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Abstract

Different pot sizes are used to raise nursery seedlings and these determine the early growth rate of different species of
seedlings. This experiment was set up to determine the best pot size for 2 eucalyptus species namely; E. saligna and E.
grandis. The experiment was laid down as a Randomized Complete Block Design (RCBD) with 8 treatments replicated
3 times. Treatments comprised of four different pot sizes namely; large (9 by 20), medium (8 by 19), small (7 by 13)
and smallest (6 by 10) cm respectively based on volumes, as well as the two eucalyptus species. The experiment was
carried out for a period of 6 months during 2017 and 2018 in Egerton University tree nursery. One way ANOVA was
performed on the measured variables using Genstat statistical package while the means were separated using Standard
Error Deviation (SED) at P< 0.05. The results revealed that the large and medium pots showed significantly higher
growth in shoot, root and foliage in most of the variables measured compared with small and the smallest pot sizes.
Similarly, large and medium size pots showed almost similar response in most of the variables with little significant
between them and similar trend was also repeated between the small and smallest pot sizes. On the other hand, both E.
saligna and E. grandis showed similar growth in all the variables except in the number of branches whereby the former
was significantly (P< 0.05) higher (8.69) compared with the latter (6.65). The larger pots contained a higher soil and
water volume (1272 cm3) which supported better and healthy seedling growth as compared to the smaller pots whereby
seedlings were stunted. This was shown by the latter being lower by 50% in shoot, root and total plant biomass
compared with the former. It is therefore recommended to use medium sized pots to raise eucalyptus seedlings in the
nursery since they are more economical and do not compromise the growth of seedlings.
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1 Introduction

Eucalyptus is an evergreen flowering tree/shrub from the family of Myrtaceae, sub-family Myrotidea [1]. It is a
hardwood planted widely globally for their antibacterial, insect repellent, cosmetics, anti-viral, pharmaceutical, wood
purposes, nutraceutical and anti-fungal properties. The plant is fast growing [2] hence is a good source of wood and oil
[3]- It tolerate diverse edaphic conditions, grows fast (10 years or less), source of wood to industries and is also used in
infrastructural developments [4].

Approximately 700-800 species of eucalyptus have been identified globally [1, 4, 3]. Australia has about 700 species of
eucalyptus while Brazil is the largest producer with a cultivated area of 7.5 million ha [5]. It was outlined by Del et al
[6] as the most widely planted genera with over 10 million ha in the tropics. In Kenya, Eucalyptus species were
introduced as early as 1902 by the colonial government to provide fuel wood for Kenyan-Uganda railway locomotives
[7]- Due to its fast growth rate, convenience and multipurpose, the genus has spread in all agro-ecological zones in Kenya
[2, 4, 8].
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Eucalyptus was introduced in East Africa late 19t [2] and early 20th century in Ethiopia, Rwanda, Uganda, Kenya and
Sudan. By 1970s, the area of eucalyptus in the 5 countries was at 95,684 ha while the largest plantations during that
period were in Ethiopia (42,300 ha) and Rwanda (23,000 ha) [1]. Since 1990s, there has been upswing in eucalyptus
plantations in East Africa, resulting into adoption of the genus in agroforestry [2] to meet the demand of the growing
human population [1, 4]. This wide expansion was associated with promotion by some international organizations such
as Food and Agriculture Organization (FAO) to improve resource base for renewable energy. Forest officers therefore
participated in this by offering seedlings to small scale farmers to plant. However, there were no proper guidelines given
on how and where the species was to be planted. This resulted into rising plantations along water bodies leading to
receding/drying up of some water sources [1, 9].

There has been increase in eucalyptus plantations in most countries in Africa, Kenya included [2] which has contributed
to regeneration of indigenous woody species hence fostering ecosystem. This is because the species has scattered
canopy which allows for light penetration to the ground compared to other species such as Cupressus lusitanica.
Additionally, eucalyptus provide a good habitat for most bird species which contribute to seed dispersal hence enhance
biodiversity [1]. Some species such as E. globulus have been used to drain swampy areas through their roots hence abate
other problems such as malaria prevalence [1].

Many species of eucalyptus have been introduced in Kenya and by 1950’s, about 70 species were introduced but only a
few are used as timber hence narrowing further the species. Furthermore, 100 species are currently being planted in
Kenya [7]. Most of these were subjected to extensive research and currently less than 20 species have been
recommended for wide scale planting. The four primary species of eucalyptus mostly planted in Kenya entails; E.
grandis, E.saligna, E. camaldulensis. and E. globulus [7]. The area under eucalyptus species in the country is estimated to
be about 100,000 hectares of plantations, 15,000 ha in gazetted forests, about 35,000 ha planted by private companies
and 50,000 ha by farmers.

The government promoted the planting of Eucalyptus spp. with the increasing demand for Wood products [2, 10], which
culminated in the introduction of high-yielding, shorter-rotation varieties [8] through biotechnology between 1997 and
2003. The major species planted in Kenya was E. saligna (Blue gum) at the western parts of Kenya [7]. However, in 1998,
E. grandis (Rose or flooded gum) hybrids were introduced in the highlands. In addition, the species has been producing
well compared with the other species; its mean annual increment in volume has been from 30 m3ha! to 50 m3ha [11,
10]. E. grandis is the mostly grown species in Kenya since it does well both in flooded and well drained soils altitude
being 1,600 to 2,200 m asl. However, E. saligna has been the mostly planted species in agroforestry in Kenya [8]. E
saligna has moderate rooting and does well only in well drained soils at an altitude of 1,600 to 2,500 m asl and rainfall
of 2 1,000 mm annually [7]. It is estimated that Kenya earns approximately Kshs. 30 billion from eucalyptus farming
implying that it is a good source of income to small farmers and the nation at large [2, 4].

A study by Rocha et al. [12] reported that E. grandis can also adapt well under low water conditions and proceed with
their growth processes. This is because they have adaptation strategies to reduce water losses through their leaves [13].
Therefore, the modifications can be attributed to modify volumetric production in stem biomass. Additionally, the
authors report an increase in the volume of E. saligna in Brazil which is attributed to increased soil fertility and less
hostile climate which promote biomass increment. Therefore, woody density and radial growth are related to climate
of aregion [12].

The same results are reported by Vivas et al. [13] that the growth of E. grandis is influenced by the environmental
variations. Another study done on E. grandis in Uruguay show that the species record the least dbh among other three
species. Moreover, there is increased height due to competition for light hence slender diameter but with increased
density [14]. However, Kenya Forest Research Institute (KEFRI) report a good volumetric increase in E. grandis (30
m3ha1to 50 m3ha1) [10].

Studies in Angola by Delgado-Matas and Pukkala [15] reported that E. saligna has the highest growth in stand basal area
and mean annual increment before 10 years while E. grandis show slower growth at the young stages but continue to
grow for a long period. However, the authors report that both E. grandis and E. saligna have great performance with
yearly growth rate of 40 m3ha-! [15]. Work by Kahunyo [16] record that these 2 species have similar diameter and
volume at 6 years in most Kenyan sites.

However, further studies show that E. grandis hybrids and provenances have higher annual growth (60 m3 per ha)
compared with E. saligna (50 m 3 per ha) [15]. Moreover, it is reported that E. grandis have the highest species mean
height while E. saligna have the highest stand basal area and volume [15]. However, E. grandis report the highest
survival rates because they easily adapt to the changing environment [12].
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Currently there is scanty knowledge on the ideal pot size for raising eucalyptus seedlings in the nursery hence the need
for this study. Pot size is a major factor considered in growing good healthy seedlings [17]. Additionally, pot type and
shape also influences seedling growth as the shape affects root development and expansion [11,18]. High quality
seedlings therefore, result into improved field performance and due to ideal plant height and root development which
acquires higher number of fibrous roots [19].

Moreover, big pot sizes results into increased seedling height hence enhanced growth compared with small pots [20].
This could be because large pot sizes avail more nutrients, water and space for root development [11, 19]. On the other
hand, potted seedlings have become more favored over bare root method in many reforestation projects [21] as well as
in private farms for various reasons such as better survival and out-planting during any time of the year and especially
when the soil moisture is enough [18].

Different container sizes alters the rooting volume of the plants, basal girth and branches [11] which can greatly
influence plant growth due to reduced space for root elongation and expansion [20, 19]. In general, as the container size
increases, also leaf area, shoot and root biomass increases as well [17, 21]. Above ground and below ground plant organs
are closely interrelated in their growth rates. Roots depend on leaves for food manufacture while shoots and leaves rely
on the below ground parts for absorption of water, nutrients and as well as support [11, 20].

The balance between roots and shoots can be upset when the former system is reduced in a small rooting volume
resulting to stunted plant growth [11]. Therefore, large pot sizes are known to help seedlings to grow over 40% larger
[17]. Previous findings report that large pot sizes increase biomass yield by at 43% due to improved photosynthesis
caused by large leaves [11]. According to Agonafer et al. [21], large pots shows significantly higher root length and root
biomass in Sesbania sesban seedlings.

Therefore, pots improve the survival of most seedlings during transportation for transplanting [21]. This helps in
reducing breakage of roots hence increased survival once planted [17]. The sizes also allow for root expansion and
access to more nutrients and water resulting into increase in stem and height development [22]. Therefore, planting in
pots is best for eucalyptus among other plants during nursery period [19].

2 Material and methods

2.1  Study site

The study was conducted at Agroforestry tree nursery, Egerton University, Kenya. Egerton University is located in Njoro
approximately 25 km southwest of Nakuru town located approximately 182 kilometers, by road, northwest of Nairobi.
The study site lies on a latitude of 0°22'11.0"S, Longitude 35°55'58.0"E and an altitude of 2,238 m above sea level [23].

The area falls in agro-ecological zone Lower Highland 3. The experimental site receives mean annual rainfall of 1,200
mm. The distribution of rain is bimodal with long rains between April and August and short rains between October and
December annually. The temperatures in the field range between 10.2 and 22.0°C (24). Soils at the site are mollic
andosols [23].

2.2 Experimental design

The experiment was laid down as a Randomized Complete Block Design (RCBD) with 8 treatments replicated 3 times
[19]. Treatments comprised of four different pot sizes with their corresponding width and lengths in centimeters as
follows: large (9 by 20), medium (8 by19), small (7 by 13) and smallest (6 by 10) as well as two eucalyptus species
namely; Eucalyptus grandis and Eucalyptus saligna.

The volume of the pots was calculated using the following formula: []xd2h divided by 4. Large pot size (Volume=1272
cm?3) was 1.3, 2.5 and 4.5 times bigger compared with medium, small and smallest pot sizes respectively. Forest soil
mixture was used for potting and 15 pots were used per each treatment per replicate while seven plants were randomly
selected for sampling. The experiment was carried out from September 2017 to March 2018 for a period of 6 months.

The variables measured included; height, root collar diameter, 37 internode length, number of leaves and branches, leaf

length and width, root length, shoot, root and total biomass as well as seedling stem volume (SSV) = [] x d2h divided by
6; where diameter and height are in centimeters.
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2.3  Data analysis

Analysis of variance (one-way ANOVA) of the measured variables was done using Genstat statistics [25] while the means
were separated at P< 0.05 using Standard Error Deviation (SED).

3 Results and discussion

3.1

Effect of varying pot sizes and Eucalyptus species on shoot growth of nursery seedlings

The results showed that large pot sizes had significantly (P< 0.05) higher growth in all the shoot variables compared
with small pots (Table 1).

Table 1 Effect of varying pot sizes and Eucalyptus species on shoot growth of nursery seedlings

d .
. Pot Pot . . 3 Number Seedling Shoot Total
. diameter x Height | internode stem . plant
Pot size volume of biomass h
length (cm?) (cm) length branches volume () biomass
(cm) (mm) (cm?) (8)
Large 9x20 1272 | 39.32a 3.90a 10.48a 5.53a 5.60a 8.53a
Medium 8x19 955 |37.68b 3.85ab 9.28a 4.92a 4.87b 7.70a
Small 7x13 500 |34.35c 3.33b 6.45b 2.70b 2.23c 3.68b
Smallest 6x10 283 | 37.75b 3.45ab 4.47c 3.08b 2.27c 3.82b
Species
Eucalyptus grandis 37.55a 3.68a 6.65b 3.91a 3.83a 5.93a
Eucalyptus saligna 37.00a 3.59a 8.69a 5.43a 3.66a 5.93a
Cv% 2.8 11.6 17 12.5 111 14.2
Sed 0.6 0.24 0.75 0.29 0.24 0.49

Means with different superscript letters within a column differed significantly at P<0.05 using SED.

Similar results were reported by Kinyua [26] for jojoba, James et al. [19] for Eucalyptus torelliana [19], Salisu et al. [11]
who reported that large pot sizes increased stem diameter, Mariotti et al. [22] for seed vigor on indigenous tree species;
hence were in agreement with the current findings which showed that seedlings raised in larger pots produced the
largest seedlings [21, 17].

Further results showed a similar trend in height and shoot biomass where large pots were significantly higher [11, 22]
compared with medium ones [20]. Similarly, medium pots showed significantly superior growth in number of branches,
SSV, shoot biomass and total plant biomass compared with small and also smallest pots [19]. It was logical to attribute
the increases in dry weights and plant heights from increased pot size to increased soil volumes and nutrient uptake
in larger ones leading to increased growth rates in such containers hence congruent to the findings by James et al.
[19].

Furthermore, a similar report was given by other authors that large pot sizes increase shoot and root development
due to availed resources such as nutrient and water [22]; unlike small pots which restricts resource availability
hence stunted seedlings [11]. Under suitable conditions, there was consequently better development of primary
shoots leading to taller plants among other shoot parameter [17, 20].

A study by Salisu et al. [11] reported significantly higher shoot and root biomass in rubber seedlings raised in large
pots [20] compared with small pots and this was consistent with the current findings [17]. Other similar studies
were reported by James et al. [19] of increased shoot and root growth in large pot sizes thus corroborated with the
findings again from Agonafer et al. [21]. The authors also reported that the rate of seedling growth in the pot sizes
depend on the type of species to be planted [11]. This could be because some species have large root system, others
shallow while others deep and elongated roots.
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Small pots on the other hand, caused root restriction lowering water and nutrient uptake resulting into reduced plant
biomass as a consequence of reduced photosynthetic rate [11, 19]. Small pots led to root restriction which in turn
reduced canopy growth. Additionally, small pots inhibited root growth leading to poor growth [11]. As a result,
small pots allowed for less root expansion, reduce the number of secondary shoots and total height of all the shoots
[21, 22]. Root restriction reduces dry matter production but it does not cause nutrient deficiency [19]. However,
large pots allow for longer tap root in the nursery which improves seedling anchorage [20].

With regard to species, results showed that E. saligna had significantly higher number of branches (8.69) compared
with E. grandis (6.65), however, there were no other significant differences observed in all the other shoot variables
measured. This showed that young eucalyptus seedlings of E. saligna and E. grandis had relatively similar growth in the
nursery. The results were consistent with earlier findings by Delgado-Matas and Pukkala [15], who reported that E.
saligna had better growth rate during young stages compared with E. grandis, however, hybrids of the latter performed
better than the original E. saligna in the highlands. Earlier work by Kahunyo [16] also showed that these 2 species had
a similar performance at 6 years of age.

3.2  Effect of different pot sizes and Eucalyptus species on root growth of nursery seedlings

Large pots showed significantly higher root growth (P<0.05) in all the variables compared with small pots, except root
to shoot ratio which was similar in all the pot sizes (Table 2). Similarly, large pots showed significantly higher root
length (38.6 cm) compared with medium pots (32.20 cm), while small pots (23.57 cm) were also significantly higher
compared with the smallest ones (19.03 cm).

Table 2 Effect of different pot sizes and Eucalyptus species on root growth of nursery seedlings

Pot size Pot Pot Root collar | Rootlength | Root Root: shoot
diameter x | volume diameter (cm) biomass (g) ratio
length (cm) | (cm3) (mm)
Large 9x20 1272 5.20a 38.60a 2.93a 0.53a
Medium 8x19 955 4.98a 32.22b 2.83a 0.58a
Small 7x13 500 3.88b 23.57c 1.45b 0.65a
Smallest 6x10 283 3.95b 19.03d 1.55b 0.72a
Species
Eucalyptus grandis 4.41a 28.70a 2.11a 0.59a
Eucalyptus saligna 4.60a 28.01a 2.27a 0.65a
Cv% 6 7.9 27.7 29.2
Sed 0.16 1.21 0.35 0.1

Means with different superscript letters within a column differed significantly at P<0.05 using SED.

Root growth was directly and positively correlated with pot size [22]. This could be due to large soil and water volume
that supported healthy growth of seedlings [20, 22]. These findings corroborate with earlier work by Agonafer et al.
[21] who reported higher root weight and length in large pots compared with small pots for sesbania seedlings.

The large root system contained in bigger pots supplied water and nutrient requirements of their relatively small shoot
[19, 20] and this was considered a desirable character in arid lands, and could be applied as an adaptation strategy to
climate change. Balanced larger seedlings achieved higher survival especially in arid environments [12, 11]. Moreover,
bigger seedlings had a higher survival rates and could do well in semi-arid environments due to their improved vigor
[21]. Shoot and root development of walnut seedlings was more limited by pot diameter than depth [18, 22], however
this was not investigated by the current research.

A study done on Cajanus cajan also reported that large containers provide for enough root expansion hence higher root
to shoot ratio compared with small containers with higher shoot to root ratio. Additionally, the authors reported that
large pot sizes resulted into more seedlings with increased growth rate [21]. This could be related to the availability of
nutrients and moisture contained in the soil in such containers [19, 20].
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3.3  Effect of different pot sizes and eucalyptus species on foliage growth of nursery seedlings

Large pots showed significantly (P<0.05) higher number of leaves (51.73) compared with medium pots (46.18), while
small and smallest pots were significantly lower (30.37 and 34.52 respectively) (Table 3). Similarly, large and medium
pots showed significantly higher leaf length and width compared with small pots.

Table 3 Effect of different pot sizes and eucalyptus species on foliage growth of nursery seedlings

Pot size Pot diameter | Pot volume | Number of | Leaf length | Leaf width
x length (cm) | (cm?3) leaves (cm) (cm)
Large 9x20 1272 51.73a 6.70ab 2.88a
Medium 8x19 955 46.18b 6.92a 2.92a
Small 7x13 500 30.37c 5.97c 2.48b
Smallest 6x10 283 34.52c 6.10bc 2.58ab
Species
Eucalyptus grandis 39.17a 6.31a 2.78a
Eucalyptus saligna 42.22a 6.53a 2.66a
Cv% 9.2 7.69 9.9
Sed 2.17 0.29 0.16

Means with different superscript letters within a column differed significantly at P<0.05 using SED.

Generally, results showed that pot sizes affected number of leaves and leaf width positively [19]. Moreover, other
previous findings reported that large pot sizes recorded large elongated leaves compared with the small pots [21]. The
current study corroborates with studies by Kinyua [26] who reported that small pots reduced leaf size of seedlings.
Other findings also reported the same results that pot size influenced seedling growth and development in nurseries
[11,17].

Plant vegetative traits increase correlated with large pots as well as leaf nutrient levels [20], while small pots reduce
dry matter of roots, stem, leaves and fruits [22] . Similar report was given by Agonafer et al. [21] who reported that large
pot sizes resulted into increased shoot growth and development. This could be related to the availability of nutrients
and moisture availed in large pot sizes compared with small ones [19, 22]

4  Conclusion

Large pots supported healthy growth of seedlings in shoot, foliage and root variables while small pots led to restricted
and stunted growth. Large pots were almost similar to medium ones in most variables. Among the two eucalyptus
species tested. Similar results were recorded in all the variables except in the number of branches where E. saligna had
significantly more branches compared with E. grandis, however, this did not affect the overall plant biomass.

Recommendations

It is therefore recommended that medium sized pots can be used to raise nursery eucalyptus seedlings since they are
more economical and do not compromise the growth of seedlings. Eucalyptus seedlings also take only a short period (4
to 5 months) in the nursery hence do not require large pots.
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