

cystine-C respiration by N, P, S, NSP and a mixture of aminoagids is attributed to a slower

cycling of solution cystine and to stabilization reactions between the substrate and the active
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surfaces of the organoallophanic complex. The kinelic treatment of _experimental data“
provided insights into the basic components controlling the cycling of cystine in amended

allophanic and non-afiophanié soils. The model also established a hypothesis relating cystine

metabolism to short and long-lived microbial proteins. L

\
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Figure 6-1. - Three hypotheses representing the cycling of free cystine through various
components in treated Black Chernozemic and Andept soil ecosystems.
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7. SYNTHESIS

Rapid reactions influerce the flows of energy and nutrients from soil soluble
f-raétiqns. Experimental observations of soil organic matter changes oer long periods (days,
-weeks) mask effects of fast processes occurring over sHort periods (minutes, hours). Soil
organic matter dynamlcs have been smulated for processes on a daily time step~(McGlll et al.

1981; van Veen et al. 1985) These models do not have the resolution to descnbc fast processes

affecting soluble-C fractions over shorl periods.

Abiotic and. biontic components controlling soluble-C dynmamics were studied -through
short term incubation experiments. Kineii_c dnalysis and ing were used as tools 1o study
the control mechanisms of: a)cystine dynamics in non-perturbed soils:and b) g}ucosc-C.
dynamics in perturbed soils. Glucose and cystine svere chosen as substrates Bccause they are
important cdns;_itluents of soil organic matter (Bremner, 1949). A necessary condition to study
control mecha.éisms in vivo in steady-state soil systems ‘is to use molecules f ound "in situ” and
~at low concentration to minimize system dxstoruons Under non perturbed condmons specific
and high affinity enzymanc .systems transport substrates very rapldly across mxcroblal cell
membranes (Anraku 1980). Within. this context, studies were conducted to characterize the
free amino acid fraction prior to stud);mg their dynamics in soils at stegdy-slale (Chapter 1).
One allophanic and eight non-allophanic soils with diffgren[ management histories contained
diverse and low contents of such molecules.

Experiments to test conceptual models describing soluble-C dynamics used cystine at
low concentrations to maintain the steady-state of soils (Chap}er 3). The basic model

P
components were separated into kinetically homogeneous. abiotic and biontic parts cdmprising
the soil solution, adsorbed ?hase and two microbial pools meLabb]iziné C intracellularly
(Chapter 3). The kin’étjé \n{odel simulated outputs were consis’tfm with experimental
obsefv'ations; showing'" that the low content in and dynamics of cystiﬁc-C through soil

solutions was controlled by microbial metabolism in non-allophanic soils, and by microbial

metabolism and abiotic stabilization in the allophanic soil. Adsorption did not prevent
3 .
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L

microbial use of cystine (Chapter 3). >

2

Behaviour of the two biontic components controlling cystine cycling at steady-state

was analogous to mxcroblal cytoplasmic amino acids.and intracellular proteins (Chapter 4) In

.

118,

addﬁxbt; the -plateau in **CO, evolution attained over six houss in all soils studied (Chapter

-

3.4.5) is interpreted as microbial stabilization ‘of substrate C, behavmg as 1f allocated into

long-_li\/jg:gr_oteins which are slowly.degraded. ,

Within micfobial cells, cystine can be metabolized via catabolism or anabolism
depending on the growth 'media’ (Beilan et al., 1983). The conversion "of cystine to cysteiné
and pyruvale may serve to generate energy, to synthesize other mtermedxates of metabolism or
o synthesize alamne wvaline, and leucme for mcorporanon into proteins. .

Durmg ATP synthe51s pyruvate is oxidized in the Krebs cycle to CO2 and generation
of reducing power (NADH). Oxidative phosphorylation reoxidizes the nucleotide at »the
membiane with a concomitant production of ATP’(Atlas.1986).

Cataboh's_m reduces cystine to cysteine with utilization of diphosphopryridine
nucleotide (DPNH) Escherléhzg coli decomposes cysteine to pyruvate by known pathways.
The ba51c steps include desulfhs;'drauon and deamination enzymatlc IC&C[IOI’IS (MCIS[CI‘ 1963).
Key intermediates in these catabéo%g reactions include B-mercaptopyruvate, cysteinesulfinate,
alanine and B-sUIfinylpyruvate (Figure 1, Appenc\ﬁfQ1 Anaerobic decpomposition of cysteine
results in the formation of pyruvate, H,S and°NH, (Meister, 1965).

Intact cysteine molecules can be incorporated into proteins by Escherichia coli cells

growing in a media containing all 20 amino acids (Beilan et al., 1983). This reaction is

o]

calalyzed by aminoacyl synthase and requires energy in the form of guanosine triphosphate.

Proteins are assembled at the ribosomes and involve tRNA and mRNA (Atlas, 1986). !
A modified model was required to descrxbe C dynamlcs in disturbed soil systems

Under such conditions, glucose-C is best de(gknbed agbemg allocated into mtermedxates of

metabolism and into non-dagrading macromolecu'les such as p‘roteins or l'?NA (Chapter 4).‘Inn

=
both models, pools of intermediates and macromolecules of metabolism Zdescribe the flows of

-

.
0

-
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soluble-C through soil orgamsms over short penods of -time under ‘both, perturbed and

non- pertu}bed *conditions. This treats microbial blomass as the main catalyst in soil brganic

TN

matter tra,nsformations,’and suggests’ that microbial stabilization of soluble-C, fragtions ‘is
quéntitatively more important than abiotic stabilization reactions over short periods ._in
' non -allophanic soils. The kinetic models of cystine dynamics‘are consislent with ph&'siologic
rather than taxonomic controls on internal cycling rates. The mogdéls could. not scparate
prokary:onc and eukaryiotic' activities. ThlS implies that metabolic. reaction - rates are \Q\

expression of only one microbial group or that both taxa have sxmllg,,reaeuon rates to oxidize

soluble-C in soils. - ' o ‘
’ The physiologic contrdls on cystfne dynarnics are also e»press’in soils with diff erent
pedogenic “histories, management and angﬁc’nie practiees. So f ajr“. dﬁferenl CO, respiration
patterns from disturbed soil samples have not been explained and much published information
only speculates on possible causes (Soderstrbm .et al. 1983). In this thesié, perturbation of soil
systems with cultivation ‘af fected the metabolic source of respired carbon. The model shows

that the fast cycling cytoplasmic pool is- the Thain source of **CO, evolved from cultivated

samples. Conversely, *CO, fespired from virgin soils originated mainly from cell proteins.

. . . * . .
. Estimates- of pool sizes show up to 6 times more cystine-C is stored by microbial cells in -

virgin than in cultivated' sampleS (Chapter 5). The larger_“Col respiration from cu{tivaled
samples implies a lower carbon uti{izalion efficiency. The efficiency of **C u_tilizatitm averaged
ﬂ 76% in-virgin soi_ls and 60% in cultivated soils (Chapter 5). 7. ~wer efficiency in culti‘fated
samples can be related te lower microbial biomass (Vorb_ney et al. 1981), or to soil soldti(:);n'
composition. | |
’."Pertufbations such as addition of amendments to allopnanic and non allophanic soils
decreased the amounts of substrate-C retained within microbial cells. The changes in so]uﬁon
compo;iu‘on with ch_emic_al amendments and of internal soil architecture with plant residues

altered cystine metabolism. Under the exclusion of all amendments most cystine-C was used

via anabolic processes to build long-lived proteins. Conversely, addition of all amendments

Ml
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‘V(except straw ‘and ,alfall‘a in‘ the Andept) caused most cystine-C‘ to Vbe allocated  into
‘short-lived 'proteins or,‘ catabolized to prodice energy,(Chapter 6). The addition of all
antendments decreased the ‘“C"-cy(stine utilization »ef__ficiency hy at least.ZO%. Thisv shif}t in
.,dynamics .rr,tust be..associated with controls of;"rnicrobial metabolism. . That is, types of
enzymes,‘ allosteric effectors, or the cell energy charge were .altered by such disturbances. If
cyusti‘ne Was catabolized.for ATP synthesis then cells in' amended soils must present a lower
energy charge than mlcroorgarusrns fiving in unamended sorls . |
Other tests for both models should be based on the above molecular level 1nformation
and.'may include- the followmg determmations in s_orl samples s‘up‘plemented with *C labeled‘
substrates:_ | |
~a) Determine the ‘proportion of substrate-C euolved as C.O2 by usiné “C-carboxylic
labeled cystme Thts would directly estimate catabolic reactlon rates and 1nd1rectly
~ estimate the proportion of substrate C used in anabolic reactrons
. b) Determine the ratlo -of - reduced nicotineamide _adénine dinucleotide
(NADH)/mcotmeamiéle drnucleude phosphate (NADP) as an index for the direction
of C flow. NADH production is coupled to catabolic reactions during ATP synthesis.
NADP generatton is coupled to anabolic pathways durmg the synthesrs of
’ :macromolecules |

_ c) Determme “C activity recovered in soil extracted RNA and/or DNA

‘d) Determtne ammoacyl synthase activity for arnmoac1d mcorporation intd proteins.

3

e) Determme “C content in microbial proteins. . *

g

Differences between the allophamc and non- allophamc soils a"e reﬂected in' one

% £

abiotic stabiliung reaction and one smgle physrologtcal pool in the An/%t sol (Chapter 3). It_ '
is hypothesrzed the single microtual pool of the Andept soil can eithér e;;ust as protems in

7 \ l

.mtcrobial cells dev01d of cytoplasmrc free amino acrds or be related to a smgle taxa of
/ .

'_microorgamsms using cystine.. Zunino et al (1982) reported f "redomina'nceof fungi»and

actinomycetes -in ‘Andepts of Chile. Abiotic adsorption and Z lization reactions have. been

E

PN ‘ 'J
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o f utufe research in the f ields'qf soil microbiology.and biocﬁemistr-y.
| In sﬁmmary, kinetic analyses and modelling of in vivo soilvsystems assisied in
describihg dynamics of soluble organic molecules.‘ Short-term - cycling of solublg' organic
rholecules under 'both perturbed a‘ndv non-perturbed conditions in the laboratory is best/
described by models incorpgrating microbial metabolism of .cytoplasmic materials and
" macromolecules such pr01eins. In allophanic and non-allophanic soils disturbed with
organic and inorganic amehdmems the controls are physiological and abistic. The physidlogic
controls are applicable 1o soils with a wide range of properties and for diverse conditions of
microbial growth, soil pedogenic processes and management histories. The broad
representation of soil systems by such models reafirms their genefality. The kinetic approach
used in thesc studies represent a significant contribution to the areas of soil biélogy and
' biochémistryf Systeﬁls like the present kinetic model may clarify some of the coﬁtradictions
~and confusion concerning processes affecting organic matter transformations (Stotsk;), 1986) .

The models supplement existing knowledge and provide new elements for a better

understanding of mechanisms controlling the release of nutrients from soil organic matter for

plant growth. These kinetic models point to areas in need of further research. v

7.1 CONCLUSIONS
The descﬁption of cystine cycling by kinetic anélysis permit the folloWing conclusions:
1. Four soil components describe the cycling of cystine in non-perturbed Chernozemic and
Luvisolic ésoils. These are thé soil solu;ion, adsorbed, fnicrobial cytoplasm cystine and
proteins;‘ For allophanic soils the. system is best represented by éolution, adsorbed,
stabilized and one biontic pool similar to the protein poo] of the non-allophanic soiis.
2. Reactions transferring cy;tine in “Chernozemic and Luvisolic soils are adsorption,
desorption, mic_rpbial uptake, protein synthesis and’oxidation to CO, from cytoplasmic
cystin¢ and intraceliular proteins. In a_xddition to the bformer reactions, an“" abiotic

stabilization reaction and respiration from microbial proteins characterize the Andept soil.



.‘°

»
soil.

oo E RTER

'I'he iastest cyclmg pool is the soil” solution * (seconds) fol]owed by adsorbed and
cytoplasmic cystme (mmutes) and cell protein -C (hours) ln the Andept soil, the
stabilized C does not turnover dunng the perrod of study ,/

Greater- *CO, respiration i"rom native Brown than from Dark Biown and Black

Chernozemic sorls is associated with a faster turnover of solution cystine in the former

°

Differences in CO2 evolut,ion from cultivated and \1rgin samples are attributed o the .
source of CO,. ln cultivated samples most *C is respired f rom the cytoplasrnc pool and .

in virgin samples from cell proteins. Sl\ times more substrate C 1s iound in the active

cells of virgin soils. .
Incorporation of plant'residues' shif ts the center of microbial activities to the surface of

decornp:aSmg alfalfa: and grain straw resrdues Under such’ conditions cystine dynamics in
allophamc and non- allophanic soils converge. ‘ R

«,

Addition Jof most organic and morgantc amendments decreased he, amount of cywne C

K
[

incorporated 1nto microbial cells. The amounts adsorbed and stabilized increased and cell

proteins cycled faster R ‘. . .

Increases m “CO, evolution from amended Black Chernozemie samples .are assocxated

with degradation of cystme -C mcorporated into short lived protems 7

Inhibition “COz evolutton from Andept samples is attributed (o an mcrcase in
ip

! o

:'f’

stabiltzatron of cystine w1th the active organoallophamc surf aces

»,z

10. Two biontic components control the f low of - glucose -C'in perturbcd sorl systems ’I'he WO

components are intermediates of metabolism and stable macromolecules sueh as proteins,

RNA or DNA ' )

11. Kinetic analysis and modellmg techmques assrst in describmg sonl components and

reactions affectmg the cyclmg of organic moiecules under perturbed and ‘non- perturbod

i

conditions The kinetic models suggest that controls on the intemal cyclmg of solublc .

~organic molecules are physrological rather than abiotic durmg short term mcubations

/

. » . . ' ’ i /, o
( ) ' . o ! R ! LR
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\ o , 8. APPENDIX

Table 1. The *C remaining in solution and evolved as CO, in unamended and amended soil
) samples. Values are expressed as % of initial dose (q_) * standard deviation of
sample replicates. Symbols represented by V = virgiﬁ?C = cultivated,
- N=Nitrogen, S=Sulphur and P=Phosphorus, dpm=disintegration per minute.

Ac.*

- Dark Brown - C

126

Dark Brown - V ¥
Time
min Solution CO, Solution CO,

0 100.0000 0.0 100.0000 0.0

1 1.6465 + 0.131 — 2.6873 + 0.252 —

5 0.3008 + 0.012 01 £ 0.10 0.5399 & 0.042 1.7 £0.13
15 0.0873 = 0.002 0.5 £ 0.09 0.2460 * 0.028 4.5 +0.21
30 0.0580 + 0.003 1.2 £ 047 0.1635 + 0.028 8.4 £ 0.08
60 0.0498 =+ 0.003 2.8 + 0.66 0.1383 = 0.018 10.7 £ 0.14
90 0.0457 £ 0.004 5.7 +0.70 0.1276 £ 0.014 13.8 £ 0.06
120 0.0428 £ 0.003 " 7.7 £.0.07 0.1230 £ 0.016 15.7 £ 0.11
180 0.0404 + 0.000 11.3 + 0.09 0.1190 + 0.015 18.9 £ 0.33

240 0.0387 £ 0.001 159 + 012 0.1157 £ 0.001 21.0 £ 0.61
360 0.0369 + 0.002 19.8 £ 0.34 . 0.1137 £ 0.001 24.3 £ 0.89
© . qso 170538 dpm . 150372
Brown - V Brown - C

0. 100.0000 0.0 100.0000 - 0.0

I 0.8251 £ 0.093 — 2.8803 + 0.307 -

5 0.2056 * 0.021 0.6 £ 0.02 0.4892 + 0.028 © 3.2 £ 007
15 0.1013 £ 0.028 - 3.4 1+ 0.07 . 0.2297 £ 0.001 4,2 +0.29
35 0.0956 * 0.014 8.4 + 0.60 0.1595 £ 0.Q14 . - 6.7 £ 0.30
60 0.0660 £ 0.002 11.0 £+ 0.30 0.1373 £ 0.003 9.3 £ 010
90 0.0620 £ 0.003 - 13.6 + 0.90 0.1305 £ 0.001 12.7 £ 0.06

120 0.0564 + 0.001 154 £ 0.14 0.1236 = 0.000 13.9 £.0.34
180 0.0544 "+ 0.000 |, 17.8 £ 0.77 0.1152 £ 0.004 164 £ 0.47
240 0.0504 + 0.001 19.4 + 0.66 0.1114 £ 0.002 18.8 £ 0.94
360 0.0483 £ 0.002  -21.1 £0.27 0.1068 + 0.001 23.1 £ 0.13
qso 198379 dpm : 161027 dpm ‘

(continued...)

\. A
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Gray Luvisolic (2 year rotation)

Gray Luvisolic (5 year rotation)

~N O =)~ DD =t

Time . n
min Solution CO, Solution CO,
0 . 100.0000 0.00- 100.0000 | 0.0
1 1.7610 + 0.170 — 2.0411 + 0.175 . —
5 0.3315 + 0.042 1.4 +0.16 0.4517 % 0.004 39+ 04
15 0.1561 + 0.016 44 +0.02 0.2160 + 0.020 6.3+ 0.2
307 . 0.1144 £ 0.009 10.6 + 0.41 0.1605 + 0.018 9.5+ 0.5
60 0.0919 + 0.019 " 14.6 £ 0.57 0.1370 £ 0.004 "11.7 £ 0.3
90 0.0794 + 0.010 16.1 £ 0.27 0.1292 + 0.018 14.3 £ 0.3
120 0.0747 % 0.003 19.0 + 0.36 0.1227 £ 0.011 15.8 + 0.1
180 0.0708 + 0.002 21.4 + 0.68 0.1174 + 0.010 18.9 + 0.1
240 0.0674 + 0.001 25.8 +0.22 0.1142 +-0.000. 239+ 05
360 0.0648 + 0.003 . 29.6 + 0.17 0.1109 + 0.004 2713 £ 0.6
qso 161115 dp 163118 dpm
Black-C Black - V
0 100.0000 : 0.00 - 100.0000 0.0
1 1.7655 + 0.010 - = -
5- 0:6767 + 0.014 - 2.3 £ 0.07 3.0500 + 0:613 0.9 + 0.
15 0.3640 + 0.014 6.0 £ 0.01 1.6894 £ 0.130 1.2 £ 0.
35 0.2579 + 0.042 11.9 + 0.34 11.2012 + 0.013 24+ 0.
60 0.2263 + 0.049 15.5 = 0.00 1.1103 + 0.014 42 + 0.
%0 0.2133 + 0.028 18.1 £0.65 - 1.0245 £ 0.032 5.5+ 0.
120 0.1986 + 0.029 202 £ 0100 0.9417 £ 0.016 " 7.1°£ 0.
180 0.1907 + 0.015 21.8 % 0.67 0.8891 + 0.043 - 9.5 +0.
240 10.1862 + 0.009 23.8 + 0.88 0.8349 + 0.017 11.3 £ 0.
360 0.1834 + 0.001 243 £ 0.81 0.7946 £ 0.051 14.4 0.
:.Qso 177168 dpm 178815 dpm

[ S A = = )
LN Ea N~ OO

(continued...)
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N\
Andept

Time e
(min) Solution X0,

0 100.000 0.00

1 ~0.2100 + 0.033 —

5 0.1558 £ 0.002 - 0.37 £ 0.04

17 0.0816 £ 0.006 1.23 £ 0.07

30 . 0.0616 + 0.009 262 £ 0.06

60 0.0475 £-0.002 .5.22 £ 0.08

90 0.0441 % 0.001 ©7.55 £ 0.10
120 0.0416 £ 0.001 10.21 £ 0.07 3
180 0.0400 % 0.000 14.94 = 0.03

240 0.0366 = 0.001 1942 £ 0.05

360 0.0333 £ 0.003 23.67 £ 0.03

qso 170000 dpm S

' 2]
i)
t
“)  Andept - alfalfa Andept - Straw

0 100. ; , 0.00 100.0000 0.0000

1 - 17592 £ 0.010 . — 1.1545 + 0.027 —

5 0.8077 £ 0.070 ° 1.93 £ 0.05 0.4476 % 0.012 1.22 £ 0.01
15 0.4777 £ 0.012 3.89 £0.70 . 0.2652 £ 0.007 5.01 £ 0.12
30 0.3792 £ 0.022° - 8.47 £ 0.32 0.2105 + 0.005 7.48 £ 0.68

. 60 0.3442 + 0.037 12.67 £ 0.79 0.1901 + 0.002 11.63 £ 0.13
90 0.3240 £ 0.009 14.52 £ 0.07 0.1862 % 0.010 13.36 £ 0.27-
120 — 0.3009 £ 0.008 16.58 + 0.62 0.1774 £ 0.003 1691 £ 0.34
180 0.2581 £ 0.010 - . 18.02 * 0.66 0.1702 £ 0.004 18.48 £ 0.06
240 0.2?2 1 0.009 21.25 £ 0.80 0.1691 £ 0.004 21.40 £ 0.74
360 0.2463 £ 0.003 .  23.38 £ 0.71 0.1613 % 0.007 22,53 £ 0.14
+ 168488 dpm #

J .

qso ] 180944 dpm

~(continued...) ’_
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* Andept - N Andept - P
Time Baamas '
min Solution CO, Solution CO,

0 100.0000 . 0.00 - 100.0000 0.00
5 0.0901 + 0.007 0.45 £ 0.07 0.1563 £ 0.071 - 0.32 £ 0.03

15 0.0529 + 0.003 212+ 022 - 0.1196 + 0.009 1.60 + 0.0!

30 0.0469 £0.001 4.20 = 0.69 0.1145 £ 0.008 247 £ 0.42
60 - 0.0419 £ 0.001 - 7.34 £ 0.54 0.1082 + 0.003 :5.32 £ 0.30
90 - 0.0409 £ 0.002 10.02 £ 0.06 0.1048 + 0.004 797 £ 016
120 .0.0398 + 0.000 S 11.62 £ 031 0.0939 + 0.005 §.90 £ 0.60
180 0.0383 + 0.001 13.70 £ 0.31 0.0899 * 6.002 11.94 + 0.88
240 0.0362.% 0.003 14.56 + 0.08 0.0876 + 0.006 12.50 £ 0.62
360 0.0346" £ :0.001 15.12 £ 0.18 -0.0859 * 0.001 14.53 + 0.81
qso- 190834 dpm - ! 174677 dpm .

Andept - S Andept - NPS

0 100.0000 0.00 , 100.0000 ~ 000 :

5 0.1484 £ 0.010 0.39 = 0.06 0.1603 t 0.008 0.52 £ 0.02
15 - 0.1185 £ 0.009 1.23 £ 0.27 : — 1.77 £ 0.15

30 0.1121 + 0.003 416 + 0.37 0.1079 % 0.009 3.47 £ 0.30
60 0.1050 + 0.002 6.88 = 0.25 0.1025 £ 0.001 8.45 £ 0.48
90 0.0945 + 0.004 9.35 £ 0.42. 0.0989 + 0.005 9.82 + 0.00
120 - 0.0904 = 0.001 10.65 = 0.23 0.0918 £ 0.007 - 13.23 £ 0.00
180 0.0863 = 0.002 12.95 £+ 0.69 10.0882 + 0.003 15.62 £ 0.29
240 0.0845 = 0.005 = 1381 =+ 0.44 0.0858 £ 0.00S . 18.03 £ 0.84
-360 0.0827 + 0.006 ~~_,14.40 = 0.67 0.0840 + 0.002 20.10 + 0.42
gso - 170431dpm » 167818 dpm
Andept-Glucose Andept-amino acid mixiure

0 - 100.0000. 0.00 100.0000 - 0.00 .

5 - 0.1204 £ 0.023 0.38 £+ 0.07 0.1534 £ 0.011 0.12 £ 0.01 -
~15 ~0.0998 £ 0.007 1.80 £ 0.17 0.1030 £ 0.007 0.37 £ 0.00
30 0.0903 + 0.005 420 = 0.18 0.0892 + 0.005 1.12 £ 0.05
<60 . 0.0838 + 0.003 8.21 + 0.54 0.0796 £ 0.006 2.80 i 0.16

- 90 0.0794 + 0.002 11.84 £ 0.06 . 0.0749 £ 0.007 3.53 1 0.33

120 0.0756 £ 0.007 - 14.13 £ 0.62 0.0696 £ 0.001 5.69 1 0.84
180 0.0638 + 0.001 18.47 £ 0.72 0.0658 + 0.000 7.38 £ 0.88
240 0.0632 £+ 0.003 20.14 £ 0.11 0.0611 % 0.003 10.48 + 0.30
1360 0.0612 £ 0.003 21.06 £ 0.99 0.0595 = 0.00S 13.88 £ 0.57
gso 169408 dpm - 188326 dpm

h g

(continued:..)

v
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. Black - C.N Black.- C.P .
. Time ”
min Solution CO; Solution - CO, -
Fa .

0 100.0000 0.0000 100.0000 0.0000

1 3.7782 £ 0.291 - 2.4530' £ 0.394 -

S 0.5105 +.0.047 2.16 £ 0.01 0.8176 £ 0.071 2.59 £0.01

15 0.0753 i\0g003 9.18 + 0.01 0.1546 £ 0.023 10.70 £ 0.24
30 0.0485 * 0.006 15.37 £ 0.30 - 0.0626 £ 0.008 17.06 £ 0.12
. 60 0.0393 + 0.007 20.54 £ 0.42 0.0433 £ 0.003 21.97 £ 0.08
90 0.0371 £ 0.002 2411 £ 0.03 0.0410 £ 0.005 23.68 = 0.54
120 0.0343 + 0.007 26.21 £ 0.18 0.0398 + 0.006 24.90 = 0.32
180 0.0322 *+ 0.004 28.37 £ 0.99 0.0386 + 0.001 27.04 £:0.25
240 0.0305 £ 0.002 29.73 £ 0.46 0.0374 £ 0.002 28.83.£ 0.1
360 0.0289 + 0.003 31.71 £ 0.08 0.0383 + 0.003 29.95 £ 0.52
qso 183153 dpm . 170724 dpm o

Black - C.S Black - C.NPS

0 -100.0000 0.0000 100.0000 0.0000

1 1.9412 £ 0.210 — 4.5552 + 0.010 —
-5 0.2824 £ 0.080 251 £ 0.11 0.8909 + 0.052 2.11 £ 0.02

15 0.0719 t+ 0.007 10.06 £ 0.43 0.2351 + 0.020 10.76 £ 0.16
30 0.0494 £ 0.003 1776 £ 0.21 0.0853 + 0.004 18.48 £ 0.01
60 0.0418 + 0.001 119.61 + 0.83 0.0595 £ 0.004 24.62 £ 0.00
90 0.0408 + 0.002 22.52 £ 0.04 0.0577 £ 0.007 26.72 £ 0.01
120 0.0402 + 0.005 27.76 £ =22 0.0564 £ 0:002 29.55 = 0.14
180 . 0.0389 £ 0.005 30.17 £ 0.25 0.0540 .G6903 - 32.45 £ 0.14
240 . 0.0376 £ 0.0b3, 3298 + 0.06 - 0.0528  0.001 34.81 £ 0.20
360° -070362 + 0.001 3597 £ 0.35 - 0.0509 * 0.004 35.69 + 0.01
qso ' 162868 dpm -

161556 dpm

(continued...)
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Black - C.Alfalfa

- Black - C.Straw

Time
min Solution Co, Solution CO,

0~ 100.0000 - 0.00 100.0000 © 0.00

1 3.4260 £ 0.216 — 4:5741 + 0.721 —

5 0.5814 £ 0.051 8.29.£ 0.4 0.8822 = 0.065 2.54-+ 0.15
15 0.1365 + 0.010 21.06 £ 0.08 0.2459 £ 0.037 10.61 £ 0.39
30 0.0797,% 0.002 .25.43 + 0.80 0.1408 £ 0.020 1731 % 0.
60 0.054{i 0.007 30.03 + 0.87 0.0923 = 0.007 23.92 = 09
%0 0.0518 £ 0.009 33.30 £ 0:57 0.0736 £ 0.009 2647 £ 0.18

120 0.0479 £ 0.003 34.00 £ (.22 . 0.0654 £ 0.002 29.12 £ 035
180 0.0457 + 0.007 35.88 £.0.09 10.0537 + 0.001 31.99 + 0.11
240 0.0435 = 0.008 37.99 £:0.08 . 0.0514 £ 0.00 3438 £ 0.93
360 0.0412 + 0.001 39.36 £ 0.51 . 0.0496 = 0.00 36.45 + 0.14
gso 179216 dpm - 171160 dpm

Black - C.Glucose _ Black - C.Amino-acid mixture

0 100.000 ;000 100.0000 0.00

1 4.9025 = 0.100 o = 3.6158 = 0.350 —

5 0.5862 = 0.121 #3.94 £ 0.04 0.4537 + 0.090 0.44 £ 0.00
15 0.0999 + 0.008 #.83.1 0.16 0.0927 £ 0.007 1.37 + 0.08
30 0.0386 + 0.007 . 9.74 £ 0.17- 0.0392 + 0.003 4.15 £-0.01
60 0.0261 £ 0.004 - - 15494 £ 041 0.0328 + 0.004 9.19 + 0.04
90 0.0227 £ 0.002 - 18.74 + 0.00 0.0318 £ 0.003 12.84 + 0.47
120 0.0210 + 0.086  21.82 £ 0.08 0.0307 £ 0.005 17.26 £ 0.48
180 0.0187 + 0.000 2448 £ 0.47 0.0291 £ 0.002 22.53 £ 0.00

240 0.0176-£ 0.001 26.26 = 0.14 0.0275 £ 0.001 27.05 = 0.26
360 04164 + 0.003 28.68 £ 0.38 '0.0265 + 0.001 3153 £ 0.22
qso R 176032 dpm 188640 dpm

(continued...)
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Table 2. Number of organisms before and after sterilization of a Gray Luvisolic soil
(2 year roxat_ion).

~.~ Number of Microorganisms.g™ soil

Time Control = ' Autoclaved
;- (min) Bacteria Fungi Bacteria Fungi
go C-o s 1x10* |
1 - 1x108 <1x10*
10 6x10° <1x10?
30 4x10° <1x10°
60 5%x10? ' <1x10?
120 ‘ 1x10° <Ix10*
240 . 1x10? <1x10?

360 - x10° <1x10?



_ s 13

N-Formylcyétéine

| . ‘Serine o
Pantdthenylcysteine S-Sulfocysteine
" Mercapturic acids ‘\\K\\ ///
" - _
: ' — -————*—————"/,,.Cystine

ﬁ-Mercaptoﬁyruﬁate S — CYSTEINE

T Cystamine «

™

—r,
¢

Cystgate — Taurine ———s Is5ecthionate

o -
g-Sulfiny¥pyruvace
N e Taurovhol: e
f-Sulfopyruvate

'

Summary scheme for the etabolism of cysteine.
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:“""""'"CONTINUOUS ‘SYSTEM MODELLING PROGRAM"“‘l‘.t'.ll'!‘!t‘t'
sesscosennasnsasPROBLEM INPUT STATEMENTS+=+= TWO MICROBIAL COMPe==<a

TITLE AMINO ACID CYCLING IN SOIL SOLUTIONS (FOUR COMPONENT )s=se
t“l‘“‘tTl“l"'1"“*“.“.t(ntttt(tltl"ll'lt*‘-ttt'*tl‘ttl‘t’lt"
INITIAL . ‘ » ' : S -

NOSORT ~ S ’

.::{t.tt‘tl"lt!.".llllttlt‘ P.AR A ME T E R S ‘vl‘ttl-‘tttttttttttltLtttu
"< PARAM K122 .1 . :
*K1 is adsorption rate  (min, -1} . . :
' PARAM K2=0.0086 . o : : "
*K2 is desorption rate ’ N .
. PARAM K3=0.90
*K3 is microbial uptake rate
© " PARAM K4:0.48
*K4 is anabolic rate
T PARAM K5=0.170 ‘
*K5 is respiration rate from cy[oplasm1c amino ac1d pool
- PARAM K6=.0005
K6 1s resplratlon rate from proteln pgol

ssxexsses [ NT T [ AL VALUES OF INTEGRAL Fxrxxrren

, PARAM 15=400
*1S initial amount of C~14 in solut1on
. PARAM 1A=0.0 ’
*IA initial amount of C-14 in adsorued phase
PARAM IM=0.0
*IM init.  amt. C-14 in cyt. pool
PARAM IP=0.0 : Y
*]P init. amt of C- 14 in prot poo] :
: PARAM °10=0.0 '
«]10 init. amt. of C-14 as C02 evolved From cyt ﬁool
© PARAM 1Q=0.0 o

+1Q  co2 evolved from protein pool

) -‘““"’*l'"“Il‘t"!‘tt'ltt‘l‘!tltlll‘t‘llltl‘*‘l!‘l“**‘*t‘l"l*‘.
“DYNAMIC ~
"l‘i‘“‘**-‘K.“l"*“‘ltktt‘ttl‘t‘ttll“t‘tll“t‘l*t‘tl‘t‘&t*“‘#

C E E Q ‘U AT1L!O N O KR K KKK kK WK
(K 1+K3)'S'INSW(S 0.0, O))
K2xA=INSW(A,0.0, ))

(K5+K4 ) «Mx N W( O 0,1.0))
KS*P*INSW(P 0))

DS=(K2=A*INSW{A,0.
DA=(K1=S«INSW(S,0. 0
DM= (K3#S*xINSW(S,0. -
OP=(K4=M*INSW(M,0.

DO=(K5=M=INSW(M,O0.

0Q=(K6*P*INSW(P,0.0,1.0

‘l*‘*l““‘."“".“"t'*‘**‘t“tk"t."‘*tt‘!*l‘*t#t*“.t"l!*t"
K K K K KR KK K I NTE G R A L S *tltlt‘tl&t#ttttt*ttlttltt

S=INTGRL(IS,DS) R .
“ A=INTGRL(IA,DA) . o - s
M=INTGRL(IM,OM) ' e v
" P=INTGRL{IP,DP) : S -
“0=INTGRL{10,00)
Q=INTGRL{1Q,DQ) _ A
' R:0+Q ) ' . ,
., T=S+A+M+P+0+Q
. 't‘l-‘tl‘tt“tlt'tttllltt‘tttttlt‘ltttt‘-kttnt*tttl‘k!.tttl#lll‘&t*
_ TERMINAL -
TIMER FINTIM=360.0, PRDEL-1 .0, OUTDEL-I o DELT 0.001, DELMIN=2. 0E-8
- METHOD MILNE = |
RELERR S=0.00001, A-0.0QOOI, M=0.00001, P=0.00001, 0=0.00001, Q=0.00001

(
{
{
(

#tvntt!‘!*!t‘l"lﬂ AL
0,1.0
0,1.0
0,1.0
0,1.0
0,1.0

o

A
))-
b
)l
) )-
))
I}

PRTPLOT S,4,M.P.0., eR.T
END . o .
STOP - : :

CENDJOB



esemsssnnaess CONTINUQUS -SYSTEM MODELLING PROGRAMs=ssssensocessasaces

essceancessnneasPROBLEM [NPUT STATEMEN]Ges=s
TITLE AMINO ACID CYCLING IN SOIL SOLUTIONS-

14 conponents)
{STABILIZATION}

l..cuo.----c.---.----tcco-c---n--qn‘....--u-.---o-o-t.-o-a--ao...ﬂ...

INITIAL
NOSORT

PARAM K1:6.50

*K1 is adsorption r
) PARAM K2:=0.008
*K2 is desorption r
PARAM K3=1.870
*K3 is microbial up
" PARAM K6=0.002

sesee D LR AMNE T E

ate imin, -

ate

take rate
50

“K6 is microbial-2 oridation

PARAM K7=0.000

*K7 is colloidal stabilization

srexsnsny I N1 TI
PARAM [S=100

=IS initial amouitt
- PARAM [1£=0.0

«[A initial amount
. PARAM [M:=0.0

CelM init. amt. C-
T PARAM [P=0.D

*[F init. amt of C
PARAN. 10:=0.0

«]0 init. amt. of C-14 as C02 evolved from mlCFOblal ponl :;

5

ALV 4

of C-14

of C-i4

.

{

LoJ

157 -

L4

v}

intsolution

iy not

I S SeeswessssIRBIRELEERRTR .

tn adsorbed phase

14 in microbial pool

=14 in stabilized pool

-ttt.ctncnn--.-.---x---c--t--n----o-co--a--.-.-.c.-.-.o.o--.¢----.0

DYNAMIC

sessoessesasrcnvse f
DS=(K2=A=INSW(4,0.0,
DA={K1«S«INSW(S,0.0,
DM=(K3=S«INSW(S5,0.7,
DFE={K7=A=INSW(A,0.C,
DO=(KE=M=IHSW(M,0.C

. SzINTGRL(1S,dS
" A=INTGRL(I4,DA

5

n-.-.-.n----.“-t-oo-c‘----------.c----nﬂ‘--q---c---b--o--o.-o..oo-o

HNCEEQULT

AL A 1'0 N S
1.0 b -((K1+K3)=S=JNSWIS,0.0.1.
T.OF ) - ({K2+KT =L [HSW(A, O 0.1.
1.0))- (K6 Me INSW(M, 0.0, 0))
1.0

. 1.0)

“xsw ]

)
)

M=INTGRL (IM, DM}

F=INTGRL(IF,OF

J

0=INTGRL{10,0D0!}

T=S+A+M+F+0

0)
0}

ssssesesbunoenns

)
)

RSN R E R T E S AE NI IS TR IR G ER NGRS IRIERTED

T EG R A [ S #emevacvessesnnccenvonnss

1

-c‘----t--c--s--cc.u-.'...---'c---i)c--..o.---.-----ooo-.-o-ooo--oc-

TERMINAL

TIMER FINTIM=350.0,PRDEL=1.0, OUTDEL‘I 0, DELT O 001, DELMIN=2. '0E-8
F=0.00001,

METHOD MILNE .
RELERR  $:0.00001,

# PRIPLOT S,AM.F.0.T
END
STOP: .
ENDJOB

4=0.00001,

Mz0.00001,

0:0.00001

&

Y
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1C-cystine through an Andept 5011
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Comparison of rate constant (k) values estimated by two numerical
methods for a three compartment model descrnbmg the dynamics of

VRS
Lo
v

Predicted reaction Step 1 Step 2
Adsorption (ky) 1.40 - 1.95
Desorption (k;) 0.13 0.13
Microbial uptake (k,) 8.80 8.98
Excretion k) . 10.005 0.005
Respiration (k¢) 0.001 0.0009
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Table 3-5a. Dynamxcs of %C-cystine in Andept soil samples def ired a-s* e four
compartment model of Flgure 3-1C. . )

L g4 . ‘ - M

“C in C(ﬁ'ﬂ{artment (% of initial dose)

., Time ) ;
(min) ' Solution Adsorbed Stabilized MlCl’Oblal
o . 100.00 - - .00 0.0 0.0
5 0.08 “76.5 §.4 22.7
30 0.07 - 714 2.2 245
60 - 0.06 ‘ 6547 . 4.3 26.3
120 ! 0.05 556 7.9 28.5
. 360 . 0.03 . 282 17.6 28.6
Table 3-5b. Dynamics of “C- cystxne in Gray Luvisolic soil samples defined -
' as the four compartmem model of Flgure3 -1B.
"C in compartment (% of -initial dose)
Time . : — S ‘
‘(min) Solution ~ Adsorbed” Microbial-1. Microbial-2 -
0 100.00 0.0 < 0.00 0.0
5 - 0.21 - 69.0 - 1.30 1214
30 o 0.18 64.7 - 0.25 ©25.1
60 0.17 60.0 0.24 218
120 0.15 51.3 0.20 324
360 0.08 21.7 . 011 40.9

i
\a
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Table 3-6. Pool size and flow rate values for “C-_cystine cycling through the Gray
Luvisolic soil defined as the four compartment model of Figure 3-1B..

g
hi

Pool size - Solution - Microbial-1 Adsorbed Microbial-2

;
L

)

Q(ngCg?) m 154 - 25000 73920

4

’ | Internal . - Microbial-1  Microbial-2
Flow rate  Adsorbed = Desorbed Uptake.  Transfer  Respiration - Respiration

F(ng C g 233 233 100 74 2% 4
min!) :
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Figure 3-1. Hypotheses representing the c-\'djhg,jof?' free cystine through a three and four 4

~

compartment soil ecosystem. : 9
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4. KINETIC ANALYSIS OF MICROBIAL FREE AMINO ACID AND CELL PROTEIN

POOLS IN A GRAY LUVISOLIC SOIL

4.1 Introduction ‘ SR

Knowledge about the klnetlcs of internal cycling processes can assist in‘understanding
the extent 10 Wthl’l various control mechanrsms aft"ect energy flows and nutrrent availability
to plants ’l'he kinetics of free cystme cyclrng through soil solutrons of a Gray Luvrsoltc soil"at
| steady state was descnbed in ihapter 3. The kmetrc model suggests four cOmpartments affect .

the flow of substrate through this soil. The pools are the. soil solutron, adsorbed phase, plus

- . two microbial components' that- control the internal cycling of cystine. The latter two pools

i

Were not characterized in Chapter 3.

Perturbatron of soil systems frequently results in growth and/or death of soil .
mrcroorgamsms with altered krnetrcs of nutrrent flow. In perturbed sorl systems the
utilization of excess glucose (1000 ug g'l soil) has ‘been attnbuted prrmanly to combmed'-
bacterial and fungal resptratron (Anderson and Domsch, 1975). In aquatic. @rvrronments
however bacteria constrtute the main group. of mrrroorgamsms that raprdly utilize dissolved |
orgamc substrates (Hobbre 1973 Ferguson and Sundra 1984) Protein turnover rates vary
. between growrng and statronary cells (Mandelstam 1963) and are closely regulated (Bachmarr :
ef al 1986) Comparrsons of sorl systems perturbed by added excess glucose with
._ non- perturbed systems provrde a test of model sensrtrvrty to physrologrcal condrtrons of sorl
- microbial bromass They can also provrde insight$ to the rdentrty of. the two mrcrobtal pools
' kmetrcally defmed in Chapter 3. Further msrghts into the identity of those two components
may be obtamed from comparrson of model outputs wrth relatrve bacterial and fungal

‘ contnbuttons to resprratton as proposed by Anderson and Domsch (1975)

‘A version of this chapter wrll be submitted’ for publrcauon C.M. Monreal and
W.B. Mcthl (Sorl Brology and Brochemrstry) :

51
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The objectives of these studies were to: %4
. "és"" ; .
a) rnodel the cychng of excess gl""ow -C under non steady-state COﬂdllllé)n ar;d ‘ - {

b) extend the earlier kinetic study wn.h cysnne (Chapter 3o dtscover if t’ité' two ktnetncally

deflned mlCIObla] pools can be assoc1ated elther WJth diff erent. mxcrobtal popuﬁm%pr wuh

internal cell cornponents ‘ o -.’;.*

6, .

Two alter’nativ; hypotheses are proposed to assist in meegng these objectives: i aty
i) cystine cycles mainly through two  taxons: prokaryotes and eukaryotes who use . the

: substrate to generate energy and/or carbon skeletons and as a source of mtrogen and sulfur to

satisf y some of their metabolic needs ""

vy

i) the mtcrobtal components represent internal cell pools that serve to store translocalc

and/or transform the substrate to sattsfy cellular metabolic needs.

4.2 Materials and methods - g
4.2.1 Soils |

! Samples from a Gray Luv1soltc under a 2 year crop- fallow rotauon and f rom a Dark
Brown Chemozem c v1rgm sml were used. for experlmental purposes. The latter soil was used

Cirfa study to determme bacterial and fungal contributions to cystme respiration. Chemical and

'physical properties of both soils are described in Chapter 2.

4.2.2 Protocol of e"‘perimen&g”“ ey |

~:"

Incubation studtes usmg “C -cystine as the substrate and the cxperimental
‘ [ e ‘;“ <

measurements of "‘C remammg in solution and evolved as CO, were made as described in

P

Chapter 3. Glucose was added at a rate of 1000 ug g soil. The specific acuvnty of "c glucose

~was 519 Bq mg? of substrate

]



was constdered the preferred model

58

4.2.3 Bacterial and fungal respiration
‘The proportions of the total CO, contributed by bactenal and fungal populatrons were

estimated following the antrbrotrc method of Anderson and ?'f,‘

4.2.4 Statistics
The incubation studies were treated as simple factorial “experiments. Analysis of
variance was conducted for the “C remaining in solution and evolved as CO, over time. Soil

samples were duphcated for each time of measurement Duncan s multrple range plus Least

-

significant difference tests were applied to determine statistical differences between treatments

(Zar, 1984).

4.2.5 The models

The models examrned for«<'the cycling of excess glucose and cystine are’ based on

theoretrcal consrderatrons The simplest confrguratron descrrbmg experimental observatrons

i . .
<

4251 Gl.ucose dynamics in a perturbed soil system
Glucose is not subject o) adsorptron reactions to electrrcally charged colloidal
surfaces However, molecules trapped between clay layers or in micropores may not be
available for microhial use. Substrate molecules are transfered from solutron mto active
soil mrcrobral cells Four sub- hypotheses were estabhshed |
Subhypot}rests 1: Labelled :gluco‘se is taken up separately by two microbial populations, _
“each having ’its oWn‘uptake (k; and k;) and oxidation (k; and k,) reactions to Co,

(lf/igure 41)() '

“Subhypothesis 2: Labelled glucose enters one microbial populau'on and “C is allocated
into mtermedrates of metabolrsm I and macromolecules (M). Under growing condrtrons‘
the MC allocated into (M) has 1o turnover (Frgure 4-1B). |

+

Subhypothesrs 3: Similar to subhypothesrs 2 with the exception that two microbial



fpopulationsm oxidize 'C from internal 'cell'ttlar ‘pools. For non stationary growing‘

conditions the rest of the 4C. is used to byild C skeletons for fast cell growth (ky.ky )

..u;‘ . e

(Frgure 4 1c). , S
%%&‘:% - ,
Subh}potheszs 4: Labelled glucose cycles tHrough’a five compa'rtment system with two

mrcrobtal populatrons controllmg the dynamics' of '*C. Each populatton has Scparalc
uptake reactrons (k, and k,). l‘wo internal compartments for each population oxidize Ko
o CO, (k;, k¢ and k7,‘k,) (Figure 4-1d). Cycli‘ng of glucose-C was also tested' for )
models of Figure 4-2. The adsorbed component would be equivalent to glucose molecules ‘.

trapped within micropores or the interlayer spacing of clay colloids.

PR V%

4.2.5.2‘Cystine dynamics under non-perturbed conditions

Two main hypotheses were tested to define the chllng of free cystine througlt av
,fottr compartment system having two JmiCIoblal moieties_. The first hypothesis proposes
that **C-cystine cycles throttgh two microbial taxa: prokaryotes a'nd er’lkaryotes (Figure‘
4-2A); the second proposes two cellular constituents: cytoplasmtc free ammo acrds and
cell proteins (Frgure 4-2B). Alternatlvely hypotheses of thure 4 ZB may represent "C

allocation into cytoplasmtc and cell walf’ components rather thén cytoplasmrc ammo agtds ,

SRR
- and proteins. Cycling of cystine- ‘c was also tested for models of thure 4-1.

\ o
4.2.6 Model selection I

K : W - ,“Q

The expenmental “CO, ‘curve. obtarned from the glucose treated samples was

Y
compared to srmulatetfdnodel outputs o determme Af the cyclmg ol” excess glucose could be

described by models represented by Figures 4-1 and 4-2. ? a '
Values for uc remamlng in' solution and evolved as CO2 were compared 10 srmulated

outputs to determine if cystine cyclmg 1s_descr1bed_by ,models represented; by thurcs 4-1 and

4-2.



4.2.7 Numerical apalysis for model selection
The numerlcal steps used BMDPAR and CSMP as descnbed in Chapter 3.
- The changes in 1“C- glucose for the four subhypotheses descnbed by Flgures 4-1 were |
defined by differential equauons.

For example for subhypothesis 1:

& W
where q, = amount of **Cin the soil solution

amount of C in population-1

= amount of *C in population-2

Analogous differential equations were written for the remaining subhypotheses of Figure 4-1

and used notauons ' ‘;,_-j;‘; '

', . g =#amount ol’ “C m‘ ol’ mtermedxates

Ay = amount of" “C as macromolecules ,
! /‘- (

qp‘li = amount of “C as intermediates in population-1

q M= ="amount of '*C as macromolecules in populatlon-l.

p ) Y.
The changes in *C- cystme for the two hypotheses described by Fxgure 4-2A and 4-2b

were defined by the followmg differential equauons , B t
. o - . ,

Hypothesis 1: .

% A
‘ dgg . | | | P
T =.k) qa' (kl "+‘ k) + k4) qS



. s6

dq . @
—pl _ :

dad - kq N 2 qpl
dq ’ N

2 .
dt kyq -k qu R %
where A “qpl‘ qu were 'defined previously and v o .

q, = armhount of *C adsorbed to electrically charged surf aces.
Analogous equations were wrxtten for hypothesis 2 with the additional notation:

qCYT = amount of “C in the cytoplasmic free ammo acid pool

9pROT = amount of “Ci m cell proteins.

4.2.8 Pool sire‘and flow rates

Calculamon of these parameters was made as descnbed in Chapter 3. For the
perturbed Luvrsohc soxl ‘the glucose -C concentration in solutlon (Qs) was equal to the
amounts added‘durmg the incubation studies (400 ng g* soil). Qs for cystme-C is lll hg g!

soil (Chapter 2).
‘ 4.3qResults

4.3.1 Bacterial and fun'gal,respirvation of glucose ina p’erturbed soil system

Sam‘ples of a Gray Luvisolic soil were supplemented 'with ‘“:C-glucose and the .

antlblotlcs actidione and streptomycin to estnmate bacterial ‘and fungal contnbutlons to soil
: resprratlon Although addmon of the mhlbtfqrs caused parual losses in mlCTOblal actmty.“ ‘
close .to 70% of the resplratton remamed in the presence of the combmed antibiotics as ‘shown o
Oy the area under curve D (Figure 4-3). After 6 hours of incubation only 6% of the added

glucose-“C was resplred to CO,. The average bacterial and f ungal contributions to respiration

b
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were estlmated to be 35 and 65%, respectively. ‘

" . 4.3.2 “C-cystine oxidation in non-perturbed soils

In .natural soil systems stationary’ growth prevarls due to nutnent hmrtatlon An, -

° ' ..
attempt was made to use the antlbrotrc method of Anderson and Domsch (1973) in cystrne‘ v
amended soils. Small amounts of labelled cystine were added to samples to magttam . ‘ N

5
Wt wo

steady state COlldlllOIlS of the soils: In the control samp]es 23% of the added cystme-“C was ;’E '«_? 1

~ oxidized to CO, after six hours. The addmon of anubrotrcs incréased resprratron of

MC-cystine slightly from 21 to 28% in the Luvisolic sorl. A repept of the same expertment

using'd Dark Brown soil rende-red similar results (Table 4-1) ;‘ _

The models of Figure 4-1 and 4- 2 were tested to d cribe . }*C cyclmg in a 3011 :

supplemented with excess glucose Model 4- lA and 4-1D underestlmated 1CO, evolved durmg

“the fi irst 5 hours of reaction. Output from models 4-1B and 4-1C closely predxcted the CO2
evolved (Figure 4-4). The latter two models include a microbial component that stabilizes |

some of the organic substrate. P

¥

' 4.3.4‘Model selection for cystlne cycling 'innon-.-perttlrbed soils
Kmettc analysns was extended to examine cyst;ne dynamlcs under statronary P
'steady -state growmg conditions. For hypothesrs 1 (Figure 4-2A) predicted "*C remammg in
solution of the Gray Luvxsohc soil is dlfferent from that observed dunng expenmental
‘ measurements (Table 4- 2) This suggests that cyclmg mechanisms operatmg in the soil are not
_ descrlbed by such a model. .
Hypothesis» 2 represented .by Figure _4-2B' was accepted lor cystine-cycling under
- stationary growing conditions. The output of this model»mimics,measurements of *C both.

_ evolved as CO, and remaining in solution (Table 4-3). Models of Figure 4-1 were also tested.



y  SF

Every model predrcted the experrmental CO, values but no model matched “C "ema'mng in

soluuon

4.3.5 Rate constant and pool size .
"According to models 4-1B and 4-1C, “C-glucose allocated into  pool- (M) is- not
degraded during the experiment. The size of pool (i) was estimated to-be 31 and 52 ug 8 of

v
C by models 4-1B and 4-1C, respectively. In model 4-1C glucose uptake rate (k ) is low and

" the resprratron rate (k,) from population-2 is almost negligible (Table 4-4). Simulated CO,
evolutrbn frorn model 4 2B closely mrmrcked the- experrmental values but k,=8x10:4htand
k6—3 X. 10 a hl are msrgmfrcant which suggests that adsorptlon and resplratlon from a.
. second mrcrobral component are neglrgrble Rate constant values for cystine cyclmg in the
A Luvrsohc $grl as def med by model 4-2B were descnbed in Chapter 3.‘ f .

4.4 Discussion

In the:‘ present Study, kinetic analysis and modelling have been used to describe the

N

cycling of glucose in perturbed so1l systems\and that of cystine under non- perturbed
conditions. The models for glucose -C cychng were valtdated by comparing one experimental
variable (CO;) to the m@del output Therefore the valrdatron for glucose is less rlgorous than
for models of cystine. where two experrmental variables were mcorporated into the modelk

- selection process. .

4.4.1 Dynamics of 1‘C-'gluc.ose in a disturbed soil system

Resprratron -of C:from an- mtermedhgte 1)001 wrth concurrent generatron of a

-

3 |
non- resplrmg moiety, is eharacten(sttc of both models (4 1B, 4 1C) whrch describe: glucose

cyclmg under perturbatron Model 4- lB is srmpler and is consrstent both wrth pure culture o
studres and with sorl level data. From pure culture studres it is known that growing mlcroblal

o

- cells use organic substrates for the brosynthesrs of low molecular weight arganic molecules,
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' rna'cromoleculesan‘d provision of . energy to,a'chieve the first two" acﬁyitles _(Hawker and
Llnton, 1971}., :ln.‘;vgro‘_wing cells, proteins as well as RNA are degraded'slowly or not at all
(Willets, 196% u;naam, 1963). At the soil level, Coody et d (1986) calculated 2 balance
.' sheet for glucose-C' after various 50il fractions were chemically identified. In their studies,
uptake rate of glucose-C exceeded. its oxidation rate, resulting in accumulation of organic-C
wlthin microl;ial :cells. This is consistent with output from model 4-1b. In the present .
~ incubation studies the concentration of added glucose at 25% soil moisture content was ‘
equrvalent to. 20 mM. The rate of respiration. was srmrlar to that reported by Coody et al.
5 (1986) who incubated soils with a 20 mM glucose solutron at 20 C. |

The contributions of bacterra and fungr to glucose resprratron in the Gray Luvrsohc

,sorl was comparable %o values reported by Anderson and Domsch (1975) but drffered from

those reported by Song et al (1986) who attrlbuted 82% of n- hexadecane rmnerahzatton in
soil 10 bacterial actwrty. The krn'etrc1 analysis, however, revealed that flows of C from each
microbial rnoiety of model 4-1C did not match the respelstive 35 and 65% contributions to soil
Tespiration. The experimental data are sensitive to antrbrotrcs Wthh in turn affected only the
respiration of some soil mlcroorgamsms On the other hand, the present kinetic model defines
components on the basis of rates at Whlch 1C flows through them. Consequently, the rnodel
output ls sensitive to reaction rates rather than to- metabolic inhibitors. Unless sensitivity to
antibiotics coincides with relative reactlon 'rates the antibiotic and kigétic approaches must
yield different results Conversely, a kinetic analysis will separate bactenal and fungal
_components only 1f,' both taxa exhibit different reaction rates. Therefore it is concluded that -
controls on glucose-C 'Hynamrcs' under perturbed conditions are more phys_rologrcal than
taxonomic. | | |

The high proportion:)of JCO, respired from the anu‘biotic treat‘ed samples can be
associated with the following_factors; N ‘ ‘

1. Adsorption of streptomycin to soil-colloids renders some molecules inactive (Siminoff and

T

Gottlieb, 1951). - S
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the antrbrottc In addition t 3

the mactmty of streptomycm \(McQurllen 1973).

442 Dynarnics-of MC-cystine in a hon-per’ttirhed soil . .
The addition ofs _‘the.antibiotics- streptomycin and actidione to non-perturbed soils
tended to stimulate respiration'of 14C-cystine from both soils‘ studied.. Earlier reports indicate
neutralization or.'inactivat.ion of streptomycin can be accomplished by anaerobic environments,
sulphydryl compounds, H,S, hydroxylamine, ketone reagents, cevitamic acid, glucose and by
“cysteine (Waksman.:1947). _Inacti.vation_. by cysteine occurs via condensation of the aldehyde
group of streptomycin with: the thiol "and amino groups of cysteine which resUlts in thc’
formatron of thiozolidine, an' inactive product (Korzybski et al. 1978). In our expertments
cystme an intermediate of cysteine oxidation may have started a srmrlar reaction. On a molar
basis, a potential reaction of cystine with _streptomycm cannot account for the drug's
inactivation. Thus the greater microbial respirétion in the antibiotic_treated samples has to be
associated with other soil fzrctors which are as yet unknown. Tests of hypothes/es of Figure
4-2A and 4-2B trsed data from the kinetic analysis and evidertceprovided by the glucose
Lreatments. Results of ‘the kinetic analysis indicated model 4-2a did not represent l-‘C‘-cyst.ine._
dynamics under steady-state condmons A further test for both hypotheses can be conducted
if the kmetxc parameters obtamed for both brotrc pools of Figure 4-2 are compared to
publrshed mformatton from soil and pure culture studtes Data obtamed by Nelson et al.
(1979) on the decomposmon of cytoplasmrc and cell wall materials showed that cell wall-C
was oxidized faster than the cytoplasmic-C of some microorganismsbut the reverse  was true
“for other soil microbes. The data collected by the latter authors were kinetically analyzedfby

—

~ Juma and McGill (1986)..They defined two components,,a labile (k = week"') and a-more
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résistant component (k = 10 week!). Both companrxients weré observed during-
decomposition of . either c'ytoplasm"ié or cell wall material, reflecting the ra;;ie of biomass

Mgeneration and the éontribution of its subseque‘n‘t turnover to **C-dynamics durag longef term
incubations ,th;m used here. This evidence suggests that the bion&;s through “’;‘.}_‘ *h substrates
flow, and physiological characteristics of llit, rather than qualitéf;ve difference;u in” substrates
dctéf‘rrl}né'L:C:I dynamics. .

Bacteria- and fﬁngi can concentrale amino acids internally in a pool against
concenlraiiorf @édiems (Mandelstam 1958; '}}engtson, 1982). Studies in aduatic systems and
pufe c,ultures indicate that most amino acids are incorporated mainly into bac‘tcrial proteins
(Ferguson and Sundra, 1984; Mandelstam, 195§). The acceptedﬁ hypothesis (Figure 4-2B)

g‘ comprises a pool of intermediates from whicil reépimtion occurs rapidly and a metabolite
_(possibly proteins) pool with slow turnover. 'I;his' model desg'ibes the exberimemal

<

observations of both *C in solution and evolved as CC_)2 and isu_consistc_ent with pure cutture

°

observatiorig. It was not possible to distingpish two microbial populations under steady-state

"8 conditions on kir;etic basis. Siﬁ;‘ilarly, t‘he‘ glucose data showed that controls on “C kinetics
under non-pérturbed conditions were more physiologic than laxononiic. This means either: 1)
only one group of microorganisms con/t‘ributes’ 2)both operate'at similar rates under such
nutrient limited cohditions. Further, if nutrient supply is the major limitation; then relative

' growth rates are not a control. I;“rom the ébove it is concluded that two different taxa cannot

be diétinguished kineti@l]y. By elimination, the two micfobial ;noieties defined kinetically

must reflect divergent megabolic functions for incorporated' "C. |
The f. ollo;aving points favor a physiologic, control on ‘_‘C dyﬁamics as déscribed by the

kinetic analysis:

1. Values for the turnover time of amino acid and protein pools of Figure 4-
consistent with literature values for those components in both fungal and bactefial cells
(Table 4-5).

2. Protein turnover rate in exponentially growing cells is negligible, and about 5% per hour

4
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- in Statienafy' growmg cetls (’Rotmah and Spiegelman, 1954; Keeh and Larry, 1955;
Mandelstam, 1963). . | o

3. Microbial pfoteins include fast and slow cycling components (Alberghina and ‘Martcgani,
1977; Bachmair, 1986). '

4. Degradlation rates of total cell protein in fungi ahd bacteria are compgrable (Mandelstam,

| 1963; Alberghina and Martegani, 1977). |

5. Th\turn0ver rate (0.84min“) for the aminq acid poel of E. coli ‘(Britten ~and McL»ure.
'1962) is comparable to that of the microbial-1_pool in the Gray Luvisolic soil (0.67

.min"‘).‘ ‘. C
6. Degfédation of proteins in E. coli under stationary growth is about 5% .'hour‘l
) (Mandelétatrt, 1960) and the rate of e degradation for microbial-2 pool in the Luvisolic
soil ‘is 6% hour.

47. Ratios of total protein/cytoplasmic ainine acid in microorganisms range between 6 to 600
(Mandelstam and McQuillen,1973; i—Iolden, 1962). The. sa'me ratio' for the-Luvisolic soil
calculated from model output at steady-state (Figure 4_—5)' is 480.

The Ei'ynafnics of “C-cysti'ne through four pools in the Gray thisolic soil are shown

.in Figure 4-5. Initially, the labelled amino acid enters the cytoplasmie amino acid pool.

-rapidly. Later when the specific activity' of pool amino acid equals that present in the soil

2
o
¥

solution through exchange reactions, '*C-cystine enters the cell at the same rate as it is
utilized for protein synthesis. Similar procesees have been obger'ved' for pool amino acids tn E o
eoli (Britten and McLure, 1962). In addition, _cystine is a mere complex N and S source than

-amrhonium or-,' sulfate, hence the amino acid molecules are absorbed rapidly because they
Tequire less energy for mcorporattoh into proteins, i.e. mcrcases the Y ATP values (g cells/mol
"~ ATP generated) in comparison to ammonium and sulfate as N and S sources (Ratclef e el al
1983). A further analytical test for this hypothesis may involve the use of *C NMR to"study

the incorporation of cystine-C into cell proteins or ather macromolecules. -

¥



63

+

In conclﬂsioﬁ, two kinetic models described the exﬁerimemal data for -“C cycling'
through sovil solutions f or’-pénixrbed and non-pértur_bed conditions. Both models are consistent
~with pure "culture studies. The first model is consisténi wn.h ‘the hyppthésis_.that’under
' perturbed conditions, glucose-C is alloc#ted into a pool of small intermediate mblec111es-of
.hbiosynthesis and into macrémoleculesl such as proteins and RNA. The protein corﬁponent does
not degrade méasurably ov;er,;tvl.re peribd of study. The second kinetic model v_a_iidz;ted for

non-perturbed soil - conditions distinguishes !*C-cystine allocation between microbial

N 3

cytoplasmic and protein bbmpbnents_.' Neither model can be considered to ‘distinguish between

microbial- 1axa. Both sets of ‘experimental conditions (i.e.. excess glucose addition to favor

N s

growth, and minute cystine additions to preserve steady-state lead to the conclusion that
physiologic rather than .taxonomic controls determine short term **C kinetics in soils under
' . . . L

laboratory conditions.
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Table 4-1. Means of **C evolved as CO, "during six hours from two soils treated wuh
1*C-cystine plus streptomycin and actidione..

MC evolved as CO, (% of initial dos’es’ O "‘

- R | , (Streptocyimcin

. Soil - Cystine . (+Streptomycin)  ( + Actidione) + Actidione)
‘Gray Luvisolic ~ 23b . 28a 26 ab S 29a-
D. Brown “21b 22 ab 23ab ' 26a
g = 23,60dpm . S " s

- Within rows, numbers followed by dif ferem letters ate 51gmf icantly dxff erent fgom each
other as Judged by Duncan s multiple »range lest (p 0.05). :

PR
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Table 4-2. '*C evolved as CO, and remainin'glin the solution o” a Gray Luvisolic soil
supplemented with labelled cystine. Cystine-**~ flows through bacteria and
fungi according to hypothesis of Figure 4-2a.

- uC (a; % of initia] dose)

Time Avolved as CO, ’ Remaining in solution

(min) - ' Observed - Predicted . Observed Predicted -
0 0 , 0 ©100.0000 - 99.9800 "
5 .14 18 0 03315 . 0.6735 .
15 a4 62 0.1561 0.1420. -
S X 114 S 01144 0.0139 -
60 - 7 146 DY B 0.0919 ' .. 0.0007.
90 161 ST 2 0.0794 0.0004
120 ° U190 T 213, 700747 ©0.0005 ¢
180 2148 oBs 00708 0.0004
240 - 259 - T 253 0.0674 ~ 00007 °
3600 L2996 F 0 188 " 0.0648 ©0.0001
X s 2.1 - e L 48

Vo ] ) o . . . ot e U . A} ' .
X =384atP=00s. L, oL T e T
Y ) R , e ) ;
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Table 4-3. 1*C evolved as CO, and remaining in the solution of a Gray Luvisolic soil:
supplemented with labelled cystine. Cystine-'*C f lows through microbial

cytoplasm and proteins accordmg to hypothesxs of Flgurc 4-2B,

"C (% of initial dose) ‘

Time - Evolved as CO, - Remaining in solution

(min) Observed Predicted : Obscrvcd Predicted
.00 3 100 0000 - 100. OOOO .
34 ! 0.3315 0.3325 .

6.0 , 0.1561 0.1648 "

9.0 = 0.1144 . - 0.108%

12.5 0.0919 0.0903

. . 156 o 0.0794 0.0857

120 - 19.1 : 18.6 0.0747 : 0.0820
180 214 0206 - .0.0708 . 0.0751

240 259 ' © 249 - . -0, 0674,- Lo 0.0688

360 L _2?,;6 T 313 _ - 0. 0648 . 0.0570

X A S 00 K R ‘ ’ ~0.0015

L

384t PE00S C , T
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Figure 4-2. Hypothesxs for (A) cystire cycling through fungl and bacteria (b) cystine

flowing into active' cells tc form. part of the free amino acid pool and
- subsequent incorporation into proteins.
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5. THE DYNAMICS OF FREE CYSTINE CYCLING AT STEADY-STATE THROUGH THE

~ SOLUTIONS OF SELECTED CULTIVATED AND UNCULTIVATED CHERNOZEMIC

DY . AND GRAY LUVISOLIC SOILS'

5.1 Introduction
Steaggjsy-'states achieved by soils afters thousands of years ot" soil formation arc'v
dlsrupted by éultrvatlon Such disruption results in losses of soil organic matter (Campbell
and Souster 5})82) .less -microbial biomass-C (Voroney et al. 1981) and lower fertrhty
(P F.R.A:, 1983)" Understandmg of such changes has benefited from long term experiments
(Jenkinson, 1965) or perturbation studres (Paul 1984) together wrth simulation modellmg of
processes on. a darly tile step (McG“rU et ai 198& Paul andyjuma 1981; Van Veen et al.
1985) whrc;h have shown the 1mportant functron of soil organisms in orgamc matter
dynamrcs B
| * Kinetic analyses of mlcrobral biomass processes in situ provrde information whxch Js
not available from fractxonatlon studres (Juma and Mchll 1986) Rather than using long
term rncubatrons short term krnetrc S[UdlCS descnbc the flows of cystine- C under steady-state
conditions. Such kinetic analyses have not been extensively applied in soil organic matter
\mvestrgatrons Chapter 3 developed a model for short- term dynamics of cystmc using kinetic

<

analyses. The model inYolves two biontic pools whrch were assocrated wrth mrcroblal

N cytoplasmic amino acids and protein pools (Chapter 4). Interactions among soi] components '

may influence processes and reactions of internal cychng of soluble substrates through soil

solutxons under stcady state. condluons

Comparative analyses of soils having different histories of either management or soil

~ formation provide information on controls affecting the dynamics of organic substrates

through soil solutions. Within this context, cystine cycling is compared between pairs of

TA version of this chapter will be submitted for publication. CM Monreal and

W.B. McGill (Soil Bnology ~and Brochemtstry)

-l
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cultivated and uncumvated soils from drfferent environments with Lhe objectives of

determmmg the effects of past soil culuvanon on mternal cychng of solubie cysune

5.2 Materials and methods
.
218l
Erghr soils correspondmg 10'a chmosequence were used. The soils were culuvated and
uncultxvaled Black; Dark Brown and Brown Chernozemrc soils and a Luvrsolrc soil cropped to
rwo rotations: i) whea; -fallow rotation (2y) and ii) wheat oats barley forage forage (5y).

ALl soils were: from central and southem Alberta. The soil physrcal and chemical

characterrstlcs are described in Chaptef 2 and McGrll et al. (1986).

NTE’S . ETN RS A .

5.2.2 Incubation of soi] samples
Duplicated one gram (oven dry basis) soil samples were inoubated with labelled
cystine added at a rate of 60'ng g*' soil. The protocol of experiments was described in Cnapter

3.

5.2.3 Experimental design

" Incubation studies were desrgned as factorial experrments where soils, cumvauon and
time were the main factors Ana]ysrs of variance (ANOVA) was conducted on the “C
vremammg m. solution and evolved as CQ2 over time. Duncan S muluple range and the least

significant difference tests were applied to détermine statistical differences (Zar, 1984).

. 5.2.4 "*C-Carbonates
The amount of '*C-carbonates originating from microbial respiration was determined
as follows: immediately after collecting the '*CO,, one soil cup replicate was transferred into

-a second scintillation vial containing 0.2 M NaOH. The vial was sealed with a rubber septum

\



-and 1 mof 4 M HCl was injected through the septum into the cup contammg the soil

sample Evolved “CO, was collected for 5 minutes and the "C activity determmed Vialg.left

to react for 10 minutes showed no further “CO, evolution. Three dxfferem soxls were chosen
1o represenl condmons of dxfferem pH in the soil solution.

525 Microbial biomass-*C

fie-

Microbial biomass-**C was estimate% in samples used for 'CO, by the chloroform

, f umxgauon rnethod of Jenkinson and Powlson (1976) o
. Y,

5.2.6 The model

3 . - d ’
. L { . .
e ;Kinetic analysis has defined four soil components and reactlons affecting the cycling

‘s {Chapter 4). Alternate hypotheses of Fxgures 5-}a and 5-1c. were also retested .to
/ T R

er the generallty of 5-1b in descrlbmg cyclmg of cystine-C through the solutions of

O A AN

elght soils.

°

5.2.7 Model selection and numerical analysis o

~ The steps of numerical analysis for model selection]f}l;sed BMDPAR and CSMP. These

steps were described earlier in Chapter 3. Measured values for the C remaining in solution
_ and evolved as CO, were compared to those simulated by models of Figure 5-1. A model was
accepted 1f experxmental and observed values were not dlf ferent as determmed by a

Chi- square test for goodness of fit. B : | » S



