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Early Growth of Direct-Seeded Quercus castaneifolia (C.A. Meyer) Seedlings on
Difterent Soils of Elin-Oak Stands
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Abstract: Tn order to determine the initial growth and development of direct-seeded Caucasian oak
(Quercus castaneifolia C.A. Meyer) seedling an experiment was carried out using the completely randomized
design on three soils, of low (soil L), medium (soil M) and high (soil H) nutrient contents in elm-oak stands of
the northern Iran. The results at the end of the first growing season demonstrated that values in most of
characteristics measured statistically differed among soils. Survival rate, stem length, root length, apical shoot
length, node munber on the apical shoot, stem dry weight, leaf area and specific leaf area were greatest on soils
H. Collar diameter and growth flush number did not differ among different soils. Likewise, nutrient elements in
stern, root and leaf were mostly greatest on soil H. Generally, from this research it 1s deduced that i the elm-oak
stands higher fertility soils are more favorable for growth and development of cak seedlings when using seed

sowing.
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INTRODUCTION

Restoration of oak forests 1s a problem in temperate
regions of the northern hemisphere (Lorimer et al., 1994;
Ziegenhagen and Kausch, 1995) and the low regeneration
success of the oak genus is still a question for ecologists
and silviculturists (Lorimer, 1989). Caucasian oak
(Quercus castaneifolia C.A. Mey.) is one of main
broadleaved species growing throughout the south of
Caspian Sea, in length of about 1000 km from coasts to
elevations of 2300 m on Elborz mountains. It 1s favored for
its superior form and excellent wood quality. Within its
range, Caucasian oak is often found in association with
several other hardwood tree species forming stands with
multi-storied canopies. It comprises approximately 8% of
the standing volume and 7.7% of the trees in the Caspian
forests (Sagheb-Talebi et al, 2003). In recent years, a
large area of (. castaneifolia forests has been devastated
by humans and livestock and rehabilitation by
afforestation and reforestation is necessary. Overall, seed
sowing of oaks 1s preferred to seedling plantation and this
important is considered highly, particularly in United
States and Europe (Gardiner and Hodges, 1998; Lof and
Welander, 2004; Madsen and Lof, 2005). In Denmark and
southern Sweden, transplanting of 2-3-year-old bare-
rooted seedlings at a stock density of about 2500-3000 per
hectare 1s the most common practice used for
afforestation with broadleaves and particularly with oak
of former farm land (Herwiksen, 1988). It is an expensive

method. The cost per transplanted seedling 1s about
0.4-0.7 Euro including the seedling and the transplanting
only. Thus, the development of alternatives 1s needed.
Sowing of oak is an old regeneration technique (Thirgood,
1971) that has lately been revived (Willoughby et of.,
1996; Kussner and Wickel, 1998; Ammer et al., 2002). The
regeneration cost 15 one-third to one-half of the cost of
transplanting seedlings (Bullard et al., 1992). For 1 Euro
it 1s possible to get about 20-100 pretreated acorns or
100-200 beechnuts. The periodical large crops may result
in even lower prices. Consequently, sowing has potential
for reaching high stock densities at low costs, resulting in
high stand quality.

In Tran seed sowing is implemented mostly in
northern (Caspian) forests (Mohadjer, 1998, Jalal et ai,
2004) and in western (Zagros) forests (Hesami, 1999) but
however, no special research has been still reported with
direct seeding of Caucasian oak on different soils. In the
current investigation cak acormns are direct seeded 1n three
deforested elm-oak stands with different nutrient available
soils to determine how soil mfluences growth, biomass
distribution and nutrient content of Q. castareifolia
seedling during early establishment.

MATERIALS AND METHODS
Study area: The study was conducted in the lowland elm-

oak forests of Noor town, north of Tran (Fig. 1). Mean
amual precipitation 1s about 1040 mm and the mean
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Fig 1: Geographical location of the study area in watersheds of northern Ivan covered by the Casplanforests

Tablk 1: i al atd chermnic al erties of coik hthe ebn-oak dand

Sodl* Sand (%) Sit (%) Chy (%) EC(mScm™" pH(H, 071 Orgzandc matter (% C0%) H (% T ippm) E (o)
L 23 o 2 0054 TE 0.027 0014 ooz 05 7
i1 47 a7 26 angs T3 1.400 0700 0060 14 6.0

H 21 41 t] 0.190 T3 T.240 2.600 0250 20 23

*L, kv fertility; DL medivm fertitiny; 5, bigh fertdlity

atual temperatare 17°C. Ranfall distribdion isirre gl ar,
the marimam ocowring in December (2116 mm) and the
mirdrvm in July (193 mom) . The mean daily tem peratre in
July and August is 254 and 23 4°C, respectively and in
Tatmiary and Fetwuary 7.4 and 96°C, respectively. The
tesn maximwm temperatire of the warmest month 15 30°C
and the mean mimmum  temperabare of the coldest
motith 13 3 7°C (meteorological data referredto the period
1290-2004, Babolsar Station). Based on Emberger
clagsification (1932) dimate ismoist with mild winters, the
diy  days  (xerothenmigue index) are 35 and
Flumd othermicue index (0115143 4.

Experimental design: In this itrvestigation, C aucasian oak
acorts were exanined as completely randomized design
(teplicated three titmes) in the open fields of tlree
deforested elm-oak stands, each one with distinet sod,
such az low fertility (L), medivm fertility (M) and high
fertility (H) (Table 1), In December 2003 uniform-sized
acotris collected from an adjacent midde-aged oak
were ditect seeded at 5 om depthin plots 222 m (sum of
plots =9 in each stand or on each soil type). The weight
of 1000 seeds amowded to 9400 g the degree of parity
was abowt 100% and the proportion of hollow seeds was
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0%. In eatly spring of 2004 bhefore germination time,
hethaceous wegetation was removed in plots. Mo
irti gation was cartied out after seedling em ergence during
the reseatch period

On all soils on average more than 0% of acorns
germinated 1l April. Hear the end of the first growing
seasoty (15 M ovember 2004) see ding mortality was noted
atid all seedlings from each plot were measured for stem
length to the nearest cm and root collar diameter to the
nearest . Apical shoot length (om), growth flush
munber per plant and node mavnber on the apical shoot
were also registered and rootfshoot ratio (omdom)
caleulated Three randomly selected seedlings from each
plot were chosen to determine root length and stem
length. Bocts were ex cavated from the soil by a spade and
ringed free of zoil. Main root length (taproot) as well as
stem length wasrecorded by araler. Besides, all biceass
cotmporents were oven-dried at T0°C to constant weight
before weighing with an analytica balance, After diying
the biotass componerts, leaf weight ratio (leaf
weight/plant), stem weight rdio (stem  weight'plart
weighf) and root'stem ratio Croot weight/stem weight)
were calowlated for each seedling. Leaf area was meamared
with ali-Cor LI-3000 meter atd specific leaf weight (leaf
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biomass/leaf area) calculated. Teaves dry matter of
seedling after weighing was averaged regarding to leaves
number to obtain the mean dry weight of any leaf. Either
of the dried plant components (1.e., leaf, stem and root)
after grinding was examined for the determination of
nutrient concentration. Nitrogen was determined by the
Kjeldahl method, after block digestion using a sulphuric
acid-hydrogen peroxide solution. Phosphorus was
determined using spectrophotometer and potassium by
atomic absorption, following wet digestion of the oven-
dried tissue mn concentrated HNO,.

Data analysis: Analysis of variance according to a
completely randomized design was performed on means
of seedling responses calculated in each plot. Significant
effects were separated with Duncan’s Multiple Range test
(p = 0.05). Means of growth flush number and node
mumber on the apical shoot were analyzed by Mann-
Whitney test, following Kruskal-Wallis test. All data
analyses were performed using the statistical package of
SPSS, version 12.5.

RESULTS

Survival and growth: The swrvival rate differed among
soils. Tt was lower in soils I and M (40 and 48%,
respectively) than m soil H (72%) (Table 2). Collar
diameter was not strongly influenced by soil type during
the first growing season. Tt did not exceed 4.5 mm at
different soils. Stem length was significantly different
among treatments; in soil H it was more than twice as long
as (45 cm) those in soils L and M. Taproot responded
to soil; it was significantly affected by soil type and was

greatest in s0il H (26.7 em) and smallest in soil L (16.0 cm).
Apical shoot length was dependent of soil type and was
much taller insoil H (13.7 om) than in soil L (1.4 cm) and
soll M (2.5 cm). Inreality by the end of period, this term in
soil H was approx. five times and ten times greater than
those in soils M and T, respectively. Growth flush number
was independent of soil fertility. However, each seedling
indicated nearly two growth flushes at the end of the
first growing season. Seedlings exhibited about 10, 7 and
5 nodes on apical shoot length in seils H, M and T,
respectively. Root/shoot ratio varied among the soils and
was smallest (0.59) in so1l H.

various  soil

Biomass accumulation: The

types
significantly affected seedling biomass. Root dry matter,
root/shoot ratio and specific leaf area decreased in high
fertile soil (H) (Table 3). Root biomass ranged from 1.1 g
on high fertility to 2.2 on low fertility; for the same soils,
root/shoot ratio ranged from 0.4 to 1.0 g g, respectively
and specific leaf area from 0.06 to 0.10 mg cm .
Conversely, leaf dry matter as well as leaf area increased
on high nutnent content. Teaf dry matter varied from 0.06
to 0.09 g and leaf area from 6 to 14 cm’, where the bed was
low 1n fertility and high in fertility, respectively. Stem dry
matter was greater (2.9 g) in high fertility; it was smaller
(1.5 g) inmoderate fertility and intermediate (2.1 g) in low

fertility.

Nutrient content: Nutrient contents in seedling organs
indicated increases with increasing soil fertility (Table 4).
N root content ranged from 0.54% in soil M to 84 and
0.97%, respectively in soils I and H. P root content was
0.004% msoils L and M and 0.100% m soil H; for the same

Table 2: Average values of 0. castaneifolia seedling survival and growth at different soils of the elm-oak stands

Survival Collar Stemn Root Apical shoot Growth Node No. Root/shoot
Soil rate (%6) diameter (mm)  length (crm) length (cm) length (cm) flush No. in apical shoot ratio (cm cm™!)
L 40b 4.3a 18.5b 16.0c 1.4b 2.0a 5.0b 0.86a
M 48b 4.3a 21.0b 21.0b 2.5b 1.7a 6.7b 1.00a
H 72a 4.5a 45.0a 26.7a 13.7a 2.1a 10.1a 0.59b

*For explanation of abbreviations see Table 1. Within colunns, values followed by different letter(s) are significantly different at p<0.05

Table 3: Average values of (. castaneifblia seedling biomass and leaf area at ditferent soils of the elm-oak stands

Soil* Root biomass () Stem biomass (g) Leaf biomass (g)

Root/shoot ratio (g o1

Leaf area (cm?®) _ Specific leaf area (img cm™)

L 2.2a 2.1ab 0.06b 1.0a 6.0b 0.10a
M 1.5ab 1.5b 0.07b 1.0a 8.0b 0.09a
H 1.1b 2.9a 0.09a 0.4b 14.0a 0.06b

*For explanation of abbreviations see Table 1. Within columns, values followed by different letter(s) are significantly different at p<0.05

Table 4: Average values of N, P and K percentage of roots, stems and leaves of Q. castaneifolia seedlings at different soils of the elm-oak stands

Root Stemn Leaf
Soil* N P K N P K N P K
L 0.84a 0.004b 0.20b 0.25¢ 0.004b 0.32a l.4a 0.007a 0.3a
M 0.54b 0.004b 0.23b 0.60b 0.005b 0.30a 0.9b 0.007a 0.3a
H 0.97a 0.100a 0.43a 0.90a 0.007a 0.40a 1.3a 0.008a 0.4a

*For explanation of abbreviations see Table 1. Within columns, values followed by different letter(s) are significantly different at p<0.05
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beds, K root content was 0.20-0.23 and 0.43%. Soil had
significant effect on N and P stem content but not on K
stem content whereas stem N and P content was
mncreased (0.90 and 0.007%, respectively) in soil H. Only
N leaf content was influenced by soil type, values bemng
generally higher in high (1.3%) and low (1.4%) than in
mediumn (0.9%) fertility. This soil effect was not evident for
P and K leaf content;, however, the values never exceeded
0.008% for P and 0.4% for K in the highest fertility.

DISCUSSION

Seedling survival and growth: In the current study, oak
seedling survival was linked to soil status whereas a
rather high swvival rate was found on high nutrient
content (H) and a low-moderate rate on medium (M) and
low (L) nutrient contents. In contrast, Kelly (2002,
on Q. petraca) and Madsen and Larsen (1997, on
Fagus sylvatica) reported negative effect of medium on
survival. Generally, effect of nutrient availability on the
growth and development of tree seedlings is well known
(Tose et al., 2002, Tabari et al., 1999). Although Berger
and Glatzel (2001, on . petraea) believe that collar
diameter increases with increased nutrient availability but
in our research no clear difference of this characteristic
was detected on sites with different nutrient.

In the present study the total length of the apical
shoot was closely linked to soil bed whereas it was higher
on high fertile site, a finding also reported by Harmer
(1989) for Q. petraea seedlings.

We did not found significant difference with growth
flush number at soil treatments. In the best conditions
(on soil H) it did not exceed 2 units per seedling. Of
course, 1n natural conditions sessile oak may produce up
to four or five growth flushes in a growing season;
nevertheless the limiting growing conditions may often
confine production to only one or two flushes, thus
restricting the full growth potential (Lavarenne-Allery,
1965; Longman and Cutts, 1974). Collet et al. (1997)
working on (. petraea showed that in year 1 or 2, growth
flushes did not exceed one or two even where the
seedlings were 1rigated, but it was counted three to four
where the ground vegetation was eliminated. Similarly
it expects that in this research growth flushes of
Q. castaneifolia would also elevate to four or five if herbal
vegetation were removed following the seedling
emergence. Owr observations revealed that node number
in apical shoot reached about 10/growth umt where the
seedlings were grown on high fertility without watering.
This 1s while the same result was obtained for 1-year-old
(. petraea seedlings when irrigated and cleaned from
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ground vegetation (Collet et al., 1997). This implies that
this term may alse promote two times (20/growth umt) in
Caucasian oak seedlings when irmigated and released from
weed.

Generally, nutrient deficiency strongly hinders seed
germination and development of primary roots (Gehrmann
and Ulrich, 1983). Likewise, reduction of root length is
often due to the nutrient deficiency (particularly N and P)
of soil (Brisette and Chamber, 1992). The confirmation of
this matter can be seen in our results such that with
decreasing fertility smaller root length (taproot) was
produced.

Biomass accumulation: As findings of Van Hees (1997,
on Q. rebur and F. sylvatica) and Collet et al. (1997, on
(. petraea), n the present study, the superior stem
growth of oak seedlings raised on the high nutrient-rich
soil (H) was associated to a greater biomass accumulation.
In contrast, the reduced stem growth of seedlings
receiving lower nutrient content (I, and M) was associated
to a lower level of biomass accumulation. The likely
explanation for the reduced stem growth and low biomass
accumulation observed on nutrient-poor soil with sandy
texture (1) may involve moisture stress, as it is cited that
field capacity is higher in the fine texture than in the
coarse texture.

Seedling development in term of root dry matter was
indirectly proportional to fertility. This 1s whle that for
beech seedling Minotta and Pinazuti {1996) found no
significant difference of root biomass in low and high
fertilities (tmder high light environment). In our study, on
sandy soil (L), benefited from the low nutrient and
moisture, the small taproot and rootlets expanded in
superficial layer extubited greater root biomass. Siumilarly,
Van Hees (1997) proves that seedlings of F. sylvatica and
Q. pedunculata produce bigger root biomass where the
moisture content is poor. The same finding is observed in
working of Walters and Retch (1997) on maple, too.

As finding of Minotta and Pinazuti (1996), m our
examination root/shoot biomass decreased on high
nutrient site. This 15 while that both mvestigations
demonstrated bigger leaf dry matter and larger leaf area on
such site. The reduced leaf area could be also caused by
soil moisture shortage (Van Hees, 1997). In the present
review, such an occwrrence with leaf area was appeared in
soil L. being benefited from a coarse texture.

Specific leaf area decreased on high fertile soil. This
is in inconsistent with line of Minotta and Pinzauti’s
(1996), who revealed this attribute was declined on
nutrient-rich soil (under high radiation supply). In
literature 1t looks like that nfluence of light more than soil
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has been reported with this term; it often decreases due to
the increase of light intensity (Walters and Retch, 1997,
Tabari et al., 2005).

Nutrient content: The soil effect was sigmficant for N,
P and K content of root. Potassium content of stem and
leaf as phosphorus content of leaf seemed to be
independent of soil fertility. With increasing fertility,
N and P content increased in root and stem. Where the
nmutrient availability was raised (soil H) K content
mcreased 1n root but it did not vary mn stem and leaf. In
total, it can be noted that the richer substrates seem to
have promoted the plant’s uptake of N, P and K as the
similar result for N and K, not for P, is observed with
European beech (Minotta and Pinzauti, 1996). In other
words, it is accepted that nutrient concentration in
seedlings elevates with increasing soil fertility (Marler and
Strom, 2003). Accordingly, Milberg and Lamont {1997)
declare that P content of seedlings is higher in high
nutrient available soils.

CONCLUSION

In conclusion, the early results of this investigation
reveal that in the elm-oak stands most of the
characteristics measured, particularly survival and early
growth, with . castaneifolia seedling sown by acorn are
best on high nutrient site. This is while that the growth
suttability 1s produced to some extent on medium nutrient
content site (M), too. However it may be better that for
rehabilitation of Caspian lowland forests where the elm-
oak stands have been devastated since some years ago
direct seeding of Q. castareifolia to be carried out on the
higher fertile sites.
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