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Onion (Allium cepa L.) plant growth response
to varying levels of leaf and root damages — a

preliminary study

Abstract

A Dbiotic and biotic stresses can cause severe damages to leaves and/or roots of plants
leading to reduction in productivity and plant death. A greenhouse pot-experiment was
performed to determine the interactive effects of leaf and root damages on onion (Allium
cepa L. ‘Braddock’) plant growth and productivity. The treatments were: 1) leaf damage
(LD: 0, 25, 50, 75 and 100%); and 2) root damage (RD: 0, 50 and 100%) at transplanting.
Onion plants with LD 75% or 100% under severeRD100% exhibited the least plant growth
rate, and reduced bulbing ratio and bulb fresh weight compared to control intact plants.
Moderate leaf damage i.e., LD 25% combined with severe root damage RD 100% had the
highest plant growth rate and bulbing ratio compared to the other treatments suggesting
that plants with severe root damage, but moderate leaf damage promoted onion plant
growth. In conclusion, this preliminary study showed that combined leaf and root damage
or root damage alone significantly (P<0.05) reduced onion plant growth and productivity.
However, leaf damage alone did not significantly (P>0.05) reduce onion plant growth and
productivity. Future work will investigate plant morpho-physiological response.
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Introduction

Onion (A4/lium cepa L.) is a biennial, horticultural plant which
belongs to the genus Allium and family Amaryllidaceae (formerly
Alliaceae). Alliums have more than 900 species.! Onion bulbis valued
for its culinary and medicinal properties. It is used for cooking due
to its strong flavor from high sulfur compounds derived from four
non-protein sulfur amino acid collectively termed S-alk(en)ylcysteine
sulfoxides (CSO).? CSO compounds are known to have medicinal
health benefits and antimicrobial properties due to the concentration
of flavonoid antioxidant (i.e., quercetin 3-glucoside),which is higher
(43.85 mg/g DW) than quercetin (30.08 mg/g DW).? Agronomically,
onion is recognized as the most widely adapted vegetable crop that
can be grown under wide range of climatic conditions (i.e. tropics to
subarctic regions).?

Plant growth, yield and quality of onions are affected by genotypic,
biotic and abiotic factors.*> Abbey et al.® found that leaf damage of
shallots at bulb initiation stage reduced shallot (Allium ascalonicum
L.) bulb yield. The natural growth architecture of onion makes it
susceptible to foliage damage by pests and diseases, strong winds and
farm equipment, human and animal movements, which can impose
stress on the plants. Additionally, onion plant has fibrous root system
and is prone to root damages during transplanting. Although leaf and
root damages can have severe effect on plant growth and yield, it is
most likely that their combined effects can have implications for plant
survival under stressful conditions.

According to Welbaum,” onion transplants produce high yield
under unfavorable conditions. Other research reported higher growth
and bulb yield of bare-root transplants of onion seedlings.® However,
the critical stage at which the interaction of leaf and root damages
will negatively impact plant growth and onion bulb is unknown.
Therefore, this preliminary study investigated the combined effect of
leaf and root damages on onion ‘Braddock’ plant growth and bulb
yield in a greenhouse pot-experiment.

Materials and methods

The greenhouse pot-experiment was performed at the Department
of Plant, Food, and Environmental Sciences. Seeds of yellow onion
‘Braddock’ were obtained from Bejo Zadenb.v., Netherlands. The
Promix BX (Premier Horticulture Inc., Quaketown, PA) was purchased
from Co-operative Store, Truro, NS. Promix BX is a general purpose
growing medium potting mix made from 75%-85% sphagnum peat
moss, horticultural-grade perlite, vermiculite, limestone, and wetting
agent.

Four-week-old onion seedlings were transplanted in to 3.84-L
pots filled with 400 g of Promix BX. Prior to transplanting, the leaves
and roots of onion seedlings were cut with a sharp pair of scissors at
varying lengths from the tip to the base to simulate different severity
of leaf (LD) and root (RD) damages. The tissue damage treatments
were: (1) LD at 0, 25, 50, 75 and 100%); and (2) RD at 0, 50 and
100% arranged in a 2-factor randomized complete block design with
four replications. Each pot contained four plants per treatment (n=16).
Vermicompost i.e., 20 g/pot at planting, and compound fertilizer i.e.,
nitrogen-phosphorus-potassium (NPK) 20-20-20 fertilizer at 4 g/pot
were applied to all plants at 3, 6 and 8 weeks after transplanting. The
pots were placed on benches in the greenhouse, and they were re-
arranged periodically (every 2-3 weeks) on the benches to minimize
any unforeseen environmental variations in the greenhouse. Watering
was done every other day until harvest.

Data collection and statistical analysis

Data on plant growth rate, leaf length, plant height, pseudostem
diameter, bulb diameter, plant fresh weight, leaf fresh weight, leaf dry
weight, and leaf area were collected at 10 weeks after transplanting.

The calculations were:

Leaf growth rate = [current leaf length— Initial leaf length / Initial
leaf length] x 100
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The bulb ratio = Bulb diameter/ Pseudo stem diameter.
The leaf mass density= Leaf dry weight / Leaf fresh weight

Analysis of variance (ANOVA) was carried out using PROC
MIXED of SAS (ver. 9.4, SAS institute Inc., Cary, NC). The treatment
mean effect were compared by LSD method (0<0.05) when the
ANOVA indicated statistical difference between treatment means at
P<0.05.

Results and discussion

From Figure 1, all seedlings with damaged roots were actively
forming new roots, which was demonstrated by the white adventitious
roots. It seemed bulbing was delayed by severe damage of leaves as
shown in Figure 1.

LD0% LD25% LD50% LD75% LD100% LD0% LD25% LD50% LD75% LD100% LD0% LD25% LD50% LD75% LD100%
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The growth rates of plants with intact roots were similar irrespective
of leaf damage but was increased slightly for plants whose leaves were
severely damaged e.g., LD75% RD0% and LD100% R0% from the
9th day after transplanting compared to the other treatments (Figure
2).

For RD50%, plant growth rate was not significantly (P<0.05)
different until three days after transplanting when LD25% RD50%
increased slightly as compared to the other treatments (Figure 2).
LD0% RD100%, LD25% RD100% and LD50% RD100% showed
similar growth trend. On the other hand, onion plant growth rate for
treatments LD75% RD100% and LD100% RD100% were the least
until after 21 days of transplanting when the latter grew rapidly and
exceeded the former due to new growth after recovery from stress
(Figure 2).
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Figure | Onion ‘Braddock’ plant root growth and bulbingas affected by leaf and root damages. LD, leaf damage and RD, root damage.
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Figure 2 Onion ‘Braddock’ leaf growth rate as affected by leaf and root damages.
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The interaction of LD and RD on plant height was significant
(P<0.05) (Table 1). The average plant height of all RD0% treatments
was 45.6cm, which was greater than those of RD50% and RD100% by
approximately, 36.0 cm and 35.9 cm, respectively. LD25% RD100%,
LD75% RD50%, LD50% RD100% and LD100% RD50% had the
least plant height compared to LD100% RD0% by 57.9 cm (Table
1). It can be suggested that RD0% treatments with severe LD tended
to take more time to recover and get to the re-growth phase. Leaf
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mass density of RD0% was 0.06847 mg/g, which was significantly
(P<0.05) different from RD50% and RD100% (Table 1). Also, RD0%
treatment had the largest leaf area, especially when compared to
RD100%. The results indicated that onion plants with intact roots can
absorb and transport the required materials from the growing medium
for plant use. These can explain the present findings i.e., the resultant
production of large leaf sizes and increased number of leaves for
improved assimilate production and storage in swollen onion bulbs.

Table | Onion ‘Braddock’ plant growth and yield components as affected by leaf and root damages

Treatment (Pcl;ann)t height Leaf area (m?) :.;agf;;;ass density Bulbing ratio \;sz:lg)lf:e(sg};

RDO%  {o toox RPO% Smr loow  RPO% S loow RPO% S lo RPO%  fon ooy
LD 0% 41.9 495 483 177.38 165.81 152,65 0.071 0.068 0.063 3.5 238 2.6 6.22 855 564
LD 25% 43.1 423 304 140.26 13849  41.21 0.061 0.063 0.068 29 29 4.6 4.26 441 512
LD 50% 41.7 427 213 96.16 147.08 16.86 0.068 0.063 0.053 32 2.6 4.4 5.72 482 275
LD 75% 433 279 395 165.67 29.92 845 0.075 0.062 0063 3 37 1.7 427 226 1.74
LD 100% 57.9 279 402 264.14 I5.11 102.68  0.067 0.059  0.063 1.9 42 1.3 5.45 188  0.57
Mean 45.6 36 359 168.72 99.28 79.58 0.068 0.063 0.062 29 33 29 5.18 438 3.6
Significance level («=0.05)
LD ns ns ns ns 0.0092%*
RD ns 0.0442* 0.0209* ns ns
LD x RD 0.0416* ns ns 0.0240%* ns

LD, leaf damage; RD, root damage; **significant at 1% level; *significant at 5% level; ns, no significant difference

The interactive effect of LD and RD had significant (P<0.05) effect
on bulbing ratio. Bulbing ratio of LD75% RD100%, LD100% RD0%
and LD100% RD100% were less than 2, which suggested a delayed
bulb formation as compared to other treatments. The bulbing ratio
of these three treatments were significantly (P<0.05) different from
those of treatments LD25% RD100%, LD50% RD100% and L100%
RDS50%, which had high bulbing ratios than the control no damage
plants (LD0% RD0%) (Table 1). As recorded in Table 1, severe
leaf damage resulted in smaller bulb fresh weight. LD0% treatment
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was greater and significantly (P<0.001) different from LD75% and
LD100% treatments, but not significantly (P>0.05) different LD25%
and LD50% treatments. It was obvious that bulb quality can be
negatively affected by single effect of severe leaf damage, which may
lead to reduced nutrients accumulation in bulb since photosynthesis
can be negatively affected. According to Figure 3, the survival rate
of LD25% RD100%, LD100% RD50% and LD100% RD100% was
62.5%, which was lower than those of the other treatments (Figure 3).
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Figure 3 Onion ‘Braddock’ plant survival level as affected by leaf and root damages.
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Overall, RD100% and L100% treatments, irrespective of severity
of root damage, had relatively lower survival rate due to physical
stress. However, LD25% RD100% unexpectedly had less plants that
survived.

Based on the results, onion plant with severe leaf and/or root
damage had lower growth rate at early stage of seedlings transplant.
Also, such damage reduced leaf area, plant height, and leaf mass
density. However, re-growth ability was strong, and this accelerated
leaf growth once recovered from stress. The recovery process needed
time to proceed, which stimulated plants to undergo vegetative growth
but delayed bulb formation. LD25% RD100%, LD50% RD100% and
LD100% RD50% promoted bulb formation. Thus, phytohormones
played a key role in the recovery of damaged tissues of the onion
seedlings as previously reported.” Generally, severe leaf damage
reduced bulb fresh weight as previously reported by Abbey et al.
(1998). They found that leaf damage at a stage when bulbing has
begun would significantly reduce Allium bulb yield.

In conclusion, this preliminary study revealed that severe leaf
and root damage scan stress onion plants which as a result, stimulate
the plant to recover through various physiological pathways and
hormonal stimulations. However, the recovery process can reduce
resource allocation for bulb formation. Leaf growth rate, re-growth
rate and bulbing ratio are vegetative response parameters controlled
by phytohormones, which control plant development. Future work
will investigate onion plant morpho-physiological response to tissue
damage.
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