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Abstract
The objectives of this study were to investigate the effects of phosphorus (P) fertilizer application on bulb yield, macromineral and phytochemical

contents of  two garlic  (Allium sativum)  varieties 'Balady'  and 'Northern White'  grown in calcareous soil  under field conditions in north Jordan.

Three P fertilizer rates were applied [0 (control; P1), 43.6 (P2) and 87.2 (P3) Kg P ha−1 added as super phosphate]. When compared to P1 (control),

application of P at P3 rate increased bulb yield by 49% and 43%, mean bulb weight by 34% and 27% and cloves number per bulb by 35% and 29%

in  'Balady'  and  'Northern  White'  varieties,  respectively.  The  total  phenols  and  flavonoids  contents  and  antioxidant  activity  were  significantly

higher in cloves of both garlic varieties at P2 rate than at P1 and P3 rates. However, clove flavonoids and allicin contents and antioxidant activity

were significantly higher in 'Balady' than 'Northern White' variety at P2 rate only. For mineral contents, P was found to be highest in cloves of both

garlic varieties at the P3 rate, while N and Ca contents were highest at the P2 rate. Cloves of 'Balady' variety had higher P content than cloves of

'Northern  White'  variety  at  medium  (P2)  and  high  (P3)  P  rates,  while  Ca  contents  were  found  in  'Northern  White'  than  the  'Balady'  variety  at

medium P (P2) rates. Results of this study suggest that the bulb yield and nutritional quality of garlic differed with different rates of applied P

fertilization and selection of variety/cultivar under calcareous soil conditions.
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Introduction

Garlic (Allium sativum L.) is an important vegetable crop that
is  cultivated and consumed throughout the world for its  clove
medicinal  and  nutritional  properties.  In  2020,  the  world  total
production  of  garlic  was  48.8  million  tons  and  the  total  har-
vested area was about 2.5 million ha[1]. Garlic cloves are a good
source  of  minerals  (e.g.,  Ca,  P,  and  K)  and  a  rich  source  in
health-promoting  bioactive  compounds  as  natural  antioxi-
dants that have positive effects on health[2,3].  Garlic cloves also
contain a biologically active sulfur-containing compound called
allicin responsible for its smell and taste[4−7]. Garlic quality com-
ponents  hold  promise  as  an  excellent  source  for  the  develop-
ment  of  functional  foods[4].  Many  studies  indicate  that  garlic
has pharmaceutical effects and is used to cure several diseases
like  blood  pressure,  asthma,  cholesterol,  chronic  fever,
anthelmintic,  wound  healing,  arthritis,  diabetes,  and  kidney
stones[4,8,9].

Garlic production under particular environmental conditions
is  influenced  by  different  factors  like  climate  conditions,  soil
properties,  cultivation practices  (e.g.,  fertilizer  application)  and
cultivar/variety[10,11].  Garlic  plants  need  an  adequate  supply  of
readily  available  nutrients  for  optimum  growth  and  yield,  and
can  be  reasonably  responsive  to  P  fertilization,  particularly  in
low available P soils like calcareous soils[12,13].  Soil P availability
to plants is significantly reduced by high soil  pH as the case in
alkaline and calcareous soils which prevail in arid and semiarid
regions (e.g., Jordan) which might be developed due to poorly

soluble calcium phosphate compounds that reduce the rate of
phosphate  uptake  by  roots  and  hence  become  one  of  the
biggest limitations to garlic production[14−16]. The application of
P fertilizer in alkaline and calcareous soils following the recom-
mended rates may not result in optimal crop growth, and rela-
tively high P application rates might be required in calcareous
soils  to  guarantee  adequate  bulb  yield[17,18] as  well  as  high
nutritive values[19].  Application of P to garlic commonly ranges
from  21.8  to  65.4  kg  P  ha−1 depending  on  soil  P  level,  crop
variety, and soil characteristics[12,13,20].

There  is  a  growing  interest  in  enhancing  the  nutritive  value
of garlic bulbs including the levels of phenolic compounds and
mineral contents. Many researchers suggested that many plant
species of the genus Allium are characterized by high levels of
polyphenoles  and  antioxidants  which  are  affected  by  geno-
type  characteristics  (variety/cultivar)  modified  by  environmen-
tal  conditions  and  cultivation  practices  such  as  fertilization
strategies[3,21−23].  In  this  context,  P  supply  affects  growth  and
secondary  metabolites  in  plants  such  as  flavonoids,  phenolics
and allicin contents[19,24,25]. Pontigo et al.[26] found a strong rela-
tionship  between  phenol  assimilation  and  P  efficiency  (the
effectiveness  of  uptake and internal  utilization of  P).  However,
P  deficiency  is  common  in  the  calcareous  soils,  which  encom-
pass  more  than  50%  of  the  total  cultivated  area  of  the
Mediterranean region[27,28].

Phosphorus  fertilizer  application  has  been  reported  to
influence  plant  growth  and  quality  which  has  been  evaluated
in  different  crops  including  garlic  under  different  soils  and
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environmental  conditions  but  information concerning calcare-
ous  soils  is  not  well  investigated.  Garlic  bulb  yield  and  nutri-
tional  value  (phenols,  antioxidants  and  minerals)  might  be
greatly  affected  by  imbalanced  and  low  availability  of  soil
nutrients such as P especially in alkaline soils prevailing in arid
and  semiarid  regions  (e.g.,  Jordan)  due  to  low  native  content
and high P immobilization within the soil[14,17,27].

As Jordan imports a significant proportion of its garlic supply
from China[29],  some farmers started to cultivate some Chinese
varieties along with local varieties especially in northern Jordan
where  calcareous  soils  are  predominant.  The  Jordanian  garlic
cultivars was found to belong to the type or subspecies (Allium
sativum var. sativum),  while the Chinese garlic cultivars belong
to  the  type  or  subspecies  (Allium  sativum var. ophioscordon).
In  this  study,  one  Jordanian  local  variety: Allium  sativum var.
sativum 'Balady'  was  compared  with  a  Chinese  white  variety:
Allium sativum var. ophioscordon 'Northern White'.

The objectives of this research were to study the effects of P
fertilizer application rates [0 (control, P1), 43.6 (P2) and 87.2 (P3)
Kg P  ha−1)  on  bulb  yield,  mineral  and phytochemical  contents
of  two  garlic  varieties  ('Baladi'  and  'Northern  White')  grown  in
calcareous soil conditions in north Jordan. 

Materials and methods
 

Experimental site description
A  field  experiment  was  conducted  during  the  2022/2023

growing season at the experimental field of the Faculty of Agri-
culture,  Jordan  University  of  Science  and  Technology  (JUST),
Irbid,  Jordan  (32°34'  N  latitude;  36°01'  E  longitude;  and  520  m
altitude). The soil  type at this site is classified as silty clay (fine,
mixed,  thermic,  Typic Xerochrept)  which is  considered as alka-
line  and  calcareous  soil.  The  JUST  location  typically  experien-
ces  moderate  to  severe  drought  stress  during  the  growing
season.  The  long-term  average  of  annual  rainfall  at  the  site  is
about 225 mm. During the growing season of  garlic,  the mini-
mum and maximum temperatures were 8.5 and 32 °C,  respec-
tively.  Composite  soil  samples  were  taken  randomly  from  the
experimental area before starting the experiment at a depth of
25 cm and analyzed for major soil properties (Table 1). 

Land preparation
At  the  beginning  of  the  growing  season,  the  experimental

plots  were  plowed,  disked  and  raised  beds  were  prepared  for
planting, with six 10-cm-deep planting furrows in each experi-
mental  plot.  Plot  dimensions  were  4.0  m  ×  2.4  m.  This  was
followed  by  the  installation  of  a  drip  irrigation  system  with  a
line in each planting furrow. 

Treatments, planting, and agronomic practices
The  treatments  consisted  of  different  P  fertilizer  rates  and

two garlic varieties. The phosphorus was applied in the form of
superphosphate with three rates which include [0 (control; P1),

43.6  (P2)  and  87.2  (P3)  Kg  P  ha−1].  Phosphorus  fertilizer  was
applied  in  bands  in  the  planting  furrows  and  incorporated  in
the soil below ~10 cm to one side where the garlic cloves were
to  be  planted.  The  experimental  plots  were  pre-irrigated  one
day before planting.

Mature bulbs of two garlic varieties: Local Jordanian 'Balady'
(skin  color  of  bulb  is  purple-striped)  and  Chinese  variety
'Northern  White'  (the  skin  color  of  the  bulb  is  white)  were
obtained from local market and used in this study. Garlic bulbs
were  separated  into  cloves,  large  and  medium-sized  cloves
were selected and their scale leaves were removed to enhance
clove sprouting. Planting of garlic cloves was done manually in
November 2022 at a depth of 8 cm on the prepared plots at a
spacing  of  40  cm  between  rows  and  20  cm  between  plants.
Planting plots  (4.0  m × 2.4  m)  were separated by 0.6  m buffer
area.  The  experimental  field  was  supplementary  irrigated  by  a
drip  irrigation  system  as  needed  to  keep  soil  moisture  at  ade-
quate  levels  for  plants  growth.  The  total  rainfall  during  the
growing season was 170 mm. Nitrogen fertilizer in form of Urea
(46%  N)  was  applied  uniformly  by  hand  across  all  treatments
(40  kg  N  ha−1 in  the  planting  furrows  at  planting,  30  and
30 kg N ha−1 top-dressed at 60 and 120 d after planting). When
needed, weeds were controlled by hand. 

Harvesting and measurements
At the end of June 2023, when the lower two-thirds of leaves

had dried up and turned brown, the garlic plants in four central
rows  of  each  plot  were  harvested  without  the  border  plants.
Before  harvest,  plant  heights  were  measured.  After  harvest,
plants  were  cured  (dried)  in  a  greenhouse  for  2  weeks.  After
curing, the stem was cut above 3−4 cm and the roots trimmed
up to 3 cm. Weights of all cured bulbs per plot were recorded in
grams and converted to tons per hectare (bulb yield·ha−1). Data
on  average  bulb  weight  and  number  of  cloves/bulbs  were
taken  using  five  randomly  sampled  bulbs  from  each  plot/
replicate. 

Macro mineral analysis
Five bulbs were selected randomly from each plot/replicate,

their  cloves  were  separated,  scale  leaves  removed  and  oven-
dried  for  4  d  at  65  °C.  Subsequently,  weights  of  dried  cloves
were determined and the material  was stored at room tempe-
rature for mineral analysis.

A  representative  sub-sample  (0.5  g)  from  oven-dried  garlic
cloves  from  both  varieties  of  every  treatment  were  ground  to
pass a 0.5 mm sieve in a cyclone laboratory mill  and saved for
mineral  analysis.  These  ground  samples  were  weighed  into
crucibles,  ashed  for  5  h  in  a  muffle  furnace  (550  °C),  and
suspended with 5 mL 2 N HCl for macromineral determination.
The  samples  were  filtered  into  glass  vials  using  filter  paper
(Whatman  #1).  Then,  1  mL  of  filtered  solution  was  transferred
into a  25-mL volumetric  flask  and 1  M HCl  was  used to  fill  the
flask to a determined volume. Flame Atomic Absorption Spec-
trometer (Varian AA 240 FS) was used to determine P, K, Ca, and
Mg. Kjeldahl's method was used for analyzing N content[30]. The
testing agents and standards used for mineral analysis were of
analytical grade. 

Determination of total phenols and flavonoid
content and antioxidant activity

Five  garlic  bulbs  were  selected  randomly  from  each  plot/
replicate,  and  their  cloves  were  separated  and  cut  into  pieces
that  were  air-dried  at  room  temperature  for  about  8−10  d.

 

Table 1.    Physical and chemical properties of the experimental soil before
planting (0−25 cm).

Texture pH Salinity EC
(dS·m−1) OM CaCO3

Total
N

Available (mg·kg−1)

P K Ca Mg Na

Silty clay 8.2 0.8 1.1% 16.7% 0.8% 6.0 156 171 51 0.61

EC, electrical conductivity; OM, organic matter.

 
Effect of phosphorus on garlic yield and quality
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Air-dried  clove  samples  were  randomly  selected  and  ground
and  used  for  the  determination  of  total  phenols  and  total
flavonoid contents and antioxidant activities. Dry clove samples
were  extracted  in  chemical  solvents  (methanol/water)  and
prepared  for  chemical  analysis  according  to  the  procedures
described by Llorach et al.[31]. The total phenolic contents of the
clove solvent extracts were determined by the Folin - Ciocalteu
spectrophotometric  method  as  described  by  Singleton  &
Rossi[32],  and  the  readings  were  compared  with  a  calibration
curve using gallic  acid  as  a  standard.  Total  content  of  phenols
were  expressed  as  of  Gallic  acid  equivalent  (GAE)  (mg  GAE/
100 g DW). The content of flavonoids were quantified based on
the method described by Jia et al.[33]. Results were expressed as
mg Catechin equivalent (CE)/100 g DW).

The  antioxidant  activity  of  clove  extract  was  evaluated
according to the method described by Brand-Williams et  al.[34]

using  the  2,  2- diphenyl-1-picrylhydrazyl  (DPPH)  to  determine
their  ability  to  scavenge  free  radicals.  The  radical  scavenging
activity  was  measured  as  a  decrease  in  the  absorbance  at
517  nm  of  DPPH  solution  and  calculated  in  percentage  using
the following equation:

Radical scavenging activity (%) =
(
1− Absorbance of sample

Absorbance of control

)
×100

 

Determination of allicin content
After  harvesting  and  curing  garlic  bulbs,  three  bulbs  were

selected  randomly  from  each  plot/replicate,  their  cloves  were
separated  and  cut  into  pieces  and  subsamples  were  weighed
and  used  for  evaluation  of  allicin  content  according  to  the
method  described  by  Prati  et  al.[35].  Selected  garlic  samples
were weighed (2.0 g) into 100 mL beakers, pressed and soaked
in  25  mL  of  cold  water  (4  °C),  and  shaken  vigorously.  Another
25  mL  of  cold  water  was  added  to  the  samples  and  shaken
vigorously  to  dilute  and  mix  the  solutions.  Each  sample  was
filtered through a 0.45 μm filter membrane into HPLC vials and
capped.  The  analyses  were  conducted  using  a  high-perfor-
mance liquid chromatograph (Agilent  Technologies,  Palo  Alto,
CA,  USA).  Using  a  calibration  curve,  allicin  content  in  garlic
samples  were  quantified  against  an  isolated  allicin  external
standard. 

Experimental design and statistical data analysis
All data are presented as the mean ± standard error of three

replicates  and  were  analyzed  using  SAS  software  (Version  9.4
for  Windows;  SAS  Institute,  Cary,  NC,  USA),  following  two-way
analysis  of  variance  (ANOVA).  Significant  differences  (p ≤ 0.05)
among treatment, means were determined from a least signifi-
cant difference (LSD) test. 

Results
 

Bulb yield
The  results  of  this  study  revealed  that  the  main  effect  of  P

fertilizer significantly (p ≤ 0.05) affected plant height (Fig. 1) and
garlic  yield  (bulb yield,  mean bulb weight,  and cloves  number
per bulb) which all attained maximum values at the P3 fertilizer
rate  in  both  tested  varieties  (Table  2).  However,  the  enhance-
ment  in  bulb  yield  due  to  the  application  of  P  fertilizer  was
more  pronounced  in  the  'Balady'  than  in  the  'Northern  White'
variety  regardless  of  the  applied  P  rate.  No  significant  diffe-
rences  between  the  tested  varieties  for  bulb  yield,  mean  bulb

weight, and cloves number per bulb at no added P fertilizer (P1)
treatment (Table 2).

The  overall  effects  of  P  fertilizer  application  on  the  garlic
yield  (bulb  yield,  mean  bulb  weight,  and  cloves  number  per
bulb) (percentage-wise) in plants of both varieties ('Balady' and
'Northern  White')  grown  in  calcareous  soil  are  summarized  in
Table  3.  Compared  to  control  treatment  (P1),  bulb  yield  was
increased by about 31% and 49% in 'Balady' and 26% and 43%
in 'Northern White' variety at P2 and P3 rates, respectively. Simi-
larly,  mean  bulb  weights  and  cloves  number/bulb  were
increased by about 34% and 35% in 'Balady' variety and about
27% and 29% in 'Northern White' variety at P2 in comparison to
unfertilized  treatment,  respectively  (Table  3).  The  enhance-
ment  in  bulb  yield  and  mean  bulb  weight  due  to  P  fertilizer
application  was  more  pronounced  in  'Balady'  than  'Northern
White' variety especially at the high P rate (P3) in comparison to
unfertilized treatment (Table 3). 
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Fig. 1    Plant height of two garlic varieties ('Balady' and 'Northern
White')  grown  under  different  P  fertilizer  rates  [0  (control)  (P1),
43.6  (P2)  and  87.2  (P3)  kg  P  ha−1)]  in  calcareous  soil.  Data  repre-
sents  ±  SE.  Different  letters  indicate  significant  differences  at
p ≤ 0.05.

 

Table  2.    Mean  (±  SE)  of  bulb  yield,  mean  bulb  weight  and  number  of
cloves/bulb  of  two  garlic  varieties  ('Balady'  and  'Northern  White')  grown
under  different  P  fertilizer  rates  [0  (control)  (P1),  43.6  (P2)  and  87.2  (P3)
kg P ha−1)] in calcareous soil.

Phosphorus
rate Variety Bulb yield

(ton·ha−1)
Mean bulb
weight (g)

Cloves no.
bulb−1

P1 'Balady' 8.01 ± 0.50 d 25.4 ± 1.4 c 6.33 ± 0.9 c
'Northern

White'
7.40 ± 0.13 d 23.9 ± 1.6 c 6.20 ± 0.5 c

P2 'Balady' 10.5 ± 0.26 b 31.0 ± 3.0 ab 7.93 ± 0.7 ab
'Northern

White'
9.31 ± 0.62 c 27.7 ± 2.0 bc 7.57 ± 0.6 b

P3 'Balady' 11.9 ± 0.31 a 34.1 ± 3.0 a 8.53 ± 0.3 a
'Northern

White'
10.6 ± 0.59 b 30.4 ± 2.2 ab 8.00 ± 0.5 ab

Significance
Phosphorus (P) *** ** ***
Cultivar (C) ** * NS
P × C NS NS NS

Different  letters  in  the  same  column  indicate  significant  difference  at p ≤
0.05. * p ≤ 0.05,  ** p ≤ 0.01,  *** p ≤ 0.0001. NS, not significant.  SE,  standard
error.

Effect of phosphorus on garlic yield and quality
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Macronutrient content
In  terms  of  mineral  contents  in  garlic  cloves,  the  highest  P

contents  were  found  in  cloves  of  both  varieties  at  the  high  P
rate (P3)  (Table 4).  Contents  of  P,  N,  K,  and Mg in garlic  cloves
of  both  varieties  were  generally  higher  at  both  medium  an
d high P rates (P2 and P3) than the non-fertilized treatment (P1)
(Table  4).  Calcium  contents  in  garlic  cloves  of  both  varieties
were found significantly higher at the medium P rate (P2) than
at  high  P  rate  (P3)  or  no  added  P  (P1)  (Table  4).  Cloves  of
'Balady'  variety  had  generally  higher  contents  of  N,  P,  and  K
than  'Northern  White'  variety  regardless  of  P  rate,  while  'Nor-
thern  White'  variety  had  higher  Ca  than  'Balady'  variety  at  the
P2  rate  (Table  4).  No  differences  between  varieties  for  clove
contents  of  Mg  regardless  of  P  rate.  Results  showed  also  no
significant differences between varieties in no P fertilized plots
(P1) for all studied minerals (Table 4).

The  overall  effects  of  P  fertilizer  application  on  the  mineral
contents  (N,  P,  K,  Ca,  and  Mg)  (percentage-wise)  in  plants  of
both  varieties  ('Balady'  and  'Northern  White')  grown  in

calcareous  soil  are  summarized  in Table  5.  Application  of  P
fertilizer  at  the  rate  P2  had  increased  garlic  clove  nutrient
contents of N by 9.1% and 8.1%, P by 22.1% and 15%, K by 3.2%
and 4.2%, Ca by 68% and 68.4% and Mg by 28.8% and 27.7% in
'Balady'  and  'Northern  White'  varieties,  respectively  (Table  5).
The  enhancement  in  clove  P,  K,  and  Mg  contents  were  more
pronounced  in  both  varieties  with  application  of  P3  than  P2
rate.  Enhancement  in  N  and  P  contents  due  to  the  applica-
tion  of  P  fertilizer  were  more  pronounced  in  'Balady'  than  in
'Northern  White'  variety,  while  enhancement  in  K  content  in
'Northern White'  was higher  than 'Balady'  variety regardless  of
applied P rate (Table 5). 

Phenols, flavonoids, and allicin contents and
antioxidant activity

The  response  of  total  phenols  and  flavonoids  contents  and
antioxidant activity in cloves of both garlic varieties to different
rates of soil P fertilization is presented in Table 6. The values of
the  total  phenols  and  flavonoids  contents  and  antioxidant
activity were higher at P2 rate than at P1 (control) or P3 rate in
both  tested  varieties.  For  varieties,  the  total  phenols  and
flavonoids  contents  and  antioxidant  activity  were  generally
higher  in  'Balady'  than  'Northern  White'  variety  regardless  of
the applied P rate (Table 6).

The response of allicin contents of cloves of both tested varie-
ties  to  P  fertilization  application  is  presented  in Fig.  2.  Results
showed  that  allicin  contents  were  highest  at  both  P2  and  P3
rates  regardless  of  tested  variety.  However,  allicin  contents
were higher in 'Balady' than 'Northern White' variety regardless
of applied P rate (Fig. 2).

The overall effects of P fertilizer application on the total phe-
nols  and  flavonoids  contents  and  antioxidant  activity  (percen-
tage-wise)  in  plants  of  both  varieties  ('Balady'  and  'Northern
White')  grown  in  calcareous  soil  are  summarized  in Table  7.

 

Table  3.    Percentage  (±  SE)  change  in  plant  growth  (bulb  yield,  bulb
weight  and  cloves  number  per  bulb)  of  two  garlic  varieties  ('Balady'  and
'Northern White') grown at P fertilizer (PF) or no added P fertilizer (nonPF)
in calcareous soil.

P
fertilizer rate Variety

Plant growth¶

Bulb yield (%) Mean bulb
weight (%)

Cloves no.
per bulb (%)

P2 'Balady' 31 ± 3.0 22 ± 3.3 25 ± 1.7
'Northern White' 26 ± 2.1 16 ± 2.1 22 ± 2.6

P3 'Balady' 49 ± 7.4 34 ± 3.9 35 ± 4.4
'Northern White' 43 ± 4.9 27 ± 3.5 29 ± 2.7

¶ Plant growth (PG) change (%) = ((PGPF – PGnonPF) × 100)/PGnonPF).

 

Table 4.    Mean (± SE) of macronutrient concentrations in cloves of two garlic varieties ('Balady' and 'Northern White') grown under different P fertilizer
rates [0 (control) (P1), 43.6 (P2) and 87.2 (P3) kg P ha–1)] in calcareous soil.

Phosphorus rate Variety
N P K Ca Mg

mg·g−1 DM

P1 'Balady' 2.43 ± 0.10 bc 2.26 ± 0.06 e 15.5 ± 0.06 bc 2.47 ± 0.13 d 0.59 ± 0.04 c
'Northern White' 2.36 ± 0.08 c 2.20 ± 0.02 e 14.6 ± 0.06 c 2.63 ± 0.08 d 0.65 ± 0.09 bc

P2 'Balady' 2.65 ± 0.11 a 2.76 ± 0.03 c 16.0 ± 0.07 ab 4.15 ± 0.08 b 0.76 ± 0.08 ab
'Northern White' 2.55 ± 0.05 ab 2.53 ± 0.07 d 15.3 ± 0.08 bc 4.43 ± 0.13 a 0.83 ± 0.09 a

P3 'Balady' 2.57 ± 0.11ab 3.40 ± 0.14 a 16.7 ± 0.04 a 3.09 ± 0.07 c 0.79 ± 0.12 ab
'Northern White' 2.44 ± 0.08 bc 3.13 ± 0.13 b 16.1 ± 0.04 ab 3.26 ± 0.13 c 0.87 ± 0.10 a

Significance
Phosphorus (P) * *** ** ** **
Cultivar (C) * ** * ** NS
P × C NS NS NS NS NS

Different letters in the same column indicate significant difference at p ≤ 0.05. * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.0001. NS, not significant. SE, standard error.

 

Table 5.    Percentage (± SE)  change in fodder mineral  (N,  P,  K,  Ca,  and Mg) contents of  two garlic  cultivars ('Balady'  and 'Northern White')  grown at P
fertilizer (PF) or no added P fertilizer (nonPF) in calcareous soil.

P fertilizer rate Variety Nutrient content§

N (%) P (%) K (%) Ca (%) Mg (%)

P2 'Balady' 9.1 ± 1.4 22.1 ± 3.0 3.2 ± 0.6 68.0 ± 6.6 28.8 ± 3.3
'Northern White' 8.1 ± 1.2 15.0 ± 1.8 4.8 ± 0.7 68.4 ± 5.7 27.7 ± 3.1

P3 'Balady' 5.8 ± 0.8 50.4 ± 5.4 7.7 ± 1.2 25.1 ± 4.4 33.9 ± 5.0
'Northern White' 3.4 ± 0.6 42.3 ± 5.5 10.3 ± 1.4 23.9 ± 3.8 33.8 ± 4.6

§Nutrient content (NC) change (%) = ((NCPF – NCnonPF) ×100)/NCnonPF).
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Application  of  P  fertilizer  at  the  rate  P2  had  increased  garlic
clove contents of total phenols by 17.5% and 23.9%, flavonoids
by 23% and 16.3%, and antioxidant activity by 26% and 21% in
'Balady' and 'Northern White' varieties, respectively (Table 7).

The enhancement due to P fertilizer application in flavonoid
contents  and  antioxidant  activity  was  more  pronounced  in
'Balady'  than  'Northern  White'  variety,  while  it  was  higher  for
total  flavonoids  content  in  'Northern  White'  than  in  'Balady'
variety at medium P rate (P2) (Table 7). 

Discussion

The  results  of  this  study  indicated  that  the  application  of  P
fertilizer  at  high  rates  (P2  and  P3)  potentially  improved  plant
growth (plant height) and garlic productivity (bulb yield, mean
bulb weight and cloves number per bulb) in both tested garlic
varieties  over  the  unfertilized  (P1)  plots.  These  results  indicate
that increased availability of P in soils had a significant effect on
the  vegetative  growth  of  garlic  and  the  collective  effect  of
nutrients  that  stimulate  plant  growth  and  thus  increases  leaf

growths  of  garlic.  This  is  associated  with  high  chlorophyll
content  and  hence  results  in  high  photoassimilate  production
at high P fertilizer rates[19,36]. These results agree with the work
of  Jitarwal  et  al.[19] and Büll  et  al.[10] who reported that  increa-
sing the rate of P fertilizer application rate increase garlic bulb
yield and number of cloves per bulb significantly.

However,  the  two  garlic  varieties  responded  differently  to
applied  P  rates.  Compared  to  unfertilized  (P1)  treatment,
'Balady'  plants  fertilized  with  P2  and  P3  rates  had  significantly
higher bulb yield and mean bulb weight than 'Northern White'
variety.  The variation in  external  P  requirements  is  mainly  due
to  either  higher  uptake  efficiency  of  the  crop  (cultivar/variety)
or lower internal P needs for optimal growth[37]. Mulatu et al.[38]

evaluated  the  effects  of  P  fertilizer  application  on  the  produc-
tion performance of two garlic varieties Local ('farmers' variety)
and Tsedey 92 and found that bulb yields of Local and Tsedey
92 cultivars enhanced at the highest applied P fertilizer rate (45
P ha–1)  by 176% and 65% over control  treatment,  respectively.

In  terms  of  mineral  contents  in  garlic  cloves,  the  results  of
this study revealed that the maximum contents of nutrients (P,
K,  and  Mg)  in  produced  garlic  cloves  were  generally  attained
with application of P3, whereas, the maximum contents of the
nutrients  N  and  Ca  were  generally  recorded  at  the  P2  rate  in
both garlic  varieties.  The differences  in  garlic  clove N,  P,  K,  Ca,
and  Mg  contents  observed  here  might  be  attributed  to  the
enhancing  effect  due  to  the  essential  role  of  phosphorus  that
could  stimulate  root  growth  and  plant  development,  which
promote  the  uptake  of  other  mineral  nutrients  and  conse-
quently  accumulation  in  garlic  plant  parts  (cloves)[19].  Similar
results  have  been  reported  by  many  researchers  on  different
Allium crops  when  N,  P,  and  K  contents  increased  with  an
adequate supply of P in soil rhizosphere[18,19,24,39−41].

However,  the  two  garlic  varieties  responded  differently  to
applied  P  fertilizer  rates  with  regard  to  nutrient  content  in
produced garlic cloves. Cloves of 'Balady' variety had generally
higher contents of N, P, K and Mg than 'Northern White' variety
regardless  of  P  rate,  while  'Northern White'  variety  had signifi-
cantly  higher  Ca  than  'Balady'  variety  at  the  P2  rate.  These
results were in good accordance with those obtained by diffe-
rent  researchers  who  reported  that  crop  varieties  showed
different  responses  to  P  fertilization  in  terms  of  their  mineral
nutrient  uptake  and  consequently  the  accumulation  of  mine-
rals in garlic cloves[41−44].

Phosphorus  supply  affects  growth  and  secondary  metabo-
lites  in  plants  such  as  phenolics,  flavonoids  and  allicin

 

Table 7.    Percentage (± SE) change in total phenols and flavonoids con-
tents and antioxidant activity of two garlic cultivars ('Balady' and 'Northern
White')  grown at  P fertilizer  (PF)  or  no added P fertilizer  (nonPF) in calca-
reous soil.

Phosphorus
rate Variety

Total
phenols

content (%)¶

Total
flavonoid

content (%)§

Antioxidant
activity (%)*

P2 'Balady' 17.5 ± 2.0 23.0 ± 2.1 26.0 ± 3.4
'Northern

White'
23.9 ± 2.2 16.3 ± 1.6 21.0 ± 3.0

P3 'Balady' 1.5 ± 0.2 2.5 ± 0.3 11.2 ± 1.3
'Northern

White'
7.2 ± 0.5 2.6 ± 0.2 9.5 ± 1.2

¶Phenol  content  (PC)  change  (%)  =  ((PCPF – PCnonPF)  ×100)/PCnonPF).
§Flavonoid  content  (FC)  change  (%)  =  ((FCPF – FCnonPF)  ×  100)/FCnonPF).
*Antioxidant activity (AA) change (%) = ((AAPF – AAnonPF) × 100)/AAnonPF).

 

Table 6.    Mean (± SE) of total phenols and flavonoids contents and anti-
oxidant activity (dry matter basis) in cloves of two garlic varieties ('Balady'
and  'Northern  White')  grown  under  different  P  fertilizer  rates  [0  (control)
(P1), 43.6 (P2) and 87.2 (P3) kg P ha−1)] in calcareous soil.

Phosphorus
rate Variety

Total phenols
(mg GAE
100 g−1)

Total flavonoids
(mg CE 100 g−1)

Antioxidant
activity (%)

P1 'Balady' 582 ± 27 b 56.9 ± 5.2 c 27.6 ± 1.3 bcd
'Northern

White'
535 ± 38 c 53.2 ± 4.9 c 24.2 ± 1.6 d

P2 'Balady' 684 ± 25 a 71.7 ± 6.2 a 34.8 ± 1.8 a
'Northern

White'
663 ± 18 a 63.5 ± 4.4 b 29.3 ± 2.8 bc

P3 'Balady' 591 ± 23 b 58.3 ± 4.1 bc 30.7 ± 2.7 b
'Northern

White'
574 ± 19 bc 54.6 ± 3.9 c 26.5 ± 3.2 cd

Different  letters  in  the  same  column  indicate  significant  difference  at p ≤
0.05. * p ≤ 0.05,  ** p ≤ 0.01,  *** p ≤ 0.0001. NS, not significant.  SE,  standard
error.
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Fig.  2    Allicin  contents  in  cloves  of  two  garlic  varieties  ('Balady'
and  'Northern  White')  grown  under  different  P  fertilizer  rates  [0
(control) (P1), 43.6 (P2) and 87.2 (P3) kg P ha−1)] in calcareous soil.
Data  represents  ±  SE.  Different  letters  indicate  significant  diffe-
rences at p ≤ 0.05.
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contents[19,24,25].  In  this  study,  the  response  of  total  phenols,
flavonoids  and  allicin  contents  and  antioxidant  activity  in
cloves of both garlic varieties to different rates of soil P fertiliza-
tion  in  alkaline  soil  was  not  linear;  the  highest  phenols,
flavonoids  and  antioxidants  values  were  at  the  P2  rate,  while
highest  allicin  content  values  were  obtained  at  P3  rate.  These
results  might  indicate  that  the  garlic  response  to  P  fertilizer
application  increment  at  calcareous  soil  is  unique  in  terms  of
secondary metabolites  accumulation.  Pontigo et  al.[26] found a
strong  relationship  between  phenol  accumulation  in  plants
and  P  efficiency  (the  effectiveness  of  uptake  and  internal
utilization of P).

However,  the  two  garlic  varieties  responded  differently  to
applied  P  rates  regarding  total  phenols,  flavonoids,  and  allicin
contents  and  antioxidant  activity  regardless  of  the  applied  P
rate.  Flavonoid  contents  and  antioxidant  activity  were  signifi-
cantly higher in cloves of 'Balady' than 'Northern White' variety
at  the  P2  rate,  while  no  significant  difference  was  noted  for
total  phenols  contents  between  'Balady'  and  'Northern  White'
variety at both P2 and P3 rates. Allicin contents were higher in
'Balady'  than  'Northern  White'  variety  regardless  of  applied  P
rate.  The  enhancement  due  to  P  fertilizer  application  in  flavo-
noids contents and antioxidant activity was more pronounced
in 'Balady' than 'Northern White'  variety at the P2 rate,  while it
was higher for total phenols content in 'Northern White' than in
'Balady' variety at both P2 and P3 rates.

Overall, increasing garlic yield by applying a high P level (P3)
can  lead  to  a  significant  negative  impact  on  cloves'  chemical
composition; total  phenols and flavonoids contents and antio-
xidant  activity.  Therefore,  moderate  P  levels  (P2)  might  be the
best  P  rate  for  garlic  when  it  is  used  for  the  development  of
functional food. The results of this study suggest that the bulb
yield  and  the  nutritional  quality  of  garlic  cloves  differed  with
different rates of applied P fertilization and selection of cultivar/
variety under calcareous soil conditions. 

Conclusions

Phosphorus deficiency is critical  for garlic production in arid
and semiarid  regions,  especially  when cultivated in  calcareous
soils.  In  this  study,  P  fertilization  significantly  affected  garlic
growth (plant height), bulb yield (bulb yield, mean bulb weight,
and clove number  per  bulb)  and cloves  chemical  composition
(phenolic  compounds,  minerals  and  allicin  contents)  of  both
tested varieties  grown under  calcareous  soils.  Application of  P
fertilizer  at  the  high  rate  (P3)  showed  particularly  high  poten-
tial with respect to the high garlic yields and high P, K and Mg
and allicin contents, while had high contents of nutrients N and
Ca, total phenols and flavonoids and antioxidant activity at the
medium rate (P2) in the cloves of both tested garlic varieties.

Although  'Balady'  variety  had  a  generally  higher  bulb  yield,
mean bulb weight, and clove number per bulb, clove N and P,
flavonoid  contents  and  antioxidant  activity  than  in  'Northern
White'  variety  in  response  to  P  fertilizer  application,  the  'Nor-
thern White' variety was more responsive to P fertilizer applica-
tion  by  generally  enhancing  clove  Ca  content  than  in  'Balady'
variety.  Therefore,  results  of  this  study  suggest  that  the  bulb
yield  and  nutritive  quality  of  garlic  cloves  differed  with  diffe-
rent  rates  of  applied  P  fertilization  and  selection  of  cultivar/
variety under calcareous soil conditions. 
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