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Abstract

Flooding has become a common occurrence due to climate change leading to prolonged water-logging which suffocates
plant rooting, thus reduced growth, yield or total loss. Limited research has been conducted on the same. This study is
aimed at investigating the effect of flooding period on the early growth of Grevillea robusta nursery seedlings in Njoro,
Kenya. An experiment was set up for 2 months in Egerton University Agroforestry tree nursery using a six months old
Grevillea seedlings. Completely randomized block design (RCBD) with 4 treatments replicated 3 times was used. The
treatments were: Non-flooding, 2 days flooding, 4 days flooding and 6 days flooding. Data was collected for shoot, foliage
and root variables and analyzed using SAS statistical package while means were separated using least significance
difference (LSD). Non-flooding recorded the highest performance for all the shoot and foliage variables while the least
was 2 days flooding. On the other hand, 6 days flooding was the second in performance for most of the variables
especially 3rdinternode length (20.2 mm) and fresh shoot biomass (56.4 g) were significantly (P=0.002 and 0.05) higher
respectively compared with 2 days flooding (13.5 mm and 46.7 g) respectively. In conclusion, flooding affects the growth
of Grevillea seedlings negatively by reducing their growth and this was more pronounced in 2 days flooding. However,
for 6 days flooding, the seedlings seem to adjust through development of adaptive strategies in the roots. Further
research needs to be conducted on other species and also prolonged flooding period.
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1. Introduction

Flooding effect has been used to assess the waterlogging tolerance. Water stress associated with flooding has been
shown to inhibit certain physiological and reproductive plant functions [1]. This interrupts the natural growth and
establishment of plants. The threats and plant tolerance associated with waterlogging stress disturbances have been
documented for agricultural crops such as, wheat, rice, maize, soy bean among others [2, 3, 4] but little work has been
done on tree species in agricultural landscapes. Earlier studies have shown that waterlogging tolerance of higher plants
increases with age and size up to maturity but also decreases with decreasing crown position [5, 6]. Very few forest
species have demonstrated high tolerance to waterlogging stress [7].

Grevillea robusta (silky oak) has been widely planted in warm temperate, sub- tropical and tropical highland regions of
many countries as a shade tree for tea and coffee and as an agroforestry tree in small scale farms [8]. The species is
native in Australia but has successfully naturalized in Kenya where it is grown in the lowlands mostly preferred as a fast
growing agroforestry tree species [9]. The growing of this species in agricultural systems releases pressure on reliability
of conventional forest resources and, therefore, play a major role in sustaining the productivity of agricultural and
forested landscapes. In these ecosystems, this species contributes to the stability of the environment by supplementing
fodder, wood fuel, supporting water, soil, and biological diversity conservation, and mitigate climate change through
carbon sequestration [10, 11]. Grevillea can be propagated by seed, cuttings, layering, grafting, and tissue culture.
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Propagation by seed for raising of seedlings in the nursery has been the most adopted method preferred by foresters
and farmers as natural regeneration shows less success amidst challenges of climate change [12].

The Kenyan lowlands most often are vulnerable to environmental stresses, such as periodic drought and prolonged
flooding. The majority of flood prone areas and dry lands are situated in these lowland zones with flat topography
features [13]. The unpredictability of these disturbances makes it difficult for managers to respond or manage areas of
significantly transformed soil moisture levels. In the case of flooding, the artificial disturbance brought by the abnormal
water regimes could deepen the flood water and/or prolong the waterlogging duration. Some plants have shown some
tolerance to waterlogging stress and have developed adaptations, such as hibernation, tolerating various degrees of
inundation for some time and tolerating waterlogging indefinitely [14, 15]. Some studies have suggested that sustained
waterlogging led to adventitious root formation in waterlogged plants and thus, improving oxygen availability in root
system [16]. Morphological adaptive traits observed under the stimulus of prolonged waterlogging are, increased
survival of secondary roots, emergence of secondary roots designated as soil water roots and physiologically, increased
metabolism and aerobic respiration rates in the roots [17].

Seedling development stage is the most sensitive period of tree cycle in which measurements of soil water levels should
be done for the growth and survival of planted trees [18]. Seed to seedling development and establishment greatly relies
on the growing conditions as dictated by the environment. Soil waterlogging is deleterious to majority of terrestrial
plants as it inhibits carbon gain, growth and increases the risk of early mortality in young plants. Seedling growth and
survival depends on the responses to water stress. The current study is aimed at investigating the effect of flooding
period on the early growth of Grevillea robusta nursery seedlings.

2. Material and methods

2.1. Study site description

The study was conducted at Agroforestry tree nursery, Egerton University, Njoro, Kenya, within the eastern Mau water-
catchment. The study site lies on a latitude 0°22'11.0"S, Longitude 35°55'58.0"E and an altitude of 2,238 m [19]. The
area falls in agro ecological zone Lower Highland 3. The experimental site receives mean annual rainfall of 1200 mm
while the distribution of rain is bimodal with long rains between April and August and short rains between October and
December. The temperatures lie between 10.2 and 22.0°C [21] while the soils are mollic andosols [20] with relatively
high levels of phosphorus.

2.2. Experimental design

An experiment was set up for a period of 2 months in Egerton University Agroforestry tree nursery, Njoro, Kenya, using
a six months old Grevillea seedlings. This experiment was conducted in January and February 2019 which are dry
months. The experimental design was completely randomized block design (RCBD) with 4 treatments replicated 3 times
[22]. The treatments were as follows: Non-flooding, 2 days flooding, 4 days flooding and 6 days flooding. Each treatment
consisted of 3 replicates. Flooding water was artificially introduced in non-perforated plastic containers containing the
seedlings. Water was added as per the treatments and then later drained accordingly.

On the other hand, each treatment and replicate consisted of 10 potted Grevillea seedlings. Out of these, 7 seedlings
were sampled at random for data collection. Data was collected for shoot, foliage and root variables using a destructive
technique.

2.3. Data analysis

Data was analyzed using SAS statistical package [23] while the means were separated using Least Significance
Difference (LSD) at P <0.05.

3. Results

3.1. Effect of flooding period on the shoot and foliage growth of Grevillea robusta nursery seedlings

The results showed that non-flooding resulted into significantly (P=0.04) higher height (51.7 cm) compared with 2 days
flooding (43 cm) (Table 1).
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Table 1 Effect of flooding period on the shoot and leaf growth of Grevillea robusta nursery seedlings

Flooding Height | 3vd Internode | Fresh shoot | Fresh total | Seedling Leaf Leaf
period (cm) length (mm) biomass(g) biomass (g) | Shoot Volume | length number
(days) (cm?) (cm)

Non-flooding | 51.7 a 28.1a 58.2a 83.5 30.9 33.2a 19.3

2 days 43.0b 135¢ 46.7b 74.9 26.4 263D 17.0

4 days 48.0ab | 19.0b 49.9 ab 72.7 29.5 283D 17.0

6 days 483ab | 20.2b 56.4 a 78.4 329 28.2b 18.7

P value 0.04 0.002 0.05 0.100 0.208 <.001 0.528
%CV 5.5 12.0 8.2 8.3 11.0 3.5 12.6
LSD 5.275 4.862 8.61 13.28 6.585 2.025 4.529

Note: Mean values within a column followed by the same letter (s) are not significantly different at P<0.05.

On the other hand, 34 internode length was significantly higher in non-flooding (28.1 mm) compared with 2, 4 and 6
days flooding (13.5, 19 and 20.2 mm) respectively. Generally, non-flooding recorded the highest performance for all the
shoot and foliage variables while the least was 2 days flooding. On the other hand, 6 days flooding was ranked as the
second in performance for most of the variables and especially 3rd internode length (20.2 mm) and fresh shoot biomass
(56.4 g) were significantly (P=0.002 and 0.05) respectively higher compared with 2 days flooding (13.5 mm and 46.7 g)
respectively. Non-flooding showed significantly (P<.001) higher leaf length (33.2 cm) compared with all the other

treatments.

3.2. Effect of flooding period on the root growth of Grevillea robusta nursery seedlings

Six days flooding showed significantly (P=0.05) higher root collar diameter (11.4 mm) compared with all the other
treatments (Table 2 and Figure 1).

Table 2 Effect of flooding period on the root growth of Grevillea robusta nursery seedlings

Flooding period | Root collar diameter | Root length | Root biomass | Root to shoot
(days) (mm) (cm) (2) ratio

Non-flooding 10.7 b 44.8 25.4 ab 0.44b

2 days 10.8b 40.2 28.3ab 0.60 a

4 days 10.8b 44.5 22.8b 0.46 b

6 days 114 a 37.7 31.0a 0.55ab

P value 0.05 0.218 0.05 0.01

%CV 0.68 10.1 11.4 8.1

LSD 0.3 8.45 6.12 0.08

Note: Mean values within a column followed by the same letter(s) are not significantly different at P<0.05.

On the other hand, 6 days flooding showed the highest root biomass (31 g) which was significantly (P=0.05) superior
compared with 4 days flooding. For root to shoot ratio, 2 days flooding (0.6) showed significantly (P=0.01) the highest
value compared with non-flooding (0.44) and 4 days flooding (0.46).
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Key: From left, 1- Non-flooded, 2-Two-day flooding, 3- Four-day flooding and 4- Six days flooding

Figure 1 Growth performance of flooded Grevillea seedlings

4., Discussion

4.1. Effect of flooding period on the shoot and foliage growth of Grevillea robusta nursery seedlings

The study showed that non-flooding resulted into a significantly higher height compared with 2 days flooding. The
results were similar to earlier findings [24] which demonstrated that rice seedling height grown in Japan were higher
in conventional farming (non-flooding) than in winter organic flooding. Other studies also concur with this study that
seedling growth height in nurseries is decreasing with increase in submergence depth and duration [25]. Therefore,
increase in flooding period results into decline in seedling growth and survival [26, 27, 28].

Shoot growth in plants is thus, related to root system health [29]. Therefore, poor root system consequently results into
poor shoot growth due to inhibition of mineral and water uptake/transportation. Flooding consequently, leads to
suppression of shoot elongation [27, 30]. The current findings were, however, contrary to more recent findings [31]
which reported higher shoot height in 7 days flooding compared with non-flooding. Other studies also on the contrary
report increase in seedling height with increase in flooding periods of up to 150 days [32].

Third internode length was highest in non-flooding compared with the flooding under different periods, but gradually
began to increase with increase in flooding period. This phenomenon could be attributed to seedling resilience to
flooding as demonstrated by other studies [25, 29]. Similar findings were shown by other studies which showed that
second internode in maize plants increases with decrease in flooding period due to decline in stem diameter and length
[33]. However, a study done on wild rice reported that rice internode length and number increases with increase in
flooding period [34].

The current study reported higher fresh shoot and total biomasses in non-flooding followed by 6 days flooding
compared with the other flooding periods. These results were congruent with other studies that increase in flooding
period reduces fresh total biomass and leaf dry mass [25]. Similar results were also exhibited by other studies which
demonstrated increased biomasses in control (non-flooding) compared with the flooding [32]. This could be attributed
to leaf reduction associated with leaf defoliation as a result of excess water [25, 26]. However, increase in fresh total
biomass in 6 days flooding period compared with the other flooding period was contrary to other studies [25] and this
could be attributed to the seedling resilience to flooding even though prolonged flooding results into excessive leaves
defoliation which leads to less biomass weight of leaves. Tolerance to flooding can also be associated with development
of adventitious roots in the submerged stems by some plants [29].
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Seedling shoot volume was recorded high in 6 days flooding compared with other flooding periods and non-flooding.
This was not in one accord with previous studies [35] which demonstrated reduced shoot volume due to leaf loss. Shoot
volume reduces with increase in flooding level and period [30] which was contrary to this study. Leaf length was
recorded high in non-flooding compared with the flooding under different periods. The results were similar to other
studies that flooding inhibits leaf expansion due to its effects on chlorophyll content, hence low photosynthesis [30].
Similar studies were also done by other researchers [26] who reported that increased duration of flooding has an
adverse impact on leaf chlorophyll content, hence reduced leaf length and size.

Leaf number was recorded higher in non-flooding which was contrary to other studies [24] which reported higher
number of leaves in flooded soils as well as shoot dry weight to plant height. Another study also reported a reduced
number of apple seedling leaves in flooding/waterlogging due to defoliation [35]. However, other studies record no
significant difference in the number of epicormic shoots and leaves in flooded and non-flooded seedlings [30]. The
results, however, corroborated with those reported by earlier studies [25, 32] which stated that increased flooding
duration results into leaf defoliation. This can result into new leaf budding to replace the defoliated ones [26, 31].

4.2. Effect of flooding period on the root growth of Grevillea robusta nursery seedlings

Root collar diameter of Grevillea robusta was recorded higher in 6 days flooding compared with non-flooding and other
treatments. The results were, therefore, similar to other studies which demonstrate increase in root collar diameter
with increase in flooding period. However, root collar diameter tends to remain similar in short flooding periods and
non-flooding, according to previous studies [32].

Root length was recorded high in non-flooding compared with the flooding under various periods. The findings were
similar to previous studies [26] which demonstrated that increasing flooding duration in Distylium chinense nursery
seedlings affects root length and number due to rotting. The results were again congruent with other studies that
seedlings invest more in roots and stem development in non-flooding environments [25]. Flooding is therefore, known
to cause poor soil aeration and deplete oxygen in the soil which reduces the growth and development of root system
[26]. This is attributed to increasing demand for oxygen as well as increased accumulation of phytotoxic compounds in
the soil, such as reduced forms of nutrients such as, iron, manganese, lactic acid among others which are detrimental to
root metabolism [30].

Root biomass was recorded higher in 6 days flooding compared with the other three treatments. Similar results were
also reported by other studies that root dry mass decreases with increase in flooding period [25, 30]. This was, however,
contradictory to the recent findings [31] which demonstrated reduced root biomass of Prunus ovium, P. padus and P.
mahaleb in waterlogged soils compared with non-flooded. Likewise, the study was against other findings which
reported decrease in root biomass with increase in flooding period [32].

Root to shoot ratio was higher in 2 days flooding than in other periods of flooding and non-flooding. This was, however,
contrary to other findings [31] which reported a reduced root to shoot ratio in waterlogged soils. Similarly, other studies
also demonstrated that root to shoot ratio is high in non-flooding compared with the submerged in 30-60 days and
much lower in 90-120 [25, 30], hence corroborating with the current study.

5. Conclusion

In conclusion, flooding affects the growth of Grevillea seedlings negatively by reducing their growth and this was
pronounced in 2 days flooding, however, for 6 days flooding, the seedlings seem to adjust through development of
adaptive strategies in the roots which are shown by significantly larger root collar diameter, root biomass and root to
shoot ratio. Further research needs to be conducted on other species and also prolonged flooding period.
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