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Abstract

In Mediterranean region and especially in North Africa, forest seedlings for reforestation objectives are often produced in small-scale nurseries.
The quality of the seedlings influences the success of forest plantation initiatives. This study uses morphological parameters to assess the quality of
seedlings of five Tunisian native species (Lavandula dentata, Ruta chalepensis, Laurus nobilis, Capparis spinosa, and Myrtus communis). Some
growth parameters like (seedling height, root collar diameter, shoot dry weight and root dry weight) and quality indicators (Root-to-shoot ratio,
Sturdiness quotient Root and Dickson quality index) of seedlings produced were compared between some forest Tunisian nursery. The comparison
of morphological parameters show significant differences between nurseries (at p=0.05). Seedlings produced in Fernana nursery were uniform in
terms of growth characteristics and quality indicators. These differences could be attributed to better environmental conditions and to the quality of
substrate used

Key words: Dickson quality index, forest seedlings, Growth parameters, Root-to-shoot ratio, Sturdiness quotient Root, quality indicators.

Introduction

In Tunisia, the General Direction of Forestry makes
a great effort to increase the forest area in the count-
ry. For this purpose several hundred hectares of forest
land is replanted every year. Since 1995 to 2010, the
forest service have made about 400 162 ha of refo-
restation (DGF, 2010). However, many plantations
fail to survive or grow satisfactorily after outplanting.
These failures are often associated with transplant
shock (Struve & Joly, 1992), deer browsing (Tripler
et al.,2002), and competing vegetation (Crow, 1988).
Additionally, poor soils or nutrient deficiencies and
poor seedling quality (Clark et al., 2000) may account
for the failure of oak plantings. For this raison high-
quality seedlings, that can survive and grow rapidly
after out-planting, are highly recommended. Hence,
identification and quantification of superior seedling
morphological attributes that can be quantitatively lin-
ked with improved field response and early plantation
success is warranted.

Several morphological attributes, such as seedling
shoot height and diameter are often used as indicators
of seedling quality and predictors of field response be-
cause they are relatively simple to measure (Dey &
Parker, 1997). However, despite advances in seedling
quality testing and prediction of field performance, no
single test has proved suitable across a multitude of
species and conditions (Davis & Jacobs, 2005), indi-

cating that seedling attributes need to be determined at
the species level and to take into account specific envi-
ronmental and management conditions (Bayala e? al.,
2009). Due to a lack of technical and skilled staff, te-
sting of seedling quality has not been adopted by most
nursery operators in the forest nurseries of Tunisia.

The main purpose of this work is the use of the
morphological parameters to assess and compare the
growth quality indicators of five native produced see-
dlings in three Tunisian forest nurseries.

Materials and methods

Plant material

The material of the study is the seedlings of Lavendu-
la dentata, Ruta chalepensis, Laurus nobilis, Capparis
spinosa and Myrtus communis produced in INRGREEF,
Borj El Amri and Fernana nurseries (Fig. 1). A summa-
ry of the nurseries origin and physico-chemical analy-
sis of different substrates are reported in tables (1 and
2). In the three nurseries, seedlings are produced from
seeds collected from the local area of each nurseries.
After the germination, the seedlings were potted with
substrate previously prepared by each nursery operator
and cared for in the nursery for a period of 2 years. All
seedlings were received the same treatment (watering
frequency, etc.) in the three selected nurseries. In each
nursery, 15 seedlings were randomly selected per nati-
ve species, to give a total of 75 seedlings.
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Fig. 1 - Distribution map of the study nurseries in Tunisia.

Tab. 1 - Characteristics of the selected species and nurseries.

Tab. 2 - Physico-chemical analysis of different sub-

strate samples.

Speci Age Origi Nurseries Localization Containers Textures Nurseries origin
pecies 8¢ DMEM " irigin  Latitude Longitude Dim (cm) INRGREF Borj El Amri Fernana
Lavandula dentata 2 sowing Borj ElAmri  36°437"N  9°5327"E 1017 Coarse sand (%) 31 355 40.5
) ) . ) . Medium sand (%) 18 17 10.1
Ruta chalepensis 2 sowing Borj ElAmri 36°43'7"N 9°5327"E  10*17 Fine sand (%) 17 16 98
Capparis spinosa 2 cutting INRGREF 36°50'45"N 10°11'42"E  10*17 Coarse silt (%) 14.5 11.5 125
Myrtus communis 2 sowing Fernana 36°45'9"N  8°44'S6"E  07*20 Fine silt (%) 12.3 11.6 142
) Clay (%) 72 83 126
Laurus nobilis 2 sowing Fernana 36°45'9"N  8°44'S6"E  12%25 _
Organic carbon (%) 0.6 0.72 2.1
Organic Matter (%) 1.03 124 3.62
) ) pH s 8.36 8.45 6.9
.The morthIOglcal .features used for the determina- CE,s in mS/cm’ 1.08 0.95 0.72
tion of seedling quality were measured for each see- Limestone total (%) 14 135 _
dling, including shoot height, root length, root collar Active limestone (%) 13 13 -

diameter, and shoot and root dry weight. The dried
weight was determined after drying the samples in an
oven at 70°C for 48 h. We used measuring tape for
the determination of shoot height and root length (in
cm), vernier caliper for measuring root collar diameter
(mm), and a sensitive electronic balance for measuring
the shoot and root dry weights (g). The above-ground
dry mass was separately measured from root dry mass.

Morphological features data of seedlings were used
to compute seedling quality parameters. (1) The sturdi-
ness quotient (SQ) refers to the ratio of the height (H)
of the seedling to the root collar diameter (D) and ex-
presses the vigor and robustness of the seedling. Roller
(1976) found that black spruce seedlings with sturdi-
ness quotients greater than six were seriously damaged
when exposed to wind, drought, and frost. In general,
sturdiness quotient should closely parallel diameter in
predicting survival and growth in the field. The ideal
value for a seedling to be considered sturdy is less than
six (Jaenicke, 1999). (2) The root-shoot ratio (RS) re-
fers to the proportion of the root dry-weight to the sho-
ot dry-weight. This parameter reflects the capacity of
the roots to support the above-ground biomass not only
for anchorage but also in absorbing water and nutrients
from the soil. A high root-shoot ratio indicates high

absorption and storage capacity of water, which is an
advantage especially when the soil moisture is limited.
A root-shoot ratio between one and two is considered
as optimal (Jaenicke, 1999). (3) The dickson quality
index (DI) refers to the ratio of seedling dry-weight to
the sturdiness quotient and it is more efficient than the
root-shoot ratio.

The quality index was conceived by evaluating how
well a number of possible combinations of a predicted
morphological field parameters performance of white
spruce and white pine seedlings and selecting the best
combination (Dickson et al., 1960). In a subsequent
test, this index was able to predict quality based on
the nutrient environment (soil fertility) in which the
seedlings were grown (Dickson et al., 1960). This in-
dex was successfully used by Roller (1976) to diffe-
rentiate between successful and failure containerized
seedlings.

The statistical analysis was performed using the
SPSS v.18 package (SPSS Inc., Chicago, IL, USA).
Tukey’s HSD post hoc tests of independence (5 % si-
gnificance level) were used.



Results and Discussion

Assessment of seedlings growth parameters

The results of statistical analysis show a difference
between species concerning dry weight of the diffe-
rent part of the plant. The analysis of data in Figu-
re 2 shows that fine roots with diameter <2 mm are
much more developed in Laurus nobilis, Lavandula
dentata, Ruta chalepensis and Myrtus communis than
roots with diameter >2 mm. For the other morpholo-
gical parameter, Myrtus communis and Laurus nobilis
from Fernana nursery, show The highest values than
the others species. Mexal and Landis (1990) founded
that seedlings with larger stem diameters tend to have
higher survival rates and greater growth potential than
those having smaller diameters.

Significant differences at p<0.05 between nurseries
were found for seedling height, shoot dry weight, root
dry weight and root collar diameter across the five spe-
cies (Tab. 3). However, no significant differences were
detected in height principal root except for Capparis
spinosa (p<0.001). The average values of the morpho-
logical parameters are much high for Myrtus commu-
nis and Laurus nobilis in Fernana nursery than others
species, except in root dry weight (BR) for Capparis
spinosa in INRGREF nursery. The above results can-
not be conclusive without establishing the link betwe-

Dry weight (g)
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en the growth estimates and the seedling quality indi-
cators assessed in this study.

Assessment of seedlings quality indicators

The results analysis of quality indicators are shown
in Table 4. For the all studied species, the Sturdiness
quotient presents lower values, up to 9 and Dickson
Quality Index (DQI) present values between 0 < DQI
<2. In terms of the difference between species, only
the parameter Cs is significant at p<0.05. Therefore,

M Roots<2mm

m Roots >2mm

. M Leafs
[E—

-10

m Stems

Fig. 2 - Dry weight for different part of the studied native spe-
cies. Mc: Myrtus communis; Cs: Capparis spinosa; Ln: Lau-
rus nobilis; Ld: Lavandula dentata; and Re: Ruta chalepensis.

Tab. 3 - Morphological parameters of seedlings for the five species. (Mean + standard error; N= 75); Tukey’s HSD post hoc test.

Range Mean Statistic t-test
Growth parameter Species
Min Max (xxs.e) t-value Probability

Seedling height (cm) M. communis 375 43 40.00+1.61b 1434 <0.0001%%*

L. nobilis 30 33 38.50+0.88a 925  <0.0001%%*

L. dentata 37 41 32.00+1.26b 1343  <0.0001%%*

R. chalepensis 15.1 16.5 15.93+0.56¢ 1434 < 0.0001%**

C. spinosa 15 19 16.50+1.26¢ 1424  <0.0001%%*
Root collar diameter (mm) M. communis 3.96 533 4.73+0.40b -3.67 0.004*

L. nobilis 575 6.42 6.05+0.20b -1.95 0.079*

L. dentata 5.1 5.62 5.44+0.17b -2.74 0.021*

R. chelepensis 3.78 3.88 3.82+0.04b -4.85 0.001%:*

C. spinosa 532 8.71 7.56x1.12a 13.87  <0.0001%#%*%*
Height of the principal root (cm) M. communis 21 30 24.66+2.73b -0994 0344 ns

L. nobilis 335 54 41.17+6.46b 1.529 0.157 ns

L. dentata 21 23 22.00+0.58b -1.402 0.191 ns

R. chalepensis 22 25 23.33+1.16b -1.198 0.259 ns

C. spinosa 21.5 46 31.17+7.53a 6.739 < 0.0001%***
Dry shoot weight (g) M. communis 2378 4.621 3.32+0.67a 4.261 0.002*

L. nobilis 5.81 6.24 5.99+0.13b 9.391 < 0.0001%*

L. dentata 2.77 4.05 3.21+042a 4.051 0.002*

R. chalepensis 1.1 144 1.27+0.13¢ 0.31 0.763 ns

C. spinosa 0.86 14 1.11+0.16¢ 3.011 0.013*
Dry root weight(g) M. communis 1.54 2.864 2.32+0.40ab -5.987  0.000%**

L. nobilis 3.99 498 4.55+0.29ab -3.965 0.003*

L. dentata 1.64 2.7 2.13+0.31ab -6.161  0.000%**

R. chalepensis 0.98 1.16 1.09+0.07a -7.106 < 0.0001%*%*%*

C. spinosa 5.65 10.84 8.91+1.64b 11454 <0.0001%**

“*the values followed by the same letters within rows do not differ significantly at p = 0.05.ns : not significant, *: significant effect,

*%: highly significant effect , ***: very highly significant effect.
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Tab. 4 - Seedling quality indicators measured for the five native species. (Mean + standard error; N=75); Tukey’s HSD post hoc test.

Range Statistic t-test
Seedling quality indicator Species Mean (x+s.e)
Min Max t-value  Probability
Root-shoot ratio M. communis 1.16 1.61 1.44+0.19b 0.872 0.403 ns
L. nobilis 1.19 145 1.33+008b 241 0.037 ns
L. dentata 135 1.72 1.52+0.11a 0.56 0.588 ns
R. chalepensis 0.95 1.28 1.17+0.15a 13333 <0.0001%#**
C. spinosa 0.1 0.15 0.13+0.02b 12.023 <0.00017%%**
Sturdiness quotient M. communis 7.04 9.97 8.59+1.12a 9.226 <0.0001%**
L. nobilis 4.67 5.74 5.25+0.31a 8.441 <0.00017%%**
L. dentata 6.61 8.04 7.11£0.47a 9.822 <0.00071 ##*
R. chalepensis 3.99 434 4.17+0.13a 7.327 <0.0001%**
C. spinosa 1.79 2.82 2.26+0.30b 1.286 <0.00071 ##*
Dickson quality index M. communis 0.34 0.72 0.58+0.16a 9.366 <0.00017%**
L. nobilis 1.54 1.67 1.60+0.04a 4418 0.0071%*
L. dentata 0.46 0.83 0.63+0.11a 7.163 <0.0001%*%**
R. chalepensis 0.39 0.49 0.44+0.03a 2.819 0.018*
C. spinosa 2.79 6.03 4.29+0.94b 4739 0.001**

** the values followed by the same letters within rows do not differ significantly at p = 0.05.ns : not significant, *:
significant effect, **: highly significant effect , ***: very highly significant effect.

we can concluded that species produced in Fernana
and Borj El Amri nurseries have a good quality and
better chance to survive after outplanting than specie
produced in INRGREF nursery. These differences
among seedlings of the selected nurseries were explai-
ned principally for the quality of substrate used and the
environmental conditions (light availability, humidity,
mineral nutrition, etc.).

Conclusion

The morphological parameter such as seedling height,
root collar diameter, and the quality indicators such as
Root-to-shoot ratio, Sturdiness quotient Root and Dick-
son quality index can be used with success to characteri-
ze nursery seedling quality and to guess the field respon-
se. Output of this study may be used to help Tunisian
nursery operators to improve seedling quality, which
will enhance early establishment after out-planting.

There is a real need to organize the public seedling
sector in Tunisia and put in place a policy that governs
the production of high quality seedlings.
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