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Role of xylem parenchyma in maintaining the water balance of trees

T. J. WODZICKI and C. L. BROWN*

A survey of various taxonomical groups of woody plants brings to
ones attention the increasing amount and variety of living components
of woody stems in the course of evolution. For example, from the nearby
exclusively ray parenchyma in the xylem of conifers, various types of
xylem parenchyma have evolved in association with the large conducting
vessel elements in hardwood species. The percentage of xylem parenchy-
ma may constitute as much as 40 per cent of the xylem of some deciduous
trees. The possible role of living cells in water transport has attracted
the attention of plant physiologists for many years, however, none of the
so called ,,vital theories” proposed by earlier authors (Godle wski 1884;
Bose 1923; Molish 1929), have been proved and accepted. The role
of the living component of xylem in the physiology of trees is poorly un-
derstood and in the absence of more systematic studies it is assumed to
be associated mainly with storage functions. The present experiments we-
re designed to study the role of xylem parenchyma in the water regime of
trees, using alive and killed stems.

In preliminary experiments, 70 cm stem segments of 2-year-old syca-
more (Platanus occidentalis 1..) were rapidly killed by various methods
(70% ethyl alcohol, 1°/0 potassium cyanide, 1% picric acid, diethyl ether
vapour, autoclaving under water, or dry autoclaving) to compare the rates
and amount of water movement between alive and dead stems. Without
exception, the rate of water movement was faster in alive stem segments.

To determine what effect the sheath of living tissues exterior to the
functional xylem (i.e., cambium and inner bark) might have on water mo-
vement in stems, the bark including the cambium was completely removed
and the stems immediately wrapped in plastic tape along their entire
length to prevent evaporation from the exposed xylem surface. The rate
of water translocation was determined by using an aqueous solution of
acid fuchsin (500 ppm) in alive and poisoned stems, with and without
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bark. Stems were sectioned at 175 mm intervals at the end of each experi-
ment and the intensity and area of stained xylem determined in compa-
rable units. The rate of water translocation in alive stems with and
without bark was faster and the amount of stain accumulated was greater
than in the dead ones (Table 1). In all additional experiments, the treated
stems were poisoned using diethyl ether vapor in a closed container for
a standard period of 24 hours. This technique permitted the use of stems
possessing different degrees of water stress (dehydration) at the beginning
of successive experiments.
Table 1

Rate of transport and relative amount of water in alive and dead segments of Platanus occidentalis L.

l _: Per cent | TR [ e— !I Per cent ' Rate | Accum.
Il stem of ‘ of dye [ stem | of [ of
Treatments * ‘ Bark I,hya:lrat:on| teansioe: after hydratlon' Fanslos | dye
l hrs. min. | 48hrs. | 2 | hrs. min. after
‘ ! begmmng‘ | it begmmngi | 48 hrs.
Il !
Alive ‘ + || 93.5 \ 27 08 | 37+ ‘ 81.7 ‘ 0 46 | 66**
. — || 92 | 29 0 | 35 | 812 | 139 | 6
Ether | + " 96.7 |nosignsafter 12 | 812 | 1 32 | 36
| - 97.0 = 48 hours | 8 [ 80 | 1 3 | 37
KCN |+ o28 | . | 14 | s ‘ 16 52 ‘ 43
: o935 | 6 | ss1 17 28 | 34
KCN Lo+ || 887 | . 2 | - — = | o=
| — || %03 | 20 | - | - - ] =

* Each treatment consisted of 3 sticks — 70 em long.
** Difference in accumulation of dye in alive and poisoned tissue are highly significant, and reflect total amoun
of water absorbed.

The uptake and evaporation of water by stems were measured gravi-
metrically in subsequent experiments using one meter long stem segments
of 2-year-old Platanus occidentalis L. and Pinus densiflora Sieb. and
Zucc., one-year-old Populus deltoides (Cast.) Sud., and three-year-old
Fraxinus americana L. These experiments again showed significantly
greater amount of water accumulated by alive stems of all species during
the first 24 hours of water uptake (Table 2). These differences were still
maintained at a significant level after 48 hours, although during the
latest 24 hours the rate of water accumulation greatly decreased in both
dead and alive stems and in Populus and Fraxinus it even showed a re-
versed relation. Three of the investigated species: Platanus, Populus, and
Fraxinus, showed significantly greater evaporation of water from the cut
surface of stems as measured after 48 hours. At the surface of alive pine
stems the exuded layer of resin probably prevented higher rates of evapo-
ration as compared with dead stems whose cut surface was generally
free of resin due to the ether treatment.



[aaa] wad dad | e juedjiodis sasuasAg — (D)
“[oad] Juad 1ad § 1v JuediuSis saOUAAJIA — (9)
‘[aaa] 190 12d ¢ ju juedrjruSisul s30UAPIT — (V) (¢

= \4 v \4 | q d _ \4 S90UDIOYIP JO 0UBOYIUBIS
- | oS €12 £ b1 sov 6001 ot | s peop
= _ L'6¥ Iz £'8C I'1LT 0°€6 I'8L1T 0bL1 S QAlle
_ ("oonz
_ | Pue "QaIS) vaoyfisuap snurP
T ) m ..... a @ B _ <...| : q “I. !.{! oy v - m.ummm.mhmv ,*o uoﬁmuc_cw_w
- L81 €6 | ¥6 L'6 9y I's 8°sp s peap
= LAY I'IT £l S'6T ST 0°LT V44 4 QAlE
1 pUpILIAUD ,egp.u.ﬁ
- g ) v | v o o | v
= T8Y (ALY | o€t eIl 6t I'SL 6901 9 _umov
. 96 08y 414 98I 16 'Lyl 6111 9 2AlE
‘pPug
("158D) h&»._a:mh snmdog
e " 3 3 %) [ Bl m o _v - v q m. (x muoco._o.c_c ._c oo:.muc:._m_w ,
LEO0 | £LE tIT _ 6'ST i ] 4 m 0'sT €981 6'8L b 9 peap
0L°0 L' 9°6T _ I'EE 8°08T _ 8'td 0'LET 'S8 9 Al
_ M T SYDINPIIN0 SHUDIDIJ
uw/wo | S8 SWPT ST Sy | s smypg (51589 M AIp)
uonEs0] 110} puosas | 181y 8101 * puo23s 151y wawiadxa jo | searpdas
i - — JaeIs Ay I Jo
o | Sunmp Junnp anssy ur | JaquIinN
J m (uonoas 1nd jo wiu bs/Sur) (ySom A1p 3/3w) JU2IUO0D
aey |
m Eu7 Aq v&&oa?o oM _ anssI) AQ PAJEINUNIOE 11BAN | 1oem

suawgas wa)s hﬁoog m_ﬁo_ Jajowr auo hn— Go_u&un.n_.mufu Uﬂw UOB[NUWINIIE IJJBAN

[ALICLAR




620 T. J. Wodzicki, C. L. Brown

A third experiment was performed in the forest using 10 m tall trees
of Platanus occidentalis L. Twenty trees were cut in early morning and
allowed to transpire during the next four hours. After this period the
crowns were removed at a distance of 6.2 m from the base and the bark
was removed from the uppermost 20 cm of each stem to provide a larger
surface for evaporation. Ten stems were placed in solid aluminium pipes
and etherized for 24 hours. Control stems were protected against further
loss of water by wrapping them in thick polyethylene sheets. After this
24 hour period, stems of both series were carefully wrapped in a continu-
ous sheet of aluminum foil sealed with gummed tape all along their length
except the uppermost 20 cm, which was allowed to evaporate frecly into
the atmosphere. Stems were placed vertically with their basal ends in
four liter plastic containers protected against loss of water by evaporation
from the water surface. Stems were weighed at the beginning and the
end of each 24 hour period during the three day experiment. The vo-
lume of water in each container was measured at the same intervals. The
data in Table 3 also show that the uptake and accumulation of water
during 24 hours in alive stems was significantly greater than in the trea-
ted ones, and these differences persisted over a period of 48 hours.

Table 3

Water accumulation and evaporation by six-meter long Platanus occidentalis L. stems

Hours | Number |  Water accumulated in stem e
oF wiates | o | (mg/g fresh wt.) | Water evaporated per stem
absorption | stems | galive | etherized alive | etherized

24 | 10 209% 15.0 ! 78.8 ;’ 60.6
48 | ) ' 247 * | 17.8 126.6 110.6
7 I 30.7 27.0 185.8 | 1538

* Difference between amount of accumulated water by alive and etherized stems after 24 and 48 hours is significant
P = 0.05.

Almost all of the serious objections to the cohesion-transpiration the-
ory of water movement in trees as formulated by Dixon (1914) have
been overcome in recent years (Scholander 1958: Zimmermann
1964), and most physiologists now regard longrange water transport in
trees as a purely physical phenomena occurring through dead xylem ele-
ments by tensions created in transpiring leaves. In elaborating the cohe-
sion theory of water movement, practically all attention has been focused
on the energy requirements and mechanical forces involved in lifting wa-
ter columns to great heights in forest trees. Little significance has been
attached to the beneficial influences of living xylem cells, or indeed, to
the probable necessity of such cells in maintaining the system which
makes possible the continued movement of water by the cohesion-transpi-
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ration mechanism in land plants. The cohesion theory of water movement
as now lormulated requires only a living sheath of inner bark surroun-
ding the xylem to prevent the dead transporting elements from ,drying
out” and thus becoming permanently embolized by excessive water loss
to the atmosphere. It is known that high rates of transpiration during the
day creates water deficits (dehydration) throughout the stems and roots
of plants which are partially or completely satisfied by nocturnal rehy-
dration when losses from evaporation are at a minimum. Because the wa-
ter conducting elements of the xylem are in imminent contact with the
living symplast throughout the plant it is only logical that the suction
forces of myriads of living cells bring about more rapid rehydration and
redistribution of water than could be accomplished by the purely physical
forces of diffusion and imbibition in cellulose cell walls. The results of
our present experiments with several diverse species support this hypo-
thesis, and it is seen that both the rate and intensity of water transport
is greater in alive than in dead or narcotized stems. This explanation
seems adequate to account for the relatively rapid rates of water move-
ment in completely decapitated trees where evaporation from the cut
surfaces was prevented (Greenidge 1958), although the possible role
of root pressure in these studies was not completely excluded.

Even though much more research needs to be done on the role of living
cells in maintaining the water balance of trees, it appears that the cohe-
sion-transpirational forces operating during successive diurnal cycles can
be maintained indefinitely only when alternating with the often obscure
but equally important functions of living cells.

Lepartment of Forest Botany
Agricultural University of Warsaw,
Warsaw, ul. Rakowiecka 26/30.
(Entered: February 20, 1970)
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Rola migkiszu drzewnego w utrzymywaniu bilansu wodnego drzewa

Streszczenie

Rola zywego migkiszu drzewnego w zyciu drzewa jest malo poznana i wobec
braku powazniejszych studiow, miekiszowi przypisuje sie gtownie funkcje tkanki
zapasowe]j. Mozliwo§¢, ze miekisz drzewny spelnia istotng role w procesie transportu
wody sugerowana przez roznych autoréw (Godlewski 1884, Bose 1923, Molish
1929) nie znalazla w dotychczasowej postaci potwierdzenia w wynikach badan i nie
zyskala poparcia wspodlczesnych badaczy. Przedstawiona obecnie praca ukazujaca
wyniki wstepnych dodwiadezent miala na celu przedstawienie tej sprawy w nowym
Swietle. Badano szybko$¢ przewodzenia i ilo§¢ pobranej wody przez odcinki pedu
kilku gatunkéw drzew lesnych. Odcinki te uprzednio poddawano dzialaniu kilku
czynnikow majgcych na celu wylaczenie lub zmiane czynnoéci komorek miekiszu
drzewnego., Wykorzystujac uzyskane wyniki przeprowadzono krotka dyskusje wska-
zujac na mozliwo$¢é udzialu miekiszu drzewnego w procesie rehydracji pnia w cia-
gu nocy, umozliwiajagcym szybkie zlikwidowanie deficytu wodnego w pniu powstate-
go w wyniku intensywnej transpiracji roéliny w czasie dnia.
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