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Effect of hydrogel application on survival and growth
of pine seedlings in reclamations
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ABSTRACT: In this study results of hydrogel application in reclamations are presented. The application of hydrogel af-
fected the survival of pine seedlings during two vegetation periods after planting. Double application of STOCKOSORB
AGRO (gel) on the root system after lifting caused an about 19% higher survival rate compared to control variants.
The application of 7 g/planting hole of STOCKOSORB MICRO granules caused overdosage and plant mortality. The
application of hydrogel granules is simple but it is very complicated not to cause the overdosage because of the very
high swelling capacity of hydrogel. Research should be carried out to determine suitable hydrogel application rates for
different environmental conditions and tree species. To design a technology with regard to the economic effectiveness

of application will be a very important task.
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Soil and moisture conditions are key factors for
vegetation establishment in reclamations of lands
after mining. These factors play a more important
role if the area is under extreme environmental
conditions. Zahorskd lowland belongs to the most
extreme areas in Slovakia and it is characterized by
drought and warm climate.

Besides high average temperature and precipita-
tion deficit this area is negatively affected by wind.
Light sandy soil is damaged by wind erosion (SERDEL
1973). These factors affect artificial forest regenera-
tion and reclamation. Therefore it is needful to draw
up new or modified procedures for the improvement
of soil moisture conditions. The aims of these proce-
dures should be to increase planting stock survival
and field performance after planting.

In the last years, a new generation of hydrogels was
developed, highly cross-linked polyacrylamides with
40% of the amides hydrolyzed to carboxylic groups.
According to BOURANIS et al. (1995) these hydrogels
are able to absorb and store water up to 400 times
their own weight, and consequently, reduce water
stress for the trees. Hydrogels of STOCKOSORB
belong to these new hydrogels.
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Different hydrogel fractions are used commensu-
rate with an application — STOCKOSORB Powder
(fraction size < 0.2 mm, for the root system protection
during planting, handling, storing and transporting).
STOCKOSORB AGRO and MICRO (0.2-0.3 mm)
are used for direct application to planting holes be-
fore planting. These hydrogels are frequently used
for afforestation in semi-arid areas (ROLDAN et al.
1996; TOGNETTI et al. 1997). On the other hand,
little information is available about the use of these
hydrogels under environmental conditions in Cen-
tral Europe.

The aim of this study was to determine the effect of
hydrogel STOCKOSORB application on the survival
and growth of pine (Pinus sylvestris L.) seedlings in
the reclamation of a sand pit.

MATERIAL AND METHODS
Pieskovna I — Plantation 2002
On March 5% 2002 one-year Scots pine (Pinus

sylvestris L.) seedlings were lifted from a nursery
bed. Directly after lifting (in the forest nursery), the
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seedlings were bundled (100 seedlings/bundle). The
bundles were treated with STOCKOSORB AGRO
(granule size 0.2-0.3 mm; 60 g of STOCKOSORB
AGRO was stirred into 10 litres of water — variant II)
+ control (untreated) bundles — variant I. Before
planting (onto the reclamation plot), a part of the
treated bundles was dipped into STOCKOSORB
AGRO gel again — variant III. The seedlings were
planted to a randomized block on the same day as
they were lifted. In this randomized block the rows
were used as variants (100 seedlings/variant) and
three replications were used. The seedling distance
was 1.5 m between the rows and 80 cm within the
rows.

Planting was carried out on a plot after sand
mining, which had finished 2 years ago. The area
is located 6 km south of the town of Malacky. The
reclamation plot after mining was about 10 m below
the level of the surrounding field. After mining no
reclamation measures were taken. Soil samples were
taken after planting (layer 5-20 c¢m) and the soil
analysis was carried out.

Data on shoot height and root collar diameter was
processed by the analysis of variance, and Tukey’s
HSD test was used for the separation of treatment
means at the 5% level.

Pieskovna II — Plantation 2003

Near by a plot that was afforested in 2002, the
planting of pine seedlings was carried out in spring
2003. In autumn 2003, a reclamation measure was
taken. The topsoil layer (20 cm) which was removed
before mining was brought back. Unfortunately, the
results from the soil analyses are not available.

Table 1. The results of soil analyses

On March 25™ 2003 pine seedlings were lifted
from a nursery bed. Next, the seedlings were bundled
(100 seedlings/bundle). The bundles were treated
with STOCKOSORB POWDER (70 g STOCKO-
SORB POWDER was stirred into 10 litres of water) +
control bundles. The planting was carried out on the
same day as the seedlings were lifted. The following
variants were used:

— control plants — variant 1,

— application of STOCKOSORB MICRO (granule
size: 0.2—0.8 mm) granules to a planting hole
(7 g/planting hole) — variant 2,

— application of STOCKOSORB MICRO gel* to a
planting hole** directly before planting — variant 3,

— root system treated with STOCKOSORB POW-
DER gelin the nursery — variant4 (*70 g STOCKO-
SORB MICRO was stirred into 10 1 of water,
**150 g MICRO gel/planting hole).

The same plot design of planting procedure and
evaluation of survival and biometrical parameters
as on Pieskovna I site were used.

RESULTS
Pieskovna I — Plantation 2002

Soil analyses

The results of soil analyses are presented in Ta-
ble 1. Physical and chemical properties of the soil are
mainly related to the texture of the substrate. The very
high value of dry matter in the samples indicates a very
low content of hygroscopic water and very low water-
holding capacity. Soil reaction (pH) can be classified as
optimal for the planted trees. Organic carbon content
and total nitrogen content are very low. Soil organic

Soil traits

Plot
© dry matter (%) pH Ct

H20

NTI Mg 2

. Ca,2 K, 2 P2

Pieskovnia I 99.83 5.87 0.029

0.002

34.7 127.8 23.1 8.08

1% weight of dry matter, mg/kg dry matter

pH — soil reaction potentiometric method (pH electrode), C.. — organic carbon (dry combustion method at > 900°C),

Ny
metry for P)

~ total nitrogen (dry combustion method), Mg, Ca,, K,,, P,, — available nutrients in Mehlich extract, ICP AAS (colori-

Table 2. Survival, height and root collar diameter of seedlings after the first vegetation period (autumn 2002)

. Survival Height £ s_ Root collar diameter % * s_
Variant o x x
(%) (cm) (mm)
1 59 12.2 £ 3.6** 2.8+£0.6*
I 73 10.3+29° 3.0+£05°
1 78 12.7 £4.0* 46+1.8°

Different letters show significant differences
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Table 3. Survival, height and root collar diameter of seedlings after the second vegetation period (autumn 2003)

Variant Survival Height +s_ Root collar diameter * s_
(%) (cm) (mm)
1 20 - -
1 69 15.6 £5.1* 6.9 £ 2.0
I 68 14.9 £5.8% 59+1.0°

Different letters show significant differences

matter content is hardly one hundredth of the optimal
content in forest soils. Contents of available nutrients
(P, K, Ca, Mg) are very low as well. The measured val-
ues are 5 to 10 times lower than optimal values.

These results of the analyses indicate extreme physi-
cal and chemical properties of soil. According to the
properties, it is only a sandy substrate very slightly
changed by soil-forming processes, not asoil in fact. The
substrate is very extreme even for the region Zahorska
lowland, where soils are developed on aeolian sands.

The most important is the deficiency of organic
matter and clay, which causes very low sorption
capacity and water-holding capacity.

Seedling survival and growth

The survival and biometrical parameters of pine
seedlings in the first vegetation period after planting
are presented in Table 2. The hydrogel application
had a positive effect on seedling survival (the seed-
lings treated with STOCKOSORB AGRO reached
14% and 19% higher survival rate compared with
control seedlings).

In autumn 2003 (after the second vegetation pe-
riod) the same evaluation of seedling survival and
biometrical characteristics as in autumn 2002 was
carried out (Table 3). The survival rate of the control
variant decreased to 20%. Therefore the measure-
ment of seedling height and root collar diameter was
not carried out. On the other hand, the seedlings
treated with hydrogel had 69% and 68% survival,
respectively.

Pieskovna II — Plantation 2003

Seedling survival and growth

The same procedure of evaluation of seedling
survival and growth as in Pieskovia I was used in
Pieskovna II. There were not found any significant
differences in the survival and growth of seedlings
between three vegetation periods as expected from
the application of hydrogel granules. In this variant
the seedling survival was about 20% lower than in the
other three variants (Tables 4 to 6).

Table 4. Survival, height and root collar diameter of seedlings after the first vegetation period (autumn 2003)

. Survival Height +s_ Root collar diameter £ s_
Variant % %
(%) (cm) (mm)
1 85 11.3 +£3.0% 34+1.0%
2 64 11.2+£3.0* 33109
3 84 11.0£2.9* 3.3+£0.8*
4 85 11.0£3.0* 3.1£0.8%

Different letters show significant differences

Table 5. Survival, height and root collar diameter of seedlings after the second vegetation period (autumn 2004)

. Survival Height + s_ Root collar diameter £ s_
Variant * x
(%) (cm) (mm)
1 81 16.4+4.8* 57+1.7*
2 64 14.5 £ 5.8 55+25°
3 84 16.5+ 5.6 58+2.0°
4 83 16.4 £ 5.5 59+1.7°

Different letters show significant differences
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Table 6. Survival, height and root collar diameter of seedlings after the third vegetation period (autumn 2005)

. Survival Height +s_ Root collar diameter £ s_
Variant x x
(%) (cm) (mm)
1 79 28.6 £ 8.47 13.4+£4.1°
2 63 25.2+9.3" 13.3+4.9*
3 84 28.5+8.5° 13.6 £4.42
4 83 27.6 £8.3° 14.0+£5.0

Different letters show significant differences
DISCUSSION

The results of the application of STOCKOSORB
hydrogel for the reclamation of lands after sand
mining in Zahorie are presented in this study. There
are very extreme environmental conditions and it is
needful to use the tree species that are better adapted
to these conditions. In autochthonous forest ecosys-
tems oak and pine dominated expecting more moist
sites where lime was dominating (SERDEL 1973). The
Scots pine is adapted to these extreme conditions
and it could be used for reclamations as a pioneer
tree species.

On the other hand, the water-holding capacity is
crucial for the survival of plants (PARKER 1974). The
application of hydrogel could increase the water-
holding capacity, which is very important in reclama-
tions. The hydrogel application increases the water
potential and decreases evaporation by reducing the
hydraulic conductivity of soil (AGGELIDES, KOLLIAS
1984; AGGELIDES, BACHTALIAS 1989) and has a
positive effect on survival and growth in reclama-
tions (BooD 1990; BROFAS et al. 2004).

Pieskovna I — Plantation 2002

The application of hydrogel affected the survival
of pine seedlings during two vegetation periods af-
ter planting. Double application of STOCKOSORB
AGRO on the root system after lifting caused an
about 19% higher survival rate in comparison with
the control variants. The differences in survival were
higher after the second vegetation period. The sur-
vival of the control variant decreased to 20%.

Pieskovna II — Plantation 2003

Research on the application of STOCKOSORB
MICRO and POWDER began in 2003. STOCKO-
SORB POWDER is recommended for the root
system protection during seedling handling and
transporting. The STOCKOSORB MICRO is added
to the substrate or soil for water absorption in the
root zone.
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In the first vegetation period after STOCKOSORB
application the lowest survival rate was found out
after the application of STOCKOSORB MICRO
granule into the planting hole (64%). This high mor-
tality was caused by hydrogel overdosage (7 g/plant-
ing hole — application with a dessert-spoon). After
rain the hydrogel granule swelled and the seedling
was pushed up. The application of hydrogel granules
is simple but it is very complicated not to cause the
overdosing because of the very high swelling capac-
ity of hydrogel. If the granules are able to absorb an
amount of water 400 times higher than their own
weight (BOURANIS et al. 1995), then 7 grams of
the granules could absorb theoretically 2 litres of
water. It is not clear what the optimum dose of the
STOCKOSORB granule per planting hole is like and
it would be very complicated to apply a lower dose
of STOCKOSORB than 7 grams. The solution of this
problem could be to mix hydrogel granules into soil
and to apply this soil to planting holes, but this ap-
plication is time-consuming and costly. In addition,
ifit does not rain after planting, there will not be any
water for absorption and the application of hydrogel
will not have any effects on survival.

Therefore it is better to apply hydrogel to the plant-
ing hole. After this application water for seedlings is
directly available, which can significantly reduce the
transplanting shock.

A difference in the seedling survival and growth
was found between two planting sites. On Pieskovna I
site the survival 59% and 20% was found in the
control variant after the first and second vegetation
period, respectively.

On the other hand, the survival on Pieskovna II site
in the control variant was 79% after the third vegeta-
tion period. The plantation plots were beside each
other and therefore these differences were highly
probably caused by soil conditions. On Pieskovna
I site there were extreme soil conditions which af-
fected the seedling survival and growth during two
vegetation periods after planting.

The positive effect of STOCKOSORB application
is reported by many authors: (i) for reclamations
of mining soils (BROFAS et al. 2004), (ii) for affor-
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estation in semi-arid areas (HUTTERMANN et al.

1999; OscrorT et al. 2000), (iii) in forest nurser-

ies and reforestation in Central Europe (JURASEK

2001; SARVAS 2003a,b, 2004; SARVAS, TUCEKOVA

2003a,b).

On the other hand, the application of STOCKO-
SORB did not improve the survival and growth on
Pieskovna II site. The reasons for it could be as fol-
lows:

(1) The planting was done on the same day as lift-
ing and handling, transporting (only 2 km) and
planting was done very carefully so the root sys-
tem of untreated seedlings was not damaged,

(2) the afforestation programme with a year old pine
seedlings that have traditional survival about 85%
and the seedlings are very well adapted to climate
conditions in Zahorie.

Generally, the hydrogel was developed for arid and
semi-arid areas but highly probably its use will also
be needful for environmental conditions in Central
Europe. Therefore research should be carried out
to determine suitable doses for different soil types.
To design a technology with regard to the economic
efficiency of applications will be a very important
task.

References

AGGELIDES S., KOLLIAS A., 1984. Improvement of physical
properties of certain soils by using the synthetic polymer
Agrohyd. Georgiki Erevne, 8: 347-361. (in Greek)

AGGELIDES S., BACHTALIAS 1., 1989. Evaluation of
water insoluble soil improvement products commercially
available in our country. Georgiki Erevne, 13: 83-93. (in
Greek)

BOOD M., 1990. New technology of desert improvement.
Problemy Osvoeniya Pustyn, 2: 12-19. (in Russian)

BOURANIS D.L.,, THEODOROPOULUS A.G., DROS-
SOPOULUS ].B., 1995. Designing synthetic polymers as
soil conditioners. Communications in Soil Science and
Plant Analysis, 26: 1455-1480.

BROFAS G., VARELIDES C., MANTAKAS G., 2004. Effect of
a hydrogel on plant survival in mining spoils. In: BHAT TA-
CHRYA]J.,DEBD.,JAIN M.K,, BHATTACHERJEE A. (eds.),
Technology and Management for Sustainable Exploitation
of Minerals and Natural Resources, 5-7 February 2004.
Kharagpur, Indian Institute of Technology: 329-334.

HUTTERMANN A., ZOMMORODI M., REISE K., 1999. Ad-
dition of hydrogels to soil prolonging the survival of Pinus
halepensis seedlings subjected to drought. Soil & Tillage
Research, 50: 295-304.

JURASEK A., 2001. Poloprovozni vyzkumné plocha Pali¢-
nik 2. In: SLODICAK M., NOVAK J. (eds.), Souc¢asné pro-

208

blémy péstovani horskych lestt — Pravodce exkurzni trasou,
13.9.2001: 18-20.

OSCROFT D.G., LITTLE K.M., VIERO PW.M., 2000. The
effect of a soil-amended hydrogel on the establishment of
Pinus elliotti x caribaea rooted cuttings on the Zululand
coastal sands. ICFR Bulletin, 19: 8.

PARKER P.E., 1974. Rehabilitation potentials and limi-
tations of surface-mined land in the northern Great
plains. Intermountain Forest and Range Experimental
Station. USDA Forestry Service Genetic Technical Re-
port INT-14.

ROLDAN A, QUEREJETA I, ALBALADEJO L., CASTILLO
V., 1996. Survival and growth of Pinus halepensis Miller
seedlings in a semi-arid environment after forest soil trans-
fer, terracing and organic amendments. Annales des Scieces
Fores, 53: 1099-1112.

SARVAS M., 2003a. Effect of desiccation on the root system
of Norway spruce (Picea abies [L.] Karst.) seedlings and a
possibility of using hydrogel STOCKOSORB for its protec-
tion. Journal of Forest Science, 49: 531-536.

SARVAS M., 2003b. Planting stock quality and new prac-
tices of afforestation — crucial factors for successful
afforestation programme. In: ZAJAC S., GIL W. (eds.),
Afforestations in Europe Experiences and Prospects,
Warsaw 6—8 October 2003. Warszawa, Instytut Badawczy
Lesnictwa: 86-92.

SARVAS M., 2004. The affect of drought on artificial regen-
eration in Slovakia in 2003 and the possibilities to increase
plant adaptability after plantation in Central Europe. In:
Impact of the drought and heat in 2003 on forests. Berichte
Freiburger Forstlicher Forschung, Heft 57, 17.—19. Novem-
ber. Freiburg: 62.

SARVAS M., TUCEKOVA A., 2003a. Aplikacia hydrogélov
rady STOCKOSORB® v $kolkarskej praxi. Zpravy lesnické-
ho vyzkumu, 48: 70-74.

SARVAS M., TUCEKOVA A., 2003b. Uplatnenie pro-
gresivnych metdd a postupov v $kokdrskej vyrobe. In:
Aktudlne problémy lesného $kolkarstva a semendrstva,
Tatranskd Lomnica, 2003. Zvolen, Lesnicky vyskumny
ustav: 59-64.

SERDEL]J., 1973. Zalesnovanie zéhorskych pieskov. Bratislava,
Priroda: 138.

TOGNETTI R., MICHELOZZI M., GIOVANNELLI A.,
1997. Geographical variation in water relations, hydraulic
architecture and terpene composition of Aleppo pine
seedlings from Italian provenances. Tree Physiology, 17:
241-250.

Received for publication January 8, 2007
Accepted after corrections February 12, 2007

J. FOR. SCI,, 53, 2007 (5): 204-209



Ujatost a rast semendacikov borovice pri melioraciach po aplikacii
hydroabsorbentu

ABSTRAKT: V prispevku st prezentované vysledky aplikacie hydroabsorbentu pri melioraciach. Aplikacia hyd-
roabsorbentu ovplyvnila ujatost a nasledné prezivanie vysadenych borovicovych semenacikov pocas dvoch vege-
ta¢nych obdobi po vysadbe. Dvojndsobnd aplikdcia hydroabsorbentu STOCKOSORB AGRO (gelovitd forma) na
korenovy systém po vyzdvihnuti semenacikov zo zédhonu lesnej $kolky sposobila o 19 % vyssiu ujatost v porovnani
s kontrolnym (neo$etrenym) variantom. Aplikdcia STOCKOSORB MICRO (7 g/jamka) zapri¢inila preddvkovanie
a naslednt mortalitu vysadenych semendcikov. Aplikicia hydroabsorbentu vo forme grandl je jednoduchg, ale je
velmi naro¢né dodrzat optimalne ddvkovanie. Je potrebné uskutoénit dalsi vyskum zamerany na urcenie vhodne;j
aplikdcie hydroabsorbentu pre r6zne prirodné podmienky a dreviny. Velmi dolezitym aspektom bude navrhnutie
vhodnych technologickych postupov s ohladom na celkovt efektivnost aplikicie.

Klacové slova: melioricie piescitych pod; hydroabsorbent STOCKOSORB; semendciky borovice lesnej

Corresponding author:

Ing. MILAN SARVAS, Ph.D., Narodné lesnicke centrum — Ustav lesnickeho poradenstva a vzdeldvania Zvolen,
Sokolska 2, 960 52 Zvolen, Slovenskd republika
tel.: + 421 455 202 213, fax: + 421 455 325 226, e-mail: sarvas@nlcsk.org

J. FOR. SCI,, 53, 2007 (5): 204-209 209



