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Effect of desiccation on the root system of Norway spruce
(Picea abies |L.] Karst.) seedlings and a possibility of using
hydrogel STOCKOSORB?® for its protection

M. SARVAS

Forest Research Institute Zvolen, Zvolen, Slovak Republic

ABSTRACT: The aims of this study were: 1. to determine the effect of desiccation treatment on the physiological quality of Nor-
way spruce (Picea abies [L.] Karst.) seedlings by measurements of electrolyte leakage from the root system; b) to test the use of
hydrogel STOCKOSORB?® for protection of the root system of spruce seedlings during their transplanting. The results showed that
desiccation treatment significantly affected the rate of electrolyte leakage (34% leakage for control seedlings and 53% in contrast
with seedlings after 5 hours of desiccation). Likewise, significant differences were found in height and root collar increments after
the first vegetation period that decreased with the duration of desiccation treatment. The values of electrolyte leakage also increased
with the duration of desiccation treatment for seedlings treated with hydrogel. On the other hand, the rate of electrolyte leakage was
lower after 5 hours of stress factor than in untreated seedlings. The height and root collar increments were higher in seedlings treated
with hydrogel for all variants. The obtained results showed a possibility of using the measurement of electrolyte leakage from the
root system to determine the physiological quality of Norway spruce seedlings. The rate of electrolyte leakage over 40% signals the
physiological damage to the root system of spruce seedlings. Next, the results confirmed the need of protection of seedling roots
during handling. The seedlings without hydrogel had 35% height and 26% root collar diameter increment after two-hour desiccation

stress. On the other hand, the same seedlings with STOCKOSORB had 42% height and 48% root collar increment.
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Artificial regeneration consists of different stages (for-
est nursery, handling and transporting of planting stock,
short-term storage, planting). It is needful for successful
reforestation to harmonize these stages and to prevent the
effect of stress factors on planting stock.

The basis of successful reforestation programs is in
a forest nursery. The planting stock for reforestation has
to verify qualitative marks. Generally, the plant quality
is a complex of genetic, morphological and physiologi-
cal traits. The genetic quality of planting stock must be
ensured by the use of proper seed and plants.

Morphological quality is affected by the methods of
planting stock raising in a forest nursery. Transplanting
is a very standard operation in nursery production. The
aim of this operation is to support the root system growth
(adequate proportion of fine roots).

Seedlings must be protected against sunshine, wind and
heat during transplanting operations. These environmen-
tal factors could cause physiological damage to seedlings
(mainly to the root system). Therefore work organization
during seedling handling is very important (lifting of seed-
lings directly before transplanting; transplanting under
cold and calm weather; mechanical control of seedlings,
etc.). Nevertheless, there could occur seedling failures
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caused by physiological damage. Unfortunately, physi-
ological damage is scarcely detected by visual inspection
(MCEVOY, MCKAY 1997) and the determination of this
physiological damage of planting stock is very time con-
suming (MARTINCOVA, NAROVCOVA 2001).

Therefore, researchers look for new methods of deter-
mination of physiological damage to planting stock and
of increasing of planting stock survival.

One of the solutions for better adaptability of plants
after transplanting is the use of hydrogels (JURASEK
2001; PUHLOVA, SMELKOVA 1998; ROLDAN et al. 1996;
SALAS et al. 1996; HUTTERMANN et al. 1999; WOOD-
HOUSE, JOHNSON 1991, etc.).

Currently, the product Agricol is used for the root pro-
tection of forest planting stock in Slovakia. This hydrogel
belongs to a group of sodium alginate. The positive effect
of Agricol application on survival was reported by CHA-
LUPA (1977), DIMPLMEIER (1969). The hydrogel of this
group passively protect the root system of planting stock
during handling and transporting.

In the last years, a new generation of hydrogels has been
developed, highly cross-linked polyacrylamides with 40%
of the amides hydrolyzed to carboxylic groups. According
to BOURANIS (1995) these hydrogels are able to absorb
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and store up to 400 times their own weight of water, and

therefore they reduce the water stress for trees. These hy-

drogels are frequently used for afforestation in semi-arid
areas (ROLDAN et al. 1996; TOGNETTI et al. 1997). On
the other hand, there is little available information about
the use of these hydrogels in the environmental conditions
in Central Europe.

The aims of this study were:

— to determine the effect of desiccation on the physio-
logical quality of spruce seedlings by measurements
of electrolyte leakage from the root system,

— to test the use of these hydrogels STOCKOSORB® for
protection of the root system of spruce seedlings during
transplanting.

MATERIAL AND METHODS

1. Assessment of desiccation effect on the
physiological quality of seedlings

Norway spruce (Picea abies [L]. Karst.) three-year
bare-rooted seedlings that were cultivated in a forest
nursery of Forest Research Institute in Zvolen were used
in this study.

On the 25" March 2002 the seedlings were lifted from
nursery beds and biometrical traits were measured (height
19.2 cm; diameter of root collar 3.2 mm). The seedlings
did not show any visual marks of physiological activity
(bud break). Directly after lifting, a desiccation test was
carried out. The test seedlings were placed outdoors on the
concrete ground and exposed to desiccation for 2, 4 and
5 hours. The air temperature was 17°C, sunshine.

After the artificial stress the samples (from each stressed
variant + control variant, 15 seedlings were used) were
prepared for measurements of electrolyte leakage from the
root system (REL). The electrolyte leakage was assessed
according to the method described by SARVAS (2002).

Next, other 10 seedlings from each variant were planted
into containers after the stress treatment (0.7 L volume
—30% of peat, 70% of soil). The containers were placed
on a nursery bed and irrigated regularly. After the first
vegetation period (on 13" September) the survival, height
and diameter increment of root collar were calculated:

height/diameter increment (%) =

_ autumn height/diameter — spring height/diameter
spring height/diameter

2. Assessment of STOCKOSOR® AGRO application
for the protection of spruce seedling roots

Forest nursery of Forest Research Institute
Seedlings from the same nursery bed were used as that
for the assessment of desiccation effect on the physiologi-
cal quality of spruce seedlings. After seedling lifting they
were treated with the hydrogel STOCKOSORB® (70 g of
hydrogel granules was stirred into 10 litres of water and
the root dip was made after 10 minutes).
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After the application of hydrogel to the root system
adesiccation test was carried out followed by measurements
of electrolyte leakage and planting into containers (the same
procedure as in the previous test). The survival, height and
diameter increment of root collar were calculated after the
first vegetation period. The plants with green needles were
evaluated as surviving after the first vegetation period.

Forest Enterprise Berius, Forestry Nursery DraksSiar

The effect of STOCKOSORB® application on the sur-
vival and growth of spruce seedlings was also tested under
practical conditions after transplanting. At the beginning of
June the transplanting of two-year spruce seedlings (height
9.1 cm; diameter of root collar 2.2 mm) was carried out.
The root system of seedlings was treated with STOCKO-
SORB® directly after lifting. The same preparation of gel
was used as in the previous test. The transplanting was
made with a transplanter on the same day as lifting. The
transplanted seedlings were regularly irrigated two weeks
after transplanting and then the irrigation was stopped. At
the end of vegetation period the survival, height and root
collar diameter were determined.

The values of electrolyte leakage from roots after desic-
cation tests, height and root collar increments were evalu-
ated by Tukey’s honest significant difference (HSD) test.

RESULTS

1. Assessment of desiccation effect on the
physiological quality of spruce seedlings

Table 1 presents the values of electrolyte leakage from
the root system after different times of desiccation. The
rate of electrolyte leakage statistically increased with the
duration of stress factor (34% for control seedlings and
53% after 5 hours of desiccation treatment).

Statistically significant differences were found in height
and root collar diameter increments after the first vegeta-

Table 1. The rate of electrolyte leakage (%) and the level of signi-
ficance after artificial desiccation stress

Treatment REL(%) + one standard error
Control 34 + 30

2 hours 38 + 74

4 hours 47 £ 10v¢

5 hours 53 + 8¢

For Table 1-5: Tukey’s HSD test was used for means separation + standard
error of treatment at the 5% level. Different letters show significant
differences

Table 2. Height and diameter increments after artificial desic-
cation stress

Height Root collar
Treatment increment diameter increment
(%) (%)
Control 450 36°
2 hours 35° 26°
4 hours 280 18°
5 hours 6° 8°
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Table 3. The rate of electrolyte leakage (%) and the level of
significance after artificial desiccation stress (STOCKOSORB
treatment)

Treatment REL(%) * one standard error
Control 36+ 5°

2 hours 43 + 60

4 hours 48 + 8°

5 hours 48 £ 12°

Table 4. Height and diameter increments after artificial desic-
cation stress (STOCKOSORB treatment)

Root collar

Height increment . .
diameter increment

Treatment

oo (%)
Control 472 49°
2 hours 420 48°
4 hours 32¢ 28°
5 hours 224 14¢

Table 5. Height and root collar diameter of spruce seedlings

Root collar

Treatment Height (cm) diameter (mm)
Seedlings without a a
STOCKOSORB 132 >3
Seedlings with b b
STOCKOSORB 183 >

tion period (Table 2). 100% survival was observed in the
plants in all variants.

2. Assessment of STOCKOSORB?® application
for the protection of spruce seedling roots

Forest nursery of Forest Research Institute

Table 3 shows the values of electrolyte leakage from the
root system of spruce seedlings treated with STOCKO-
SORB" after lifting. The electrolyte leakage increased
with stress intensity; on the other hand, the rate of elec-
trolyte leakage was smaller than in seedlings without
hydrogels after 5 hours of desiccation stress. The height
and root collar increments decreased with the duration of
desiccation treatment but it was higher in all variants of
seedlings treated with hydrogels (Table 4).

Forest Enterprise Beiius, Forestry Nursery DrakSiar

In previous tests, the seedlings were exposed to control-
led stress conditions. A test was realized under practical
conditions in a forest nursery. Table 5 presents the values
of height and root collar diameter of transplanted seed-
lings with STOCKOSORB®AGRO application after the
first vegetation period. The height and root collar diameter
were statistically different and the survival of plants was
about 97% for seedlings with hydrogel application and
92% without hydrogel.
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DISCUSSION

The amount of available water in the soil is crucial for
the quality and efficiency of plant growth. The factor is
very important for seedlings after transplanting. The root
system is not protected with soil during this operation.
Therefore, it increases the risk of desiccation injury of the
root system. This risk is very high for fine roots. It is nec-
essary to protect the root system during transplanting and
to provide a sufficient amount of available water directly
after transplanting. This water is crucial for the growth of
new roots and nutrient and water uptake.

The planting stock of forest species has 50-86% water
content in fresh condition (DIMPMEIER 1969). This high
water content plays a decisive role for a successful sur-
vival of planting stock. The root system is very susceptible
to desiccation injury (CHALUPA 1977).

In this study the influence of desiccation on the
physiological quality of spruce seedlings was exam-
ined. Another goal was to determine a possibility of
STOCKOSORB® application for root protection during
transplanting.

1. Assessment of desiccation effect on
the physiological quality of planting stock

In general, there are many studies that reported a pos-
sibility of measuring electrolyte leakage to determine
physiological injury. This injury was caused by desicca-
tion (FAN, BLAKE 1994; SARVAS 1998, 2002, etc). Some
authors used these measurements: a) to determine lifting
dates for barerooted seedlings (MCKAY 1992, 1993, 1994,
1998; MCKAY, MASON 1991; MCKAY, MORGAN 2001,
etc.), b) to assess frost damage to trees and to determine
the levels of frost hardiness (BIGRAS, COLOMBO 2001;
COLOMBO 1994, 1997; OGREN 2001; NICOLL et al.
1996; SARVAS 2001, etc), and ¢) heat damage (BINDER,
FIELDER 1995).

In this test the rate of electrolyte leakage increased sta-
tistically significantly with the duration of stress (34% for
control seedlings and 53% for seedlings after 5 hours of
desiccation treatment). The artificial desiccation signifi-
cantly affected height and root collar diameter increments
after the first vegetation period. SARVAS (2002) found
a 36% rate of electrolyte leakage from unstressed seed-
lings. On the other hand, the same seedlings had a 47%
rate of electrolyte leakage after artificial desiccation stress
(6 h/16°C). In this study the height increment decreased
from 49% (unstressed seedlings) to 2% (seedlings after
6 hours of desiccation).

In this study morphologically nearly the same seed-
lings were used as those by SARVAS (2002) (root collar
diameter 3.1 and 3.2 mm, respectively). Therefore the
rate of electrolyte leakage over 40% probably signals the
physiological damage of spruce seedling root system. It
is necessary to underline that these values of electrolyte
leakage related to seedlings with the root collar diameter
about 3 mm. SMIT-SPINKS et al. (1984) described that
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hardiness of suberized roots varied with root diameter,
generally hardiness increases with increasing diameter.
SARVAS (1999) found 23% electrolyte leakage from tap
roots of unstressed spruce plants (root collar diameter
12.6 mm).

2.Assessment of STOCKOSOR® application for
the protection of spruce seedling roots during
transplanting

Forest nursery of Forest Research Institute

After lifting the seedlings were treated with hydrogel
STOCKOSORB®. Next, the seedlings were placed under
same conditions as in the previous artificial desiccation
test and the electrolyte leakage was measured. The seed-
lings were transplanted and the height and root collar
diameter increments were measured after the vegetation
period.

The rate of electrolyte leakage from root systems with
hydrogel was lower than from controlled seedlings after
5 hours of desiccation stress. On the other hand, the rate
of electrolyte leakage two hours after desiccation treatment
was higher in seedlings without STOCKOSORB applica-
tion. Highly probably, the rate of electrolyte leakage was af-
fected not only by the cell damage but also by the application
of hydrogels. According to MCKAY (1992) root material
for electrolyte leakage measurements is rinsed in deionized
water to remove surface ions. Therefore, it is needful to
use the sample without surface ions for electrolyte leakage
measurements. On the other hand, the chemical composition
of hydrogel could affect the rate of electrolyte leakage.

The seedlings (without stress factor) had 47% (with hy-
drogel) and 45% (without hydrogel) height increments.
The seedlings without hydrogel showed 35% height and
26% root collar diameter increments, respectively, after
two hours of desiccation stress. On the other hand, the
same seedlings with STOCKOSORB had 42% height and
48% root collar increments.

In general, the application of hydrogel had positive
effects on height and diameter increments. No mortality
of seedlings was observed. But it is necessary to under-
line that the seedlings after desiccation treatment were
transplanted to containers and placed to a nursery bed
with regular irrigation and weed control. Therefore, these
seedlings were under a smaller transplanting shock than
the plants set out directly to cutting areas.

Forest Enterprise Berius, Forestry Nursery DrakSiar

The application of STOCKOSORB® for the protection
of spruce seedling roots was tested in nursery practice. The
results showed significant differences in biometrical char-
acteristics after the first vegetation period. The seedlings
with hydrogel application were on average 5 cm higher
and had 1 mm larger root collar diameters than seedlings
without hydrogel.

CONCLUSION

These results demonstrate a possibility of measuring elec-
trolyte leakage from the root system to assess the physiologi-
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cal quality of seedlings. The rate of electrolyte leakage up to
40% signals a decrease in the physiological quality of spruce
seedling root systems (root collar diameter about 3 mm).

The results point to the need of root protection against
desiccation. The application of hydrogel for root protec-
tion during the handling of planting stock can decrease
a transplanting shock. For root protection it is necessary
to use hydrogels with smaller granules that can cover the
whole root system and supply enough moisture to prevent
dehydration of exposed roots. The application of hydrogel
could also be used for a reforestation program. Highly
probably, this use of hydrogel can protect the root system
of planting stock against desiccation during handling,
transporting and afforestation. Apart from the protection
of the root system during transporting and handling this
application could reduce a transplanting shock.

The hydrogel STOCKOSORB® has a particle size of
0.2—0.3 mm. It has been specially formulated for safe use
in the production of food crops. The relatively larger size
of granules and fine roots of seedlings caused that the gel
sank from the root system. Therefore it would be better to
use a hydrogel with small particular size.

It is needful to carry out further research on a new gen-
eration hydrogels in forest nursery and reforestation and
afforestation programmes in the environmental conditions
of Central Europe.
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Vplyv sucha na korenovy systém semenacikov smreka (Picea abies [L.] Karst.)
a moznosti aplikacie hydrogelu STOCKOSORB® na jeho ochranu

M. SARVAS

Lesnicky vyskumny ustav Zvolen, Zvolen, Slovenska republika

ABSTRAKT: Ciel'om $tadie bolo: 1. zistit’ vplyv sucha na fyziologicku kvalitu semenacikov smreka pomocou merania straty
elektrolytu z korenového systému; 2. testovanie pouzitia hydrogelu STOCKOSORB® na ochranu koreniového systému semena-
¢ikov smreka pocas Skdlkovania. Na zaklade ziskanych vysledkov je mozné konstatovat’, ze hodnoty straty elektrolytu stipali
s dizkou posobenia stresového faktora a tieto rozdiely boli $tatisticky vyznamné (34% hodnota straty elektrolytu pre kontrolné
semenaciky a 53% po piatich hodinach posobenia stresového faktora). Rovnako boli zaznamenané $tatisticky vyznamné rozdiely
vo vyskovom a hrabkovom prirastku po prvej vegetaénej periode, ktoré klesali s dizkou posobenia stresového faktora. Vysledky
ukazali, Ze hodnoty straty elektrolytu stupali s dizkou pdsobenia stresového faktora aj po ofetreni korefiového systému hydro-
gelom, ale na druhej strane tieto hodnoty boli nizsie po piatich hodinach pdsobenia sucha ako pri semenécikoch, ktoré neboli
osetrené hydrogelom. Hodnoty vyskového a hrubkového prirastku boli pri vSetkych variantoch vyssie ako pri semenacikoch,
ktoré neboli oSetrené hydrogelom. Ziskané vysledky studie demonstruji moznost’ pouzitia merania straty elektrolytu z koreno-
vého systému na urcenie fyziologickej kvality semenacikov smreka. Hodnota straty elektrolytu na 40 % signalizuje fyziologické
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poskodenie koreniového systému semenacikov smreka. Rovnako vysledky poukazujii na potrebu ochrany korenového systému
proti suchu po¢as manipuldcie so semenacikmi. Semenaciky, ktoré neboli osetrené hydrogelom, dosiahli 35% vyskovy a 26%
hrabkovy prirastok po dvojhodinovom pdsobeni stresového faktora. Na druhej strane semenaciky, ktoré boli osetrené hydrogelom
STOCKOSORB, dosiahli 42% vyskovy a 48% hribkovy prirastok.

KPuacové slova: sucho; strata elektrolytu; hydrogel STOCKOSORB®; koreniovy systém; smrekové semenaciky

Zakladom uspesnej umelej obnovy lesa je dopestovanie
kvalitného sadbového materialu v lesnej skolke. Morfolo-
gicka kvalita je vel'mi ovplyviiovana rozdielnymi postupmi,
ktoré sa pouzivaju v lesnej skolke a Skolkovanie patri medzi
operacie, ktorych cielom je zlepsit' parametre korenového
systému sadbového materidlu. Pocas tejto operacie vznika
velké nebezpecenstvo poskodenia koreiiového systému
semenacikov vplyvom posobenia vonkajSieho prostredia
(slnecné ziarenie, vietor, teplota). Tieto faktory moézu
zapricinit' fyziologické poskodenie korenového systému
semenacikov a tym zniZenie ujatosti a nasledného rastu po
zaskolkovani. Preto sa hl'adajii nové metddy na zistenie toh-
to fyziologického poskodenia a rovnako aj postupy ochrany
korenového systému a tym zvysenie ujatosti.

Cielom studie bolo zistit’ vplyv sucha na fyziologic-
ktkvalitu semenacikov smreka pomocou merania straty
elektrolytu z koreilového systému a testovanie pouzitia
hydrogelu STOCKOSORB® na ochranu korefiového sys-
tému semenacikov smreka pocas Skolkovania.

Zistenie vplyvu sucha na fyziologicku kvalitu smreko-
vych semendacikov

Trojro¢né semenaciky smreka (vyska nadzemnej
Casti 19,2 cm; priemer korefiového kréka 3,2 mm) boli
25. 3. 2002 vyzdvihnuté zo zdhonu lesnej $kolky. Priamo
po vyzdvihnuti boli semenaciky vystavené suchu (seme-
naciky boli jednotlivo umiestnené na beténovii cestu a vy-
stavené po dobu 2,4 a 5 hodin pdsobeniu sucha — teplota
vzduchu bola 17 °C, slne¢no). Po ukonceni posobenia stre-
sového faktora sa uskutoCnilo meranie straty elektrolytu
z korenového systému a rovnako z kazdého variantu bolo
presadenych do rozpojiteI'nych obalov po 10 semenaci-
koch, na ktorych sa v jesennom obdobi hodnotila ujatost’,
vyskovy a hrubkovy prirastok. Na zdklade ziskanych
vysledkov je mozné konstatovat,, ze hodnoty straty elekt-
rolytu stipali s dizkou posobenia stresového faktora; tieto
rozdiely boli Statisticky vyznamné (34% hodnota straty
elektrolytu pre kontrolné semenaciky a 53% po piatich
hodinach posobenia stresového faktora). Rovnako boli
zaznamenané Statisticky vyznamné rozdiely vo vySkovom
a hrabkovom prirastku po prvej vegetacnej peridde, ktoré
klesali s dizkou posobenia stresového faktora.

Hodnotenie vplyvu aplikacie hydrogelu STOCKO-
SORB® na ochranu koreiiového systému semendcikov
smreka

Lesna skolka na Lesnickom vyskumnom tistave

Na testovanie boli pouzité semenaciky z rovnakého
zahonu v lesnej Skolke ako v predchadzajucom pokuse.
Korenovy systém semenacikov po vyzdvihnuti bol oSet-
reny pripravenym gelom STOCKOSORB® a néasledne
bol indukovany rovnaky stresovy faktor, meranie straty
elektrolytu a presadenie do rozpojitelnych obalov ako
v predchadzajicom pokuse.

Vysledky ukazali, ze hodnoty straty elektrolytu stipali
s dizkou posobenia stresového faktora, ale na druhej
strane tieto hodnoty boli nizsie po piatich hodinach pdso-
benia sucha ako pri semenacikoch, ktoré neboli oSetrené
hydrogelom. Rovnako aj hodnoty vyskového a hrubko-
vého prirastku boli pri vSetkych variantoch vyssie ako pri
semenacikoch, ktoré neboli osetrené hydrogelom.

Lesny zavod Benus, lesna skolka Draksiar

Vplyv aplikacia hydrogelu STOCKOSORB® bol hod-
noteny v Skolkarskej praxi. Zaciatkom juna bolo usku-
tocnené Skolkovanie dvojroénych semendcikov smreka
(vyska nadzemnej Casti 9,1 cm; priemer korefiového krcka
2,2 mm). Priamo po vyzdvihnuti bol korenovy systém
semenacikov namoceny do pripraveného hydrogelu a na-
sledne zaskolkovany na Skolni¢nu plochu (+ kontrolné ne-
osetrené jedince). Po prvej vegetacnej peridde sa zistovala
vyska nadzemnej Casti a priemer korefiového krcka. Boli
zistené Statisticky vyznamné rozdiely v prospech semena-
¢ikov, ktoré boli oSetrené hydrogelom.

Vysledky tejto Stidie demonstrujii moznost’ pouzitia
merania straty elektrolytu z koreiiového systému na ur-
¢enie fyziologickej kvality semenacikov smreka. Hodno-
ty straty elektrolytu nad 40% uroven signalizuji pokles
fyziologickej kvality koreiového systému semenacikov
(priemer koreniového krcka okolo 3 mm).

Rovnako vysledky poukazuju na potrebu ochrany ko-
renového systému proti suchu. Aplikacia hydrogelu na
ochranu koreiiového systému méze znizit' Sok z presa-
denia. Je potrebné pouzit’ pre tento ucel hydrogel mense;j
frakcie, ktory je schopny pokryt’ cely korenovy systém.
Aplikéciu hydrogelov je mozné pouzit aj pri umelej
obnove lesa. Tato aplikdcia moze ochranit’ korenovy sys-
tém sadbového materialu proti vyschynaniu poc¢as mani-
pulécie a transportu. Je potrebné uskutocnit’ vyskum tejto
aplikacie v prirodnych podmienkach strednej Eurdpy.
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