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Summary

A greenhouse study was conducted to observe early pat. terns of shoot growth, root elongation, and leaf area growth
of rooted leafy tip cuttings of 4 Populus clones of varied
growth rate. Clones differed in total plant dry weight, dry
weight distribution among plant parts, and estimated net
assimilation rate (NAR) after 5 weeks growth. Rapidly
growing clones had more root weight per unit leaf area and
greater rates of root elongation after transplanting compared with a very slowly growing clone, suggesting better
potential water balance and drought avoidance, at least in
early growth. More rapidly growing clones also exhibited
higher NAR, indicating greater carbon assimilation per unit
leaf area in early growth. Although NAR differed by only
20% among clones over the 5 weeks of the experiment, total
yield differed more than 2-fold because of the compounding
of weekly differences in NAR.
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Zusammenfassung

Eine Gewächshausstudie wurde durchgeführt, um Jugend-Muster des Sproßwachstums, der Wurzelstreckung
und des Blattflächenwachstums bewurzelter, beblätterter
Kopfstecklinge von vier Populus-Klonen mit unterschiedlicher Wachstumsrate zu beobachten. Die Klone unterschieden sich nach fünfwöchigem Wachstum im Trockengewicht
der ganzen Pflanze, in der Trockengewichtsverteilung zwischen Pflanzenteilen, und in der geschätzten Netto-Assimilationsrate (NAR). Schnellwüchsige Klone hatten ein höheres Wurzelgewicht je Blattflächeneinheit und eine höhere
Geschwindigkeit im Wurzelwachstum nach dem Verpflanzen als sehr langsam wachsende Klone, was ein besseres
Potential im Wasserhaushalt und Trockniswiderstand, zumindest im frühen Wuchsstadium annehmen läßt. Schneller
wachsende Klone wiesen höhere NAR auf und bewiesen
dann im frühen Wachstum eine größere Kohlenstoffassimilation pro Blattflächeneinheit. Obwohl sich die geschätzten
NAR zwischen Klonen in dem fünfwöchigen Experiment nur
um 20V0 unterschieden, unterschied sich die Gesamtausbeute um mehr als das doppelte, weil sich die wöchentlichen
Unterschiede in der NAR vervielfältigten.
Introduction

Rapid establishment of a root system is important in the
growth of young trees (P ARKER, 1968). The roots must absorb
and transport water and minerals to supply the young
plants. Later, the root system of an older plant must supply
sufficient water to meet high transpirational demands induced by large leaf areas, intense radiation, and substantial
vapor pressure gradients. At any stage of its development,
the failure of a plant to maintain a favorable water balance
results in declining leaf water potential (Y) and, ultimately,
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in reduced photosynthesis caused by stomatal closure. Additionally, some studies show that low Y has a direct nonstomatal inhibitory influence on photosynthesis (BOYER,
1971; 0 ' TOOLE
et al., 1976; K RIEDEMANN et al., 1975).
The extensive utilization of leafy softwood cuttings of
Populus as a source of planting stock for intensively managed plantations (PHIPPS, 1976) may present special water
relations problems. LOACH
(1977) and GAY and LOACH
(1977)
have shown that poor water balance and restricted gas exchange capacity are related to slow root system establishment after propagation of leafy cuttings of Rhododendron
and Cornus. The initial presence of a large leaf surface area
and limited root system predisposes such cuttings to water
stress, especially immediately after transplanting to the
field. Establishment of an extensive, ramifying root system
would assure an adequate water supply for high rates of
photosynthesis and leaf expansion. The findings of BOYER
(1970) that Y G-4 bars caused cessation of leaf expansion
in sunflower leaves emphasizes the deleterious effects of
even moderately low Y on leaf expansion.
Study of the allometric distribution of photosynthate
relates to potential water balance of plants and, additionally, to potential increase in wood production of forest
trees. The area of leaf surface in relation to root surface
area can influence the water balance of plants, and differential distribution of photosynthate among plant parts
can affect the yield of the utilizable fraction. With these
considerations in mind an experiment was conducted to
compare root, stem and leaf growth patterns of young rooted tip cuttings of 4 Populus clones after transplanting.
Large, clear acrylic resin tubes were used as plant containers to present a large volume of soil to the plant, to
minimize root binding, and to allow monitoring of root
growth. Of particular interest were clonal variations in
total dry weight increment in the first month after transplanting, dry weight distribution among plant parts, potential water balance as inferred from the leaf area-root
weight ratio, and net assimilation rate (NAR).
Materials and Methods

Plant Material. Tip cuttings of 4 Populus clones were
rooted under mist in a medium of perlite and peat. United
States Forest Service clone identifying numbers assigned
to the material were as follows: 5262, Populus candicans
AIT. X P. berolinensis DIPP.; 5272, Populus nigra L. X P.
laurifolia LEDEB.; 5258, Populus sp. (a clone of unknown
parentage); and 5267, Populus deltoides BARTR. X P. caudina (TEN.) BUCALA. General growth rates of the experimental clones were: 5267, low; 5272, low to intermediate;
5262, intermediate to high; and 5258, high (WRAY and PROMNITZ, 1976).
Experimental Procedure. Twenty healthy plants per clone
were randomly divided into 3 groups. One group of 10
plants was transplanted to acrylic resin tubes (90 cm deep,
10 cm inside diameter). This method (BILAN, 1964; P EREIRA
and KOZLOWSKI,
1976) allows a large volume of soil to be
presented to the plant and also permits monitoring of root
growth through the transparent sides of the tubes. Although
at least one investigator described an inhibitory effect of
the tube on growth of roots at the soil-plastic interface
(VOORHEES,
1976), the method should be useful for comparative studies. Prior to planting the tubes were filled with an

