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Abstract

The carbon eccnomy of young walinut grarted trees In their second
growing year, was Investigated through carbohydrate analysis and 14C~
fabelling experiments.

in October, 3 weeks before ieaf-fall, starch and soluble sugars
represented up to 25% of the total dry matter, with starch hignly
predominant among them. Sucrosea was more atundant in the bark than in
the wood, while the starch content was simifar in both compartments.The
reserves ware located in the wood and fn the innermost pith.

Between October and January, the minor roots (g ¢ 15mm) underwant a
significant depletion of thair August-labelled reserves, whereas the tap-root
was the 'main organ denleted betwean Januery and May {early graowth
resumption).

Soth !abelling experiments, and roct respiration monitoring, provided
some infarmation about the timing of transiccation processes and the ear'y
metabolism of the transiccatlon compounds.

{. Intraduction

Mcdelling of growth and carbon movements in trees currently
available - most of them for apple - are generally valld aniy for short
periods characterized by constant growth patterns (Frossard & Laccirte,
1988). In order to build madels valld fer a long period - 1 year or mcre -,
an improvement of the understanding and quantitation of the carben balance
in the annual cycle is needed. To this end, the first results cf a current
program on young walnut trass. carried out In Clerment-Ferrand were
presented here, Partlculariy, the formation of reserves and their subseguent
utllizaticn, both in wintar during the sc-called 'rest-geriod’, and :n spring
at grewth resumption, were investigated.

2. Material and methads

wainut (Juglans regia L.} cv. Lara scicns were pianted in late april
1988 {or 1982 far the respiration experiment), in 200 ilter containers.

The culture was carried cut in natural conditions with irrigation.

The carbon reserves and their dynamics were investigated through :
* carbohydrate anaiysis in mid-Octooer,
* 14C movements after labelling in August, as derivea from 2 harvests:

x mid-October (Autumn): shootl growth over

* mid-January (Winter): rest-period

= mid-May (Spring) (2 full-grawn new leaves per shoot)
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2.1. Carbohydrats analys|s

This part concern only the Autumn harvest DIfferant carbohydrates
(fructose, sucrese, gluccse and starch) were extracted In
methanaol/chlorefarm/water 12/5/3 and assayed by enzymatic and
spectromet_ric methods.

2.2. 14C-experiments

in mid-August, sach trea was fed with 2 mCl (74 MBa)} "“COz with an
individua! chamber usad elther as 14C iebsiiing, or as a gaz exchange
monitoring system allowing Independent measurement for sheots and roots,

For each harvest, 2 trees were sampled and dlvided In 14 crgans (Fig
1) which were freeze-dried and ground.

The radlcactivity of each organ was measured after harvest with an
argon-methane flow counter,

AutcradiogFaphs were also performed for tha lccalization of 1C within
argans.

The evolution of MCDz frcm root respiration was monltored

contlnuously for 15 days after labetling (Flg 2).
* the total CO: evolutlon was assessed with a gas-exchange measurement

system including an IR gas-analyser,
* the specifle radicactivity of the CCz was assessed by tltrimetry and
llquid scintillation after trapsing In NaOH.

3. Results and dlscussion

3.1. Fate of carbon_assimliated in August:

As derived from root respiration monitoring dueé to the duration of
the translocatlen processes, the “CO: speclfic radioactivity (SR) reached a
maximum 1 day after labelllng.

Aftar 6 days, the export was over, the |abelled compounds were
incorporated In metebollc pools with long time constants : the SR had
decreased to a much lowar value, stlll decreasing very slowly.

3.2, Blochemistry, lacatlon and_amount of carbohydrate reserves in
Cctober

Only starch and soluble sugars were Investigated, but they
represented up to 25% of the total dry matter weight (Fig. 3) : thay were
certainty the main class of reserve substances. Among them, starch was
predeminant In all perenniai crgans. Generaily, there was only little
difference In tha concentrations of starch between wood and bark. Sucrose.
the main transliccation form of assimllates, was mora concentrated in the
bark than in the wood. However, thare was some sucrosa In tha wood. This
most probably reflected the lateral transport of sucrose In the rays towards
the reserve storage areas, where [t would be converted into starch,

The resarves were mostly located In the lower part of the plant,
including the root-stock part of the stam, Even the smallest roots cantainad
a significant fractlen of the total reserves { Bachelard & Wightman 1573, in
Jourdan, 1980).
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As for the location of reserves within the organs, the woocd formed
from current asstmllates was intensely labelled (periphery). Labeiled
resarves were [ocalized in the rays and in the central pith (Fig4) : even
the oidest tlssues tocok part in reservea storage. Simliar results were
cbtained by Glerum, (1980) and Kandlah, (1973) on apple trees.

3.3. carben movements from October to May

The total radloactivity of the perennial parts decreased between
October and January (Fig 5), due mainly t© the maintenance respiratory
losses : the plant was not tectally “Inactive” during the so-called "rest-
period”. These losses concerned malnly, if not only, the minor roots of all
sizes (@ < 15 mm), The Jeaves remained the most radioactive organs per
mass unit untll leaf-fall {(Lacointe, 1988) on walnut,

Between January and May, the decrease went on in the smallest roots
(¢ ¢ 3mm), whereas an Increase was notlced in the medium roots (¢ 3-7 mm).
This couid be due to a redistribution of nutrients from the former to the
|atter, as mentloned In literature (Priestley, 1981) concerning stone-fruit
trees.

A decrease was also observed in the twigs, bath upper and lower,
which were the most labelled organs per mass unit together with the
smallest reots.

Howaver, the organ which was most depleted of Its reserves at growth
resumption was the tap-rcot (Hansen, 1367) on apple.
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Fig. 1 -Schematic representation of a young wainut grafted tree, showing
the different parts analysed for radicactivity and carbchydrates contert,
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Total Radioactivity (uCi)
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Fig. 3 -Carbohydrates content at Autumn harvest in differsnt parts of

young walnut grafted tree.
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stem (x6)

l(x8) tap-root

I Autoradiographs of wood cross-sections_!

(Autumn Harvest)

Flg. 4~Autoradiographs of the tap-root and the stem of a young walnut
grafted tree, showing tissular repartition of ressrves.

230



Total Radicactivity (uCi)
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Fig. S-Seasonal variations of the total radicactivity In the different parts
of a young walnut grafted tree.
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