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Determination of effects of desiccation and frost stresses on the
physiological quality of Norway spruce (Picea abies [L.] Karst.)
seedlings by measurement of electrolyte leakage from the root

system
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ABSTRACT: Two-year, bare-rooted seedlings of Norway spruce (Picea abies [L.] Karst.) were used in this study. The seedlings
were exposed to artificial desiccation and frost stress after spring lifting. After exposure to these factors, electrolyte leakage from
the root system was measured. The results showed that artificial desiccation significantly affected the rate of electrolyte leakage.
The effect of desiccation was confirmed by the survival of plants and height increment (100% survival and 49% height increment
of control seedlings in contrast with plants after 6 hours of desiccation: 9% survival and 2% height increment). On the other hand,
frost stress did not affect the rate of electrolyte leakage (the rate of REL did not correlate with the intensity of stress treatment).
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In Slovakia, afforestation and artificial regeneration
(dominant bare-rooted planting stock — 95%) are carried
out on an area of about 12,000 ha/year. Repeated refor-
estation (about 40%) affects significantly the volume of
artificial regeneration. These failures are probably caused
by a variety of factors, including plantation site condi-
tions, but the poor physiological quality of bare-rooted
plants is probably a major contributing factor (ANONY-
MOUS 1997).

The maximum work with planting stock is concentrated
to the spring season. Weather conditions largely influence
the work operations in forest nurseries and on planting
sites (intensive increase in temperature causes bud flush-
ing). On the other hand, the soil in nurseries is frozen
and therefore the plants cannot be lifted. These facts do
not contribute to correct handling of planting stock and
could lead to the poor physiological quality of plants and
seedlings.

Small forest nurseries (without air-conditioned storage)
could have problems with short storage of plants and seed-
lings after lifting. On the other hand, the long transport of
planting stock from nursery with air-conditioned storage
to a forest site could involve damage to plants (desicca-
tion, frost).

Desiccation can influence water uptake in two ways.
Firstly, desiccation can kill roots. A reduction in functional
roots will decrease the surface area for water uptake from
the existing root system and also the number of root ini-
tials for root production. Secondly, by reducing the water
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potential, desiccation causes stomata closure (MCKAY,
WHITE 1997).

Frost damage to roots is not usually a problem as the
root temperature is normally buffered by the soil so that
roots are rarely exposed to a temperature as low as the
surrounding air (MCEVOY, MCKAY 1997a,b). On the
other hand, lifting and transplanting of plants could
cause damage to the root system if the temperature falls
below 0°C.

The roots system is less tolerant than shoots (CALME et
al. 1994) and fine roots are damaged at warmer tempera-
tures more easily than woody roots (COLOMBO 1994). The
fine roots play a decisive role in water uptake, nutrition
and mycorrhiza (LINDSTROM 1986). LASSHEIKKI et al.
(1991) stated that root freezing damage would result in the
loss of some of the fine roots and thereby in a reduction in
root growth potential. In contrast with it SARVAS (1999)
concluded that slight damage to fine roots did not cause
plant mortality but damage to mature roots (directly under
the root collar) was important for the survival and field
performance of planting stock.

Unfortunately, plants subjected to desiccation and frost
stresses tend to suffer internal tissue damage that is rarely
evident during visual inspection (MCEVOY, MCKAY
1997a) and the determination of such physiological dam-
age to planting stock is very time-consuming (MARTIN-
COVA, NAROVCOVA 2001).

There are many methods to assess physiological dam-
age of plants around the word. The most frequently used
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method for assessment of physiological damage is meas-
urement of Root Growth Potential (BURDETT et al. 1983;
RITCHIE, DUNLAP 1980; LINDQVIST 1998; SIMPSON,
RITCHIE 1997, etc.). The disadvantage of RGP method
is mainly time requirement (3 weeks), questionable inter-
pretation of results and high cost of the test.

In the last years the method of measurement of elec-
trolyte leakage from the root system was used to find the
physiological quality of planting stock in conifers (CO-
LOMBO 1994; FOLK, GROSSNICKLE 1997; GARRIOU et
al. 2000; MCKAY 1991,1992,1993,1997; MCKAY, MA-
SON 1991; TINUS 1996, etc.) and broadleaved species
(GARRIOU et al. 2000; KERR, HARPER 1992; MCEVOY,
MCKAY 1997a,b; SARVAS 1998, 1999; SCHUTE, SARVAS
1999, etc.).

The aim of this study was to describe the influence
of desiccation and frost on the physiological quality of
spruce seedlings after spring lifting and to assess this
influence by measurements of electrolyte leakage from
the root system.

MATERIAL AND METHODS

Norway spruce (Picea abies [L]. Karst.) two-year bare-
rooted seedlings that were produced in a nursery of Forest
Research Institute in Zvolen were used in this study. Bio-
metrical characteristics and age of tested planting stock
are given in Table 1.

On 25. 3. 1999 the plants were lifted from nursery beds
and desiccation and frost tests were carried out. In a des-
iccation test the plants were placed outdoors on concrete
floor for 2, 4 and 6 hours. The air temperature was 16°C,
cloudy, calm, air humidity 80%. The frost test was carried
out under air-climate storage and the seedlings were kept
2,4 and 6 hours /-2°C. These conditions simulate a stress
that could normally impact on seedlings during lifting,
handling and transporting.

After artificial stresses the samples (from each stressed
variant + control variant, 15 seedlings were used) were
prepared for measurement of electrolyte leakage from
the root system (REL). The electrolyte leakage was as-
sessed according to the method described by MCKAY
(1992). Roots were washed in tap water to remove soil
and rinsed in deionised water to remove surface ions. The
samples from roots (taken directly under the root collar
— 2 cm length) were used. Individual samples were put in
40 ml universal glass bottles containing 30 ml deionised

Table 1. Age and morphological traits of spruce seedlings

Characteristic Spruce
Age 240
Height (cm) £ s 159+43
Root length (cm) + 5. 9.9+2.7
Diameter of root collar (mm) £ s_ 3.1+0.7
Shoot diameter (measured 5 cm above root 26407

collar) (mm) £ s_
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water of conductivity <3 uS/cm. The bottles were capped
and left at room temperature for 24 h. The bottles were
shaken (5x) and the conductivity of bathing solution was
measured using the conductivity meter LF 320 with built-
in temperature compensation (25°C). Then the samples
were killed in a pressure cooker at 110°C for 10 min. The
second conductivity measurement was made 24 h after the
sample killing. The total conductivity was as follows:
conductivity after 24 h

REL = — - 100
conductivity 24 h after autoclaving

where: REL —root electrolyte leakage.

Next, another 60 seedlings from each variant were
planted in the forest nursery instantly after stress treatment
(3 replications x 20 seedlings, distance between the rows
was 20 cm and distance of seedlings in rows was 15 cm).
After the first vegetation period the survival was assessed
and height increments of plants were calculated:

autumn height — spring height

100
spring height

height increment (%) =

Variant identification:
1 — unstressed planting stock
2 —planting stock after 2-hour desiccation stress
3 —planting stock after 4-hour desiccation stress
4 —planting stock after 6-hour desiccation stress
1 —unstressed planting stock
I — planting stock after 2 hours/-2°C
11l — planting stock after 4 hours/-2°C
1V — planting stock after 6 hours/-2°C
The values of electrolyte leakage from roots after ar-
tificial frost and desiccation and height increments were
evaluated by Tukey’s honest significant difference (HSD)
test.

RESULTS

ELECTROLYTE LEAKAGE

Desiccation treatment

The results showed that duration of desiccation influ-
enced the rate of electrolyte leakage from roots. The elec-
trolyte leakage from seedlings was 49 and 47% after four
and six hours respectively. However, the rate of electrolyte
leakage in unstressed seedlings and seedlings after two-
hour desiccation stress was 36% and 35%, respectively.

Table 2. The rate of electrolyte leakage (%) and level of signi-
ficance after artificial desiccation stress

Treatment REL(%) =+ one standard error
I 36 +4°
I 35+ 50
111 49 + 9°
v 47 £ 8°

Tukey” HSD test was used for means separation + standard error of
treatment at the 5% level. Different letters show significant differences
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Table 3. The rate of electrolyte leakage (%) and level of signi-
ficance after artificial frost stress

Treatment REL(%) =+ one standard error
1 36 + 420
Vi 32+ 48
1l 41 £ 12°
114 33 £ 13

Tukey” HSD test was used for means separation + standard error of
treatment at the 5% level. Different letters show significant differences

The differences between these two groups were statisti-
cally highly significant (Table 2).

Frost treatment

The electrolyte leakage after frost stress reached
maximum values from seedlings after 4h/-2°C (41%).
In contrast to it, the electrolyte leakage from seedlings
treated 2h/-2°C was only 32%. The rate of leakage from
unstressed seedlings and after 6h/—2°C was 36% and 33%,
respectively (Table 3).

SURVIVAL AND FIELD PERFORMANCE
OF PLANTS

Desiccation treatment

The highly significant differences were observed in sur-
vival and annual height increment after desiccation stress.
The rate of survival in unstressed seedlings and seedlings
after 2 hours of desiccation treatment was 100% and 98%.
The height increment for both variants was 49% and 42%
after the first vegetation period. On the other hand, the
plants after 4 and 6 hours of desiccation treatment showed
only 49% and 9% rate of survival. The minimum height
increment was measured in plants after 6 hours of desic-
cation (2%) (Table 4 and Fig. 1).

Coefficients of correlation between electrolyte leakage
and survival and height increment were calculated. The
coefficient of correlation between REL and height incre-
ment was —0.93 and between REL and survival —0.88.

Frost treatment
The differences in the rate of survival of plants after

frost treatment were not so clear as for plants after desic-

Table 4. Height increment (%) and level of significance after
artificial desiccation stress

Height increment (%)

Treatment + one standard error
I 49 £232
11 42 +£192
111 14 £20°
v 2+9¢

Tukey’ HSD test was used for means separation + standard error of
treatment at the 5% level. Different letters show significant differences
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Fig. 1. Survival of spruce seedlings after desiccation stress

cation treatment (100% survival of control plants and 80%
survival after treatment 6h/~2°C). The frost treatment sig-
nificantly affected height increment (49% control plants
and 25% for plants after 6 h — Table 5 and Fig. 2). The
correlation coefficient between height increment and REL
was —0.04 and between REL and survival 0.14.

Table 5. Height increment (%) and level of significance after
artificial frost stress

Height increment (%) =+ one standard

Treatment error
1 49 + 238
1 38 £ 1920
il 31 +£20b%
1w 25+9°

Tukey’” HSD test was used for means separation + standard error of
treatment at the 5% level. Different letters show significant differences
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Fig. 2. Survival of spruce seedlings after frost stress

DISCUSSION

In Slovakia, bare-root planting stock is widely used
for reforestation. In spring, desiccation and cold (frost)
stresses can influence the physiological quality of seed-
lings and plants. This quality of plants can be endangered
during their handling (lifting, grading, short or long
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storage and transport to planting sites) (GARRIOU et al.
2000). During these operations, seedlings can be exposed
to conditions that could cause desiccation (MCKAY 1997)
and to reduce the survival of conifers (MCKAY, WHITE
1997; TABBUSH 1987).

In this study the influence of desiccation and frost stress
on survival, height increment and electrolyte leakage from
roots of spruce seedlings was studied.

Desiccation treatment

After desiccation treatment highly significant differ-
ences in the rate of electrolyte leakage were found (two
groups). In first group, unstressed seedlings and seedlings
after two-hour desiccation treatment had the same signifi-
cant level of electrolyte leakage (36 and 35%) and the rate
of plant survival was 100% and 97%. On the other hand,
seedlings after four- and six-hour desiccation treatments
showed 49% and 47% electrolyte leakage, respectively,
and plants under six-hour desiccation treatment reached
only 9% survival and 2% height increment. In general,
several studies reported a possibility to find the physi-
ological quality of planting stock by measurements of
electrolyte leakage: i) to determine lifting dates for bare-
rooted seedlings (high REL values following cold stor-
age usually indicate that root deterioration has occurred,
MCKAY 1992, 1993, 1994, 1998; MCKAY, MASON 1991),
ii) to assess frost damage to trees and determine the levels
of frost hardiness (COLOMBO 1994, 1997; KEATES 1990;
MURRAY etal. 1989; NICOLL et al. 1996; SARVAS, 1999)
and iii) heat damage (BINDER, FIELDER 1995).

Unfortunately, it is problematic to make a comparison of
separate results. The methodology of sample preparation
and measurement is different and our own tested planting
stock was very heterogeneous in these studies (age and
geographic origin of plants, different ways of raising in
the nursery, etc.). SARVAS (1999) found 23% electrolyte
leakage from the tap root of unstressed spruce plants and
samples from the same planting stock had only 20% elec-
trolyte leakage after desiccation treatment (8 hours —25°C/
15% air humidity). The plants were not transplanted and
therefore it was not possible to find the influence of stress
treatment on survival and growth.

In our study two years old seedlings were used (root
collar diameter 3.1 mm) and SARVAS (1999) used four-
year plants (root collar diameter 12.6 mm). SMIT-SPINKS
et al. (1984) described that the hardiness of suberized
roots varies with root diameter, generally hardiness in-
creases with increasing diameter. The larger diameter of
root collar probably caused the lower rate of electrolyte
leakage.

On the other hand, close correlations were found
between electrolyte leakage from roots and survival
(—0.88) and height increment (—0.93) of plants after the
first vegetation period. These results confirm the fact
that measurement of electrolyte leakage is a reliable
method to determine physiological damage to planting
stock after desiccation treatment. But it is necessary to
underline that this correlation was calculated from four
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values only and therefore these results are of orientation
character only.

Frost treatment

In contrast with desiccation treatment, no statistically
significant influence of frost treatment on the rate of elec-
trolyte leakage from spruce roots was found. The plants
under 6 hour/-2°C reached the lowest rate of electrolyte
leakage (32%). On the other hand, there was a significant
difference in height increment after the first vegetation
period after re-planting. The coefficient of correlation
between REL/survival was 0.14 and height increment
—0.04.

CONCLUSION

The obtained results demonstrate a possibility of decreasing
the physiological quality of planting stock by rough handling
during lifting and transport of planting stock. This decrease
in physiological quality of spruce plants in reflected in poor
survival and height increment after the first vegetation period.
The results point to the importance of root protection against
desiccation and frost during handling. It is very important for
successful afforestation program to use undamaged plants
only. Therefore the testing of planting stock quality plays
a decisive role.

In this study, the deterioration of physiological quality
(caused by desiccation) was determined by measurement
of electrolyte leakage from the root system. Desiccation
treatment for 4 hours and more was found to have a signifi-
cant impact on survival and height growth of plants after
re-planting. This impact was detected by measurement of
electrolyte leakage.
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Zistovanie vplyvu sucha a mrazu na fyziologicki kvalitu semenacikov smreka
(Picea abies |L.] Karst.) pomocou merania straty elektrolytu z korenového systému

M. SARVAS

Lesnicky vyskumny ustav, Zvolen, Slovenska republika

ABSTRAKT: V §tudii sa zistoval pomocou merania straty elektrolytu z koreniového systému vplyv sucha a mrazu na fyzio-
logicku kvalitu dvojro¢nych semenacikov smreka (Picea abies [L.] Karst.). Vysledky ukazali, ze umely stresovy faktor sucha
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vyznamne ovplyvnil Groven straty elektrolytu z korenového systému. Vplyvy sucha boli potvrdené aj ujatostou a vyskovym
prirastkom sadbového materialu po prvej vegetacnej peridde — kontrolny variant dosiahol 100% ujatost’ a 49% vysSkovy prirastok
v kontraste so semenacikmi po 6 hodinach posobenia sucha, ktoré dosiahli 9% ujatost’ a 2% vyskovy prirastok. Na druhej strane
mrazovy stresovy faktor nemal $tatisticky vyznamny vplyv na troven straty elektrolytu (rozsah REL nekoreluje s intenzitou

stresového faktora).

KPicové slova: korenovy systém; smrekové semenaciky; strata elektrolytu; stres suchom a mrazom; ujatost’

V Slovenskej republike sa rozsah umelej obnovy lesa
a zalesnovania pohybuje ro¢ne na urovni 12 000 ha a v dr-
vivej vicsine (v 95 %) sa pouziva vol'nokorenny sadbovy
materidl. Rozsah opakovaného zalesiiovania sa pohybuje
okolo 40 %. Pod tento vysoky podiel sa podpisuje okrem
objektivnych faktorov (vplyv pocasia, nedostatok zrazok
v Case vysadby) aj nedostato¢na fyziologicka kvalita
sadbového materialu.

Prave fyziologické poSkodenie sadbového materialu je
vel'mi Casté v jarnom obdobi, kedy sa uskutociiuje ma-
nipulacia s nim. Kratkodobé porusenie technologickych
postupov pri manipulécii so sadbovym materidlom moéze
zapri¢init' nizku ujatost’ a nasledny rast lesnych kultur.
Dalsim problémom fyziologického poskodenia je jeho dia-
gnostikacia. Toto poskodenie nie je mozné urcit’ vizualne
a prejavuje sa az po vysadbe, kedy uz doslo k vyraznym
finanénym stratdm. Preto sa hladaju postupy a metody,
pomocou ktorych by bolo mozné urcit tento druh
poskodenia sadbového materialu lesnych drevin. Jednou
z metod, ktord je pomerne rychla (vysledky merania su
k dispozicii do 48 hodin) a finan¢ne nenarocna, je metd-
da zalozena na merani straty elektrolytu z jednotlivych
rastlinnych Casti sadbového materialu.

Cielom prace bolo zistit’ vplyv umele indukovaného
stresového faktora sucha a mrazu na semenaciky smre-
ka (ujatost’ a vyskovy rast po prvej vegetacnej peridode)
a moznosti metddy merania straty elektrolytu urcit’ tento
vplyv.

V praci boli pouzité dvojro¢né semendciky smreka
obycajného (Picea abies [L.] Karst.). Semenaciky boli
vystavené umelému suchu (2,4 a 6 h) a mrazu (2,4 a 6 h/
-2 °C). Po skonceni pdsobenia tychto stresovych faktorov
+nestresované semenaciky (nulovy variant) sa uskutocnilo
meranie straty elektrolytu z Casti korenového systému —

REL (2cm Cast’ odobraté priamo pod korenovym krékom).
Nasledne boli semenaciky zaskolkované na zahon lesne;j
Skolky. Po prvej vegetacnej periode sa zistovala ujatost’
a vyskovy prirastok. Vysledky ukdzali, ze umely stresovy
faktor sucha vyznamne ovplyvnil uroven straty elektro-
lytu z korefiového systému (strata elektrolytu z nestre-
sovanych semenacikov dosiahla 36 % a semenaciky
vystavené 6 h stresu suchom dosiahli stratu elektrolytu
na urovni 47 %). Vysledky vplyvu sucha boli potvrdené
aj ujatost’'ou a vyskovym prirastkom sadbového materidlu
po prvej vegetacnej peridde (kontrolny variant dosiahol
100% ujatost’ a 49% vyskovy prirastok v kontraste so
semenaéikmi po Siestich hodindch pdsobenia sucha,
ktoré dosiahli 9% ujatost’ a 2% vyskovy prirastok). Koe-
ficient korelacie medzi REL/ujatostou bol —0,88 a medzi
REL/vyskovym prirastkom —0,93. Na druhej strane
mrazovy stresovy faktor nemal Statisticky vyznamny
vplyv na uroven straty elektrolytu (rozsah REL nekore-
luje s intenzitou stresového faktora). Rozdiely v tirovni
ujatosti semenacikov medzi jednotlivymi variantmi neboli
také vyrazné ako pri semendcikoch po strese suchom
(100% ujatost pri kontrolnom variante a 80% po mraze
—2 °C/6 h). Mraz vyrazne ovplyvnil vyskovy prirastok
(49 % pre nestresované semenaciky a 25 % po mraze
-2 °C/6 h). Koeficient koreldcie medzi vyskovym
prirastkom a REL bol —0,04 a medzi REL/ujatostou 0,14.

Dosiahnuté vysledky potvrdili moznost’ znizenia fyzio-
logickej kvality sadbového materidlu pocas nespravnej
manipulacie. Toto znizenie sa v praci prejavilo v nizkej
ujatosti a vyskovom prirastku po prvej vegetacnej pe-
riode. Preto je potrebné ochrane sadbového materidlu
proti suchu venovat zvySenu pozornost. Na zvySenie
celkovej ujatosti ma vyznamnu tlohu testovanie kvality
sadbového materialu.
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