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. tmcrobial btomass was acuve (17% at Ellershe and 43% at Breton)

o thc tcztal rmcrobtal btomass was active. - ol

TE el R UL I .
a R T AT S G e DU |
i Loe el . N -

B , A'bstract

Allocatton and m}croblal use of 12(’: and the drstnbutton and dynﬂr,mcs of

2 O after pulse labellmg_ wrth l“C(f)z were studle.cl in barley plots on a Black sorl at

. E erslxe and a Gray Luv1sol at Breton The total quanttty of :'arbon in the system
- _.‘of Whlch soxl C was the largest component was less at/Breton (6 6 k/g/rnz) than at
o Ellershe 172 kg/mz) Soluble g polysaccharlde C. and mlcroblal C showed

B 51m11ar trends Desptte a smaller mtcrobtal btomass the quannty of C02 C (g/mz)

< C pools was greater at Bret’on than Ellershe Because soluble C and tmcrobtal C

’;here were no dlfferences m acttvrty between snes for any of the pools after
pulse labellmg ex.cept for%te quannty of 1‘lC (MBq/m2) in soil, whtch as 12 to 76
Umes greater at Breton than Ellerslle %t the ttme of labelhng, the soil at Breton was

r&t derxved C 1@ the sorl mcreased when water ﬁlled .porosny exceeded 70%
_Constant sorl and nucrobtal 14C actwmes over the four sarhphng dates mdlcated a N

; constant release of l‘fC to the soxl from root tumover The Spec1ﬁc acyv;ty of

e

t '

.

3 E i 'resptred durtng lO-day mcubatJon was up to 2 urnes greater at Breton than Ellershe =
o ""The quanuty of C02 (Treleased per gram of tmcrobral blomass was 2 to 4 umes

- greater at Breton than at Ellerslte The propomon of sorl C 1n rmcrob:al and soluble .' L

. ~.have shorter tumover umes than s01l C as a whole, sorl C was less stable at Breton

| than atEllershe T L E "

: vfmbly wet whtle the sorl at Ellers{te was not soluble C (g/g‘r‘o'ot C) a measure of :

; rrucrobtal C was lower than that of resptred C mdtcattng that only part bf the

Overall the carbon content of the syste mWa lower at Breton than [:| S

i :’ f Ellershe and a larger proportton of s01l C was in the less stable tmcrobtal and

P

v

soluble pools Even though there was less nucrobtal btomlass at B;eton than ;

B Ellers)l.te more C was resptred on a rmcrobtal C basrs and a greater proporuon of ’ _
. ::,- ‘ vi/‘\.,"
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S 1 S ﬂ Chaptfl‘ 1 Introductlon . a -' ';". 'v _. .

Even though Gray Luvisols and ﬂlack‘sorls occur m geographrcally adjacent
“areas transmonal between ’land and.boreal forest, relatrvely few comparatrve 'Q?’
Studtes! of these sorls have been pubhshed Both soxls are of agncultural -
: lmportance of the 80 M ha of Gray Luvisols in Canada 12 M ha are arable and 5. 2 o

- M ha are m agncriltural use. There are 19 M ha of Black sorls in Canada Of these =

, ."16 M ha are arable and under agncultural productron (Acton 1978) Under
" "optrmum management surface crustmg and 1nadequate mtrogen supply may result
o in yrelds of barley, oats, and cano‘la on Gray Luvrsols Wthh are approxxmately two -

thnﬂs of those obtamed on Black sorls although forage ytelds are often equal or;
. better (Hoyt et. al 1978) Gray Luvrsols must be managed mo;;é c@tefully than |
Black sorls to mamtam agncultural producttylty (Bentley et al 19'7 laf‘ »M‘any of the _

. \ ; .sorl related problems 1nherent to Gray LuvrSols §uch as poor sqxl structure, low |
fertrhty, low water holdmg capacrty, and low buffenng capacrty are assocrated w:th -
low orgamc matter levels in the Ap honzon (Robertson and McGrll 1983 Hoyt et ." :
al 1978) Thus mcrgasmg orgamcytatter levels should b::me of the goals of

) agncultural management practxces on Gray Luvrsols [, " '

Sotl is the maJor resevblr for carbon m the terrestnal C cycle Sml C is

: !
'_; malntamed by the balance between photosynthesrs and decomposmon (Goudnaan

4

1987) Any attempts to mampulate the mass)of sorl C m Black sorls or Gra‘y
Luvrsolstwrll requxre a sound understandmg of how ca.rbon cycles in the two sorls

Gray Luvrsols ahd Black soﬂs have developed a number of drfferent charactenstws

penammg to the cyclmg of carbon through the sorl There gamc C in Gray

Luvrsols than m Black sorls (Reml 1984) and carbon tumover rates havc been '

. htgher (Campbell et al 1967) Orgamc matter ‘in Gray Luvrsols
o 3 ca]ly from that m BIack smls 'I'he proporuon of' aromanc components ‘
K L X and therr degree of oondensatmn have been reported to be less in the humxc acxds of -

~



.
k4

Ty :‘mcubattons followmg the addmon of 1“C—glucose (J&ta et al 1984)

d.

be greater on rotattons Wthh favour the aecumulatton of sorl orgamc matter :
X \

M

[N

et al 1983) Potenually mmerahzable N makes upa larger proporuon of totaI Ni in |
" Ry cultﬁ'ated Gray Luvrsols than m Black sorls ((,‘ampbell and Souster 1982). - |

thferences m carbon cyclmg have 1mpltcattons for the agronomtc

; sotls whtch mmerahze a larger propornon of carbon addmons Crop ytelds tend to

although .no forma] lmks have been estabhshed between orgamc matter and crop

/

‘ management of the two sorls Mamtamence of orgamc matter is more ul tin

B rmne?ahzatton of carbon is M to the\,nunerahzauon of mtrogen in sorl (Stevw)aw* -

_ * L LT ‘

yteld (Droeven et al 1982 Johnston 1982) Sorl orgamc matter may deeqtjy

affect crop yrelds through its mﬂuence on sorl femlxty, stable sorl structure and

: water holdmg capactty but there may be more dmect effects as well‘When all other

condmons such as N supply and soil morsture are equahzed in greenhOuse tnals,

crop ytelds are htgher when straw or alfalfa resxdues are added to the soil than when ’

no orgamc addmons are made The effect of orgamc resxdues is greatest on those
sorls whtch have the least orgamc C (Hedlm 1986) ,V

%these observanons in nnndL,,tlus study was uuttated to mvestx gate some

of the drfferences m carbon cychng under field condmons between a Black sorl and

o - Lo
P .

a Gray Luvrsol both of whrch were cropped to barley Both convennonal and '

tracer techmques were. used The obJectlves of tlus study were 10 construct\a 12C

‘ budget for each site and study the allocation of carbon wrthm the sorl systems

R betwecn mtcrobtal water soluble artd polysacchande C pools. The plants were -

pulse labelled with 14C02 in order to observe dtfferences in the allocatlon of _

—v'

- .
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o concenggon gradlent whrch promotes the dtffusron of soluble carbon from 100

Chapter 2 Above and belowground alloeatlon of. 12, dlstnbutron in

sd’l ahd mrcrob,al utrllzatlonl

- . -
.
‘

Introductlon o ,

"‘—Ol‘g'ﬁﬂ'c carbon dynarrucs do not follow the same patterrrm Black sorls and g

| Gray Luvrsols Laboratory mcubanon studres shbwed that a la?er percentage of _
» added carbon is resprred from a Gray Luvrsol sorl than fnom a Black sorl (Juma et -

' \al 1984)’ These soils also respom;l in dlfferent ways to agronomrc practrces such )

as nllage and crop rotation Potennally mmerahzable mtrdgen makes up a smaller o

L propomon of total mtrogen m vrrgm Gray Luvrsols than'i m vrrgm Black soils wh1le

rs trond 1s reversed after culttvauon (Campbcll and Souster 1982) The turnover ‘ '

<. of soluble ammo acrds 1s faster in cultrvated than in v1rg1n sorls, and ina wheat- -
- fallow rotatlon than m a ﬁve year rotatlon\wnh two years of forage (Monreal 1987)
} Drfferences m aboveground crop yreld ‘may be assocrated wrth these."' -

' dlfferences in carbon cyclmg McGrll et al. (1986) found that the. rotatron whrch'

‘ maxxmrzed yreld also had the,hlghest soxl C levels and slowest tumover through v

N rmcroblal bxomass andgﬂuble C ﬂols The quantrty of carbon lost from roots has

_ been reported to incredse when mrcroorganrsms are presc;nt (Martm 1977)

- thzosphere mxcroorgamsms may affect the loss of carbon from roots by the;

"productlon of phytohormortes (Vancura and Jandera 1986) and by . mamtammg

' e

., x (Pnkryl ard Vancma 1980) Thus mrcrobral use of carbon may create an inc

‘ demand for carbon in the rhrzosphere If plants are unable to compensate for the
' _‘loss of carbon from roots, crop yrelds may decrease (Ryle et al 1979) An

. ,1_4‘ version of this chapter hasbeen submitied for publication to the Canadian Journal of Soil

~ Science.

£



understandmg of carbon cychng in dlfferent soﬂs and the cffects of' ayonormc .
practlces on carbon cychng may aid in devcloptng progucuve and et’ﬁcrcnt croppxng ‘

tsystcmsforspecrﬁcsolls SR . v

Thxs study was undenaken to comparc carbon cyclmg ina Gray Luv1sol and -
S a Black soﬂ croppcd to barlcy Abovc and bclowground allocauon of carbon . |

L y : dtstnbunon of carbon m soxl and rmcroblal use of carbon were. mcasuxcd

S

- ;;Mat'erialsand?ntgthOds o

S Site Descnptton- - - R )57 o

' 'Hus study was conducted at thc Ellctshc Research Stauon located at NE 24- ‘_ :
' :,51 25 W4, approxlmatcly 10 km southwcst of thc Umverslty of Albcrta and at thc ,‘j :
Ui’nversrtyx of Alberta: Breton plots located at NE-25-47-4 W5, l 10 lcm southwcst of : :
'Edmonton Ellershe rccewes an averagé of 452 mm df prccrpxtauon annually of
| vwhxch 339 mm occurs as ram and 113 mm occurs as Snow Brcton recexves 547 B
jmm of prcclpxtanon durmg thc ycar w1th 405 mm of ram‘and 132 mm. of SNOW.; :
| The months of greatest rmnfall are Junc, July, and August and thc greatcst snowfall ‘
: '~'occurs durmg Dccembcr and January at both s1tcs July 1s the warmest month at -
(both sxtcs w1th an avcragc mtmmum tcmpcramrc of 9. 6 °C at Ellcrshc and 8. 8 °C at-
. o Breton and a maxlmum of 22 4 °C at Ellcmhe and 21 2 °C at Brcton. January is ﬁ
thc coldcst month thh avcragc mxmmum tcmpcraturcs of -21 7 °C at Ellershc and |
B -19 5 at Brcton and avcrag:maxlmum tcmperatures of - 11 5 °C at Ellcrshc and'j_’.;‘
| "-8 6 °C at Breton Bllcrshe has an avcrage of 109 frost frec days pcr year and ;
:.Brcton an’ avcragc of 80 Blaclt{oﬂs are dommant at Ellershc (Bowscr et al 1962) ‘
o whxle Gray Luv1sols complcxed wnh Dark Cn:ay Luwsols are dommant at Brcton‘. -

E (Lmdsay ct al 1968) Somc soxl propcrtws are gtven in Table lI.l

S o R R



Table IL1. Soxl propcmes at Ellershe and B“peton C T
S pH c I__,-;q ._-.' ’ _‘{'
. Depth Carbon ' Nnrogen : (1 2 soil: water ButkDensity
gl B ) W) - gm-3)

_ A ,Ellershe (Black Typrc Cryoboroll)
ST -

010 . 65 0s3 61 ';-70.’85-\ o

1020 - 63 . 049 60 106 .
20+ 520 T 04 60 116

. R Breton (GrayLuvxsdl Typchryoboralf) >

G100 22 oase 62 v 1.'104;‘_ R
1020 19 016 63 . 130
20+ . o~ 1] ) 010 - - 6L .. 155

The area on Wthh the plots were establxshed at Ellershe was’ in a

bromegrass (Bromus inermis L.) - alfalfa (Medzcago satzva L )Torage mix from':

' 1971 to 1984 broken in the fall of 1984 and seeded to barley in 1985." The plot

- ‘arca at Breton was m barley (Hordeum vulgare L.) or fallow from 1972 unttl 1986 :

.Both s1tes were ferultzed W1th urea-N (77 3 kg/ha) and treble superphosphate Pv

‘ (47 2 kg/ha) and seeded tp barley (cv. Empress) in the sprmg of 1986. No ) v

herbtmdes were used durmg the. study

: ,"Samphng Procedure o R /7

" Four steel cylmders, 20.Bm in dxameter by 30cmin depth were 1nstalled 1n‘ '.

i

| N each of the three rephcates of barley plots (24 7mx 9 3r m at Ellershe and 12mx .

6.8 8 m at Breton) Barley (Hordeum vulgare L cv. Empress) was-sown into’ the' -

_rmcroplms on May 28 (day l48), 1986 ai\,tlte rate of 8 seeds per cylmder
- Mlcr0plots were used 5o the plants could be labelled with 14C02 in Tuly.

The mxcroplots were sampled on July 31 (day 21’) August 1‘9 (day 230),

September 8 (day 251) and September 29 (day 272) at Ellerslle, and Aogust 11
’ (day 223), September 1 (day 244), September 22 (day 265), and October 20 (day‘ '

X -
(¢
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'vmcubanon was trapped gm imetri

T _293) at Breton .'I'he ﬁnal samplmg date at Breton was delayed due to: wet

f‘, condmons'—lnch prevented access to the field , b BRI

At each samphng date shoot matenal was harvested from one cyhnder in

' each rephcate and the cylmder was then réemoved’ from the field 'Ihe sotl in the

SO : ‘were separatfd manually from the soil. Soﬂ samples were stoned molst at 5°C

. . $

-

'_Analyses B S R r

7\ Shoot and root matenals were dned at 70°C and welghed Dry shoot -

R

| g subsample of air. dned soxl fmm each depth were ground 1n a mortar and pestle

Total carbon was deténmned on ground plant and soxl subsamples by dry

: combustton usmg a Leco Caﬂ)on Deteﬁnmator/CR-IZ Carbon eontent in roots -
" was detertmned only for the 0~ 10 cm depth because of the small qlxantlty of: 00t

| matenal below 10’ om.  The amouit of root c below 1o cm was calculated by

brootsmthea lOcmdepth e . ) 3 N
' chrobtal resptranon and m:crobtal bxomass C were measured.on 25—
-

. .ym025MNaOH TheﬂushofCOz Cfrom

' the decomposmon of mlcrobt | cells was calculated as the dtﬁ'erenee between the

e cyImdcr was d1v1ded into three dcpths .0+ 10 cm, IQ 20 cm 20 +em. Roots .

3 matenal was ground to 20 mesh w1th a they mill. Dned Toot. matenal dnd a

- mulnplymg the measured root mass by the carbon concentratton deterrmned for

PR { '

Isamples of moxst (55% water oldxng capaCHy), sexved soil by the chloroform
: fumtg,uon techmque (Jenldh on and Powlson 1976) (;,‘02~C released durmg



S : 10

: : Water soluble orgamc carbon was determmed usmg the method of McCull ét .
' al (1986) A lO-g sarnple of ﬁeld moist sorl was shaken m 20 mL of-drsttlled
j_ water for one hour. centnfuged and ﬁltered through a 0 45 um Mrlhpore ﬁlter '

. "Fhe extfact was frozen unul analys:s ona Beckman Total Orgamc Carbon Analyser .

,‘Model 915-B. | L

S

' Polysaccliande carbon was extracted after the method of Cheshrre and- c
.‘Mundre (1966) A 1 g 8.11' dry sathple was hydrolysed in 2M H2304 at room f'-
_temperature ‘for 16 hours then dﬂuted to 0 5 M and hydrolysed at 100°C fora
~ further 4 hours. The }iydrolysate was filtered through a glass fibre filter and 5 M.
H :NaOH was added unnl a precrprtate formed A subsample of the hydrolysate plus
.,precrpltate was centnfuged to removc the precrprtate and the solunon retamed for
o determmanon of the reducmg sugar content by the mdtIcuon of alkahne ferncyamde. .
using glucose asa standard (Frredemann etal 1962) . o
AStatlstlcal analyses - }j ﬁ' Ty o ('_- - _" \F/

'I’he desrgn was a factonal spht-plot wrth 3 repﬁcates per srte The datal
) 'were analysed using the. UANOVA multwanate hnalysxs of covanance program

S 'developed at the Umversrty of Alberta (Taerum su'l}mmed) This procedure gives -

| ,," the usual F ratio found i m an ANOVA table as well as an F rauo wluch has been
K " adjusted for unehual vanances of the means by the Greenhouse-Gersser ad_]ustment ,
‘ (Greenhouse and Getsser 1959) Probabrlmes derrved from the Greenhouse»
Geisser adjusted F rattos have been tIsed in the followmg results, When{
) srgmficant F ratio was found the sums of squares for that source of variation were
partitioned into smgle degree of freedom effects as recommended in Mrze and )
 Sthultz (1985).



Results | N
| D1fferences in the carbon content of shoots roots mlcrobtal blomass;and
| soxl over the four samphng dates ‘were. not sxgmficant (Table II 2) Shoot C at
. Ellershe was up to 2 8 umes greater than at Bneton (p— 0 0431) Root C dxd not
* differ betwecn snes b&t deéresed with depth (p=0 0001).- chroblal bxomass c-
- "was 1/5 to2. 5 txmes greater at Ellershe’ than at Breton (p=0 0020) and vaned thh |
B depth (p—o 0060) with more mlcrobtal Cin the 0- 10 and 10-20 cm depths than
the 20 + cm dcpth Soxl C was 2 5 to 3.5 umes htgher at Ellershe than Breton‘_v‘b'
- (p=0 0001) and changed thh depth (p=0 0010) A s1te by depth mteracnon was'v '
B ;‘ound (p=O 0429) and further analysts showed that the dxstnbutxon of soﬂ [0} thh .‘§ |
- 'depth -followed a quadrat1c trend (Flg 1L l(la)) 'It was hxghest in the 10 20 cm , |

. dep;h and lowest in th‘e 20 + cm zonc w1th a greater dtfference between depths at.

'-Ellerslle than at Breton The total C content of the system w;as 2 503 tune’

e greater atEllemhetha.nBreton (p=0m017 _;"j L ’:”"'-, IR
Shoot C/root C rauos (p=0 0115) and tﬁcrobxal btomass C/root C rattos
" (p=0. 0198) were both up to 2 times greater at Ellershe than Breton (Table I 3).
The quanuty of CO»-C released during 10-day mcubatmn (mgle tmcroblal Cywas2
: | to 5 umes hlgher at Breton than Ellershe (p=0 0022) (Table II 3) Changes mvf‘ _
: ratloe of shoot C/root C nncrobxal btomass C/root G or respu'ed C/xmcroblall ‘

B bxomass C over ume were not s1gmﬁcant. When expressed on. an area bams. the

- ‘”amdunt of C02-C (mg/mz) released from soxl samples durmg laboratory mcubauon' |

. Was up. to 2 txmes hxgher at lireton than Ellmhe (p=0 0075) and vaned over the

o four sampling dates (©=0. 0274) (Table 113) A site by date m?éacnon occumed )
- (p=0 0206) whxch followed a quadranc trend where {espmed carbon at Breton

B mcreased thh time then deaea;ed whxle at Ellershe resptrauon decreased m;nally 8

d

andthenmcneased(Fig IIl(lb)) I



. :?:_,fvv __-‘ ‘ v v
o‘ : ‘ B ‘ 12\
- 'Tablc 1L 2 C budget (g C/mz) in the plant-so:l system at Ellﬂshc and Breton..
£ Day Qﬂthc vcarS .
Companmcnt . Depth(cni‘) 212/223 _ 230/244 2517265 272/293
ROREEE R ST - Tllerslle
Shoot - S mes 24563655 266, 1;_;.
“Root - - 0-10- 197 125 133 - 197
o 10-20 °© - 30. , .32 -’53 %40 -
20 + 13 21 . 25
- M‘i‘c;rabm,c 0-10 488 383 - - 528 440
A . 10-20, - . - 478 514 447 - 474
20+‘.. 155 236 227 210
Soil * 5626 5147 5778, . 5565
RAE 7006710 ¢ G613 T 6395
. 4643 - 4464 . 4468 4877 .
’ Total 17705 16696 17366 17198
: - v o S e Breton =~ - - ..
 Shoot 1633 . 1661 ' 16%1 . 952
Root - 0-10- 158 219 180 - -159
1020 2l 15 18 20
20+ 03 04 02 . 03
' Mlcroblal C \ 0-10 ‘226 . 269 326 . 233
T 10-20 271 . 160 220 . -26%
#'. 20+ 13.0° 15.0 149 : '15.8' ‘
‘Soil 0-10 2418 . 2344 2411~ 2329
R 10-20 - 2483 2781 2221 - 2498 - @
o 20+‘ - 1400 1775 - 1217 1514
Total - . ' - 6555 \7 148 6080 - 6511
_ Summary of analysns of vanance ] ',r cL SR
SOUI'CCOf ] e B R .
“Variation - | Shoot C RootC Microbial C Soil"C “Total C
e S ¥ s ok | HRX ok
Date . -+ 7 nms ns - ns. - ns ‘ns -
Site x Date B -ns " NS .. ns ns. . ns .
Depth -~ - .. = il T o S
“SitexDepth -~~~ " - ns .. ns .
- DatexDepth .~~~ " a8 ' ons - ns
Sitex DatexDepth .- R ns__ - .ns .

Tn this and,811 subsequent wbles:
§ - sampling date for Ellerslie and Breton respecmely, rmcmplots were secded on
ddy 148,

. The différence between means is s1gn1ﬁcant at: ns, not s1gn1ﬂcant * adJustcd
p<0 05 "'?“, adjusted 15<0 01 bk adjustcd p<0 001.

o ({:\;&s 3
i
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<
. .

’

. ' >



o .

SoliC(gCisq.m). - .

+

- Soluble C (mg C/g soll)

V-

“1a. Spfl C - slte x depth interaction’

Ceewd  wemi o me
" Depth(cm) '

te. Soluble C- site x depth interaction’
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Table 1I. 3 Pool size. ranos at Ellersllc and Breton, L

Dav of 1he year

CRatio o 21023 230/244 | 251/265 '_ 22093 -
' L | _ — | B Ellerslle - ‘ t
© _ ShootC/RootC ~ « . 8.0 35 17.5, 104
" Microbial C/Root C- Y 5.1 6.6 59 4.6
 COp-C/Microbial Ct -~ * 0,17 015 010: 017
© COx-C(gmdt .- - 193 17.1 118 o 195,
~ G c ~ Breton o :
Microbial C/Root C 38 2.5 .28 45 7
N COp-CMicrobial Ct , 036 -~ :058 . 048 033
o CopC@mdt - 219 32 226 23
' ] | Summarv of 5na|vsns of variance
_ Souxceof | . ShootC/ M1crob1a1C/ * o) coy
~ Varation- - RoOtC-- - - RootC- .. Microbial C. - m?
. Si[e v Y * ’ . *-‘ B ok - o _ - ** 4
. Date . KRR ns Coooms e oms ek
SitexDate ~ ns . ns- . oop§. -t kS

T COz Cevolved from unfurmgatcd I0-day incubation. ~ 0

Y .
S & .

;

| ’ MlCl‘Oblal blomass C on a total soxl mass ba51s was 2 to 4 tlrnes hxgher at‘ ‘
Ellcrshc than Brcton (p=°0 0007) (T ablc II. 4) but whcn expresscd ona mass. of soil -
C basxs 1t was 1.3 pmes hlghcr at Brcton (p—O 0473) (T able II. 5) When cxpressed'
elther way, rmcrobxal blomass decrcascd hnearly w1th depth (p—O 0010 on a pcr,,
‘ gram soxl ba51s, p-O 0413 on a per gram soxl C basxs) Hécausc no dxffcrences' :
over nme were 51gn1ﬁcant the valucs prcsentcd in Table II 5 are means of thc four: .
samplmg dates R . i |
Solublc C(ug was up to 4 umcs grcater at Ellershc than Breton (p—O 0044) |
and dccreased lmearly th.h depth (p=0.0153) (T able IL 4) 'I'hcre was also a l



..10-20

RS

: Table IL. 4 chrobxal blcmuss C water. solublc orgamc C and polysacchande C at )
. Ellershe and Breton ‘ ‘

L Dav of thc year _ »
. Dcmh (em) - 212/22% 230/244 2010265 . ,272/293 N

MlcruLC (mele. sml)

T e T Ellershe R
0-10. 055 - 047, 0.59-
10-20 - 044 - . 047 - 043
20+ 0 0.8 o028 0.25
TR Sl ‘ -Breton : L
. .0-100 - - 021 023 ¢ 0.25 -
10-20 - - 021 0 013 - 011
20+ 7, : -009 o 011 S 007

__}S{alsmlum:mamc < (me/z soﬂ)

Lo : R Ellcmlxe o
- 0-10- ¢ 0.044._. Y 0058 v 0083 0 T 0.026. -
10-20. - - 0.043 - 0.052. " 0.050 - - 0.025 -

2004+ v 00029 0 . .0034 0 0028 - 0.016
' o e : Brcton R T T
0-10. 0.018 .7 0.036 0014 - 0.030
oo 10-20 . 0.019 770,030 - - 0.012 - .0.028
WU 20+ 0 0.022 ‘0029 o 0.014 e 10.022

e Polvsamhande C (mz/g soﬂ)
7f*,.__ i Ellerslie

. -

0-10

O\ 00 \O

- 0-100
10-20
e R

Breton:

rNN“P@W
= O\ \D NN

A_'Nio [V )
“ﬁs':hN OO

. ". " . . ‘T

":-,-NI‘Q‘ - YY)
-t Uiohr

oo

o - RS Summary of analysns of vanance ,

- Sourceof - R _ R
~“Varadon - - M-Jcrob)al C Sol‘ch C - Polysaccharide C
SSite - DAL - N L L

~ Date o diins ,'! ©.ns

_ .Sltchatc oL s ms oy T S R RN

. th - : L ke N ok

'tSltexDepth v ns .. ... * . ns

* Datga Depth” o ns cSoooms s

fSnexDatexDepth : ns . . . .-..ns§ .oons
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'I‘able 1I.5. Mrcroblal blomass yater solubIe orgamc and polysacghande C per g

soil Cat Ellerslie and Breton : _ - ‘
| . .MicrobialC Solub_lec.'-_ "% Polysaccharide C
- fqutb (cm) . (mg/gsoilC) - -~ {(mg/gsoitC) — ~ (mg/gsoil C)
 ' ) ’ :) -' ,. . : S E"el‘slie 3 i'.' _v ’ '-' | o
C.0-100 5, 82 070 o141
10-20 . 7.2 . 0.68 YT 122
RO+ 438 I e Vi 1
- | Breton' ¥ | _ .
! . e P Cf (»"K;'_ ',’ . . [T
0-10- - 105 114 122 ,
4 10-20" 86 . 1.14 . 108 !
T 20+ 1.6

226 . . 98"

Summary of analysts of vartance

' Source of. -

- Variation_ chrobral C\ : a SolubleC ot PolysacchandeC ‘
- Site . . * o E ‘v-;_ ns -
Date . . ns C dns oY n§s-
- SitexDate . & o ns - oo ns
. Depth . S, L ns- - T o nms
: ‘SttexDepth - . . . ns: . . RS . L ng
. DattxDepth /oms . .+ ms .- T ns .
¢ SitexDatexDepth . ns ons e . ns ’

; signi‘ficant (p=0. 01‘60) site by depth "mter‘action caused by the fact that the -
N concentratron of soluble C/g soil showed a greater lmear decrease wrth depth at |

i Ellerslre than at Breton (Fig. 1L }(lc)) Soluble C vaned over the four samplmg,

" dates and the pattern of this vananon dtffered between snes, causmg a sxgmﬁcant
“ﬁte'by date ’mteractmn (p—O 0160) (Flg II l(ld)) When expnessed on a per gram
so?k@’ baSIS‘ §olub1e C at Breton was 15 1o 45 times hrgher than at Ellerslie

“” ." ) - ~

f-Ir ?igs

| Polysacchm%e C/g of soxl was 2 to 5 umes gneater at Ellershe than at Breton

=3
o

and no\ significant drfferences were observed between depths (TabIe :

L (p-,-O 0001) and decreased with d‘epth (p=0 0040) followmg a lmear trend



5 (p-O 0001) (Table IL. 4) There was- afso a s1gn‘iﬂcant sxte by date (p-O 0434)-" b
. » :

. interacuon 1nd1cat1ng that polysacchan showed a general hnear mcrease over-

. t1me at Ellershe but decrea.sed at Breton (Flg 1. l(le)) “‘When expressed on a per

°
.q‘_

gram so11 C ba51s thEre was no dxfference between snes or. depths (T able II 5’)

R

Dlscussron

[N

P

: Above and belowground carbon allocatlon ' R -
The amount of carbon a]located to shoot producnon was lower at Breton "

than Ellershe whue carbon aHocated to root productlon at the two sxtes was’ S1m1.lar ’

~P

re‘s_“m lower shoot C/root C rauos at Breton Tkus could have been caused by

3 aboveground envuonmental condmons such as temperature and hght or by sorl' '

o condmons such as morsture status, avmlable mtroge& and temperature (Hunt and ’

Lloyd 1987). ‘Soil bulk densrry was greater at Breton than Ellershe but thxs tends to.

aﬁect root and shoot ma;e}auy resulung inno change to shoot/root ratros (Goss' 5
o 1977) Temperatures at Breton tended o be stightly lower than at Ellershe but the :

: effect of temperature on shoot/root rauos is dxfﬁcult to predlct because the"r

dlfference between ToOt and shoot temperature is of more consequence 10. shoot/root '

o . ‘pamnomng than is the overall temperature (Davrdson 1969). Durmg the month of

J uly Breton reeexved a larger amount of precxprtanon;(283 mm) than Ellershe (126

: rnm) Wthh caused waterlogged soxl condmons for at least part of. July

’Waterloggmg 1tself could not hav,c caused lower shoot/root rauos at Breton because '

- ] anaer&:blc soﬂ condmons- 1ncrease shoot/root rauos (Trought and Drew 1980)

‘howm&er waterloggmg at Breton may have caused a loss of avarlable mtrogen due -

10 leachmg and/or,demtnﬁcatlon The mtmgen content of shoots at hwd emergence'.

. was 2:50% at Ellerslie and. 0.71%at Breton (P. M. Rutherford, personal-"

L Qcommumcauon) Shoot Ncontent at Breton was deﬁclent (Ward et al 1973) but -



' ‘was sufﬁcrent at Ellershe S oot/root ratlos are. known fo decrease in respo e to
mtrogen deﬂcxency (Brouwer 1983) and stress in the root envrronment ; ay have
' "jgreater consequences for plant growth and shoot/root pamtronmg than stress m the :

: shoot envxronment (Hum and Nrcholls 1986) Excess moxsture and rts effect on’

2 'f;'avaxlable mtrogen may have been the rna_]or factor affectmg carbon pt;,rtmomng m

barley plants at the two s}tes o AR f; R e

$

Mlcroblal use of root carbpn '

.. t.,:,’;-..:.:‘..'

The s1rmlanty in root mass at both srtes was not reflected in thelquantxty of

S

. _ mxcrobral C because there was less mrcroblal C at Breton than Ellershe Mcrobxal
. CAg of root C was also lower at Bret‘on than Ellershe 1ndrcat1ng that factors other
'than standmg root mass deterrmned the quantxty of rmcrobxal C The dlfference in.

N A

‘ m1crob1a1 C at the two srtes may not be due to any restnctxon in the ava11ab1hty of

- 10Ot C because the quanutygl' C02 released from sorl dunn g,afhboratory 10 day

- 1ncubatton expressed on- an area basrs was greater at Breton than Ellershe

\

- lnstead it appears that the smaller nncrobr}l blomass at Breton was due to a’

5

| dlfference m the metabohsm of the rmcroorgamsms at the two sxtes The quantrty

B _b_. wooof COz released per- g of rmcrobxal bromass C was 214 trrnes hlgher at Breton

~

v :than at: Ellershe mdrcatmg that, in proportron to the quanuty of rmcrobral C more of

. the carbon was lost through resplratron at Breton 'I’hus, less rmcrobral c was

o mamtamed per umt of avatlable carbon Juma et al. (1984) also found more l4C02
-4

- was released from a Gray Luvrsol than a Black sorl followmg the addmon of 14C— -

‘_glucose R A -
: m . . .~ [y , ‘.
Croppmg hrstory may also have affected resprratton rates: The plots at
.' Ellerslre had been m bromegrass-alfalfa from 1971 unnl 1985 whrle at Bretqn the
‘plots had been tn barley or fallow McGlll et al '(1986) found that rmcrobral '
- ’btomass tumover ina 2-year wheat-fallow rotauon at Breton wAs faster than in a 5- '

»

L -



i 1_'."19_{ |

' year rotatron whrch mcluded forages Monreal (1987) found turnover of armrlo B

l

: acrds through the soluble pool whrch is the r.nam source of substrate for bactena in |
the rhrzosphere (Newman 1985) was also faster in the same 2-year wheat-fallow

. :rotatxon than in the 5-year rotauon and faster in. thref, cult:vated Chemozems than in

Y

. a correspondmg vrrgm Chernozem Croppmg htstory at Breton m,ay have .

. ,sumulated rmcrobral bromass to greater respxratory acnvrty than at Ellershe

-'.-Dlstnbutton of carbon: wrthin the sonl system

o Expressron of nuerob1a1 C soluble C and polysacchande Con a per g&am
' sorl C rather than a per g sorl basxs grves a dtfferent prcture of the carbon economy .

k] "{ v
h of the two srtes Even though the quantrty of mrcrobxal btomass per g of sorl was

3 lower at Breton than Ellershe the quantrty of rmcrobtal bromass C per g of sorl C

7 was hlgher Thrs trend was reﬂected for soluble C as well The quantrty of

L polysaechande C per g of sorl C was the same at both srtes o : '; -

chrobral bromass C, soluble C polysacchande C and sorl orgamc C each
--represent kmetrcally drsunct pools of the sorl carbon cycle Turnover ttmes have '

v been esumated to be O 026 to 0 038 yr for solubleC (McGrLLet al 1986) 0 26 to 5

e A .yr for mtcrobral bromass (McGrll et al 1986), 0 17 to 5 26 yr for polysacchande C _‘

’ " (Murayama 1984) and 5 7 to 900 yr for stabthzed and old or,gamc matter -

| .respectrvely (Juma and Paul 1981) SOll orgamc C s the largest most stable pool
: ,m the. soil system By expressmg the other carbon pools m terms of sorl C the '

dtstnbutron of carbon between these kmeneally deﬁned pools may be eompared on

R }..a relanve basrs The amount of polysacchande C‘ _ 'a propomon of soﬂ C was

stattstlcally sxrmlar at the two srtes however al ger proportron of the carbon at:i.'
Breton was. in the rrucrobral bromass C md\dfe soluble C pools (Table lI 5) The :
~'.."latter have lugher turnover rates than sorl organrc matter as a whole, therefore less.
o of the belowground carbon at Breton was stable Campbell and Souster (1982)



have observed a smular dlstnbuuon of mtrogen in Luwsohc and Chemozemlc soﬂs

e Potentxally mxnerallzablc mtrogen made up a larger proportlon of total mtrogen it

: i-'cultrvated Gr%,uvxsols than in cultlvated Black soxls Soxl texture, _whxch was

_ coarser at Breton (L) than at Ellerslxe (SrCL) may also have reduced carbon - "

SR , stabxhzatlon at Breton ‘In several smls, whrch covered a range of sorl textures,

potenually mmerahzable mtrogen asa percentage of total mtrogen mcreased as soil

:texture b#came coarser (Campbell and Souster 1982)

1

’Concluswns : S e

When compared wx% Ellerslie,r‘ e system at Breton was c&mgactenzed by

: .' Iess Ci in the soil, more C resp1red byapil nucroorgamsms relanve to the quantlty of
' rmcrobxal C in the soxl and ag propomon of C in: soﬂ pools thh short
.tumover trmes Pedogemc charactenstws may have contnbuted to the dtfference |
between sxtes\m carBon dlstnbutlon and microbial use of carbon Orgamc carbon
and mtrogen m Luvxsohc soxls appears 16 be less stable and the rmcrobtal bxotnass i
more actxve than in Chemozenuc soﬂs Croppmg lustory, whtch was d1fferent at
.Bx'eton than Ellershe, may also have caused sue dtfferences The 1mplxcatxon of &
~ these chfferences in carbon cychng to sorl orgamc matter and crop y1clds should be

,consxdered w,hen desxgnm g crOppm g systems appropnate to spemﬁc areas A e

CEa
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. Chapter 3. Factors affecting the distribution and dynamics of 14C2.

Ly

?\

.

o / _
Introductlon e e

A number of drfferences in so1l characterlstlcs between Black and Gray_. ,
Luvxsohc soﬂs pomt to dlfferences 1n carbon cychng Black sorls have 3 to S nmes -
more orgamc carbon than Gray Luvrsols ('Reml 1984) The orgamc matter in Black .

Q’a .
sorls differs chermcally from Gray Luvlsols (Anderson et al 1974) and tumover of

, orgamc carbon has been reported to be slower (Campbell et al 1967) Juma et al o

(1984) found that more 14C0O, was released after the addmon of l“C- glucose from o

.)..

aGrayLuvxsol thanaBlack soil. a,,'

‘ Agronorruc management may also affect carbon cyclmg MCGIH et al )
( 1986) reported tumover of mlcroblal and soluble C under ﬁeld condmons was"

faster ina. wheat-fallow rotatxon than ina 5-year rotauon w1th 3 years of cereals and

‘ 2 years of forage at the Umversrty of Alberta Breton plots ‘Monreal (1987) found‘_'

tumover of soluble armno acrds under laboratory condmons Was faster in sorl. -
samples from the same wheat-fallow rotatton than m the S-year rotauon |

| Other envrronmental and sorl condmons may mfluence the cyclmg of‘ |
carbon ‘The i 1nput of carbon from plant roots dunng the growmg season is affected
by factors such as, sorl morsture (Martm 1977b erdenroth and Poskuta 1981)

plant nutnent status (T rolldemer 1979), and temperature (Mamn 1977a) Tumover

- of root carbon was reported to be faster in sandy sorls than in clay sorls (Merckx et

al 1985). wettmg and drymg cycles affect the decomposmon of orgamc matepal
(van Veen et al. 1984) and sorl aeratlon mfluences/ the blochermcal pathways and“ ;

fate of carbon in’ sorl (Novak 1983 Llnn and Doran 1984)

‘ 3A versi_on of’th'is-chapte:,has been ubmitt'ed‘ for,publication 10 Plant and Soil, o



The objectJve of tlus study was to evaluate carbon cychng ina barley erop o
grown under ﬁeld cbndmons on two pedogemcally drfferent soxls, a Gray Luvisol .
.and a Black soxl 12¢ drstnbuuon and the dtstnbuuon and the. dynatmcs of. l“C in =
S _i’the vanous plant and soil pools was measured after pulse labellmg thh l“COz

Matenals and methods 7

V"Slte Descrlptlon = o o _
o The s1tes and soil charactensncs have been descnbed in detaJl in Chapter 2 _' .
CadTpblell ¢ T Y

',,,Lahellmg Procedure - ,

Four rmcroplots made of steel cylmders, 20 cm m drameter by 30 cm in, K

depth were mstalled in each of the three rephcates of barley plots (24 7 m X 9 Im ‘_

L | at Ellershe and 12 mx®6. 8 m at Breton) Bagl;y’@ Empress) was sown mto the'~

» nucroplots on May 2 986at the rate of g secds per cylmder Plants ~were

- labelled thh 14C02 between ﬂag leaf and swollen boot stages (July Zl,at Ellerslte,‘_"' ,_

o _ July 31 at Breton) Labelhng was delayed at Breton due to wet condmons whlch

- prevented access to the ﬁeld Clear plastlc canoples, sealed to the to;k of the . :

: . cyhnders thh large hose clamps over foam rubber stnps, were used to enclose the ’

' j"plants7A testtubewas sealedmtothetopofeachcanopysothatthetopo&'thetube

E remained outside ge cariopy while the body of the tube was inside the canopy A
soluuon of Na214C03 was placed in each test tube and l“C()z was released through

.-, a ho\e in the body of the tube by mJecung lacuc acrd through 8 mbber serum cap m
the mouth of the tube Each Cylmder recelved 3, 7 MBq 14C. A two hour labelling -

 period was used and 3L 12(:02 were added after 30 1o 40 mirutes to maintain the

) '.‘.;photosyntheuc rate Atthe end of the labelhng penod NaOH was m]ected through a |

- : :iirubberserumcap mtoabeakerheld thhmthe canopymordertoabsorbthe COz-'

: , _remarmng m the canopy ‘atmosphm befom tbe cmo;}@; Wm mm""’d A m‘“ ';j



o air.f:_" . ,
.»SamPhng Prooedure S s LR

The plots were sampled as descnbed in Chapter 2

'3-‘4"

. Analyses. :

. (Mg/Mg) TP = total porosity = e (Db/DP)) Db bulk &ensny (Mg/m3) and D.p—
partlcle densrty (assumed to be 2 65 Mg/m3) Water filled porosrty was chosen as a

- "'measure of SOll morsture content smce gravrmetnc mmsture d1d not adequately-"-'

| descnbe the q;fferences in sorl mmsture between the two srtes due to drfferences in .

' _‘_bulk densrty, texture and SguCture. ,, » .. R - | ‘
‘ Sample preparatron and the methods used for the measurement of 12C in

‘shoot, root, and sorl samples have been descnbed in Chapter 2 The quannty of ‘:

RRRLlel in shoots roo/ts, and sorl wis deterrmned after oxrdauon ina Harvey Btologlcal |

B | ..}Oxrdlzer Model OX3OO 1“C released durmg oxrdanon was trapped in Harvey s .

ol lcounter

.’_114C Cocktml and measured wrth a MmaxrB Tn-Carb 4000 senes scmullanon ’
Mtcxobxal resprrauon and mtcrobral bromass C was measured by the-

chlomform fuxrugatton techmque (Jenkmson and Powlson ,1976) as descnbed m
- ‘Chapter 2 Ahquots of 0. 25M NaOH (0 SmL) contarmng trapped COz from erther :

. : the fumxgated or unfurmgated treatments were added to Scmnverse 1 (ISmL) and -

P analySed for Con a Searle Isocap 300 scrnullauon counter

Water soluble orgamc carbon was detenmned using the method of Mcthl et .

>

al (1986)asdescnbedmChapter2 S T



| "Statnstlcal analyses. B TN

- Results |

ol

The data were analysed usmg the UANOVA mult:tvanate analysrs of -
Acovanance pmgram developed at the Umversrty of Alberta (Taemm submttted) as "

B '_descnbed in Chapter 2

: The quannty of 12C found in shoots roots, and“ sorl over the four samplmg oy

B N dates has been descnbed in Chaprer 2 (‘fable 11.2)

,, _..' . The quantxty of C02 C (mg/mz) respu'ed fmm fumrgated samples was' "

e
3

¢ D proxrmately 1 5 tlmes greater at Blletshe than Breton (p=0 01 86) and decreased 2

- _"Fyzhnearly ?nth depth (p=0 0005) (’l‘able III n. There were no sxgmﬁcant drfferences: ": ,

.between samphng dates As descnbed in Chapter 2 the amount of COggQresptred _

" from unfurmgated samples was up to 2 ttmes hrgher at Breton than Ellershe"“

S (p=0 0075) and vaned over the four samplmg dates (p=0 0274) (Table III 1. The E

s lower at Ellershe on. the mtermedxate dates Mrcrobml btomass C. as determmed

e
- y ,nncroplots at Breton for some nme pnor to labellm g. Normal ramfall dunng July i} ._:
| .'v 84 5 mm at Ellershe end 94 5 mm at Breton however dunng July 1986 Ellershe
" occived 1.5 times theormal infall while Breton received 3 times the o oal’y
Lo -"ﬁﬂﬁlctwoweckspnortolabelhngwmmofmmfeu athetonwhile 82, o il

| resprrauon at both sxtes on the ﬁrst andlast samplmg dates but drfferent rate ‘

 the chlomform fumxganon techmque, was 1 5 to 2 5 umes greater at Ellershe than

':"srte by date mteracnon (p—O 0206) followed a,quadranc trend showmg s1m11ar | '

the'-; :
*"‘second and third samplrngs (Frg I, l(lb)) Resptranon was hlgher at Breton Byt

“at Breton (p=0 0020 atid varied with depth (p=0 0060) wrth more mrcrobia] c in ,,

't'theO IOanle 20cmdepthsthanthe20+cmdepth(’l‘ableml) Therewere.;_.

o

'_nosrgmﬁcantdﬁfetenoeshetweensamphngdates IR _‘ UL e

Unusually hrgh ramfall tesulted in waterlﬁed condmons thhm the"_‘ ;

P



. .p<005 **_

.‘ f Table III 1. COz C from furmgated and unfumlgated mcubatmns over 10 days and '-“
. rmcrob1a1 biomass Cat Ellershe and Breton. - R

C . Dav of the vcar& -
- - Depth (cm)} . 212/223 S 230/244 o JS]/ZGS L 2721223 '
R bt Fuml (szz)»
S e El rslie. :
. 0-10 w321 '25.1 v ‘299- , 294 o
-10-20. - 25.6 269 L2160 °25.1
20+ - - 140 A6 o 98 '137
L . R - - Breton" o c
',0-10 ’ 20.7 238 0 23.9 . _ 201
10-20 - .- 7 -18.3 o ..186 - o167 . 11T -
20+ w93 .'140 o105 0 105

Unfummaied (g/m 2) .’

T T Ellershe IE
0-10 - .. .12,

12.0 94 . 82 g9 b 113
10-20 - 5.9 5.8 - 32 " = 56
20 . 1.4 1.9 .04 - 2.6
7 : R : ’ -~ . Breton - . SR

0-10 114 128 . 105 10:5 -
10-20 . 71 10.6 16 6.7
20+ o 34 : 7..8 - 4.4 4.0
T - " g Rk
Mlcroblal C(gm?2) :

R e . Ellerslle S SR

0-10 .~ 488° . © . 383 .  _- 528 ... ' 440
10-20 - 4718 514 . . 447 - . 414

204 - 155 236 227 27.0

S T L o —Brgton o o

0-10 .- 226 . o 269 % 326 0 233
10-20- 2.1 160 2200 . 26.8

20+ 0 130 / 150 1409, 158 .

: _Summary of’ analysns of variance - |
- Sourceof . . C . — T .
- Variation . . . -FumigatedC -Unfumigated C Microbial C'
Sue o ¥ e R
Dae . Chs - e e
. Site x Date - . .omns * .ns .
" Depth- T P A PUERETLE
- SitexDepth .- ns _ * - “Loms " ns
DatexDepth. ~~ ~ns o ons j

e B8
Site x Date x Depth < " ns ( R . n9
Inthis and all subjequent tables: — \ S e
§ - sampling date for Ellerslie and Breton rcspccnvely ‘ '

- The difference Between means is significant at: ns, not sxgmﬁcant "‘, adjustcd ‘
Justed p<0 01; 2%, adjustcd p<0 001. - . ' ~

”,.



_ . Table III 2 Water ﬁlled porostty and soluble amc C at Ellcrshe and Brcton
. - Dayoftheyear ~~ - = .
. Depth .(cm)' e 212/223 L 230/244 - 251265 272/293‘

) l!al:r_ﬂllﬂLmr.osnL(%l

T PRI Ellerslle
S0-10 - 439 . 183 . 174 - -~ " 489
- 10-20-. ¢ 544 . 371 0297 - . 5947
20+ - 539 . . 401 . 463 "~ 760
Lo ’ - ~ . Breton. e
o +0-100 0 492 . = 296 - - 504 . 852 .
'10-20 .. 58.6 . <501 . ¢ 559 - . 685
20+ 868 )186.6 %00 - - 800

C0-10
10:20
v20-_i-">_

0.1 "
- 0.6

0.6
02
2
8

10 - 20

0
1
2
- 0-'.10; RN ¢ )
. R
20 +- 9

. 16.

S8

Summary of analysw of variance . .. ‘s

<. Sourceof o B
- Varidgion Water ﬁlled Jorosuy e Soluble C

v Sme : R
Date ' \') ek T e, “ns. , B
SittxDate ., - . T S - o.ons e
SnexDepth B cns- . . ops.
DatexDepth .~ .. NSy, o, ms.
SltexDatchepth R L R ns -
3 dxfference bctween the means s1gmﬁcant atan adjustcd p<U G 10

- | ?Ellershc No soxl mmsture data were takcn at the ume of labellmg but the soxl at' _
" - »Ellcrshe appeared to be at or bclow ﬁcld capacxty whxlc the soﬂ at Brcton was
: v1sxbly wet. Vater ﬁllcd porosxty on the four samphng datcs (’I‘ablc 11 2) was up ;
o 10 3 times higher at Breton than Ellershe (p==0 0070) and mcreascd hncal;ly with
'~ 4' vdcpth (p_-O 0001). Watcr filled poros:tﬁ’ also changed ovcr ume (p-o 0005) Tt

was lughcst on thc ﬁrst and last sampling dates thh dxffmnccs between dates-j

T e - f .



Qw« /-

(p-O 0435) whxch was quadratrc (Frg HI. l(la))

"7be1ng greater at Ellerslre than ‘Breton, resultmg in a sne by date mteractron

‘*v.

‘The results of water soluble orgamc C (mg/g sorl) measurements at Ellershe ‘

and Breton were descnbed 1n Chapter 2 (Table IL 4) Soluble C (g/g root C) was
used to estimate the quantxty of root denved carbon m the sorl on each samphng
: 'date (<T\lc 11 2) Overall soluble C (g/g root C) was lugher (up to 38 umes) at '
' Breton than Ellerslre (p-O 0541) and 'ncreased lmearly with depth at both srtes
(p=0 0629) Soluble C (g/g root o)) 1ncreased at hrgh water ﬁlled porosmes (th

: III 2(2a)).- Data from Ellerslre was not mcluded in thls relatronshrp smce water _

1

B filled porosrty was not high enough at any ume to reveal the effect of hrgh water
- filled porosrty on soluble (o} (g/g root C) The ACE method of estimating optlmum .
transformattons (Brerman and Fretdman 1985a) was used tp examme the

' relauonshrp between spluble C (g/g root C) and water ﬁlled porosny The normal

range for water filled pomsrty is 0 to. 1.0; however there were a few pomts above

1.0. Thrs may be due to errors encountered during measurement of bulk densxty or

* gravimetric moisture content. When transfon'ned data obtamed fnom this procedure .
o are plotted agamst the untraq:&rmed data an abrupt change in slope mdrcates a
R v separauon betWeen two groups o@ata pomts (Brelman and Freidman 1985b) The .

" pomt at whrch the slope changesﬁmdxcates the pomt of separauon A plot of

| 'transfoxmed water ﬁlled porosxty against untransformed data from Breton revealed a
‘(:hange in slope at about 70% water filled porosrty (Fxg III 2(2b)) Smce the |

transformed water ﬁlled porosrty values are obtamed from the relauonship between

| ,‘soluble C and wate: ﬁlled porosrty, both of whrch are entered into the ACE

Aprogram at the same t1me. thts ohange of slope at 70% water ﬁlled porosrty
. v
mdrcates a change in the relauonshlp between the two vanables At values above ;

70% water filled porosny the quanuty of soluble C (g/g root C) was greater than the

quantxty found below 70% o @ { _.‘



. Soluble C-- site x depth interaction .

B T
. )

. g 509 . e

407

30 1

: éoltﬁ:blvélcl (m/g s'd_ll)

S ———— .
: 010 7 10200 'L 204

. Depth ('cm)"- ";

L Unfumlgat“_e‘dv COz :s‘p__eclﬂé» ‘activity
- site by depth interaction -

o

W ELLERSLE

o BRETON

104

 Specific activity (kBq/g C) ~ ;

0 ,.\‘, : l by . T : " .. oy .4 ‘vi g ’ r "','.
-.0-10 0 10-20 . 20+ . SR
© Depth(em) - . - T

Figure IILL. - Slte by day interaction for

| water fillpd porosity and

gSite. by ‘depth  interaction for unfumigated CO; specific activity at
,."\Elllerslié.and Bretom. . o . oo
Y . S { R
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o

The amount of 1“C (MBqlmz) in shoots > roots > mxcroblal bromass at both i

".'srtes (Table ]]I 3) There were no dlfferences between s1tes m the amount of l“C v.ﬁ --
- ' ,.found in any of these pools however sorl 14C was 12 to 76 tlmes'hlgher at Breton - - 3
B ,.than Ellershe (p=0 0001) None of the pools changed s1gmﬁcantly over ume '4 'v :
o ) _Root 1“C (p-O 0081), mlcrobxal l“C (p—O 0072) and soxl l“C (p=0 0537) aIl '
: - decreased hnearly w1th depth Overall the total recovery (%) of 1“C m the plant-_ E ’ .

v»soﬂ system was l 5 to 3. 3 t1mes hlgher at Breton than Eller‘she (p—O 0924) o

L ‘ pnmanly becanse of the greater quanuty of Ucj in the SOll at Breton

A 'I'hc specxf’ c act1v1ty (kBq/g C) of. shoots > roots > rmcrobxal bxomass
| (T ables IIL4 and I 5): There were no d1fferences between srtes in the specrﬁc s
_ actmty of any of the pools w1th the exccpnon of soil’ 1“C whrch was 30 to 100 S
trmes h:gher at Breton than Ellershe (p=0 0023) None of the pools changed : o |
'mgmficantly over time or w1th depth The specu’ic actmty of COz rel;ased from P |
'4 both fumxgated and unfurmgated sdll samples dunng the 10-day laboratory,‘%:};_:v;
. mcubatxons d1d not ghange overume (Table III 5) COy released from unfumlgated v:v )
| | i‘"sotl had a lugher specrﬁc actmty (O 6 28 9 kBq/g (03] than COz released from z )
o "',fumlgated sorl 05 - -10.8 kBq/g ©) (p=0 0543) 'l‘he specrﬁc acnvrty of CQz from" g "‘.;"T : |
. ,. ;lfumlgated soil decreased linearly- with depth (p=o 0075) “The specxﬁc activly of 5
iy COz ffom unfumlgated soﬂ decreased with depth at Breton whlle at Ellershe 1t,°.‘_.v .
| decreased from the ﬁrst to the second depth then mcreased in the 20+ cm depth.v :
: | .(Frg III l(lb)) ThlS resulted in an overall quadratlc trend in- the stte by depth""_'; -
| o ‘mteracuon(p=00449) S s : ' j : ; o ; L T o
‘ Because no srgmﬁcant changes over the four samphng dates were observed i :
in the quanuty of 14c in the soﬂ and mxcrobwl bromass orm the specxﬁc acuvuy of’ s | :
| --resprred C02, rt was assumed that the soxl system was in steady state. w1th a,"'ﬁf: L

;constant mﬂux of 14C from labelled plant matenal. It was not possrble to measure '._‘ ,



L Table n1.3. l"‘C budgct (MBq/mz) at Ellershc and Breton- N
L S Davgfu;;Vcar ST IREN U
Companmcnt Depth(cm) 212/223 230/244 ) 251/265 - 272/293

R AT T f Lt Ellprshe R
Shoot s '20.35 2825 2603 1944 -

"Reot  © 0-100 " 042 045 - 049 051 ¢
S .. 10-20 - -005 006 - 007 - 008

‘Microbial . 0-10 006 .- 008 - 608 010
“‘biomass  10-20 001 ~ 004 - 002 002 -
0 001 0004 0.004  0.002
CSoil .. 0-100 042 229 . 059 . 060 .
« ©10-20. . 018 . 0.79 "0:90 - . 043
204 047 - 047 033 . 00]
Total N T T 3257, T 28.54 - 18.19

% Recovered . 1859 > 27.85‘ 2443 - 1818 .

 Shoot . 2792 - 1625 . 1686 = 1607

. Root .~ 0-10 © 16l 120 109 159 7

..10-20 .05 006 022 047
204+ 04 .. 0004 0003 008

0
" Microbial.  0-10 011 . 010 005 0.8
. biomass 10-20 008 004 .. 001 . 004
L 20400 -003 0003 001 000
. Soil -~ - 0-10- - 1156 = 1239 . 9.6
| 10-20  © 1375 .98 - 1096 857 .-
20+ 01302 - 818 .0 699 - 583

61 - 1133

‘Total. 77017 4855 4640 4416 =

% ’e,cc:)vered o 6082 ._'4‘205 3991 3858

Summary of analysns of vanance

-~ Source of . T
- Variaton “Shoot l“C Root l“C M1croblal l“C “Soil 14C Total 14C
SSie . IR L

- Date - . nsﬁ’* ns. "ns,_ . "AS . - oms

-+ SitdxDate - B ns ° ms - .ms . . ns -

‘Depth, - ’ ko Rk x
-Sltchcpth . ... . ms- oms . oms.

~ DatexDepth . -~ ™= .ns . - ms - - ns

- - Site x Date x Depth- . ns ns - mns .

. -5 dxffcrcncc betwcenihe means swmﬁcant atan adjusted p<0 010




. ' Dae - . i .msd o - ps " L ps-

P T

E Tablc :HI 4 Specxﬁc acnvuy (kBq/g C) at Ellcrshc and Breton | Z SoE

Ellershe

Shoot ',°'_>, ;.1‘4,9..2._4 1507 0768 849 . .

CRoot - . 0-10° . 222 383 . . 352°% v 285
o0 10-2000 L1830 %289 . 0 a238 - 219 . -
T T 0. ;310 1 2E st

©il- 0 ‘o 009 . 045 i, 013'
= 104200 - 003 Y012 014% - 007
| | 20+ ,‘ '0_()_4 TR 0001

Breton

Shoot o ‘2248 ° 1010 989 .‘-1565.6’

Root. ~  0-10  * -117.5. ~ ~*487 - - :504% . . f05.0

©10-20 . 3752 - .7 395 . 6L7 2359
' C 81 159 w2782

S 204+ o 1205

“Soil . 0-10 Coas
| 10207 5T

R

Cwwo el
00 00 O\

R - Summary of analysns .of variance
Source of - T . ’ | —

'_'*..

“Variation R Shoot o Root” . -/ ... .Soil

Sie. . T ooas T s T R

SitexDate, . ;- . 'ns LoTows oms 0 ms

,._'SltexDepth ComRTE Lo s St L g i

Date x Depth W S esoms - s

-"_"-'Sltchatchcpﬂ} R T Rt T W TS SR

o . “ .
'.‘g.

-),

the spemﬁc acnvyy o£ thc actual mputs but bccausc the major' output fromj‘ihai ‘

-

. system was, from rmcroblal rcsplrauon, thc spccxﬁc acnvxty Df thc CQrcleised .

o 'Compartment Depth(cm) 212/223 — 230/244 ‘251/265“:‘; 53,

AN h
£t e
Q

dunng 10- day laboratory mcubauons was used to- mdi(:atc the stcady state sp¢c1ﬁc:"":_? :

-\g

'actmty of the active: pertion of the soﬂ syszem Acnve m:crobxal C. (%) was T
calculated from thc followmg cquauon bascd on thc assumpnon that thc specxﬁc  .' ' -

. acnvxty of thc acthc m1cmb1a] bxomass was equal tothat of tthOz relcased durmg‘}- )

‘ '10~daylaboratorymcubatibns A D

i . T -




o 'I'able L5 Spémﬁc acuvuy (kBq/g C) of COz C from fuxmgatcd and unfum:gatcd

; mcubauons and of rmcrobxal bxomass C at Ellerslie and Breton. . = -

S 0-10

D

“Depthem) 2121223 "~ 230p#A L251265 . T

&

FuJaqu_
.o o _ Ellerslle . . . ‘:k‘

0-10.
10-20

; " L
Y P
RV

R
ytBrefon -
BER ST

\_
B

e oy ~oi4~>A~

- 10-20
- ,20"" :

WO L OO
“\D =~} 00 O = W

4

1

2
0-10- - '10.
: 19

2

R

_ , : . Uhfumieateg X
AT R y e . Ellerslie

B—y

: 8

©10-20 0 . 6.2

20+ ... - 28
4
1
5

QN 00 00 O\ O\ wt
ChAN OO

' L - Breton
‘0-10  ‘ 1._
10-20. \ 11.

bhlo ivo
—

OO0 WK

VWO oG

. QxS
_
ONR AW

"M'ic"robi‘al’C-- |
- Ellerslie

-~

~10-20 -
 20+ o

1
0
5
0-10 -3,
2

oo~
— O\

oo
Ny -

-0

Breton

10-20
20+

o= con

Swvw CON:

~ & o0
SN

' Summary of analysiS'of'va'riance =

Sourceof | - L

‘Vananon BEe FurmgatedC o Unfurmgated C L MlCI'Oblal C
Site . Loo.ms ns.. . . ns
Date * ~ms L ooms T s
- Site x Date " - ns o ns . - .- .. ns -

- Depth .. .. ek . cooo*x L . 'ns
SitexDepth -~~~ "ns -7 .ok SR (N
_'Datechp oms- . .. s - ms . ns
- Site x Date ¥ pth -, n§ ! ns o, '




Table II1.6. Acuve mlcrobzal C and carbon ﬂow mtc under laboratory condmons at S
Eller*e and Breton gt S .

R SR D“’Qf_fhmﬁf ,
Lo T 01903 2301244 ‘*25]1/?65 272/293
LA e e e R
ﬁ, — . S s Ellershe e

xa:’

Total mlcroﬂ‘ial C (@ /m2) 121 133 _120.2 _. ,1-18.4 |

“Active migrobial C (% of- tofal) 146 - 119 - 171 _: 25.1
Active &ucroblal C (gm?) * 164" = 13.5. 206 297 -
Carbon ﬁow rate (g m'210d l) 19‘.3 P 17 l: B AL 8 195

Total microbial C (g/mz) 627 ' ’ 579 695 .. 6%9

Active mn&‘oblal C (% of total) _57 5 f. 49,3750 7:33,5" 7 o 31007
~Attive mlcroblal C (g/m2) " - 36. Streil 28 5. 23 3. .204
Carbon flow rate (g m'210d 1) _ 21 il 31 4 225 1, 212

“3

R Summary of analysns of vanancé _
Source of - - & Active ‘microbial C - Amvggnmoblﬂc AR
Variaion v ", ® (ggf) ____Flowrate.
Date - . e ns Ly ns *

SitexDate =~ - 4 -"ns LT __ns c

e

" active mlcrobxal C (% ) = spcmfic activxty of measured mlcroblal C

spcmﬁc actmt’y of COz Rt X 100 \

Acuve mxcrobxal C (%) at Breton was approxxmagely 2 umcs }ughcr than at Ellcrshc__ " C
(p-O 0181) (Table III 6) D1ffercnces betwccn sues in the quanuty of acuvc o

» rmcrobxal c were not sxgmficant becausc the,total m:crobxal ¢ was approxxmatcly 2 | -

 times hxgher at Ellcrshc than at Brcton‘ (p—o 0020) (Table 1IL 6): Flow rates of

s *carbon (Table I0L6) were calculated from the suin ofthei quantity of COz Crespired "

from all three dcpths dunng unfurmgated 10-day laboratory mcubatlons Thc ‘ o

respu-anon of CO}-C 'durmg lO-day laboratory mcubanons has bccn descnbed
bovc in more dctml (Tablc m 1) i | o



Dlscusswn - B

Dlstnbutlon of 1“C after labelhng | -

R The dlstrlbuuon of 14C after pulse labellmg depends on envuonmental o
. condmons at, and shortly after the time of labellmg Carbon ﬁxauon and allocauon '

in plants is affected by hght, temperature CO; (Enoch and Hurd 1977) moisture

(Btscoe et al 1975) and nutnent avatlabthty (Powell and Ryle 1978) all ‘of. whlch _

- can vary in ume and/or space when labellmg 1s done in the ﬁeld When the fate of :
1“C after pu’lse labellmg is followed over tirie; fluctuatlons in the measured actwlty.
between samphng dates may be due to spaual vanabrhty in the uptake and allocauon
of l4cC and in the subsequent growth of the plants (Dahlrnan and Kucera 1967) o
Desptte these drawbacks pulse labellmg techmques remain the most pracucal for j-" -

ﬁeld studies (Rosberg etal, 1981). o o

; The activities: of the shoot, root and mtcrobxal pools were snmlar between
sltes but approxlmately 50 umes more 14C remalrwd in the s011 orgamc matter at -
Breton than Ellershe on the ﬁrst samphng date Smce the 12C budget showed that
the Gray Luvrsol at ‘BTeton was lower in orgamc matter thar(\tl_t_e’gack soxl at
Ellershe (Table IL 2) the 1ncreased retentlon of 1“C may be due to temporary )
dtfferenees m cohdmons at. the tune of labellmg Although the two sites’ were '
labelled on dlfferlnt days envrronmental condmons were the sumlar w1th the.

o excepuon of hrgher soil moisture at Breton S

The mﬂuence of soil m01sture on carbon retentron can be determtned by‘

1,

S exarmmng te relauonshlp between soluble C and water ﬁlled porosxty Soluble C: L
(g/g root C) whtch is an esumate of the quanuty of root denved Cin the soxl |

‘ 1ncreased when water ﬁlled porosrty was greater than 70% (F1g III 2) Soluble CA S
- forms the mam source of carbon and energy for rhtzosphere bactena (Newman

1985) therefore, .when 02 1s avarlable much of the soluble C is lost as C02 due to

mxcrobtal respxranon Under anaerobxc condmohs fermentatmn replaces resptrauon T



- as the mam cataboltc process in roots (Wtedenroth 1981) and thxs may lead to an.

- mcrease in the quanuty of soluble C in soil, Lmn and Doran (1984) have fdund that | - o

above 60% water ﬁlled porosxty anaerohc processes in soﬂ begln to mplade Cmbtc," B

processes and the release of COz from sorl decreases Toxrc products ih roots

@ccurnulate during ferrrrentauon and must be exuded frorn the roots (Wte enr0th- i R

) 1981) Anaeroblc condmons 1ncrease root porosny (Benjamm and} Gragnway

. 1979) whtch could promote loss of soluble carbon from roots Roots whte' ;

- mechamcally 1mpeded, by htgh bulk densrty, as they were at Breton (T able II 1) are ‘

" more sensmve to 02 concentratton than arc umrnpeded roots (Schumacher and_

',Smucker 1981) Wtedenroth and P0skuta°(l981)¢observed an 1ncrease in the" L

E quanuty of root dertved carbon m roottng medta under anaerobtc condtuons They .

- : attnbuted itto mcreased loss of root c however thetr system was not stertle s0 that :

itis riot possxble to rule o%t the effects of decreased mtcrobtal resptratton Htgh )
_‘ water ﬁlled porosny at Breton at the ume of labellmg may have causcd mcreased 4 b
B .retenuon of l“C m the sorl due to mcreased loss of C from roots and/or decreased .

Eo "»"-}v_DynamICS of 14C after labellmg

R Even though the plants were pulse labelled the constant qu ty of MC in . ‘
the soil pools and the constant spectﬁc acuvxty of the respued C02 J

| o soxl ‘system was- behavmg as 1f in steady state with & constant mflux of 14C from .
‘.;labelled plant matenal Release of l“C to sorl after pulse labelllng ts con‘trolled by el

IR .allocauon of carbon to the vanous types of compounds formed by the\plant

catedthatthe- o

o )
- _Labelled carbon enters the soluble pool first and turns over qutckly as that carbon ‘

whtch lS not lost by resprratton 1s allocated to storage and structural pools (Gordon;-f' A' .'
‘ ;et al 1977) whrch have lower turnover rates (Prosser and Faxrar 1981) Mtlchunas;

et al (1985) found that after‘pulse labellmg wheat the. allocanon of l“C to shoot,

' root and soﬂ orgamc matterwas essenually complete aftchdays l“Cinsoxlwas‘ o



A S

the hrghest at 3 S hr after labelhng and then dechned after 5 days to a level wtuch

remamed constant for the rematmng 62 days After pulse labelhng hvmg plants an .

mrttal pulse of 14C appears as soluble root exudates followed by a more constant

_’ "release of 14C caused by the tumover of labelled storage and structural matenal
- The aﬂ system may reach steady sta"te condmons wrth the mput of labelled carbOn

L from storage and structural root tlSSllC

l

When a system 1s recelvmg a constant lexel of tracer- mput and has reached

’ steady» state, each pool i in the system should have the sarfee specrﬁc actwrty as the

: mput and output from the system if the label 1s umformly mrxed throughout each

"“‘pool\(Shrpley {ahd Cfﬁ‘rk 1972) Even though the sorl system m thlS study

'-(1986), u,smg ’

appeared tobei in steady state the specrﬁc actxvrty'of the mrcrobral bromass was less’_

L v/was not actlvely turmng over as proposed by Hunt Cl977) and van Veen et al
o N (1984) The WCRCQ betWeen the speclﬁc actmty of the mrcrobtal btomass and. -
| that of resptred C mdrcgted that on average 43% of the measured rmcrobtal blomass

B (1980) estrmated that 15 to 30% of the btomass was acuve m a forest soxl and a
P

o ;peat Merckx etal (1986); usmgacontmuous labellmg procedure, found that only

Ny

‘was adttve at the end of the expenmentt Helal and Sauerbeck

same techmque, found that an average of 43% of the mlcrobral
9 : . gw - ‘
bromass was aqt:ve after.30 days S g e

Stnce the system at both sites behaved as 1f it was at steady state. wrth

-Jrespect to 14C the spectﬁc acuvxty of the sorl pool should also be the same as the

tftc acti'vxty of carbon rekptred fmm the system. At Ellershe the spcctﬁc acquty

R than the spectﬁc }cnvrty of resptred earbon Tlus would occur 1f the l“C was not : j' '
) umformly mtxed!tn the mtcrdbtal btomass pool because part of the measured pool e

l

- was acuve at Breton whtle 17% was acuve at Ellershe ‘These values fall w1thm the ‘

i range reported by others t/n the hterature For example, Clarholm and Rosswall o

Aof the sorl Qrgamc pool was less than that of the resptred carbon mdrcatmg that o



o 'stabrlrzauon ofroot denved carbon.

‘some of the total orgamc carbon was not turmng over at the same rate as l“C

: released from root matenaf At Breton, however. the speclﬁc actmty of the sou . -
o organrc carbon was hrgherfhan at Ellershc and at umes hrgher than the specrﬁc S

acnvrty of respued carbon "The: quanuty of 14C in the sorl at Breton was hrgher,

S ‘than at Ellerslre. 'I]us may be due to condmons of hrgh water ﬁlled porosrty at the '

L nmcoflabelhng

02 concentratron in sorl affects the proportron of added carbon whrch S
v‘ rcmams as. orgamc matter Low 02 concentm}tlons (5%) are Opnmum for orgamc L

. A S
' matter formatron from complex ﬁubstrates such as straw whrle hrgher Q2 :

,_.7

’ - conce'ntranons (20%) are optrmum for sxmple compunds such as glucose (Novak

" 1983) The composmon of Toot. exudates changes under anaembrc condmons as o

energy nch low molecular wetght products of fermentatron are released

-'(Wredenroth 1981) Novak (1983) found that more carbon from decomposmg -

| plant res1due was stabrhzed in sorl when aerobtc mcubauon was preceded by a l(}g ‘

g .day anaembrc pretreatment than under aerobrc or. anaerobtc mcubgtton alone. In

our study s011 morsture condmons at the nme of labelhng may have changed the. .

- composmon of root,exuded carbon. A sequent mcrease in sorl aeratton may

, have enhanced the stabthzanon of these compounds in soil orgamc matter

Anaerobrc condmonsa]so mcxease the quanuty of root exuded carbon and

decrease resprratory acuvrty as drscussed above Usmg an amfictal root system. L

” ~re1eased some of the excess carbon fotmed in uble polysacchande around thefl_'- g

o :Martens (1982) obserVed that lf mrcroblal/br could not use all of the glucose' L

B K root whrle some drffused away from the root. The mechamsm by whtch the’;_ '

: ._polysacchande formed was not known If the crobtal btomass tn our study had': {‘.f Y

. \(.‘U

been unable to use of all of the additxonal carbcn m:leased under anaerobtc i

Ty

"condmons, the formauon of msoluble compounds may have enhanced’ the

.f"] L v

..



‘ : If some of the l‘*C was no longer actwely turmng over a turnover rate for
. the system as a whole cannot be calcui}ated smce accurate pool sizes cannot be

E o determmed It is p0551b1e, however, to compare the ﬂow rate out of the systems ar

' Ellerslle Jgnd Breton from the quanuty of COz (glmz) resptred durtflg lO-day

laboratory mcubatmns smce respu'auon represents the maJor loss of carbon from the

B vfsystem Carbon ﬂow rates out of the sysm B,Qton were up to 2 ““Q?S tugher

: than Ellershe This dtffcrence between sites does not seem to have been due to soﬂ -

X
moisture even though water. fiIled porosxty was hlgher at Breton than Ellershe
- Carbon ﬂow rates were calculated from the quannty of C02 C respu'ed dunng 10-

'42; -

' day lncubauon under constant moxsture condmpns Dxfferenc@s in soﬁ moxsture at -

g the time of samphng d;d not seem to affect C ﬂow rates because the changes@n '

) Qarbon ﬂow rates over time dxd not follow the same pattem as changes x(( water j :

filled porosity. “

Sml charactensucs and croppmg hxstory may also have an effect on the

cyclmg of carbon through the soil system Van Veen et al. (1984) proposed that

.-dxfferent sm;s have dtfferent tmcrobtal bxomass preservauon capamttgq' Juma et al

. (1984) found that ﬁtcr the addition of l“C—glucose more l“COz was released from' :

o a Gray Luwsol than a'@lack soil undcr constant moisture condmons Merckx et al

(1985) observed that the tumover of root denved carbon \ivas faster and more |

" constant in-a sandy soxl than a clay sorl Thls is consrstent with the textural

dxfferences between the soﬂs at Breton (L) and Ellerslie (StCL) Mcthl et al o

o ) (1986) have observe‘d that crop rotanons mﬂuence carbon tumover, thh faster
| .mxcrobral and soluble carbontu.rk in a wheat-fallow rotatxon than a 5-year |
A *rotauon with 2 years of forages The plot area at Ellershe had been m bromegrass- '
alfalfa for 14 years before bemgcropped o barley in 1985 while Breton had beenin’ 'A .

croppmg htstones may have inﬂuenced the d1fferences u} carbon ﬂow rate and |

o '. - o

e ba_rlcy or fallow dunng the same penod Both pedogemc soil charactenstxcs and, -



' .pcrccmage of acuvc m:crobxal blomass betwecn thc two sites. These dlffercnoa& in"
c cychng wﬂl affect the fate of carﬂon rcsndues added to > the soxl and thus havc

nnportant 1mphcanons for agronomac pracuces and the mamtcnancc of orgamc %

mattcr levelsmsoxl - e

,’4.
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o
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'.--Summary _ ":.«:‘,'-, : - PR S ,’; "y ” }

er at Breton The drstribuuon of carbon as measured by l“C pulse

'labelhng, drffered frorn the cumulauve dxstn"buuon of- carbon over ttme, as

1ntegrated in 12C measurements 'Fhe effect of short te&n "e/hanges m,envn'onmental

. condmons was observed in the 1“C pulse Iabelled study but not m the long term

)

accumulauon of 12C ,-' " e | oy

g between carbon drstnbuuon and‘dynarmcs atxboth srtes The dtstnbut;on of sorl C

- less stable rmcrobral and soluble pools at Breton than Ellershe In addmon to thrs,

. leadmg to resptrauon rates whtch were hxgher in propomon to the totﬁl quantrty of

: deterrmned in laboratory mcubauons were greater at Breton thﬁ‘n EllershJ Agatn,
"the 1"C data 1nd1cated that short term ﬂuctuatlons in envrro'rental condxtrons

_ caused change‘s-m carbon dynarmcs whrch were not nouceable rﬁ long term carbon

v stabthzatron of exuded 14C at Breton than at Ellerslxe even though subsequent

'jmxcrobtal use less efﬁcxentgp,tBreton O S

DC vef‘“s 1“C data - (’ el

.' measurements on the four samplmg dates tndrcated that 8911 C was less stable and

SO

e

Wlule the dse of both 12C and 14C measm'ements can grve complementarxj

- .‘mfomlanon, lt is’ 1mportant to note that 12C is acqumulated 0ver A much Iong tune

k

1
: larger proportron})f the nucroblal btomass was &ctxve at Breton than‘«Ellershe :

| mxcroblal C at Breton Potenttal ﬂow rates of carbon out of the ‘sorl (g/mz), '

. ’(\_4'_‘ . .-. -

Both 2¢c arid 1“C techmgues provrded 1nformat10n on. the relatxonshtp o\ |

| between dlfferent krneuc pooIs mdrcated that a larger proporuon of soil C was in the ¥ ; o

_ accumuranon Morsture condmons at the ume of labelhng caused greater .
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N

pertod than 14C when 14C is applted thh pulse labellmg techmques The._

‘controlhng factors operatmg at dtfferent nme scales are not the same (Meentemeyerv_.; e

n and Box 1987) and cautlon 1s requtred when compa“x/'mg mformanon denved from'

. thg two method Plants controI carbon 1nput to agroecosystems The btologxcal'

fjprocesses which in uence above and belowground carbon pool sxzes in the plant'

4

-are photosynthe51s whlch governs carbon uptake resplratlon and root exudatton a

- 17

k3

: wlnch g0vem losses of carbon from the plant and the pattern of carbon allocauon_ .

'ﬂ_, wrthm the' plant Each of these processes is controlled by several factors

>

Photosynthe51s 1s affected by env1ronmental factors such as temperature,

C02 levels, and hght (Enoch and Hurd 1977) moisture (Blscoe et al l975b) _

L mErogen supply (Powell and Ryle 1978) and stage of plant growth (R;‘l( 1972)"
B Resplrauon is 1nﬂuenced by temperature (Farrar 1980) and stage of plant . -
: growth (Blscde et al 1975b) The ratio of respuatlon/photosynthems, Wthh‘ o

governs how much, of the ﬁxed carbon remains in the plant is also affected by .

o growth stage w mzeler etal. 1976) Kesptranon/asmmllauon 1s dependant on the', ‘

B txme of day at wluch the carbon is mcorporated (Morgan and Austm 1983)

‘ _ " The loss of carbon from roots rs affected by a number of factors mcludmg o

I f.stage of plant growth (Marttn, 1975a) pH (McDougall 1970) bullc densrty_"'
. (Barber and Gunn 1974 Schwonwrtz and Zergler 1982) pOz m the root' E
: ‘envn'onment (Wledenroth and Poskuta, 1981) soxl m01Sture potcntlal (Martm |

1977b) plant nutnent status (Trolldemer 1975) temperature (Martln 1977a) and '

h .‘photopertod (Whtpps 1984) v

_ and p02 in the 8611 (Trought and Drew 1980)

"The pattern of carbon allocanon thhm the plant ata gtven time is affected

.I - by the stage of plant growth (Martm and Kemp 1986) as well asa number of o

<

B R R R R



B . taken in the extrapolatlon of tlns type of data to other potnts in time' (R¢sberg et al o

system Shoots and roots 1" *

The qua!mty of 12C ina glven pool represents an mtegranon over nme of Tall :
" changes in car allocatxon caused by changes in these probesses The time penod

- over which' thxs in egragon #curs 1s not the same for all pans of the plant-sonl _ o

: allocauon caused by ontegeny and ch*mg weather condmons (Brscoe et al, S
: l975a) The quax}trty of orgamc carbon in sorl w1ll depend on longer term 'v =

’ ,'_pedogemc factors such as soxl texture and vegetanon as well as shorter termf‘ -

~"agron0tmc pracuces (Campbell and Souster 1982) '-f E \ﬂ : L
ep nt-sml system

The quanttty 1“C found m the vanous components of th

*after pulse labellmg provrdes a descnpuon of carbon allocatron at a specrﬁc growth

'stage and under 2 spec1fic set. of envxronmental condmons Because factors o

, controlllng these processes show consxderable temporal vanﬁon, care must be T

| | 198 1) Thc use of 12C and l“C data together w111 gwe mformauon‘g)n both long
. \ o term accumulatwns of carbon and the way m whrch temporary changes in :"
| - envuonmental condmons affect carbon allocatmn. ' -

'_.1%C versus 12C dlstrlbutton 1-. | b |

In spxte of thie large nurg‘_ o %}' factors whtch can affect a pulse labellmg o

: expenment, 1t remams the most px‘%ﬁcal for ‘4C tracer- studtes in the ﬁcld (Whlpps;’.':' : :

; and Lynch* 1983) A number of studres usmg bOth pulse and connnuous labellmg : ;
e techmques have been camed out in the ﬁeld and in growth chambers When thef",-
‘results are cor?pared from those expenments in whrch the type of plant and stage:‘
'of growth were most sxmllar to tlus study, the contmous labelltng expenments}:‘

‘. "':show 2 greatér almount of beIOWground translocauon than do the pulse: labe}&ed "' ;
- ._ expenments (Table IV l) There are two probabl.e reasons for thls Flrstly, |

e contmous labellihg techmque mtegrates carbon alloca'tton over the hfe of the plant.’\f} »'::v"' 2

' '-'__:ertth etal. (19:_;/)

annual croppmg system mtegrate changes in sarbon N
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qammmm

o Slte*PIant§ (days)S/RT Shoot Root Soﬂ C ‘Resp: *-"References |

L ﬁ"«»-::-‘r;m
o e ~.Pulse Lab g
’ '. 55 ll 5 93 8 23 3504 g : éhapter ZQEHershe
© 6573 400" 3.8560 03 :na -_'Chapter2 Breton
98 na 89.1 ~1.5° 53 na "._,4.1'~Ke1thetal 1986..

70 na 905 “* 52 ° na 4.3 Martin & Kemp 1986
45 0.9 49.3 42.7 8.0 na  na Milchunas'et al. 1985
60720 67 10

8877 .
éiéﬁwég

Q

9
ézssgfs

8

Contmuously Labelled '

4211496 29.7 1.0° 02- 195 - Merckx et al. 1985
42 0160 253 1. Morckxetal 1985
4213 70.6 27.8 1.5 na nav ‘Merckx et'al. 1986
42 ll 613 367 20 na

2 ma 23 ,,:;Warembourg&Paul 1973 .

T Merckx et al-1986 f S

naanotavmlable-' g B —
"r Shoot/root ratio: ' co 3

- F-field, GC-growth chamber A

. § Bbarley,W-wheat,M~matze L e e

L 'wheat decreases as plants mature 14C drstnbutlon in contmumﬁy labelled plants

whrle I"‘C dlsmbunon in plants whxch are pulse labelled at later growth stages show

- Lshoot/root rattos between growth charnber and ﬁeld studtes.has probably mﬂuenced

:

; ﬁeld than in those grown in growth chambers as can, be seen from our ﬁeld data and -

4

¥

_ only the carbon allocanon pattern for that pomt m nme Secondly, the dxfference m 5 |

_the data of those expenments camed but in growth chambers (T able IV 1) Our
h .shoot /root ratios fall wnhtn the same range found by Welbarﬂ(/t al (1973) and A

‘;.i'_Syna S o ‘, L e o ? '

e

730 na 57.0 240 1.I'1.6 163 Helal&Sauerbeck 1986 '&

; fl_vusi"ng a-‘puls:e labelling techniqtie have s'hown that ‘belowg\round:translo.'cati'on in"
C s affected by hrgher rates of belowground translocatton at early growth stages o
the allocanon of 1'4C as well Shoot/root rattos are hlgher in plants grown. in thel, | ’.

o ‘.B]SCOC etal. (1975b) for barley in r&md and by Brown et al (1987) for barley in-



| K w1th re‘spect to water ﬁlled porosrty supports thts ﬁndmg Soluble C‘\(g/g _' '

The allocauon of l4C w)t}un the plant-soﬂ System at Ellers@avas srmrlar to o

that found by other researchers However, an unusually large quanuty of 14C was S

- f -rneasure of root denved C began to mcrease at water filled porosmes above 70%

. Thrs is in the same range of water ﬁlled porosrty at whrch Ltnn and Doran (1984)

\

o _found anaeroblc soﬂ processes replaceaerobrc Wredenroth and Poskuta (1981)

S '-flabellmg umes drfﬁcult

found in the sorl at Breton Apparently temporary drfferences in enwronmental,.; g

S m fcondruons caused the dxfferenge in 1“C drstn’ouuon As stated 1n Chapter 3, the_, - .
S pnmary factor mﬂuencmg this drffenence was probably the dtfference in water ﬁlleduﬂ ]

."v.,"porosrﬁy between srtes at the ume of labelhng The behavrour of soluble ¢ "bon : | -

'have shown that 4 to 6 tunes uiore@f the carbon translocated from shoots to roots rs |

O “f\é : o ‘J.

pulse labellmg expenments dxfferences in envrronmental con

found m anaerobrc rootmg luedra than 1n°well aerated medra ﬁen carrymg out o

ions. wﬂl cause

T drfferences in carbon allocauon that may make a companson of dlﬁ'erent srtes or

. .

In general shoot and root 12C yrelds were lower than those publrshed in, the f i

L = ln\=rature Most reports of shoot and root ytelds are reported in umts of dxy matter

B ther\efore a carbon content of 40% has been assumed for purposes of compansen

3 5%Shor t C was up to 3 txmes lower at Ellershe and 2 to 4 umes Iower at Breton than

; ‘ was l ound by Welbank et al (1973) and Btscoe et al. (1975b) for barley m England

S a n\lmber of Gray Luvrsols m Albena. Th: Oygamc C concentratron at he was

A
. A,
EEAY

- and by Brown et al, (1987) for barley in Syna. Root C ylelds at bOth sxtes were up
_ - ‘to l umes lower The drstnbuuon of roots wrth depth at both srtes was srmrlar to ”
e * The concentrauon of orgamc C found at Breton was about 1 5 nmes lugher ;,,_' -

5 '.tham that foid by McGill etal. (1986) bt sumlar 1 that found by Rein ( 1984)in

e ‘:»mte.\medlate between that found by Reml (1984) for culuvated and vxrgm Black f:y,_' {



S the study

sorls Thxs may be becauSe Ellershe was m bromegrass-alfalfa for 14 years paor to -

condmons especrally morsture and‘“mperature, cause ﬂuctua

L : ﬁ' : b/
: quanttty of xmcroblal C (Campbell and Betderbeck 1376‘ McGrll et al 1986) lee

S quanttty of mtcroblal C talso mcreases as root mass 1ncreases dunng the growmg v,

- .bscason (Darbys}ure and Greaves 1967 Lynch and Pantmg 198@)‘ Tllus is related o

b

‘plant growth stage w1th rmcrobxal btomass mcreasmg unttl planrreproducuve s‘ages_'i 4

: »and then cleCreasmg (Ca?ter and Renme 1984) The quantlty, of rmcrobtal blomass

c at Breton was in the same range as that reported by McGrll et al. Cl986) ina

= ‘. vmatter Black sorl at Ellershe In general the quantxty of soluble C found was in the:.g

‘ same range as that found by McGrll et al (1986) and Foloronso and Rolston (1985)" el

: ~wheat-fallow rotatlon at Breton (26—32 mg/ 100 g soﬂ 0-5 cm depth) Mtcrobtal C :
, R at Ellershe was approxrmately 1. 5 nmes less than that found ina convennonally SR

_ _ttlled Black sorl by Carter and Renme (1982)
s

'I'he quannty of soluble C in s01l can fluctuate markedly over nme (Dormaart

,et al 1984) and space (Fploronso and Rolston 1985) Dormaar et al. (1984) found - |
."that the quanttty of soluble C was less ina low orgamc matter Brown sorl than in a-‘»" S
' .‘hxgher orgamc matteq Black s01l 'I'hls study found the same pattem wzth less

- soluble Ci in the low. organrc matter Gray Luwsol at Breton than in the htgh orgamc oo -

but 2 to 3 times. less«than that found by Dormaar et al (1984)

The concentratton of polysacchande C in sorl tends to be closely ned to. the -' .

o A‘-,_' f' quanttty of sorl or?amq matter (Lowe 1978) The quanuty of polysacchande C at : "

| Breton was s1mtl‘%r to that found at Breton by Sawyer anji Pawluk (1963) ‘

o Polysacchande c concentranons at Ellerslre were more than those found in other' '

L Black soxls by Graveland and Lynch (1961) (2 0-3. 5 mg/g 8011) and A°t°ﬂ et -




S Vcrop rotal._ S, the proporuon of polysaochande C m soil orgamc matter rematns

o due to a more vrgorous hydrolysrs procedure o

- ina contmuously labelled system

S .l‘hgh orgamc matter Black so1l at Ellershe Dormaar etal. (1984) found tha

" .fjorgamc C showed '

:“.'ﬁ.d\:rap.

.o I2e and 1'4C dynarfncs

Informanon about carbon dynamtcs c‘an be obtamed frorn both 12(: and tac‘

e Thts approach was taken w1th the 12C data in Ch ter 2. l“C tracer techmques cart __

Ln

~g

As d1scussed m Chapter 2 soluble and nucrobxal C formed a largcr._.' L

poruon of the sorl C in the low orgamc matter Gray Luvrsol at Breton than in the - -

acnyetthan soxl orgamc C as a whole thus carbon in, the soﬂ at Breton appears to be - o

| _,of polysat;chande C changcs as orgamc matter levels ohange thh dtfferent smls and\ ’

. sl
-

R

luble'

| B | ‘ L ff? A”ﬁip;Cai.i:oflsi:ayifyﬁy
. '(1963) (3 5 Smg/g soﬂ) The polysacchande concentratxons found in thrs study i

“'mayic hrgher than those of Graveland and Lynch (1961) and Acton et al (1963) :. -

. data Changes in brorhass have been used to esttmate abo‘veéround (Dtckerman et | : L

al. 1986) and belowgroum (Hanson and Steen 1985) plant producuon andv‘:.f.
_.‘_rmcrobtal bxomass dynamxcs (Mchll et al 1986) The use of such data requues_‘- o
= ;;_"f-:more samphng dates than were avatlable in- th:s study (chkerﬁa—n et. al 1986) -:"_' |
- Altematrvely, some mferences about carbon dynarmcs can be. made by determmuag . .

: the relanve proportlon of carbon located in vanous kmenc pools in the system e

s be used to deterrmne carbon dynarmcs more dtrectly and accurately by measurmg _‘tl

"the loss of act1v1ty after pulse labellmg or the eqdrhbnum specrﬁc actxvrty of a pool o

. ) 'C made up a larger prOportlon of sorl orgamc C ina low orgame matter Brown $ 11 oy

b _than 2 gh orgamc matter Black soxl Both soluble C and rmcrobxal C are ‘ ‘o_re'. L

- less stable th at Ellershe Although soluble C and mxcrobtal C as fracuons of sorl : . ':_
'ferences between srtes. polysacchande C dld not/. Thxs 1s5

N _ fconsrstent w1th reports in the lmerature Oades (1967) found that whtle the quanttty’}.'f '; 5
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°°"s‘a“‘ P°1ysaCChz.f:fo/s a constant 6—14% of soil orgamc C (Lowe 1’978)
JJ .
© Tne values found in this sty fal within this range as well At

o

' f'i-drfferences in rmcroblal acnvny l“C data was used to calculate the propomon of

".)

:vacnve mxcroblal C at Ellerslxe and Breton On average 17% of the rrncrobral
‘blomass was actwe at Ellershe whlle 43% was actxve at Breton These valt!es are” o
. “sumlar to thqse of Clarholm and Rosswall (1980) and Helal and Sauerbeck (1986)
L .“However Merckx et al (1986), usmg a contmuou’s labéll).ng techmque srrm-lar to- "

. “that of Helal and Sauerbeck ( 1986) esnmated that only 5.6% of the blomass was» ,_'

acuve

Drffe:ences in the proporuon of actrve nucroblal C were assocxated with a |

)

T greater release of COz from the rmcroblal biomass (g COZ C/g microbial C) anda

greater ﬂow of carbon out of the syst;;n (g COz C/m2) at Breton than at Ellershe

- " Similar results were obtamed by Juma et . - (1984) who found that mor{ 14C was

4

"‘respxred from a Gray Luvisol than a Black soﬂ after the addmon of l“C-glut:ose |
‘-'l'he mmerahzatlon of carbon is closely t1ed to mtrogen rmnerahzatron (Stewart et al
N .1982) Campbell and Souster ( 1982) found that potentrally mrnerallzable mtrogen.; |
made up a larger fracuon of total mtmgen in Gray Luvxsols than in Black soils. | :
' The specrﬁc acuvrty of soil C at Ellershe showed that much of the carbon in o
the sorl was no{ tumrng over as fast as the labelled fracuon Mercloc et al (1985) '< :
,._obtamed smmhar results in thelr conttnuously labelled expenments In thelr study,._ v' ,

the spe%ﬁc acuvrty of the sotl at eqtuhbnum was approxrmately 100 foldless than o

the specxﬁeacnvrty oftheplant material. - -
Factors at‘fectmg (o] cyclmg R L ",‘ o R
When cornpanng these dtfferences in carbon cyclmg between Gmyixtx\v:sols .

and Black sorls itis dxfficult to.sef;':aratc out the comphcatmg factors of. drfferences'r

i ‘\k

_tn sorl texture and crqpp{n\hlstory Both may 1nfluencc the aspccts of Citbon‘ e

. "N

Drffcrences in. sorl C stabthty between srte; were accompamed by '



g

: Btederbeck et al (1984) found no dtfference m potenually rmnerahzable mtrogen as R

mmerahza trogen asa fractron of total nitmgen inct 1%/d as soxl textune became. v_ )
~a‘?b’re coarse Merckx et al (1985) found more belowground C02 was released'
from a sandy sorl planted to wheat than from a'silt loga)m Croppmg lustory may o
4 e 1nﬂuenced carbon tumover at the two sxtes although 1ts 1nﬂuence on carbon ' ) _'
t ocauon is less clear The Ellershe sxte was in bromegrass—alfalfa from 1971 1985_ : -. o

. .whlle the Breton site was in barley or fallow M1crob1a1 b1omass tumover (Mcthl

'et al 1986) and turnover of soluble ammo acxds (Monreaﬁ 1987) are faster in a r. '*

_wheat-fallow rotanon than ina5- year rotation. Campbell and Souster (l982) found X
‘ g that potenttally mmeralrzable mtmgen formed a larger propomon of total mtrogen in
o vrrgm than cultwated Black soils whtle in general tlus trend was reversed in Gray
_ VLuvrsols Voroney et.al. (1981) found that mrcrobral btomass formed a smaller “

*
’proportron of sml orgamc matter in a vrrgm tpan ina culnvated Black sorl

" a percentage of total mtrogen beﬁWeen dtfferent crop rotattons 3

Nttrogen avallabtlrty may haye also affected the allocauon of carbon \mhtn .

B the soxl at Bgeton As menuoned m Chapter 2 the plants at Breton were mu'ogen '
o deﬁcrent whtle those at Ellerslfvﬁﬁe not Thts was probably due to the loss of

g - 'mtrogen at Breton catiséd by saturated sorl condmons in July Btederbeck et al

/’(1984) found that mrtlrobral bromass made up a lar.' '1,3; ; ""'*"’jentage of soil orgamc C L

s

ina mtrogen dgﬁcrent crop mtanon than m,smf"whtch recetved adequate mtrogen R

- i d trme scales mvolved Fluctuauons in envrronmental condttxons whxch Affect the

allocauon of carbon temporanly are revealed by pulse labelhng techmques In thrs



B j’}study, hxgh water ﬁlled porosrty at the ume of labellmg 1ncreased the quantrty of
' ~v_-14C-labelled root matenal in the soﬂ at. Breton Because the 12C data 1ntegrated
such changes over the growmg season it revealed a more general pattem of carbon : o

,dxstrlnbutlon, N R @

Overall 12C pool sizes were lower at Breton than Ellershe
' consmtent w1th the ﬁndmgs of other researchers 12C data shOWed that a larger <
5 o
. proporuon of soxl C was located i the less stable soluble and. rmcroblal C pools at’

Breton than at Ellershe, that xmcroblal use of carbon was less effic1ent at Breton .

L and that the flow rate of carbon out of the soxl was greater at Breton than El’lerslte

- 14C data revealed that a larger fractxon of the microbial blOIhaSS was active at Breton

,

- 'than at Ellershe Overall the soil system at Breton seemed to be less stable and the

‘ m]croblal btomass meore active than at Ellershe

c
S

Imphcatlons for "stnl management

I
- .

R lhis study h s in the amount of carbon stabthzed and in :
the.quantity of C resnired Be
producuon exther d1rectly or 1nd1rectly through its effect on sorl structure, ‘water.
'Iholdmg capacrty, and feruhty (Johnston 1982 Hedhn 1986) the mamtamence of -
g orgamc matter %ls 1 1mpor.tant goal in agncultural management If more
carf)on is resptred and less 1s stab,thzea at Breton then more care must be taken in’
o attempun g to mamtalg{vgamc matter Jeveld: *tA knowledge of the mfluence of cr0p
management on,garbon cyclmg is nnportant in crop management If a ngen area is -

s

su{:tcepuble to orgamc matter loss, elther because oF soﬂ order or’ other sorl

~.’Zfﬁ-charactensttcs such as soil texture, then appropnate crop rotatlons must be

"developed wluch merease carbon stabrllty and tgtatntm crop’ prodflctlon An-

| understandmg of carbon cyclmg in dxfferent sorl order%!md factors affectmg th'c

N process such as soxl textule croppmg hl;*Oty, and envrronmentat condmons will -

P P . . B - . BT LI oo 4 oo -‘
S, - N : . S L . e - B,

o e
M



e allow a morc sne spccxﬁc adjustmcnt of agronoxmc pracuces ifor optxmum S

PSS
.

-Pmd“"“‘m T
o ’lzllture reséarch
A nuthber of ques'ti_ohs rcmain to be answcred:

1. What s the eff:cct of ‘soil order, soxl texturep and agronormc s
i management in carbon cycmg and the stablhzatlon of orgamc Cin

. Tlns stud has been unablc to separatc the mﬂucnccs of thcsc e
: thrcc ut as mdxcated abovc all thrcc may play arolein C cyclmg

2. Docs the ratc of carbon turnovcr in the rluzospherc affcct crop
SR yxeld” o e

Mch et al (1986§‘have found:carbon turnovcr Was slowﬁer and
~crop yield higher in'a 5- -year rotation than a 2-year wheat-fallow -
rotation. - Microbial activity increases: the quantity .of carbon
- . exuded from roots (Martin 1975a) and this compcuuon for
‘ photosynthatc may rcducc plant growth (Ryle et al 1979)

B

3. How do Black soﬂs and Gray Luv1sols rcspond to dlffercnces in -

- -acroppmg pracuces" . SR |

, _Dxfferem soils. do not resp ond in. thc same ‘way to smular .
conditions.. Mamn (1987) that less soil Organic matter was

mineralized in a soil in- which plants were growing than from

* unplanited soil while Helal and Saukrbeck (1986), working with a. .j'.' D

- different soil, found the opposite.. Gray Luvisols may respond -

. dlffcrently to cultivation ‘than Black soils. Potentially - - L

mineralizable nitrogen makes up a smaller Pproportion:of total |~
nitrogen in virgin Gray Luvisols than in virgin Black soils while. :

this trend is reversed after cultivation (Campbell and §ouster°- .

© 1982). Thus a given crop rotation may not have the same affcet
-~ on carbon and‘numcnt cyclmg m thc two dxffacnt soxls

A;'. o

A

_ A careful sclecnon of study sncs to mmumze thc numbcr of vanablcs: -

affcctmg carbon cychng and a combmanon of 120 and 14C tcchmqucs may be.':,.. »

L vneeded to gam thc rcquxrcd mformanon Flcld studxcs posc problems due to"'.‘ o

iuncontrollablc cnvxronmcntal vanauon, parucularly for pulse labelled l“C studlcs :

o Despxte this fact, it may nm be possnble to stndy the long tcm: mtcracuons betwecn_ : |



R

crop rotanons and soﬂ propemcs under any other condmdns Leammg to dcal wnh '

envxronmemal varxatlon may be a bctter approach to thlS type of study than the'

b

anempt to removc vanauon by usmg growth chambers A greaat deal of mformauon- :

rcgardmg the mteracnons bctwecn SO,ll croﬁs and the sequen oF t,roppmg

pracuces wxll be gathered a< wc begm to apply techmqucs and gather data suxtablc .

8 tolongtexmstudles R f ISR
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‘-".D'cnth em 212/223 S Y
o 0-200 0 0292 . 0199 L7 0169

20+ ‘0.229/-:_.* 0217 .~0217- |

0 10-200 . 1285 . 1265 . - 1338 .
204  156'1 1580 Rt 615

Ry

g 2sipés

. [

SLomp03

R U TS S Ellershc S
0-10. v 0.337- - .. 0.159 . 0.129
20+ - 0292 - 0:2020 . 70201
S ' T Brcton R
0-10 - 0261 V.O 140 - 0,289 -
*10-20 . - 0 0235 0 0,201 0.209

036

- 0309;,=~,;'<
C0.260:0
L0244

BuucgmmMz/xré) -

0 CBlleslie
0-10° .~ 0877 - 0803 - - 087 .
10-20 - . 1.096 . 1.094 'nu 1.054: -
20+ 1087 - - 1130 1233

L e T Breton
0-10 - - 1.099 1165  1.061

f

0843

©1.005
1191

1064

1312 -

Y442

'_'_.'.Sourcv:cof.;..*‘ o o
’ _Variation' L Moxsturc Bulk dcnsuy

Summary of analysns of vanance

-§ - sampling date.for Ellersixc and Breton respécnvcly T
_The difference between means is significant at: - ns,’ not sxgmﬁcant

o Site” RN >~ Tns L e
N ."Sxtchate U RS BN T _ ‘ns’
~Depth . L I s ‘_"f-"}v
SltexDepth RS e
7. DatexDepth:. = -»:* Lo ns
" 8ite x Date x Depth ~ S o

ns ..

p<005 T adJustcd p<001 R adjusted p<0001

", adjusied
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 Table AL.2. ‘Shoot and root mass (g/m?) at Ellerslie and Breton. =

Ea { Dﬁvofthcvcars ;

.. Compartment _ Depth{cm) | 21_2/223_ . 230/244 -~ 2517265 272(293
“Shoot .- 5407 . 15617 8782 . 6500
“Root” . 0:10-- 1107 408 454 . 621
0105200 170 105 T 173\ - 125
' 24 75 .50 69 18

g S84 4503 4196 - 2787 .
0-10 . 648 © 124 619 . 538

C1920 - 88 . 51 - 63 . 66
20+ 12 1506 L 10

‘Summary of analysis of variance. , R
I Cooms
oms o oS
-8 .. 'ns
$
ns
. ns’

- SitexDatexDepth -~ -~ " . g _
- § - sampling date for Ellerslie and Breton respectively- - .. I
The difference between means is significant at: ns, not signifca_nt; $, adjusted .

e P<0.010; *, adjusted p<0.05; **, adjusted p<0.01; ***, adjusted p<0.001.

R
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' Table Al 3 Shoot root, and sm} carbon concenu'atlon (%) at Ellcrshc and Brcton -

Dav of the M&

Comparment _Depthlem) 212723 230244 2517265 272/293

' Ellershe

~ Shoot ‘3'7.3’5'f‘"“'__41»._90 AL 60' 4’108’
" Root - . 0-10 . © 1815 ' 3050 - 2992 318 :
oo Seil - . 0-10 - 642 641 643 660

10-20 648 614 - 628 - 639
20+ - 534 Ts31 0497 530

X Breton '

Shoot 268 3619 3800 08
Root  ‘0'.10, 2612 3087 28.98_;.. 29.50
Soil .. 0-10 220 - 261 . 228 118

S 10-20 - 194 ;218 - 1670 1.89
20+ 104 "130 100_ LT

Summarx of analys:s of vananc’e

.“Sourccof

Variation - . | Shoot -:Root- |  . . Soil ¢

Qe . O ns. ***

CDae’ o owk e e s ns}»_*,-_ .
" SitexDate -~ 5 ns S+ ns S ns

. SitexDepth -~ LT R _ns, o
-~ DatexDepth -~ . .~ . L e ‘ns-
- Site x Date x Depth ’ o ' ns -
- § - sampling date forEyzcrsﬁ?: and Breion reSpecuva
- The difference between means is significant at: ns,_, not 31gn1ﬁcant. '!' adjustcd
o p<0 05 b ad;usted p<0 01 b ad]ustcd p<0 001." 3 ‘

4 . —— e
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in watcr-ﬁlled poros J
Source df 88 - F Pr>F
 Dme 3 048 . 1269 0.0000
Linear 1" 005 440 0.0579
. Quadratic 1. 042 3331 0.0001
n 3rd order o1 L0010 - 0.38 - 0.5510
Error DayxReps/Sne 12 ] 0150 -~ ' . g
Site x Date " 3 019 514 00163
 Sitex Linear 1" 001 - 023 YMo.6368
- Site x Quadratic 1 015 1238 0042
~ Sitex3rdosder - .1 . 0.03 279 01207
Ermor: DayxReps/Site. ~~ '12 0:15 D )
~ Depth - - 2 L1, 3413 00001
© " Linear " 1 - 115  67.55 0.0000 -
. Quadratic o1 001 c 072 04214
. Error: Depth x Reps/Site 8 014 o

Error: Date x Depth x Reps/Site24

. Append|x2 : .Exaihble; of "fst_a,t'ist‘icé‘l' aﬁ#lys‘is;‘_
Tablc A2 1 Ana]ysxs of variance of water—filled porosuy R
. . R S ad)s vadj. _
Source ' df SS 'F - Pr>F ‘eps; df Pr>F .
Site. ~1 070 25.8?» 00070 . '
-Error: Reps/Sne 4011 T _- _
Date . . . 3-048 1269 00005 0.60 1.8 0.0049
SitexDate - - , 3 019 5.14 00163 060 _ 1.8 0.0435
‘Error: Dayx Reps/Sxte ~ 12015 .- . 060 72"
Depth 2 116 3413 00001 076 1.5 0.0006 -
Site x Depth ~2:/0:13 "3.85 0.0675- 076 1.5- 0.0887-‘
Error: Deptthcps/Slte -8 014 0.76 - 6.1 :
Date x Depth 6 006 1.05 '0,421g 034 21 0395 -
*  Site x Date x Depth 670,09 1.52 02132 034 2.1 02743 -
R 034, 82

' Tab]e A22. Smgle degree of freedom contrasts for sxgmﬁcant sources of vananon N
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Flgure A2. l" Date, site by date, and depth mteractlons for water REE
filled porosnty at Ellerslne and . Breton. _ B
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