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Nitrogen (N) fertilization at critical planting time is important to optimize productivity and reduce nitrate accumulation in edible
portions of green leafy vegetable plants. A ﬁeld experiment was performed to determine the eﬀects of variations in N rate and
planting time on plant growth, yield, and nutritional quality attributes of Basella alba under Atlantic maritime climatic conditions.
The N rates were 0 (control), 40 (low), 80 (medium), and 120 kg ha−1 (high) at planting times 15 June–3 August (early season), 6
July–20 August (mid-season), and 4 August–8 September (late season). Plant height, number of branches, and stem girth were
increased after 45 days after sowing in early and mid-season plantings, but leaf length decreased during the same time by 32.8% in
the late planting. The average yield obtained in early, mid-, and late plantings were 171, 464, and 328 g plant−1, respectively. Low N
gave the highest yield in early planting while medium N gave higher yields in mid- and late plantings. However, the medium N
increased nitrate accumulation in B. alba by 7% compared to the high N rate. In general, there was no signiﬁcant eﬀect of N on
B. alba total phenolic and total carotenoid contents. Overall, the highest yield was obtained during the warmest summer months of
mid- and late plantings. Therefore, there is a potential to grow B. alba as a summer vegetable under Canadian Atlantic maritime
conditions. However, it is recommended to reduce the rate of N fertilizer application during high-temperature conditions. Future
studies are required to investigate phosphorus and potassium fertilization and nitrate accumulation in B. alba and potential
health risks.

1. Introduction
Basella alba L., also known as Malabar spinach, Indian
spinach, vine spinach, and Ceylon spinach, belongs to the
family Basellaceae. It is a leafy green, perennial-vined vegetable plant. B. alba is extensively grown in tropical Asia and
Africa [1, 2]. The other competitive species in the family is
Basella rubra L. (red leaves and stems), which is typically
grown for its greenness and rapid growth [3, 4] compared to
B. alba (green leaves and stems) [5, 6]. B. alba is a fairly
popular tropical ethnic leafy vegetable among some group of

immigrants in Ontario, Canada [7]. However, it is an
undervalued Canadian ethnic vegetable with limited interest
and acreage, which is mainly due to scanty information on
the agronomic requirement and its culinary and nutritional
importance.
Nitrogen (N) fertilizer is a major requirement to produce
green leafy vegetables and one of the major biochemical
constituents in plant tissues [8]. Nitrogen is known to enhance the productivity and nutritional quality of green leafy
vegetables [9, 10]. The leafy part of B. alba is a rich source of
antioxidants, polyphenols, carotenoids, vitamins A and C,
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folate, calcium, and potassium [11]. B. alba is also a valuable
medicinal vegetable due to its gelatinous/mucilaginous
substances, which is used for the treatment of constipation,
mouth ulcers, and inﬂammations [12, 13]. Despite the nutritional and health beneﬁts associated with B. alba, ﬁeld
production is hampered by environmental and agronomic
factors such as light, temperature, and pest [7, 14]. Therefore,
a valuable aspect of the production of B. alba under maritime conditions that must be taken into consideration is the
inﬂuence of the growing season weather conditions. The
growth performance and quality of a vast majority of green
leafy vegetables including are dependent on the length of day
and temperature [15]. For instance, the nutritional quality of
leafy vegetables is reduced under low-light conditions [16].
Research showed that N availability to plants is inﬂuenced by
seasonal weather conditions [17] and cold stress during
growth, and this can aﬀect the amounts of soluble sugars,
vitamin C, and amino acids [18]. Usually, vegetables such as
spinach (Spinacia oleracea) are grown as an early spring
vegetable from early April to mid-April, and mid- to late
August as fall vegetables under relatively stable cool-season
temperature in Canada. Since it is of tropical origin, growing
season diﬀerential temperature may inﬂuence the response
pattern to N fertilizer but understudied. To the best of our
knowledge, there is no published report on the best planting
time in the maritime regions.
It is well known that N is critical in the production of
leafy vegetables, and suboptimal N application rates have
been shown to alter the concentrations of ascorbic acid and
phenolic compounds [19]. However, there is limited
documented information on the optimal N rate for under
maritime conditions. N recommendations for spinach
grown in Nova Scotia showed that between 70 and 90 kg N
ha−1 is optimal for improved plant growth and yield [20]. A
greenhouse study in the Netherlands [14] reported an increase in stem length of B. alba at four weeks after transplanting with the application of 90 kg N ha−1 while either
90 kg N ha−1 or 120 kg N ha−1 increased the number of
leaves, green color, and fresh leaf yield.
The hypothesis is that a high N application rate (120 kg N
ha−1) and late planting time would result in the best growth,
yield, and phytochemical quality of B. alba than low (40 kg N
ha−1) and medium rates (80 kg N ha−1) and early season and
mid-season planting times. Therefore, the objective of this
study was to evaluate the eﬀect of N application rate and
planting time on plant growth, yield, and nutritional quality
attributes of B. alba under the inﬂuence of Canadian
maritime climatic conditions.

2. Materials and Methods
The study was carried out between 2018 and 2019 in the
greenhouse and laboratory in the Department of Plant,
Food, and Environmental Sciences; and the ﬁeldwork was
done in the Faculty of Agriculture Demonstration Garden,
Truro, NS. The location is at latitude 45°37′ 56.11″ N,
longitude 63°26′ 21.31″ S, and altitude 32 m.
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2.1. Greenhouse Seedling Propagation. Seedlings were raised
in the greenhouse located in the Department of Plant, Food
and Environmental Sciences, Dalhousie Agricultural Campus, Truro, NS. Seeds of B. alba were obtained from Richters
Herbs, Goodwood, ON, Canada. General-purpose Pro-mix
BX potting medium (perlite: 10–14%, vermiculite: 3–7%,
sphagnum peat moss: 79–87%) and urea (CO(NH2)2) 46%
for N source were purchased from a local retailer in Truro,
NS. The B. alba seeds were primed in water for 24 h and
sown in seed trays ﬁlled with Pro-mix BX potting medium.
The greenhouse photoperiod and temperature were set at a
12 h light cycle, 118 ∗ 10 FC luminous intensity, and 25°C in
the day and 17°C at night. The seedlings were grown for 30
days before transplanting.
2.2. Field Soil Analysis and Weather Condition. Prior to
transplanting of seedlings, a composite soil sample (n � 9)
from the ﬁeld was collected at a depth of 0–15 cm and sent to
the Nova Scotia Department of Agriculture Laboratory
Services, Truro, NS, for chemical element analysis. The
concentration of plant-available nutrients in the soil was
determined by an inductively coupled plasma optical
emission spectrometer (ICP-OES-725, Agilent, California,
USA). Additionally, soil samples were analyzed for inorganic-N ammonium (NH4+) and nitrate (NO3−) using
Technicon Auto-Analyzer (Technicon Industrial Systems
Corp., Tarrytown, NY, USA) after extracting in 2 M potassium chloride solution. The soil data is presented in
Table 1. The mean day and night temperatures, the number
of rainfall days, total rainfall, and mean day length were
retrieved from the Government of Canada website. The
weather data was arranged in a two-week interval
throughout the planting duration (June 15 to September 18)
(Table 2).
2.3. Field Experiment and Management. The ﬁeld experiment was conducted in the summer of 2018 at Dalhousie
Agricultural Campus Demonstration garden. The soil at the
experimental site is a Pugwash sandy loam [22]. In the spring
of 2018, the ﬁeld was plowed and disked prior and beds were
raised to about 15 cm, 1 m width, and 9 m length which were
made for the transplanting of seedlings.
2.4. Experimental Design. The ﬁeld experiment was arranged
in a split-plot design (3 × 4) with three blocks (replications).
The experimental factors were three planting times of early
season planting (15 June–3 August), mid-season planting (6
July–20 August), and late season planting (4 August–18
September); and four N fertilizer application rates, namely,
control (0 kg N ha−1), low (40 kg N ha−1), medium (80 kg N
ha−1), and high (120 kg N ha−1). The N source was urea. Each
block was partitioned into three whole plots and randomly
assigned to the three planting times. Each whole plot was
then partitioned into four subplots, and the N rates were
assigned randomly. The hardened B. alba seedlings were
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Table 1: Soil chemical elements, organic matter, and pH of the experimental site at 0–15 cm before planting.
kg ha−1
573
396
2532
267
22
26
1579

Chemical elements
Phosphorus (P)
Potassium (K)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Sulphur (S)
Aluminum (Al)

mg kg−1
<0.50
1.40
124.0
60.0
2.21
3.5%
6.38

Chemical elements
Boron (B)
Copper (Cu)
Iron (Fe)
Manganese (Mn)
Zinc (Zn)
Organic matter
pH

Table 2: Mean air temperature, day length, number of rainfall days, and rainfall amount throughout the planting season in summer 2018
[21].
Planting date
Jun 15–Jun 30
Jul 1–Jul 15
Jul 16–Jul 31
Aug 1–Aug 15
Aug 16–Aug 31
Sept 1–Sept 18

Maximum
28.4
32.9
30.5
32.7
29.2
27.7

Air temperatures (°C)
Minimum
Mean
4.6
14.6
7.6
19
11.7
21.8
9
21.8
7.7
18.4
1.6
16

transplanted at a spacing of 30 cm × 30 m. Sixteen seedlings
were accommodated in an experimental unit of a 1 m2 area.
Urea was supplemented to the plants after 15 days of ﬁeld
transplanting in a single basal dose. The plots of 1 m2 each
were separated by 1 m2 of bare soil strips (check) to prevent
lateral ﬂow and run-on of water treatments. Black polythene
mulch was used to cover bare soil strips to suppress weed
growth. Plants were watered regularly based on soil moisture
conditions.
2.5. Plant Measurement and Data Collection. Plant height
was measured from four plants selected from the middle of
each experimental plot to eliminate edge eﬀects. The lengths
of 20 randomly selected leaves were measured from four
plants and were averaged to a single value using a meter rule.
Stem thickness was measured using a digital Vernier caliper.
Leaf chlorophyll content was measured with soil plant
analysis development (SPAD) 502 chlorophyll meter
(Spectrum Technologies Inc., Illinois, USA). Plant growth
components were determined at 45, 60, and 75 days after
sowing (DAS) while yield data such as the number of
branches, total plant yield, and leaf dry matter content
(LDMC) were obtained after 75 DAS. The leaf dry matter
content was determined according to procedures by [23].
2.6. Harvesting, Processing, and Storage. The harvested
B. alba resh leaves and tender stems at 75 DAS from each
plot were cleaned with deionized water and cut into small
pieces of approximately 2 to 3 cm in length. Bulked samples
were ﬂash-frozen using liquid N for 60 seconds, transferred
immediately into sealed plastic bags, and stored at −20°C.
One hundred (100) to 150 g portions of the plant samples
were freeze-dried using Dura-Stop MP Freeze Dryer Tray
Dryer (TD5C0C18A0, FTS Systems, Stone Ridge, NY, USA)
at −40°C for 36 h followed by 10°C for 12 h. The freeze-dried

Mean day
Length (hr day−1)
Rainfall days
15.32
5
15.22
2
15.14
5
14.21
5
13.41
5
12.59
3

Total
Rainfall (mm)
122.2
15.8
31.6
31.1
33.7
46.1

samples were powdered using a coﬀee grinder and stored at
−20°C in sterilized containers for tissue analysis.
2.7. Total Phenolic Assay. Total phenolic content was measured according to the Folin–Ciocalteu method [24] and
modiﬁed by [25]. Absorption was measured at 760 nm using
a UV-vis spectrophotometer (Tecan Inﬁnite M200 PRO,
Morrisville, North Carolina, USA). Results were expressed
as mg of gallic acid equivalent (GAE) g−1 dry weight.

®

2.8. Total Carotenoids Assay. Total carotenoid content was
measured according to a method modiﬁed from [26]. Absorbance was measured by a UV-vis spectrophotometer at
470 nm. Total carotenoids were calculated according to the
method by [27], and the results were expressed in μg g−1 dry
weight. The total carotenoid content was calculated
according to a formula based on [27] given below, and
results were expressed in mg g−1 DW.
C�

Abs × 104 × V
,
A1%
1 cm × W

(1)

where Abs is the absorbance measured at 470 nm, 104 is the
conversion factor to obtain the concentration in units of μg
g−1, V is the volume of extract (mL), W is the sample weight
(g), and A1%
1 cm is the absorption coeﬃcient. Lutein is the
major carotenoid in B. alba [28]. Therefore, an absorption
coeﬃcient of 2550 was used, and W is the sample weight in
grams (g).
2.9. Nitrate Assay. Nitrate in plant tissue samples was
measured by nitration of salicylic acid [29, 30]. Total nitrate
concentrations were calculated and expressed in mg kg−1 dry
weight.
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2.10. Statistical Analysis. Data was analyzed using the
MIXED procedure of Statistics analysis software (SAS Institute Inc.) for analysis of variance (ANOVA) to test onetime and repeated measurements. Total N, ammoniumnitrogen (NH4+−N), and nitrate-nitrogen (NO3−−N) results
from the initial soil test before N fertilizer application were
used as covariates. Multiple means comparison was carried
out only when signiﬁcant (p ≤ 0.05) or marginally signiﬁcant
(p � 0.05–0.1) eﬀects were obtained using the least square
means statement of Proc MIXED with a probability value for
diﬀerence (pdiﬀ) option to produce p values for all pairwise
diﬀerences [31, 32]. Letter groupings were generated using a
p � 0.05 level of signiﬁcance.

3. Results
3.1. Soil Chemical Properties and Weather Conditions.
The previous plant on the experimental site was ryegrass
(Lolium multiﬂorum). The initial soil nutrient contents
except for N were adequate for leafy vegetable production
(Table 1).
Soil ammonium-N was 0.589 mg/L extract, and nitrateN was 1.361 mg/L extract (data not presented), which were
low for green leafy vegetable production. The mean air
temperature throughout the planting duration ranged from
a maximum of 30°C (daytime) to a minimum of 7°C (nighttime). The day and night-time air temperatures were the
lowest (i.e., 28.4°C and 4.6°C, respectively) in the late
planting time and the highest (i.e., about 33°C and 10°C,
respectively) in the mid-planting time. The mean air temperature paradigm showed that it was low (15°C) in the early
planting, increased to maximum (22°C) in mid-planting, and
declined (16°C) in the late planting (Table 2).
As expected, the mean day length was higher (15.32 h
d−1) in the early planting (June) and declined toward the end
of the planting time in September to the lowest (12.59 h d−1)
in the late planting time. The highest number of biweekly
rainfalls of 5 mm and highest total rainfall of 122.2 mm were
recorded during the early planting (late June) while the
lowest number of biweekly rainfalls of 2 mm and total
rainfall of 15 mm were recorded in early planting (late July)
time, respectively [33] (Table 2).
3.2. Plant Growth and Physiological Parameters. Plant
height, leaf length, stem diameter, and chlorophyll content
were signiﬁcantly aﬀected by days after sowing (DAS)
(p < 0.001) and the interaction between planting time and
DAS (p < 0.001) but not planting time alone (Table 3).
N rate signiﬁcantly aﬀected physiological parameters
such as chlorophyll content (p � 0.001) while planting time
and DAS interaction signiﬁcantly inﬂuenced only plant
height (p < 0.05) and leaf length (p < 0.05). Only the signiﬁcant main eﬀects, that is, interaction of planting time and
N rate, planting time and DAS, and planting time and DAS
and N rate in bold, were subjected to multiple mean
comparisons (Table 3).
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Plant height, stem diameter, leaf length, and the number
of branches increased with time, i.e., from 45 to 75 DAS.
Changes in plant height and stem diameter were similar for
the early and mid-season plantings from 45 to 75 DAS.
During the ﬁnal harvest, mean plant height and stem diameter ranged from 26.3 to 32.9 cm and 14.36 to 18.53 cm,
respectively. The highest plant height and diameter were
recorded during the mid-season planting, but it was not
signiﬁcantly diﬀerent from late planting. Early planting led
to 25% and 29% reductions in plant height and stem diameter, respectively, compared to the late planting. Leaf
length during the early and mid-plantings was not signiﬁcantly diﬀerent but that of the late planting showed a 33%
decline in leaf length (Figures 1(a)–1(c)).
The interaction between N rate and planting time signiﬁcantly increased plant height, leaf length, and the number
of branches in the early season planting. Plant height in the
early planting ranged from 12.7 to 14.8 cm while the leaf
length ranged from 8.3 to 9.8 cm, and the number of
branches ranged from 6 to 10. These growth parameters were
the highest in the low N applied plants but the least in the
control plants (Figure 2). The corresponding increase in
plant height, leaf length, and branches amounted to 16.5%,
18.1%, and 66.6%, respectively (Figure 2).
3.3. Leaf Chlorophyll Content. The late planting had a strong
negative eﬀect on chlorophyll content as continuous leaf
greenness slightly decreased in the late planting at 75 DAS,
which was 14.3% higher than the control plants. Leaf
chlorophyll content reached 47.1 SPAD value for the late
planting and 36.9 SPAD value for both the early and midseason planting time (Figure 3(a)). Leaf chlorophyll content
was also signiﬁcantly improved with the interaction eﬀect of
N rate and DAS in comparison to control plants without
being aﬀected by the diﬀerent N application rates
(Figure 3(b)).
3.4. Nutritional Quality Parameters. The interaction eﬀect of
planting time and N rates signiﬁcantly (p < 0.05) inﬂuenced
LDMC, TPC, and TCC but total yield (p � 0.08) and nitrate
contents (p � 0.022) were not aﬀected. Total yield, LDMC,
TPC, TCC, and nitrate contents were not aﬀected by
planting time, total soil N, and ammonium-N while TPC
and TCC measured per dry weight were signiﬁcantly aﬀected
by N rate across all the diﬀerent planting times with marginal eﬀect on soil nitrate (p � 0.06) (Table 4).
3.5. Leaf Dry Matter Content and Total Plant Yield.
Eﬀects of planting time and N rate on LDMC did not follow
any clear trend. However, LDMC was consistently high in
late planting irrespective of N rate (Table 5). Eﬀects of
planting time and N rate on total yield were high at 89%
more than those of the control treatment in the early
planting with low N rate, being low at 17% and 11% than
control only in the mid- and late planting with medium N
rate, respectively (Table 5). Overall, the yield was increased at
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Table 3: Analysis of variance p values for the main and interaction eﬀects of planting time (PT), nitrogen (N) rate, days after sowing (DAS),
and total soil N, nitrate-N, and ammonium-N covariates on plant height, leaf length, stem diameter, and chlorophyll content.
Source of variation
PT
N rate
PT × N rate
DAS
PT × DAS
N rate × DAS
PT × N rate × DAS
Total soil N
Soil nitrate-N
Soil ammonium-N

Plant height
0.15
0.54
0.04∗
<0.001
<0.001
0.44
0.18
0.31
0.19
0.89

Leaf length
0.22
0.32
0.03
<0.001
<0.001
0.62
0.33
0.97
0.99
0.69

Stem diameter
0.09
0.10
0.28
<0.001
<0.001
0.60
0.71
0.74
0.87
0.20

Number of branches
0.32
0.63
0.03∗
—
—
—
—
0.63
0.11
0.78

∗

P values (p < 0.05) of signiﬁcant eﬀects that require multiple means comparison are shown in bold;
marginally signiﬁcant covariates are underlined.

Plant height (cm)

30
25
20

5

bc

d
e

15
10

a

c

f
gh
h

bc

15.0
10.0
7.5

a
c

d

12.5
e

f
gh
h
45

75

60

a

17.5

5.0

45

P values (p < 0.05/0.05–0.1) of signiﬁcant and

20.0
Stem diameter (mm)

a

35

∗∗

Chlorophyll content
0.27
0.001
0.46
<0.001
<0.001
0.05
0.39
0.81
0.63
0.73

60
DAS

DAS

75

Planting
Early
Late
Mid

Planting
Early
Late
Mid
(a)

(b)

Leaf length (cm)

cd
15
10
5

bc

a
ab
d

ef
f
gh
h
45

60
DAS

75

Planting
Early
Late
Mid
(c)

Figure 1: Interaction eﬀects of planting time and days after sowing (DAS) on (a) plant height (cm), (b) leaf length (cm), and (c) stem
diameter (mm). Means sharing the same letter are not signiﬁcantly diﬀerent at p < 0.05.

the mid-season planting irrespective of the N rate with the
highest yield recorded by the medium N rate which was
169% higher than the control.

3.6. TPC, TCC, Moisture Content, and Nitrate Content.
Overall, the average TPC declined from early planting
(7.25 mg GAE g−1 DW) to mid-planting time (6.50 mg GAE

6
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Plant height (cm)

abc
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hij
k

jk

fg

d–g

a

c

bc

gh

ijk

10

0
N rate Control Low MediumHigh
planting
Early

Control Low MediumHigh
Mid

Control Low MediumHigh
Late

(a)

Left length (cm)

a–e
10

fgh

gh

i

cde

a–e

e

abc

def

a

b–e

hi

5

0
N rate Control Low MediumHigh
planting
Early

Control Low MediumHigh
Mid

Control Low MediumHigh
Late

(b)

a

Number of branches

10

abc
b–f

abc

a

abc

a–f

a–f

def

c–f
f

ef

5

0
N rate
planting

Control Low MediumHigh
Early

Control Low MediumHigh
Mid

Control Low MediumHigh
Late

(c)

Figure 2: Interaction eﬀects of planting time and N rate on plant height (cm), leaf length (cm), and stem diameter (mm). Means sharing the
same letter are not signiﬁcantly diﬀerent at p < 0.05.

g−1 DW) and late planting time (5.21 mg GAE g−1 DW)
(Table 6).
The decrease corresponded to 11% from early planting to
mid-planting time, followed by a decline by 24% from midplanting to late planting time. TPC was signiﬁcantly higher
in the control N (7.65 mg GAE g−1 DW) and the lowest in
medium N (7.12 mg GAE g−1 DW) for early planting time,
but higher in medium N for mid-planting time (7.07 mg
GAE g−1 DW) and the lowest in high N (5.90 mg GAE g−1
DW). TPC was higher in control for late planting time
(5.51 mg GAE g−1 DW) and the lowest in high N (4.88 mg
GAE g−1 DW). TCC increased from early planting (1291 μg
g−1 DW) to mid-planting time (1606 μg g−1 DW) but
decreased in late planting time (1552 μg g−1 DW). The increase in TCC was 24% from early planting to mid-planting

time, after which it decreased by 3% from mid-planting to
late planting time. The eﬀect of N rate on TCC was higher
with low N (1446 μg−1 DW) and the least in the control
(1134 μg−1 DW) for early planting time, whereas midplanting had the highest TCC in medium N (1804 μg−1 DW)
and the lowest in low N (1529 ug−1 DW). However, for late
planting time, TCC was the highest in plants applied with
high N (1767 μg−1 DW) compared to the rest (Table 6).
Overall, the moisture content was greater than 90% with an
average of 94% for control and low N, and 95% for medium
and high N, respectively (Table 7). The high and medium N
rates resulted in the highest nitrate content of the plants
(254 mg kg−1 DW) compared to the low rate and control
(Table 7). There was no diﬀerence in nitrate of plants treated
with a low N rate versus control.
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50

40.0

bc

40

cd

35

efg

d

fg
gh

30

h

25

Chlorophyll content (SPAD value)

Chlorophyll content (SPAD value)

45

37.5

f
32.5
30.0

25.0
60
DAS

gh
hij

i
20

bcde

cde
e
de

35.0

27.5

45

a
a
a

42.5

a

ij
j
45

75

60
DAS

N rate
Control
High

Planting
Early
Late
Mid
(a)

75

Low
Medium
(b)

Figure 3: Interaction eﬀects of (a) planting time and days after sowing (DAS) and (b) nitrogen (N) rate and DAS on leaf chlorophyll content.
Means sharing the same letter are not signiﬁcantly diﬀerent at p < 0.05.

4. Discussion
The soil of the experimental site had more P and K (i.e.,
573 kg P2O5 ha−1 and 396 kg K2O ha−1) than the recommended fertilizer dose of 60 P kg ha−1 and 40 K kg ha−1 for
B. alba [34]. Other soil macro- and micronutrients such as
calcium (Ca), magnesium (Mg), boron (B), zinc (Zn), and
soil properties such as pH and organic matter were adequate
to produce B. alba [34]. Transplanted seedlings at mid- and
late season plantings were exposed to high soil and air
temperatures during the warmest summer month of July
(Table 2), which enhanced B. alba plant establishment and
growth. During mid-planting between July 16 and August
15, there was stable air temperature, extended day length,
and frequent but low rainfall intensity which favored N
uptake and increased plant growth. Ribeiro et al. [15, 35]
demonstrated that vegetative growth and leaf elongation of
amaranth (Amaranthus tricolor L.), also a tropical leafy
vegetable plant, were greatly reduced under decreasing day
length and mean daily air temperatures [19, 35]. In the
present study, B. alba leaf length was reduced due to late
planting (Figure 1(b)), which agrees with the ﬁnding by
[15, 35].
Low N rate was found to be optimum for maximum
growth of B. alba during the early planting season. This
agrees with [36] who reported that N application promoted
leaf and stem production but increased vegetative growth
but plateaued at an optimum N rate [9, 37]. This is because
the absorption and translocation of mineral nutrients by
plants from the soil are inﬂuenced by soil and air

Table 4: Analysis of variance p values for the main and interaction
eﬀects of planting time (PT), nitrogen (N) rate and total soil N,
nitrate-N, and ammonium-N covariates on the number of
branches, total yield, and leaf dry matter content (LDMC), total
phenolic content (TPC), and total carotenoid content (TCC).
Source of
variation
PT
N rate
PT × N rate
Total soil N
Soil nitrate-N
Soil ammoniumN

Total
yield
0.13
0.15
0.08
0.96
0.86
0.20

LDMC TPC TCC
0.38
0.63
0.01
0.28
0.44

0.20
0.04
0.04
0.87
0.55

0.38
0.03
0.02
0.88
0.33

0.92

0.70 0.55

Nitrate
content
0.63
0.06
0.22
0.57
0.72
0.66

∗

P values (p < 0.05/0.05–0.1) of signiﬁcant and marginally signiﬁcant eﬀects
that require multiple means comparison are shown in bold.

temperatures. A study of absorption of ammonium (NH4+)
and nitrate (NO3−) by lettuce (Lactuca sativa) plants indicated increased uptake of ions from the growing medium
when air and root temperatures increased from 8°C to 23°C
[38]. It was further explained that NO3− uptake rate was
more aﬀected by temperature than NH4+ absorption.
Therefore, the cooler air and soil temperatures in the months
of June and early July (Table 2) seemed to have reduced plant
growth in the early season planting compared to the midand late season plantings. Furthermore, appreciable growth
of the control plants in N limiting conditions of the mid- and
late season plantings can be ascribed to increased eﬃciency
of B. alba at warm temperatures and high light intensities in
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Table 5: Interaction eﬀect of planting time (PT) and nitrogen (N) rate on leaf dry matter content (LDMC) and total yield.

PT
Early
Early
Early
Early
Mid
Mid
Mid
Mid
Late
Late
Late
Late

Total yield (g plant1)
111.3 g
210.4 def
185.2 ef
181.6 f
472.3 ab
436.3 abc
512.1 a
435.9 abc
341.7 a-d
277.4 c-f
381.8 ab
311.2 b-f

LDMC (mg g−1)
52.9 c-i
46.1 g-j
49.4 d-j
48.1 f-j
38.3 j
49.0 e-i
45.7 hi
43.2 ij
63.1 a
60.3 a-g
56.2 b-i
58.2 a-h

N rate
Control
Low
Medium
High
Control
Low
Medium
High
Control
Low
Medium
High

Means sharing the same alphabetical letters within the same column are not signiﬁcantly diﬀerent at the 5% level; c-i represents cdefghi.

Table 6: Interaction eﬀect of planting time (PT) and nitrogen (N) rate on total phenolic content (TPC) and total carotenoid content (TCC).
PT
Early
Early
Early
Early
Mid
Mid
Mid
Mid
Late
Late
Late
Late

N rate
(kg ha1)
Control
Low
Medium
High
Control
Low
Medium
High
Control
Low
Medium
High

TPC
(mg GAE g−1 DW)
7.65 a
7.19 ab
7.12 abc
7.52 ab
6.73 bc
6.33 c-f
7.07 ab
5.90 d-g
5.51 efg
5.41 fgh
5.05 gh
4.88 h

TCC
(μg g−1 DW)
1134 j
1446 f-i
1300 hij
1284 ij
1543 zd-i
1529 ze-i
1804 abz
1547 z c-i
1427 g-j
1459 z f-j
1556 z b-j
1767 a c-f

Moisture
(%)
94.8
95.4
95.1
95.2
96.2
95.2
95.5
95.7
93.6
93.9
94.3
94.1

Means sharing the same alphabetical letters within the same column are not signiﬁcantly diﬀerent at the 5% level; c-f represents cdef.

Table 7: Main eﬀect of nitrogen (N) rate on plant moisture content and nitrate concentration.
N rate
(kg ha1)
Control
Low
Medium
High

Moisture
(%)
94.9
94.8
95.0
95.0

Nitrate content
(mg kg−1 DW)
187 b
182 b
254 a
236 a

Means sharing the same alphabetical letters within the same column are not signiﬁcantly diﬀerent at the 5% level.

the months of July-August [15, 35, 38], which is a characteristic of C4 plants. The slightly steady air temperature,
precipitation, and the more frequent but moderate amount
of rainfall may have contributed to steady and better absorption of available soil water and nutrients and, consequently, high growth performance in the mid- and late
season plantings. The signiﬁcant increase in plant height and
leaf length observed at late planting can also be attributed to
the climatic conditions that led to robust and well-established B. alba seedlings.
Leaf chlorophyll content was promoted by an increase in
N fertilizer rate (p � 0.001). Chlorophyll synthesis is dependent on mineral nutrition, particularly N. Consequently,

N fertilization promotes the formation of photosynthetic
pigments by enhancing the amount of stromal and thylakoid
proteins in plant leaves [39]. On the contrary, chlorophyll
pigments tend to diminish when N is above the optimal
level. Furthermore, excessive application of N reduces leaf
lifespan by reducing tensile strength due to low carbon to N
ratio, increasing leaf sensitivity, and susceptibility to pests
and disease [39, 40]. An experiment conducted on ﬁve leafy
vegetables to study functional components, antioxidant
activity, and color parameters under diﬀerent levels of
photoperiod reported a signiﬁcant increase in the accumulation of chlorophyll pigments under 12 h photoperiod
compared to photoperiod range of 6 to 12 h or 18 to 24 h
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[41]. Therefore, it was suggested that reduced day length
during late planting might have increased leaf chlorophyll
content.
The total yield of B. alba in the present study agreed with
what was reported by [16, 42]. The increased plant growth of
low N fertilized plants was translated into a signiﬁcantly high
yield in early planting. There was no signiﬁcant diﬀerence
between the plant yield of the control and the N applied
plants in mid- and late plantings, which can be attributed to
background soil nutrients contents. Sugars and ﬁbers which
are the main constituents of dry matter can be altered by N
fertilizer [43]. Nitrogen deprivation in leaves increases sugar
and dietary ﬁber accumulation, which leads to an increase in
leaf dry matter content (LDMC) [43] as found in the present
study. Leaves with high LDMC are relatively tough and are
more resistant to physical hazards [23]. Nitrogen rate not
only regulates LDMC but also regulates dry matter allocation between root and shoot [16, 42]. The increase in plant
fresh weight in B. alba is signiﬁcantly and positively associated with branch number, stem size, and leaf length [44],
which inﬂuence plant yield.
Phenolic concentration was reduced in the late planting
and could be due to decreased photoperiod from 15 h to 12 h
(Table 2). Similar research results were mentioned in a study
by [41]. The variations in phenolic compounds from one
harvest to another were reported in previous studies conducted on tomato leaves and lettuce, and the variations were
attributed to seasonal diﬀerences [45, 46]. In general, increased N application reduced phenolic composition in
plants due to the deactivation of some key enzymes in the
phenolic synthesis pathway [45]. The phenolic concentration
recorded in the present study under Canadian Atlantic
maritime conditions is low compared to the concentrations
reported in tropical climatic conditions for the same crop
species. For instance, [47] recorded 15.5 mg GAE g-1 DW
from the buds of B. alba whereas [48] recorded 28.17 mg
GAE g-1 DW. As the N application rate increased, plant
metabolism shifts toward the synthesis of N-containing
compounds (protein) from carbon-containing sugar compounds [9]. Since biosynthesis of carotenoids is closely
related to protein synthesis, N application can increase
carotenoid synthesis [43]. Planting time had no eﬀect on
total carotenoid content, but N rate had little eﬀect
(p � 0.06). Carotenoid concentration varied from 1135 to
1805 μg g−1 DW across planting times and N rates (Table 6).
The highest carotenoid concentration of 1805 μg g−1 DW
was recorded from the mid-planting at a medium N rate,
which was 59% higher than the control. Overall, a considerable increase in carotenoid concentration was noticed
under the inﬂuence of the N rate, and this increment was
consistent each time of planting. Carotenoid content in our
study was in good amount compared to spinach (1.96 mg g−1
DW), amaranth (Amaranthus caudatus) (1.18 mg g−1 DW),
and curry leaf (Murraya koenigii) (1.99 mg g−1 DW) in the
study conducted by [49].
Leaf tissue moisture contents in all the treatments were
greater than 90%. Regardless of N rate, the amount of nitrate
accumulated in B. alba in the present study was remarkably
high compared to reports for other vegetables such as lettuce
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[50], Beta vulgaris (Beetroot), Apium graveolens (Celery),
lettuce, spinach, and Brassica rapa subsp. rapa (Turnips)
[50]. These vegetables are known for higher nitrate accumulation greater than 2500 mg kg−1 of fresh weight [50].
Since B. alba is consumed after cooking or boiling (not
recommended for eating fresh), it can be expected that
leaching of nitrates during cooking will help reduce potential
health risks such as blue-baby syndrome also known as
infant methemoglobinemia.

5. Conclusion
This study showed that B. alba, a tropical leafy vegetable, can
potentially be grown as a summer leafy vegetable under
maritime conditions. It is recommended to transplant the
seedlings of B. alba previously raised in the greenhouse to
the ﬁeld after the danger of the last frost is passed. From the
results of this experiment, it was clear that low atmospheric
temperature in the early season can reduce the growth and
yield of B. alba. Application of a low N rate can be recommended to achieve a fair amount of plant yield in the
early season. However, the maximum plant growth and yield
were obtained during the warmest part of the summer
months, which coincided with the mid- and late plantings.
Increased air temperatures in the mid- and late plantings
supported the exorbitant plant growth even under limited N
conditions considering the amount of inherent soil nutrients. There was no signiﬁcant inﬂuence of applied N fertilizer on total phenolics and total carotenoids
concentrations in B. alba. It is, therefore, recommended to
reduce the rate of N fertilizer application during hightemperature conditions. Since plant tissue analysis for nitrates showed high nitrate concentration irrespective of N
applied rate, future studies are required to investigate nitrate
accumulation in B. alba and potential health risk. Also,
future studies are required to investigate phosphorus and
potassium fertilizer application.
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variability inﬂuences color and phenolic content of pigmented
baby leaf lettuces throughout the season,” Journal of Agricultural and Food Chemistry, vol. 63, no. 6, pp. 1673–1681, 2015.
[47] P. Maisuthisakul, M. Suttajit, and R. Pongsawatmanit, “Assessment of phenolic content and free radical-scavenging
capacity of some Thai indigenous plants,” Food Chemistry,
vol. 100, no. 4, pp. 1409–1418, 2007.
[48] F. M. Oloyede, F. A. Oloyede, and E. M. Obuotor, “Comparative studies of chemical compositions of two species of
Basella,” Applied Scientiﬁc Reports, vol. 3, pp. 121–124, 2013.
[49] K. D. P. P. Gunathilake and K. K. D. S. Ranaweera, “Antioxidative properties of 34 green leafy vegetables,” Journal of
Functional Foods, vol. 26, pp. 176–186, 2016.
[50] M. Blom-Zandstra, “Nitrate accumulation in vegetables and
its relationship to quality,” Annals of Applied Biology, vol. 115,
no. 3, pp. 553–561, 1989.

11

