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ABSTRACT 

Pitch pine seedlins were grown at constant temperature and photoperiod. X e t  C02-uptake h-x g-I 
leaves decreased stadify during ontogeny until leaf production ceased. Thereafter, there ::was no change or 
a slight increase. Though the 0ntogene.i~ pattern was the same in populations native to dLCferent geo- 
graphic areas, there \%-ere difirences among populations iiin the nte  of C02-upt2ke. Root respiration, 
calculated from the difference between C0,-uptake and net assimilation rate, accounted for 6 to 69 per 
cent of diurnal assimiIrttion. .i 

Growth of shoots and roots was episodic and out of phase. Spurts of growth could be forecast by high 
rates of respiration 4 weeks earlier, probably because high-energy syntheses precede the processes of cell 
elongation m d  cell wall formation. Maintenance and constructive respiration Isere substantially highzr 
for the shoots (8.5 per cent leaf tissue;) than for the roots. Constructive respiration tvas proportional !s 
photosynth~is. 

INTRODUCTION 

In  the field, net assimilation rate (NAR) of first year Ioblolly pine (Pinus taeda L.) seedliz j s  
declined with age ( ~ e d ; ~  and Perry, 1969). It is generally accepted that net photosynth-.is 
also decreases a; some point during the first year of growth (Bormsnn, 1956, 1958). Fkizs 
progress through severd distinct leaf stages during their first year; cosyledons are fol!ovi-.d 
by primary 1r;vzs and eventually, secondary leaves. Each leaf tj-pz is morpho1ogica:Iy 
and ana t omicaIiy distinct. Primary leavt-s have higher rates of CO,-uptake than secondzy 
leaves, perhags explaining the decrease in rate of C0,-uptake with age (Bourdzac ecd 
Mergen, 1959; Wright, 1970). But there was also an initial decrease in C0,-uptake in 
Douglas-fir [Psertdots;rga merrriesii (Mirb.) Franco], which progresses directly from coblt- 
dons to leaves of adult form (Krueger, 1963; Sorensen and Ferrefl, 1973). In Dougls-5r 
the decrease in C0,-uptake is probably attributable to increased shading within the ex- 
panding crrtwn and Izaf ageing. It  is important to characterize such ontogenetic patterns 
carefuiiy if tree growth is to be modeled as an aid to management and breeding (Ledlg, 
1974b). 

Root respiration also presents a problem in modeling the carbon xor.orny of a plant. 
Root respiration is usually evaluated in nutrient solution by polarogzphlc methods, or 
in air, either by 0,-consumption determined manometrically, or by C0,-rRux determined 
with an infra-red soas analyzer. All direct methods measure respiration in an environment 
diKering greatly from the relatively stagnant, CO,-rich, soil atmosphere. The frequeilt 
use of detached roots is also suspect because root respiration is dependent on ambient 
conditions in the shoot (Osman, 1971 ; Poskuta, Barankiewicz, a d  Antoszewski, 1971 ; 
Szaniawski and Adams, 1974). 



In tlieory, both root and shoot respiration can .be partitioned into a component for 
maintenance of old tissui: and a component for growth or construction of new tissue 
(Baker, Hesksth and Duncan, 1972; McCree, 1970; hionsi and Murata, 1970):Though 
maintenance and constructive respiration are important parameters in growth modzting, 
there are no estimates available for tree species, 

We followed ontogenetic changes in pitch pine (Pinw r i ~ i d a  Mill.) under consunt condi- 
tions by parallel measurement of CO,-exchange aod grow:? anatysis. Three populations 
or provenances of pitch pine were compared to determint whether gemtic di%rences 
existed and to broaden the scope of the-investigation. Rrs?i;ztion of roots growing in a 
relatively natural, undistrirbed environment was calcufated from rates of CO,-exchange of 
the shoot and NAR, providing a standard for comparison of rates measured directly. 
Respiration was partitioned into maintenance and constructivs components for roots and 
shoots separately, and the relationship of constructive respiration to photosynthesis was 
examined. 

MATERIALS AND METHODS 

Seed was cotls~ted from two trees in each of t h e e  geographically distant stands (Table 1). 
For the purposes of this study, seed was bulked within stand, using equal numbers of 
seed from both of the mczther tress. 

Seed was stratified in damp peat for 20 days, then sown into plastic pots ca. 7.6 cm 
(3 in) wide by 15.2 cm deep, and covered with 2 cm of white quartz sand. The soil mix 
was loam, peat and sand in a 1 : : 1 ratio. The pots were placed in a growth chamber with 
photoperiod of 15 h and day: night temperatures of 32:29 OC, relative humidity of 75 % sf: 
5 %, and light of l 1 800 Ix (1 100 ft  candles). Seedlings were thinned to 2 per pot before ' 

overlap occurred. Because of mortality or inadequate germination, there was occasionaIiy 
only one seedtins per pot. 

TAU L E 1 . Pitch pine prooenarzces ztsed in this study I 
Name Cou n ty State or Stand N. Lat. W. Long. Ekv. 

a- Province ID No. (m) 

St. Cluysostiiine Chateauguay Quebec 17 45'06' 73'53' 65 (235 ft) 
Great Egg Harbor River Atlantic . Kew Jersey 33 39"30' 73'46' 9 (30 2) 
Pczk Creek Puiaski Virginia 53 37"02' SOa50' 67.7 (2220 ft) 

At 66, 94, 121, 158, and 185 days after gemination, the rate of CO,-exchang-s was 
mectsured using six pots from each of the three populations. The above-ground portions of 
the seedlings were sealed in a plzxigtass cuvette. The rate of GO,-exchange 1\33 d e t e r ~ k e d  
over the interval 280 to 320 p.p.m. with an infra-red gas analyzer operated i2 a ciosed 
system. Procedures were similar to those described in Ledig a rd  Clark (1972). CO,-uptake 
was measured under conditions comspondin,o to day temperature and fight intensity ia  the 
growth chamber, that is 32 "C and 1 I 800 Ix. C0,-evolution from the shoot w a  measured 
in the dark at 29 OC. Because of a missing value, the C0,-exchange data was analyzed on 
a d o t  mezn basis with 3 sources x 5 dates. 

L 

Following each CO,-exchange measurement, the seedlings were harvested. Roots were 
washed from the soii and separated from stem and leaves. Dry weights were determined 
after se~eral  Cays of drying at  90 O C .  

RESULTS 
The rate of C0,-uptake decreased by 50 per cent from day 66 to day 121 (Fi,o. 15)). There- 
after it increased slightly to day 185. Analysis of variance indicated significant diFerences 
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among populations. TI12 northernmost popn!ation, St. ChrysostSme, hzd consistently 
loivcr rates of CO,-uptake than the southernmost population, PeakCreek. The Great Egg 
Harbor River populxtion had the highest rates of C0,-uptzhi: mtil 121 days when its + 
rciztivc superiority disqpsar-d. However, the population x ddtz interactio~; was not 
statisticaIty signif'ica~t, 

The rate of shoot respiration incrsassd to a maximum from day 66 to 94, thsn dc- 
crsassd to near minimal values by dzy 121 [Fig. 151. Although the pattern seemed to vary 
among populations, there were no statis tically signifiant diffirences. 

FIG. 1. C0,-exchange in seedlings of three pitch 
pine populations (ti = 6). (a) Rate of net COz- 
uptake of s!loots at I I 800 1x and 32 "C. (6) 
R2te of C0,-er'f7u.u of shoots at 29' C in the dark. 
--aw- Great Egg M~rbocr  Rivsr, NJ;-A- 
Peak Creek, \i;i; -3- St. Chrrs3stcirne, 

All thrre populations foiiowed ncarly the sanz growth curve. At the end of the experi- 
ment, differences in dry weight between the largest m d  smallest popu!ation were less than 
10 pzr cent of the mean. Therefore, results \$-ere pooled (Fig. 2). The rate of dry wei~ht  
growth was nearly linear for the entire period, but g i o ~ ~ t h  ofleaves and roots was obviously 
episodic. During the first interval (66 to 94 days) root growth was rapid while leaves were 
slowly increasing in dry weight. Between 94 and 158 days, root groivxh was nil and root 
weight may even have declined while leaves increused rapidly in dry weight. Finally, in 
the period from 158 to 185 days, buds had been set, top growth csased, and Icaf weight 
actually decreased because of the loss of older primary Isaves. Howc:.er, the rate of total 
dry weight growth continued unabated due to rapid roofgrowth. 

NAR was calculated on a leaf dry weight basis as instantaneous vzlues (Ledig, 1974~) 
from polynomials fitted to total and leaf dry weight. Tile data suggzsied a quadratic r e  
lationship for total dry weishi and cubic relationships for leaf and root dry weight (Fig. 



FIG. 2. Fitted curves for total dry e i g h t  growth and growth of leaves, roots, and stem of pitch 
pine seedlings at 3 2 ~ 2 9  "C day:night temperatures and 11 800 Ix. Note alternating periods of 

leaf and root activity [B = 18). -c- Total; -e- Roots; --A-- Leaves; -0- Stern. 

2). NAR decreased throughout the experirncntal period, unlike C0,-uptake in which the 
ontogtnetic decline was halted at 221 days (Fig. 3 and Table 2). 

To make rates of CO, exchange and NAR comparable, the rate of C02-excka~ge was 
calcu!ated on a daily basis and converted from g CO, to g d. wt. The conversio~ w3s ac- 
complished by multiplying the rate of CO,-uptake in the light by the number of hours of 
light (1 5 h), subtractiog the rate s f  dark respiration multiplied by hours of dark (9 h), and 
multiplying ihe difference by 0-55: 

where AJART is net assimilation rate of the shoot; P is net C0,-uptake of the s h ~ o r  in the 
light; and R, is dark respiration of the shoot. The constant 0.55 is the inverse o i  the e n -  
pirical ratio of gC g-' seedling d. wt., multiplied by 12/44, the proportion by ii.sl&t of 
C in CO,. The value 0.55 was rather constant throuaout ontogeny in seedlings of both 
Japanese black pine (Pinus densiflora Sieb. et Zucc.) and cryptorneria (Crjpiomzri~ 
japonicn D. Don; Negisi, 1966). A similar value (0.54) was calculated for one-;<ear old 
aspen (P~~xr!us tremuloides Michx.) grown in controlled environments (Bate and Camin, 
1971). NAR, as calculated from CO,-exchange showed a more pronounced reversal of the 
ontogenetic decline after 121 days (Fig. 3) than rate of C02-uptake alone (Fig. la). At 
all points, NAR, exceeded NAR. The difference should be due piimariiy to losses of C as 
GO, by root respiration. 

Root respiration was calculated using the following model for NAR: 
i?AR = 0.55f f 5P. Wh-9RT*Wh-24RE F Y k j l  JZ/v, 

where NAX, P, and R, are as defined above, WN and W' zre leaf and root dry weight re- 
spectively, and RR is the rate of root respiration in mg C02h-' g-' root d. wt. Solving for 
RR : 



T A B L E 2 . Gru ~ l ' fh  anrtljsis plirnrnelLgrs for pitch pine seeiiIings 

Age (days) - 

- -- 66 94 121 153 185 -- 
Relative growth rate 

( g  g - w l )  0.027 0.013 0.003 0-004 0.003 
Net assimilarion rate 

(s 9-' d-') 0-064 0-037 0-013 0.009 0-&I6 
Leaf weight ratio 

The error of estimate was determined by calcul~tiag root r-spiration for each of the three 
provenances separately znd computing the variance. Root respiration and shoot respira- 
tion were decidedly episodic f Fig. 4). When shoot respirziion was high, root respiration 
was low and vice versa. 

The lack of any diRerencc ia growth among the three poprlations was surp-iiing. la the 
nursery, there: were substantial digermces in height among these populations when 
they were orle year old (unpublished data). la gsnerzl, hejgh t growth dscreases with in- 
crrasins 1ztit:ide. Tile pronounced sensitivity of northzin populations of. pitch pills to 
decreasing day -length (Vmrtaja, 1959) may explain the variation obscmed in the fild. 



TABLE 3. narcs of root icspirntion in woody plor~ti, grouped by tecl~niqtie of mensuremeat. Rater eifrd l o r  iligl~ert feirrparaftrre 
reporled < 32 "C 

Spccies Rcspirnt ion Tempcraturc Details of mcsuremcnt Author 
(m g COz h-' ("C) 
g-I d.  wt.) 

IILGA, C02-cXlux it1 soil 

I'uprtftrs tra~tuloi(krs Michx. 1.27 Attacl~cd root systcms of 1-ycnr-oltf 20 I3ate and Cnnvin, 1972 
sccdljrlgs i l l  soil 

Derris ellipticn (Wall.) Benth. 0.3* 27 Attached root systcms of 28-month-old k!uck, i1;lgcnl;tfin :tnd 
sccdlirlgs in gravcl culture l-k~tlson, 1962 

Clmtiioccyparis obtr/sn Sicb. et Zucc. 04-1.6 
Crypro~ncrin j w ~ l i c a  D. Don 0.2-1 .2 
Pi/ttr.v r!~~/~.siflora Sicb. et Zucc. 0.4-1.5 
Piilrrrs ,stt.olttrs L. 0.9-2-Gt 

.i2inrts eclrlrlntn Mill. 5-3-8*3$ , 

IRGA, -- C02-cmux in  air 

30 Exc;tv;\tctl, dctnched soot systcrll of 20-yc:lr- 
old trccs in  :\ n:dur;tl stand 

19 Exeavntcd, dctachctl root syslctt~s of 2 - y ~ r r -  
oid, potted sccdlings grown otltdools, 
s:~mpIcd from May to October 

Exc:tv:~tcd, dctacl~cd root systcnls of 1-2-y- 
20 old sccdlings dug from thc ntlrscry, 

snmplcd over an cntirc y c ~  
25 Excnvntcd, dctachcd root systcms of 2-y: 

olcl, polletf scctllitlgs grown o~~ttfooss 
t~rlrlcr various s h d c  trc;itnlcr\ts, snmplcd 
it1 October 

30-35 Excavntcd, dctnchcd root systems of young, 
potted sccdIings 

2 5 Excavated, dctnc21cd root systcn\s of 1-yo 
old potted sccdiings grown outdoors, 
snmplcd from May to October 

25 Dctachcd root systenls of 15-20-w-old 
sccdli~lgs grown in nutrient solution 

Manometric, 0,-consumption in air - 
17 l',xc:ivntcd, detnchcd root systems of 45-d- 

Ncgisi, 19GG 

Shiroyri et nl., 1962 

Zclasvski nrld Nnlborczyk, 1971 

old pottcd sccdiings grown outdoors, 
sa~t~bled in Intc August 



Acer rrrbrrint L. 10.15 Distal 1 *5 crn of roots of cuttings grotvn in Stcinbcck and McAIpitic, 136G 
Liriot/~ri(f~.o~t trrli~~Ij"er+n L. 7.4s growrh chanibzr 
Suli.~ bnb~~lo~tiea L. 11.05 25 
Strfis trigm b1:trsli. 12.79 . < 

Polrtrographic, 02-consumption in solution 
BeflrZa tri'ra L, 
Lirioilenri~~ort trrlipi fern L, 
Sulis bnl~~vlo~ticn L. 

Distal G cnl of roots of wild scedlingc;, 60- Boyer, Romnncicr and 
120 cm trill, s:lmplccf in Marc11 and April lttnlston, 1971 

Pi~rtrs fnedn L. la5-l.7 ii % 
Pittru fnrtln L, 4.2 I/ 2 8 Distal 6 en1 of roots of grccnhousc-b.row11 2 

sccdlingr, sa~llpicci in mid-\\tinter 9 Y' 

Lnris t/ecirl~m Mil I. 0.9-2 -47 Excavarcd, atrxhed root systcrns of Kellcr, 1967 5 
I'icscn nbics (L . )  Karst, 1 *9-2.21[ sccdli~igs in tllcir second or third year, 5' 

1 +4 tl 30 
a 

IViltru c~etrrD~-cr L, grow1.1 o ~ i  tdoors 
Pitrtrs ~nr~go Turra. 1.1 l f  3 

1.5'7 
Q, 

Pillris sfrobrrs 1;. 
Yirrirs sj*l~*cstr.is I,. 1.5 2 
7:urga cnttatkl~sis (L.) Carr, 1.5-2*2:[ 19 Attached root systcrns of 8-n1011tl1-old Szqniawski nild Atinms, 1974 . 2 o 

scctllings grown in nutrient solution, L% 
mcnsured under variouc; lcvc1s of sfloot h ~ 
i1lurnin;ttion. 3 -- 2 

5' * convertcd frorn j r l  C02 11-I g-I d. \v;. 
-1 colivcrtcd fro111 mg COz 11-I g-I f. wt, assunling dry weight is equal to 10 per cent of fresh weight. 

3 

$ converted frotli / ( I  O2 11-' 10 mg-Id, wt, h. 5 
3 convortcd frotn j t l  0, h-I mg-' d. svt. 2 

;3- 

11 corlvertcd fro111 jrg 0, min" g-I d,  wt. 2 
.ij convcrtcd from rug O2 h-l g-I d. wt. 

(D 



FIG. 4. Rate of net C02-uptakeat 11 800 Ix, 
respiration of the shoot in the dark (both n 
= 18), and rate of root respiration caIculated 
from NAR and C02-exchange data as de- 
scribed in the text (a = 3). Note alternating 
periods of shoot and root activity. Vertical 
fines indicate + s;. ---a- Net Photosynt he- 
sis; -5-- Shoot respiration; --A-- Root 
respiration. 

Obviously, the potential for early growth under the constant conditions used here was 
not dependent on population. 

The distinctly episodic and alternating nature of leaf and root growth is imporzlt. An 
alternating pattern is well-documented in field studies (e.g. Krueger and Trappe, 1957; 
Friedrich et a/., 1973), but our data indicate that it is an inherent rhythm in pi:& pine 
and OCCxiS even under constant conditions. Rather constant relationships between s h o t  
or leaf aid rost growth rates have been reported (Ledig, Bormann and Wengsr, 1970). 

- -& + +? However, most studies utilized a short period in which alternating patterns of groz rLL ;.',.e 
not obvious or  long periods during which the general pattern between los(leavrf aiid 
log(root) is linear (Ledig and Perry, 1965; Ovington, 1957 analyzed in Ledig e? a/., 1970). 
When sampling is frequent and conducted over the equivalent of an  entire seasoil, zlio- 
metric relaticnships bztween leaves and root are not so simple. 

The ontogenetic decline in net C0,-uptake continued even after the initiation of 
secondary leafproduction. The decline eventually leveled off, but not until leaf groi%-th had 
ceased. ?Vc s~tggest that the increase in self-shading as the seedling crown len,@xned 
contributed more to the decline than a change in  leaf type. This does not rcls out 
diZereaces in the photosynthetic capacity of cotyledonary, primary, and secondary 1-avzs 
(Bourdeau and Mergen, 1959; \ f igh t  1970). 

h%:/In of the whole plant continued to decrease even after the ontogenetic decline in 
the rate of C02-uptake by the tops had leveled off. Apparently, respiratory d-mands of 
the root incrsried after shoot growth ceased. Similar patterns in :VAR were observed in 
lobloily pine, but could have resulted from temperature acclimation because seedlings 
were groim ouidoors (Ledig and Perry, 1969). The decline in this study occurred under 
constant coilditions, so it was an inherent consequence of the d~\~eIopmental partern of 
pine seedlings. 

Root respiration calculated from the difference betweez NAR and NAR, provides a 
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check on vltlrles obtained by more direct gas exchange meastiremsnts. Direct mrasurement 
of soot respiration by CO,-exchange teci~niques must alivays be suspect because the root 
environmmt is cstensively altered. Root respiration is usunliy niesursd by washing the 
root from the soii and measuring C02-cftiux in a floiring stream of 2ir. Injury or handling 
may increase the rntc of respiration (Evans, 1972). Measurement of i n t ~ ~ c i  roots in soil 
im-olves flushing the soil atmosphere tvitll a flowing stream of air (Kclier, 1965). \Vith eit her 
techniqgc, the normal soil atmosphere, probably C0,-rich, is destro~ed and this might 
z f i c t  respiration. I t  lvas encouragng to find that published values (Tzbls 3)  iGferc" of the 
sa:ile order ~f masnitude found in this strrdy, suzesting that measurements of root 
respiration by CO,-efiiux are satisfactory. Rates of respiration reported for whole root 

. svstens of pine were in the ransc of 0.4 to 3.8 mg CO, g-' d. wt. h-', with one exception. 
The vnlues reported here for pitch pine %ere very similar, 0.2 to 2-3 rng CO, 5' d. wt. 
h-I. Values reported by Alien (1969) and  Steinbeck and McA!pine (1966) in the range 5-3 
to 12-7 rng CO, g-I d. wt. h-I repreen ted more activz tissue ; i.e. very young unbranched 
roots and root tips, rsspecrivsly. Roots of older ssrdlings and proximal root portions are 
more vioody and have less respiring tissue for thsir mass than youiig roots (Nsgisi, 1966). 
Probably, the same exp!anaiion applies to the h i ~ h  raiss of respiration of wheat roots, 3.6 
to 1 3-5 rng CO, g-I cl, w t. h-I (Osrnan, 1971), compared to the rates of perenilia1 straw- 
berry, 0.8 to 2 3  mg CO, g-l d. wt. h-', which is in the range reported for w ~ o d y  plants 
(Pojkuta eta!., 19711. 

h7A.R includss a component for nutrient uptake, not accounted for jn  this study. As- 
suming that the mineral content of pine seedlings is 10 per cent and that uptake was a 
constant proportion of dry weight througliout ontogeny, estimates of root respiration 
woii!d be increased by 5 to 25 per cent, bur of course, the pattern would bs unch~inged. 

From the three components, net C02-uptake in the .light, COi-efflux of the shoot in  the 
dmk, and C02-emux of the root, a carbon bxlance-sheet was calculated (TabIdJ). Af though 
rats  of root respiration were not hi&, roots imposed a major drain on the carbon economy 
of th- seedling because of their mass. At 66 days, 12 per csnt of diurnal assimilation was 
lost by root respiration and the loss increased to 69 per csnt by 185 days. Thus any model 
of growth must irlcludz roo; respiration. - 

T A n L E 4. Crlrbon economy 0 f pitch y ine seedzings 

Aae Diurnal C02 ass;milatjon Noctumd CO, ~3:s. ~ ) d l y  CO  ifl lux Daily C 0 2  
(days) of shoots in light of shoots in d s k  of ~50:s balance 

--. 

mg ~2.g per c a t  of rng per cent of mg 
diuraal diurnal 
assimi!ation assimilation 

60 22-1 4.2 f 9 2-7 12 15-2 
91 22.0 7.9 36 1.4 6 12-7 

121 22.6 6.1 27 6- 1 2 7 10-4 
158 31.2 6.6 21 17-6 56 7.0 
185 32-3 5-5 17 22.2 09 4.6 

Dry weight growth and the rate of C0,-exclizngs are related in a complex way (corn- 
pare Figs 2 and 4). At the period marking thi- commencement of rapid needle growth (94 
days), shoot respiration wrs high, and at the period rnarking the comnencement of rapid 
root growth (156 clays), root respiration was high. Rates of respiration anticipated subse- 
quefit char.ses ja growth rats; or jil other words, dry vbeight growth lagged behind chaoges 
in respirati~n. Major metabolic activity preceding spuris of growth xvzs probzbly invo!ved 
in synthesis of protzins, nuclsic acids and plasmalcmma, high energy-rsquiring syntheses. 
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Subsequent accumufrrtion of dry weight was largely a m e s u e  of cell expanjicn and 
the cctnterjion of sucrose to cell wall sub~tailct. The cofiisrsii>n of sucrose to polysrtc- 
charides nay have an eftlcienc;. a5 high as 95 per cent (Barxs, 1972), so respiratory losses 
during cell \vall formation ~ o u l d  be lox. When rates of respira!ioil were plotted zgainst 
growth rate one measurement period (ca, 4 weeks) Iater, tke z~rrslatiun iXi,l;as txcef l s~ t ,  but 
there vias no correfation with current grofith rate (Fig. 5). T'ks correlation between rate of 
respiration and rate of growth 2, or 3 tveeks Iater might be bctrctr than the correlation wit3 
rate of growth 4 weeks later. ti'e used 4 weeks because that v t . ~  oar sampling intswal and 
no interpolation was required. 

Current grawth rot;. (nqd-') Growth rote n e ~ t  sampling dote (mg d-'1 

FXG. 5. (a) Lack of relationship betwetn the rate of shoot respiration g-' leaf d. wt. versus the 
rate of d. wt. growth of 1eace-s (dFi/'L/clr), and rate of root rzspiratiori g-'hoot d. \LX. versus 
therzte of d. wt. growth of the roots (dCY'/dt). (6) Itatcs of shoot respiration and root respiration 
related to rate of d. wt. growth one sampling period later, demonstrating the Isg of d .  \vt. growth 

behind respiration. 

Figure 5@) can be used to partition respiration into maintenance and constructive 
cornponznts. Maintenance respiration produces the energy to maintain tisbue integrity 
and fdnction. f t crrn be estimated as the rate of respiration when no growth :Is occrrrring, 
1.1 5 mg CO, h-lg-l d. wt. for shoots and 0.29 rng CO, h-I g-' d. wt. for roots. Ccristr2c:ii.e 
respiration results from catabolic processes that supply ATP and other intemsdiaits to 
meet energy rzquirernents for the conversion of carbohydrate to new tissue. The slcpts of 
the relztionships in Fig. 5(b) indicated that 0.47 rng CO, was respired to produce each ng 
of new shoot and 0.19 rng C02 to produce each mg of new roots. Both maintenz~ce res- 
piration and respiration of goiving tissues was several times greater in the shoot (which 
was ca. 85 per cent leaf weight) than iil the root-a reasonable result considsri~g the ~ o o d y  
nature of the root. 

McGree (1970) defined constructive respiration as a function of gross pirotosyntlnesis, 
but Baker el al. (1972) questioned this procsdurc. We tested McCree's hypothesis by com- 
paring constructive respiration to gross photosynthesis calculated as the sun o f m t  CO,- 
uptake in the l i ~ h t  plus shoot respiration in the dark. Because this method of calculating 
gross photos~thesis  is questionable, we also compared constructive respiration to net 
photosynthesis (Fig. 6). Constructive respiration was 3. constant proportion of both net 
and gross photosynthesis calculated on a daily basis. Such a relationship will not hold for 
shorter periods because of tSe lag in transport of photosynthate to the site of respiration. 

Unless groii-th is constant, the technique presented here can be used t~ estimate main- 
tenance and constructive rs?iiation, important parnmzters in growth modzls (Monsi ; 

f 
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Frc. 6. Data showing thxt  co~structive respi- 
ration is proportior~al to net and gross photo- 

synthetic C02-uptake. 

and hfurata, 1970; Eaker el nl., 1972). It is obvious that maintenmce and constructive 
rcspiration may be quite diEerent in diEerent tissue types, and growth models should take 
thzt into account. Based on the correlatioil between respiration and pliotosynthesis, it 
apPszrs that the level of constructive respiration may be determined by the availability of 
p~~otosyntlzate, 

The rcscarch described herz was carried out wit11 the aid of National Science Foundation 
Grant GB3.5266, for tvhIch sspport we arc very grateful. - 
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