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INFLUENCE OF DESICCATION SENSITIVITY
AND CRITICAL MOISTURE CONTENT ON
Quercus cerris, Quercus petraeca AND

Quercus robur ACORNS

UTJECAJ OSJETLJIVOSTI NA ISUSIVANJE | KRITICNOG
SADRZAJA VLAGE NA ZIREVE VRSTA Quercus cerris,

Quercus petraea | Quercus robur

Cansu 0ZTURK'*, Servet CALISKANZ

SUMMARY

In this study, critical moisture contents and desiccation sensitivity of Quercus cerris (Turkey oak), Quercus petraea
(sessile oak), Quercus robur (pedunculate oak) seeds were determined to see how desiccation affects acorn mois-
ture content and germination behaviour. The moisture content of the harvested acorns was found to be 41% for
Q. cerris, 46% for Q. petraea and 45% for Q. robur. The acorns were separated into sublots, sprayed with distilled
water to reach their maximum moisture content and then left to dry for 18 days. There were statistically signifi-
cant differences in germination as a function of desiccation time and decreasing moisture content. Initial germi-
nations were delayed. The highest moisture contents were 48% for Q. cerris, 51% for Q. petraea and 49% for Q. robur
acorns. The highest water uptake was 17% in Q. cerris, 11% in Q. petraea and the lowest was 9% in Q. robur. The
moisture content with a germination percentage below 50% was considered as the critical moisture content. In a
period of 12-15 days after the beginning of the drying process, the acorns reached the critical moisture content.
The germination percentage decreased from 83% to 43% for Q. cerris, from 100% to 44% for Q. petraea and from
97% to 43% for Q. robur as the moisture content decreased from the maximum to the critical moisture content.
For Q. cerris, Q. petraea and Q. robur, the critical moisture contents at which acorns begin to lose viability were
between 28-31%, 31-36% and 32-37%, respectively. The results of the present study provide guidance for nursery
practices carried out on oak species, from acorn harvesting to seeding and post-seeding care.
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INTRODUCTION
uvoD

Oak is one of the most common broadleaf forest trees in
the northern hemisphere, represented by about 500 species
worldwide (Bonner and Vazzo, 1987; Pang et al. 2019; Wang
et al. 2022). In Tiirkiye, it is represented by 17 species (23
taxa in total) (Yilmaz, 2014). The General Directorate of

Forestry's 2022 statistics reveal that oak is present on 6.8
million hectares of land, with 41% of high forest and 59%
of coppice forest (OGM, 2023). In recent years, with the
demand for increasing forest areas in oak species, the use
of acorn material has also increased. Acorns cannot survive
on the ground for long due to their recalcitrant seed cha-
racteristics. Even if buried under the soil surface by factors
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such as climatic conditions, wild animals, or people, they
are still exposed to desiccation conditions during shedding
(Tweddle et al. 2003). Species with high carbohydrate nu-
trient reserves, such as oak, lose moisture quickly (Bonner,
1996). Therefore, it is recommended to harvest acorns as
soon as they physiologically mature (Bonner and Vazzo,
1987). Acorns are generally recalcitrant seeds and lose their
ability to germinate when they lose moisture (Bonner and
Vozzo 1987; Bonner 1996). Recalcitrant seeds are a short-
lived class of seeds that should not fall below a certain mo-
isture content and have a high moisture content when they
mature or shed (Berjak et al. 1989; Suszka et al. 1996;
Bonner, 2008; Boydak and Caligkan, 2021). When the
acorns are mature, white oaks contain ~50% moisture and
red oaks contain ~40% moisture (Bonner and Vazzo, 1987).
However, viability is lost when the moisture of the acorns
decreases below 25-40%, depending on the species (Boydak
and Caligkan, 2021). The moisture content of acorns can
vary depending on seasonal precipitation, evapotranspira-
tion, and climatic conditions over the years (Tweddle et al.
2003). Seed desiccation damage is the main cause of this
loss of viability (Finch-Savage, 1992). Loss of viability in
recalcitrant seeds is a direct result of seed desiccation da-
mage (Finch-Savage, 1992), and the sensitivity of these
seeds to desiccation is so great that they can suffer fatal da-
mage even at 5% moisture loss (Connor and Sowa, 2003;
Bonner, 2008; Xia et al. 2012; Bewley et al. 2012). When the
seeds begin to dry out, their viability somewhat decreases
at first due to the decrease in moisture content, but then the
viability significantly decreases at a certain moisture con-
tent. This is called “critical moisture content” or “lowest safe
moisture content” (Fing-Savage, 1992; Hong et al. 1996).
Viability is lost as desiccation time increases.

The study has three main objectives. Firstly, to determine
the changes in moisture loss over time. Secondly, to inve-
stigate the effect of moisture loss due to desiccation on ger-
mination behaviour. And thirdly, to identify the highest
moisture content and critical moisture content of acorns of
Q. cerris, Q. petraea and Q. robur.

MATERIAL AND METHODS
MATERIJALI | METODE

Study sites and acorn collections — Podrucje
istraZivanja i prikupljanja Zira

Acorns were collected in October 2022 from natural distri-
bution of Q. cerris, Q. petraea, and Q. robur in the Sinop
province. The collection sites were Sinop-Central (41° 57'
21" N, 34° 48' 26" E; Karacakoy, 45 m a.s.l.) for Q. cerris,
Sinop-Ayancik (41°56' 41" N, 34° 44' 14" E; Agacl village,
65 ma.s.l.) for Q. petraea, and Sinop-Central (41°57' 58" N,
35°05' 12" E; Ciftlik village, 30 m a.s.l.) for Q. robur. Acorns
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were collected from 10 mature trees of each of oak species,
with a minimum distance of 50 m between them. Approxi-
mately 1500 acorns were collected from each oak species.

The collection sites exhibit the characteristics of the Black
Sea climate in coastal areas and the continental climate in
the inner regions. Based on climate data from the Turkish
General Directorate of Meteorology between 1992 and
2022, the annual average precipitation is 735 mm and the
annual average temperature is 14.8°C. Ering (1965) defines
precipitation efficiency as the ratio of annual average pre-
cipitation and annual average maximum temperature.
According to Ering (1965), Sinop has a precipitation effici-
ency index of 29.5, indicating a semi-humid climate.

Acorns were transferred to Sinop University Ayancik Vo-
cational School Forestry Laboratory for measurement and
laboratory testing. Acorns with abnormal discolouration
and insect damage were removed. Only healthy acorns were
used and identified through a flotation test (Bonner, 2003).
For each species, 1500 seeds were stored in sealed
polyethylene bags in a refrigerator at +2°C until the tests
were carried out.

Acorn morphological measurements and initial
moisture content — Morfoloska analiza zZira i pocetni
sadrzZaj vlage

Acorn length and width were measured using digital cali-
pers (aogo) on 100 randomly selected acorns from each
species. The weight of 1000 acorns was determined, and the
moisture content was measured using 25 acorns (5 replica-
tes of 5 acorns) for each species. The fresh weight (FW) of
the acorns was recorded on a precision scale, and after they
were dried in an oven at 105+2 °C for 18 hours, their dry
weight was measured and moisture determinations were
made (Bonner, 2008).

Desiccation treatments — Tretmani isusivanja

The highest and the lowest moisture content of the acorns
were determined in two stages. The acorns were divided into
sub-seed lots of 30 acorns in polyethylene bags. The highest
moisture content of the seedlots was determined using pre-
cision scales, and the acorns were then stored in sealed bags
in a refrigerator at +2°C. The acorns' outer surface was
sprayed repeatedly with distilled water until it was comple-
tely wet (about 10-15 ml per treatment). The weight of
acorns was measured daily, and the process of spraying di-
stilled water was repeated according to the established pro-
cedures (Finch-Savage, 1992; Suszka et al. 1996, Yilmaz,
2005). The bags were renewed once a week to prevent the
spoilage of acorns by pathogens. The final moisture content
of the acorns was determined when their weight remained
constant, and the highest moisture content was found.

The second step was to determine critical moisture content.
The acorns that reached the highest moisture content were
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left to desiccate at 30-35% relative humidity and at 15-18°C
for 18 days. The weight of the acorns in each seedlot was
then measured to determine the rate of acorn moisture loss
as a function of time on the control day (D1), the 3% day
(D3), the 6" day (D6), the 9™ day (D9), the 12" day (D12),
the 15" day (D15) and the 18" day (D18) (Bonner, 1996;
Ganatsas et al., 2017). Before performing the germination
test on the acorn lots, they were dried in an oven at 10542 °C
for 16-18 hours and their moisture was determined. In the
present study, the approximate moisture content reached
with the germination percentage falling below 50% was de-
termined as the critical moisture content (Bonner, 1996).
The new moisture contents depending on the weight
change of the sub-seed lots with known weight and moisture
values were calculated according to the formulas below
(Suszka et al. 1996).

100—-MC1
100—-MC2

FW2=FW1X

FW1X(100- MCl)
Fw2

MC2=100-

MCI1: initial moisture content (%), MC2: new moisture
content (%), FW1: initial weight (gr), FW2: new weight (gr)

Germination tests — Ispitivanja klijavosti

Each germination test included 100 acorns of Q. cerris, Q.
petraea and Q. robur (4 replicates x 25 acorns). Sterilized ri-
ver sand in approximately 2 1 plastic containers was used as
a germination medium. Germination tests were carried out
at a constant temperature of 20°C in the dark in a germina-
tion cabinet (NBIOTECH, NB-2050Q). The germinations
were checked and recorded at regular intervals (Suszka et
al. 1996). Acorns that had atleast 5 mm radicles and showed
geotropism were considered germinated (Caliskan, 2014).
The germination tests were terminated after 28 days. The
germination percentage and mean germination time (MGT)
for each treatment were determined using the formula be-
low (Bewley and Black, 1994).

MGTzZ(tXn)/Zn

MGT: mean germination time (day), t: number of days since
the test started, n: number of acorns germinated that day
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Statistical Analysis — Statisticka analiza

The effects of changes in acorn moisture on germination
percentage and mean germination time were determined
using an ANOVA test. ANOVA for germination character-
istics is based on the following model: Y, =t +M;+e,, where
Y} is the observed value. y is the overall mean, M, is the
moisture content effect and e, is the error. Duncan’s post hoc
test was applied to determine statistically significant differ-
ences in germination characteristics (a=0.05). Acorn mois-
ture loss due to desiccation time was evaluated by linear re-
gression analysis. SPSS 2021 software was used for statistical
analysis.

RESULTS
REZULTATI

The average length, width, weight of 1000 acorns and moi-
sture content of the acorns are given in Table 1. The highest
moisture contents found amounted to 48.3% in Q. cerris,
51.1% in Q. petraea and 49.2% in Q. robur on D1 (Figure 1).
The maximum moisture content was reached in 11 days for
Q. cerris, 8 days for Q. petraea, and 10 days for Q. robur.
Moisture levels in Q. cerris, Q. petraea, and Q. robur show a
linear decrease after 18 days of desiccation. Acorns that were
left to desiccate at their maximum moisture content reached
their harvested moisture content after 3 to 6 days for Q.
cerris, and after 1 to 3 days for Q. petraea and Q. robur (Fi-
gure 1). The effects of changes in the moisture contents of
acorns in Q. cerris, Q. petraea and Q. robur on the germina-
tion percentage and mean germination time are given in
Table 2.

There were significant differences found in the desiccation
treatments between the oak species in terms of GP and MGT.
Decreases in germination percentages due to moisture loss
in Q. cerris, Q. petraea and Q. robur are given in Figure 2.
The effects of moisture content loss on MGT showed a si-
milar pattern to the relationship between moisture content
on germination percentage. The MGT increased as the mo-
isture content decreased (Figure 3, Table 3).

Desiccation time had a notable impact on both the on-
set of germination and the overall germination percent-

Table 1. Morphometric characteristics of Quercus cerris, Quercus petraea, and Quercus robur acorns
Slika 1: Morfometrijske karakteristike Zira vrsta Quercus cerris, Quercus petraea i Quercus robur

Species Acorn width (cm) Acorn length (cm) Weight of Moisture content™
Mean=Se Range Mean=Se Range 1000 acorn (gr) (%)

Q. cerris 2.95+0.04 1.9-3.7 1.64+0.02 1.1-2.4 6200 41

Q. petreae 2.84+0.05 1.9-3.8 1.4+0.02 1-1.9 4400 46

Q. robur 3.61+0.06 2347 1.72+0.02 1.2-2.1 7100 45

*Moisture content of acorns when harvested. =+ indicates the standard error.



@ Sumarski list, 34, CXLVIII (2024), 151159

=8 0.cerris =0 Q.pefraea =0 Q.robur
y=-4x+51.286 y=-3.25x+51.143 y=-3.5714x+ 53.286
R2=0.90 R*=0.95 R2=10.99
50
g
<= 40
£
g
o
¢ 30
g
=
2 20
10
1 3 6 9 12 15 18
Days

Figure 1: Acorn moisture content loss of oak species (Q. cerris, Q. petraea, Q. robur) at 15-18°C during 18 days of desiccation treatment
Slika 1: Gubitak vlage Zira tri vrste hrasta (Q. cerris, Q. petraea, Q. robur) na 15-18 °C tokom 18 dana tretmana isusivanja

Table 2. ANOVA results regarding the effect of moisture content loss in Q. cerris, Q. petraea, and Q. robur acorns on germination percentage (GP)
and mean germination time (MGT)

Tablica 2. Rezultati ANOVA testa koji prikazuju ucinak gubitka sadrzaja vlage Zira Q. cerris, Q. petraea i Q. robur na postotak klijavosti i srednje vrijeme
klijanja

Q. cerris Q. petraea Q. robur
df MS F p-value MS F p-value MS F p-value
GP 6 0.1511 65.70 0.000 0.3553 4441250 0.000 0.2005 66.8333 0.000
Error 21 0.0023 0.0008 0.0030
MGT 6 42.6964 48.756 0.000 65.8807 38.3429 0.000 18.2490 8.0141 0.000
Error 21 0.8757 1.7182 2.21T1
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y=2.182x-17.992 y=3.5525x - 65.976 y=3.0731x-50.359
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Figure 2. Effect of desiccation treatments on acorn germinations of Q. cerris, Q. petraea, and Q. robur
Slika 2. UCinak tretmana isusivanja na klijanje Zira kod vrsta Q. cerris, Q. petraea i Q. robur
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Table 3. The effect of acorn desiccation treatments on germination percentage and mean germination time in of Q. cerris, Q. petraea, and Q. robur
Tablica 3. U¢inak tretmana isuivanja Zira na postotak klijavosti i srednje vrijeme klijanja kod vrsta Q. cerris, Q. petraea i Q. robur

Q. cerris
Day MC (%) GP (%) MGT MC (%)
D1 48.3 83=+0.07f 13.2+0.88a 51.1
D3 42.9 75+0.05de  13.7+1.07a 447
D6 38.2 68=0.03cd  16.9+1.55b 41.6
D9 36.1 61+0.04c  19.6+0.69¢c 39.3
D12 31.4 57+0.04c 19.8+0.36¢ 35.5
D15 28.4 43+0.07b  20.8+0.91c 31.4
D18 23.2 26+0.02a  20.9=0.60c 29.2

Q. petraea Q. robur
GP (%) MGT MC (%) GP (%) MGT

100=+0.00f 8+0.83a 49.2 97=0.03d 13.2+1.73a
99-+0.02f 9.2+1.20a 43.3 89--0.05d 15.4+1.34b
89=0.02e  11.1=0.66ab 40 73+0.02c  16.5*2.47bc
84+0.03d  11.8=1.35bc 38.9 71=0.04c  16.6=1.14bc
71=0.05c  13.2%0.29cd 37.4 59+0.04b  17.2=0.59bc
44+0.03b 18+2.14e 32.1 43+0.08a 18.2+1.16bc
21+0.02a  18.4%1.73e 21.4 36+0.09a  20=+1.43cd

The means in the same column followed by the same letters are not statistically different in Duncan’s post hoc test (P<0.05); = indicates the standard deviation.

® Q.cerris

y=-0.354x + 30.332
R2=0.88
S=1.27 p=0.002

© Q.petraea

y=-0.5058x +32.541
R2=0.94

S.=1.08 p=0.0002

© O.robur

y=-0.2951x+27.989
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S.=0.27 p=0.0001
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Figure 3. Effect of desiccation treatments on mean germination time of acorns of Q. cerris, Q. petraea, and Q. robur
Slika 3. Ucinak tretmana isusivanja na srednje vrijeme klijanja zira kod vrsta Q. cerris, Q. petraea i Q. robur

age across all oak species, as shown in Figure 4. The
initiation and completion of acorn germination shifted
towards the final days of the germination test.

DISCUSSION
RASPRAVA

In terms of acorn size, Q. robur has larger acorns than Q.
cerrisand Q. petraea. There is a positive correlation between

acorn size and 1000 seed weight (Bonner, 2003). In the pre-
sent study, 1000 seed weights of Q. robur and Q. cerris were
greater than that of Q. petraea. Ganatsas et al. (2017) found
that large and heavy acorns had lower moisture loss. Deve-
takovic et al. (2019) stated that germination in the group of
large acorns was more than twice as high as in the group of
smaller acorns. Additionally, nursery studies have reported
that using large acorns has a positive effect on seedling qu-
ality (Roth et al. 2009; Roth et al. 2011).
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Figure 4. Acorn germinations of Q. cerris (A), Q. petraea (B), and Q. robur (C) as affected by desiccation treatments
Slika 4. Utjecaj tretmana isuSivanja na klijanje Zira kod vrsta Q. cerris, Q. petraea i Q. robur
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In the present study, Q. cerris, Q. petraea, and Q. robur had
an average moisture content of 41-46% at the time of harve-
sting. In some studies, the initial moisture content at the time
of the collection was determined as 35% in Q. petraea (Tilki,
2010), 33-35% in Q. ithaburensis (Ganatsas et al. 2017), and
44% in Q. ilex (Leon-Lobos and Ellis, 2018), and it was found
that there were different values between species. The highest
moisture content (D1) had the highest germination percen-
tage in Q. cerris, Q. petraea, and Q. robur. It was reported that
the germination performance of Q. robur seeds increased in
the first days after being saturated (Ozbingél and O'reilly,
2005). On the other hand, Q. ithaburensis, acorn moisture
content increased by 5.7%-6.9% in 24 hours (Ganatsas et al.
2017). In the present study, the highest water imbibition was
observed in Q. cerris (17%), and then Q. petraea (11%), while
the lowest water uptake was observed in Q. robur (9%). It was
stated that the difference in water imbibition rates among
species is due to the characteristics of the pericarp (Xia et al.
2012; Ganatsas et al. 2017).

In the present study, the acorn moisture contents of Q. cer-
ris, Q. petraea, and Q. robur followed a similar linear pattern
by decreasing with desiccation according to the days. The
study results confirm that acorn behaviour against moisture
loss is similar in acorn studies conducted by Suszka et al.
(1996), Xia et al. (2012), and Chmielarz et al. (2022). The
moisture content of Q. cerris, Q. petraea and Q. robur de-
creased by about 50% (48%-57%-55%) at the end of 18 days.
It was reported that the reason for the change in acorn des-
iccation rates between and within the species was not related
to acorn oil content and acorn weight, but this change was
mostly related to the acorn surface area, volume and coat
properties (Ganatsas and Tsakaldimi, 2013; Ganatsas et al.
2017). Q. petraea rapidly lost moisture and had lower ger-
mination percentage than Q. cerris and Q. robur. The loss of
viability due to desiccation and the variation in moisture
content may vary depending on the year of collection, origin
and species (Leon-Lobos and Ellis, 2018). Differences in the
rate of moisture loss may be due to the high moisture con-
tent of the acorn at the time of shedding and the character-
istics of acorn coats of the species (Suszka et al. 1996, Xia et
al. 2012, Ganatsas and Tsakaldimi, 2013). The germination
percentage significantly decreased with moisture loss in Q.
cerris, Q. petraea, and Q. robur (Figure 2, Table 3). While
there were linear gradual decreases in moisture contents dur-
ing the first 6 days of desiccation, the content of moisture
loss increased from the 9™ day. After the 12 day, the effect
of desiccation significantly affected the germination percent-
ages. It has been statistically observed that germination per-
centage is highly dependent on moisture content. The de-
crease in moisture content is associated with the loss of
viability in acorns. Bonner and Vazzo (1987) and Suszka et
al. (1996) reported that germination is reduced by half when
the moisture content is below 30% and there is a complete

®

loss of viability when the moisture content is below 25%.
Similar results were found for Q. cerris, Q. petraea and Q.
robur in the present study. In addition, even when the mois-
ture content was less than 30%, germination of the acorns
was observed, albeit at a low germination rate. These results
can be explained by the presence of acorns with a high mois-
ture content still in the batch, as well as by the presence of
acorns with different sensitivity and different tolerance to
desiccation (Finch-Savage, 1992; Xia et al., 2012). In the pre-
sent study, as the moisture content decreased, germination
percentage decreased and the MGT increased (Table 3). In
different studies, the effect of decrease in moisture on MGT
is similar (Connor and Sowa, 2003; Ozbingdl and O'reilly,
2005, Ganatsas and Tsakaldimi, 2013). After 15 days of des-
iccation, MGT increased from 4.4 days to 10 days in Q. coc-
cifera, from 2 days to 7.6 days in Q. pubescens and from 4.4
days to 6.8 days in Q. pedunculiflora. However, Q. peduncu-
liflora was less affected by moisture loss than Q. coccifera and
Q. pubescens (Ganatsas and Tsakaldimi, 2013).

The moisture content of Q. cerris in groups D3 and D6 was
close to the moisture content at harvest time (41%). Rapid
loss of acorn moisture after D15 showed statistically rapid
decrease in germination percentages. According to Leon-
Lobos and Ellis (2018), desiccation of the moisture content
from 47.5% to 31% in Q. cerris reduced the germination
percentage from 93% to 50%, therefore suggesting that the
safest moisture content is approximately 40%. Despite the
decrease in moisture content (51%-45%) in Q. petraea in
D1 and D3 groups, no significant differences were obser-
ved in the germination percentage and MGT. The greatest
effect on acorn moisture loss was observed when it dropped
from D12 to D15. According to Suszka et al., (1996), Q. pe-
traea acorns had 50% or more moisture content at the time
of shedding, and the critical moisture content was 40-42%.
In Q. robur, there was no significant difference between
moisture loss and germination percentages in D1 and D3
groups, but there was a significant difference between mo-
isture loss and MGT. It can be stated that the effect of mo-
isture loss after D12 was high. In the present study, Q. robur
was at 27% moisture content in D18, the germination per-
centage was 36%, while according to Suszka et al. (1996),
the germination percentage was 14% at the same moisture
content. Besides, Suszka et al. (1996) suggested that the mo-
isture content of Q. robur acorns should not fall below 40%.
Finch-Savage (1992) reported that the viability of Q. robur
acorns was completely lost at 19% moisture content, and
Xia et al. (2012) reported that it could tolerate desiccation
up to approximately 20% moisture content.

On the other hand, in the case of different oak species,
Bonner (1996) stated that the critical moisture content of Q.
nigra was 10-12%, while Tilki and Alptekin (2006) stated that
the critical moisture content of Q. vulcanica was 16%. Connor
and Sowa (2003) stated that the acorn viability of Q. alba de-
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creased significantly when the acorn moisture dropped be-
low 30%. In Q. fabri, when the acorn moisture content de-
creased from 46% to 22%, the germination percentage
decreased from 95% to zero, and when the moisture content
was 32%, the germination percentage was more than 50%
(Tian and Tang, 2010). Ganatsas and Tsakaldimi (2013) sta-
ted that the critical moisture content was 26% during the de-
siccation period of 5-7 days in Q. coccifera and Q. pubescens.
They determined that the germination rate of Q. ithaburensis
subsp. macrolepis was 100% when the moisture content was
35%, and at the end of 15 days of desiccation, 25% germina-
tion occurred at 15% moisture content, while the limit mo-
isture at which germination percentages started to decrease
was 25%. Q. ithaburensis subsp. ithaburensis was not affected
by desiccation at room temperature for 15 days (GP 97%).

CONCLUSION
ZAKLJUCAK

The critical moisture contents for Q. cerris, Q. petraea, and
Q. robur were in the ranges of 28-31%, 31-36%, and 32-37%,
respectively. Germination percentage significantly dropped
if the moisture content fell below the critical level. For Q.
cerris, the germination percentage decreased from 83% to
43% as the critical moisture content decreased. For Q. pe-
traea, the germination percentage decreased from 100% to
44%, and for Q. robur, it decreased from 97% to 43%. One
limitation of this study is that it only includes one region
for Q. cerris, Q. petraea, and Q. robur species. More detailed
results can be obtained by conducting studies on different
populations of these three species. The present study pro-
vides guidance for nursery studies on Q. cerris, Q. petraea
and Q. robur, from acorn harvest to post-seeding care.
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SAZETAK

U ovome radu odredeni su kriti¢ni sadrzaj vlage i osjetljivost na isusivanje sjemena vrsta Quercus cer-
ris (hrast cer), Quercus petraea (hrast kitnjak) i Quercus robur (hrast luznjak) kako bi se istrazio utje-
caj isusivanja na sadrzaj vlage u ziru i na klijanje. Sadrzaj vlage u ubranom ziru iznosio je 41 % za Q.
cerris, 46 % za Q. petraea i 45 % za Q. robur. Zirovi su rasporedeni u podgrupe, poprskani destiliranom
vodom kako bi se postigao maksimalan sadrzaj vlage i zatim ostavljeni da se sue 18 dana. Dobivene
su statisticki znacajne razlike u klijavosti u ovisnosti o vremenu isusivanja i smanjenju sadrzaja vlage,
a pocetak klijanja je odgoden. Najveci udio vlage u ziru iznosio je 48 % za Q. cerris, 51 % za Q. petraea
149 % za Q. robur. Najveli unos vode iznosio je 17 % za Q. cerris, 11 % za Q. petraea, a najmanji 9 %
za Q. robur. Sadrzaj vlage s postotkom klijavosti ispod 50 % smatra se kritiénim sadrzajem vlage. U
razdoblju od 12 do 15 dana od pocetka procesa isusivanja zirovi su dosegli kriti¢nu vlagu. Postotak
klijavosti smanjio se s 83 % na 43 % za Q. cerris, sa 100 % na 44 % za Q. petraeais 97 % na 43 % za Q.
robur, ovisno o tome kako se sadrzaj vlage smanjio od maksimalnog do kriti¢nog sadrzaja vlage. Za
Q. cerris, Q. petraea i Q. robur kriti¢ni sadrzaji vlage pri kojima Zir pocinje gubiti vijabilnost iznosili
su 28-31 %, 31-36 %, odnosno 32-37 %. Rezultati ovog istrazivanja pruzit ¢e smjernice za rasadnicke
prakse koje se primjenjuju na vrstama hrasta, od berbe Zzira do sjece i njege nakon sjece.

KLJUCNE RIJECI: Klijavost, hrast, hrast kitnjak, hrast luznjak, hrast cer, sjeme, rekalcitrantno sjeme



