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ABSTRACT

A field study was executed to assess the impacts of saline irrigation and nitrogen fertigation on the
growth, yield, and quality of garlic variety HG-17 at the Research Farm of the Soil Science Department,
CCSHAU, Hisar during the Rabi seasons of 2021-22 and 2022-23. The experimental framework was
established in a split-plot design with three replications. The treatments incorporated three levels of
saline water (canal water, ECiw=2.5 dS/m, and ECiw=5.0 dS/m) as primary treatments and three levels
of nitrogen fertilizer (75%, 100%, and 125% of recommended dose of nitrogen) as secondary treatments.
The results presented that all the growth parameters viz., plant height at 90 days after planting (DAP),
number of leaves per plant, leaf length and breadth, shoot weight per plant as well as and total plant
biomass were recorded significantly maximum under irrigation with canal water as compared to saline
water levels. Among nitrogen levels, all the growth characteristics were increased with increasing
nitrogen levels and recorded maximum with 125% RDN applied through drip as compared to lower
levels (75% and 100% RDN) of nitrogen during both the years of study, as well as pooled data of two
years.
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Introduction

Garlic (Allium sativum L.), the second most
significant cultivated species in the Allium genus after
onion, is predominantly employed as a flavoring agent
while attracting pharmaceutical interest for its
therapeutic benefits, attributed to its distinctive organic
sulfur compounds such as alliin, allicin, and various
sulfur-containing amino acids (Rizk et al., 2021; Salata
et al., 2021). Garlic is enriched with essential vitamins
such as riboflavin, thiamine, nicotinic acid, and
vitamin C, which enhance its nutritional value and
establish its status as a medicinal plant with notable
antimicrobial efficacy, as well as beneficial effects on
blood pressure, digestion, and immune function (Salata

et al, 2021; Kazemi et al., 2010). According to the
FAO 2023 report around 28.67 million tonnes of garlic
are full grown globally yearly. It is assessed that
production in India is continued at a level of about
3213.93 thousand tonnes and is supported out on an
area of about 382.61 thousand hectares, second
worldwide in terms of land area and production, behind
China (Anonymous, 2023-2024). The detrimental
impact of environmental stress on garlic growth arises
from a disruption in the balance of reactive oxygen
species and antioxidant mechanisms, necessitating
effective irrigation management, while optimal
fertilization and irrigation are crucial for economic
viability, particularly given the significance of water
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availability in humid temperate regions for crop yield
(Rizk et al., 2021).

Soil salinity poses a critical threat to global
agriculture, impacting around 6% of the world's land
and severely diminishing crop yield, particularly in
vegetables, affecting 20% of cultivated and half of
irrigated lands worldwide (Ahmad et al., 2021; El-
Saber, 2021). Salinity adversely impacts garlic (Allium
sativum L.), a salt-sensitive species, by disrupting ionic
balance through excessive Na" and CI” accumulation,
inducing oxidative stress via heightened reactive
oxygen species production, and diminishing water
uptake capacity, thereby inducing osmotic stress
analogous to drought conditions (El-Saber, 2021; Zelm
et al., 2020; Munns, 2002). The morphological effects
of salinity on garlic are pronounced, as saline irrigation
notably diminishes leaf count and plant height due to
factors such as water stress, ion toxicity, nutrient
imbalances, and deficiencies, leading to stunted growth
from direct salt toxicity and hindered nutrient
absorption (Ahmad et al., 2021).

Salinity adversely affects garlic's reproductive
development and yield parameters, including bulb
dimensions and biomass, leading to diminished
marketable yield and quality, thus posing a significant
economic challenge for producers (Elkhatib et al.,
2021; Ahmad et al, 2021). Nitrogen is a vital
macronutrient for garlic (Allium sativum L.)
production, integral to various physiological processes
that directly impact growth, development, and yield, as
it enhances photosynthetic efficiency through
chlorophyll composition, thus influencing biomass and
bulb formation (Taha et al, 2024), and its adequate
availability is crucial for synthesizing essential organic
compounds like amino acids, proteins, and nucleic
acids, which are fundamental for optimal plant
functioning (Taha et al., 2024). Research indicates a
direct correlation between nitrogen application rates
and vegetative growth metrics in garlic, where
increased nitrogen enhances leaf number, length, and
dry matter accumulation, thereby expanding
photosynthetic capacity for carbohydrate production
essential for bulb development, while also being
crucial for protein synthesis that impacts both growth
dynamics and the nutritional quality of garlic bulbs
(Metwally et al., 2024).

Effective nitrogen management in garlic
cultivation is crucial, as over-application may lead to
negative consequences; while elevated nitrogen fosters
vegetative growth and increases protein content, it can
concurrently inhibit the production of certain
secondary metabolites such as anthocyanins, and
excessive soil nitrogen may promote leaf growth to the
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detriment of bulb development, thereby potentially
diminishing economic yield, underscoring the
necessity for a balanced nitrogen strategy that
optimizes growth without jeopardizing bulb quality or
development (Taha et al, 2024). The interaction of
nitrogen fertilization with potassium is crucial for
garlic growth, as potassium not only enhances carbon
and nitrogen assimilation but also aids in the nutrient
translocation from leaves to bulbs, leading to improved
photosynthesis, stomatal conductance, transpiration,
and biomass accumulation when combined with a
consistent nitrogen supply (Metwally et al., 2024; Xu
et al., 2023; Guo et al., 2019). In conclusion, nitrogen
fertilization is vital for garlic production, affecting
growth, yield and quality; thus, a balanced fertilization
strategy that considers nutrient interactions and
prevents over-application is essential for optimizing
both productivity and quality in garlic cultivation. In
this study, systematically investigated the Effect of
saline water and nitrogen fertigation on growth of
garlic.

Materials and Methods

The experiment was conducted during the year
2021-22 and 2022-23 at Research Farm of Soil Science
Department, CCSHAU, Hisar, Haryana situated at an
altitude of 215 m above mean sea level, lying between
29°09°03.5” N latitude and 75°41°20.8” E longitude
with a climate characterized by semi-arid conditions.
This region is characterized by hot and dry winds
during the summer and severe dry weather during the
winter. Planting of cloves of garlic variety Hisar
Garlicl17 (HG-17) was done during the Rabi seasons of
2021-22 and 2022-23 was done on the raised beds of
with three rows planted on each bed with spacing at 15
cm X 10 cm. The experiment was laid out in a split-plot
design with tree replications. The treatment consists of
three saline water levels (canal water, EC;,=2.5 dS/m
and EC;,=5.0 dS/m) as main treatments and three N
fertilizer levels (75%, 100% and 125% RDN) as sub-
main treatments. The results showed that all the growth
parameters viz., plant height, number of leaves per
plant, leaf length and breadth, shoot weight per plant
and total plant biomass, were recorded significantly
maximum under irrigation with canal water as
compared to saline water levels during both the years
of study, as well as pooled data of two years. The data
analysis statistical method described by Panse and
Sukhatme (1967) was followed for the analysis and
interpretation of experimental results was done using
OPSTAT software, developed by CCS HAU, Hisar.
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Results
Plant height at 90 days after planting (DAP)

The data on garlic plant height recorded at 90
DAP (Table-1) indicated that different levels of saline
water irrigation had significant impacts on plant height,
which decreased significantly with increasing saline
water levels throughout the both years of research.
When compared to saline levels of irrigation water, the
maximum mean plant height (49.1 and 50.5 cm) was
observed under irrigation with canal water, while the
minimum mean plant height (37.7 and 40.5 cm) was
observed under saline water (ECy,= 5.0 dS/m) during
2021-22 and 2022-23 years, respectively. Likewise,
two-year pooled mean plant height data at 90 DAP also
followed the same trend and significantly higher mean
plant height (54.9 cm) at 90 DAP was recorded in
canal water irrigation and lowest mean in saline water
at 5.0 dS/m (44.0 cm).

Fertigation-based nitrogen application also had
significant effects on plant height at 90 DAP during
both years and it increased as fertigation level
increased from 75 to 125% RDN. Among the various
fertigation levels, the maximum mean plant height
(47.5 and 50.3 cm) was recorded with 125% RDN
fertigation, while the shortest mean plant height (37.9
and 38.4 cm) was recorded with 75% RDN fertigation
during 2021-22 and 2022-23 years, respectively.
Furthermore, two-year pooled plant height data at 90
DAP also followed the same trend and significantly
higher mean plant height (48.9 cm) at 90 DAP was
recorded in nitrogen at 125% RDN and lowest mean in
75% RDN (38.1 cm). However, the interaction
between saline water and nitrogen fertigation was
found to be non-significant. Similar trends in plant
height at 90 DAP were observed in the years 2021-22
and 2022-23, as well as in pooled data of both years.

Number of leaves per plant

In Table-2, the data with regard to the number of
leaves per plant is demonstrated. The significantly
highest mean number of leaves per plant (10.24 and
11.43) was obtained under irrigation with canal water
in comparison to other treatments. The lowest mean
number of leaves per plant (8.15 and 9.11) was
recorded under irrigation with saline water 5.0 dS/m
during 2021-22 and 2022-23 years, respectively and
two years pooled data of mean number of leaves per
plant also followed the same trend and significantly
higher mean number of leaves per plant (10.84) was
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recorded with canal water irrigation and lowest mean
(8.63) in saline water 5.0 dS/m.

The number of leaves per plant was significantly
impacted by the various nitrogen fertigation levels. In
comparison to other treatments, nitrogen fertigation at
125% RDN resulted in significantly higher mean
number of leaves per plant (9.81 and 10.95) but at 75%
RDN fertigation, the lowest mean number of leaves per
plant (8.57 and 9.71) were observed during the years
2021-22 and 2022-23, respectively. Similarly, two
years pooled data on the mean number of leaves per
plant also followed the same trend and significantly
highest mean number of leaves per plant (10.38) was
recorded in nitrogen at 125% RDN and lowest mean
(9.14) in 75% RDN. The data in Table-2. also
demonstrated that there was no significant interaction
between the different levels of saline water and
nitrogen fertigation. For number of leaves per plant
were seen during both the years as well as in pooled
data.

Leaf length (cm)

The data of leaf length (Table-3) revealed that
when saline water levels were raised from canal water
to saline water 5.0 dS/m, leaf length decreased
significantly and the maximum mean leaf length (35.5
and 36.5 cm) was recorded in canal water whereas the
minimum mean leaf length (27.5 and 29.0 cm) was
attained when irrigation was applied with saline water
5.0 dS/m during 2021-22 and 2022-23, respectively.
Similarly, two years pooled data of mean leaf length
also followed the same trend and significantly higher
mean leaf length (36.0 cm) was recorded in canal water
and lowest mean (28.3 cm) in saline water EC;,= 5.0
dS/m.

Nitrogen fertigation also had a significant impact
on leaf length, which increased as the nitrogen level
increased. Longer mean leaf length (35.1 and 35.8 cm)
were obtained through the use of 125% RDN with
fertigation. However, smaller mean leaf length (27.5
and 28.9 cm) was obtained by 75% RDN during 2021-
22 and 2022-23 years, respectively. Furthermore, leaf
length pooled data across two years also followed the
same trend and significantly higher mean leaf length
(35.4 cm) was recorded in nitrogen at 125% RDN and
lowest mean in 75% RDN (28.2 cm). Although the
interaction between saline water and nitrogen
fertigation was found to be non-significant for leaf
length in 2021-22 and 2022-23 as well as pooled data
of both years.
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Table 1 : Effect of saline water and nitrogen fertigation on plant height (cm) at 90 DAP in garlic

2021-22 2022-23 Pooled
Saline water levels 75% | 100% | 125% |\ 1 75% (100% | 125% |\ | 75% |100% |125% |\
RDN | RDN | RDN RDN | RDN | RDN RDN | RDN | RDN
Canal water 453 | 48.5 | 53.5 | 49.1 | 435 | 51.7 | 563 | 50.5 | 444 | 504 | 549 | 49.9
Saline water 2.5 dS/m 37.1 | 432 | 47.1 | 425 | 39.1 | 443 | 483 | 439 | 38.1 | 43.7 | 47.7 | 43.2
Saline water 5.0 dS/m 312 | 402 | 41.8 | 37.7 | 325 | 43.0 | 46.2 | 40.5 | 31.8 | 416 | 440 | 39.1
Mean 379 | 440 | 47.5 384 | 46.3 | 50.3 38.1 | 452 | 48.9
Irrigation Water (I): 1.8 Irrigation Water (I): 2.8 Irrigation Water (I): 3.2
CD at 5% Nitrogen levels (N): 1.5 Nitrogen levels (N): 1.6 Nitrogen levels (N): 1.4
N at same level of I: NS N at same level of I: NS N at same level of I: NS
I at same level of N: NS I at same level of N: NS I at same level of N: NS

Table 2 : Effect of saline water and nitrogen fertigation on number of leaves per plant in garlic

. 2021-22 2022-23 Pooled
Saline water
levels 75% | 100% | 125% Mean 75% | 100% | 125% Mean 75% | 100% | 125% Mean
RDN | RDN | RDN RDN | RDN | RDN RDN [ RDN | RDN
Canal water 9.65 | 10.35 | 10.73 | 10.24 | 10.90 | 11.57 | 11.83 | 11.43 | 10.28 | 10.96 | 11.28 | 10.84
(Slgxl‘:" water2.5 | g75 | 960 | 9.88 | 941 |10.00| 10.83 | 1123 | 10.69 | 9.38 | 10.22 | 10.56 | 10.05
g;}i‘l‘f water5.0 | ;31 | g3> | 883 | 815 | 823 | 930 | 980 | 9.11 | 777 | 881 | 932 | 8.63
Mean 8.57 | 9.42 9.81 9.71 | 10.57 | 10.95 9.14 | 10.00 | 10.38
Irrigation Water (I): 0.30 Irrigation Water (I): 0.34 Irrigation Water (I): 0.70
CD at 5% Nitrogen levels (N): 0.34 Nitrogen levels (N): 0.31 Nitrogen levels (N): 0.26
a ¢ N at same level of I: NS N at same level of I: NS N at same level of I: NS
I at same level of N: NS I at same level of N: NS I at same level of N: NS
Leaf breadth (mm) be non-significant for leaf breath during both the years

Leaf breadth decreased considerably when saline
water levels were increased from canal water to saline
water 5.0 dS/m (Table-4) When irrigation was given
with canal water compared to saline water levels, the
maximum mean leaf breadth (13.91 and 14.51 mm)
was recorded, while the minimum mean leaf breadth
(10.18 and 10.87 mm) was achieved when irrigation
was applied with saline water 5.0 dS/m during 2021-22
and 2022-23, respectively. Similarly, two years of
pooled data on mean leaf breadth also followed the
same trend and significantly higher mean leaf breadth
(14.32 mm) was recorded with canal water and lowest
mean (10.53 mm) in saline water at 5.0 dS/m.

The effect of nitrogen fertigation significantly
affected the leaf breath and it increased as the level of
nitrogen increased. Using 125% RDN with fertigation
produced longer mean leaf breadth (13.09 and
14.81mm), while 75% RDN produced smaller mean
leaf breadth (10.83 and 10.89 mm) during 2021-22 and
2022-23, respectively and two years pooled data of
mean leaf breadth also followed the same trend and
significantly higher mean leaf breadth (13.95 mm) was
recorded with 125% RDN and lowest mean (10.86
mm) in 75% RDN. Although the interaction between
saline water and nitrogen fertigation was observed to

as well as in the pooled data of two years.
Shoot weight per plant at 15 days before harvest (g)

The data on garlic shoot weight per plant recorded
15 days before harvest under various treatments (Table-5)
revealed that different levels of saline water irrigation had
a significant impact on garlic shoot weight per plant
decreased with increasing saline water levels. The
maximum mean shoot weight per plant (29.78 and 30.66
g) was observed with canal water, while the minimum
mean (23.18 and 24.17 g) was achieved at saline water
5.0 dS/m during 2021-22 and 2022-23, respectively.
Similarly, pooled data of two years regarding mean shoot
weight per plant recorded at 15 days before harvest also
followed the same trend and significantly higher mean
shoot weight per plant (30.33 g) was recorded in
irrigation with canal water and lowest mean (23.68 g) in
saline water at 5.0 dS/m.

Similarly, garlic shoot weight per plant, recorded 15
days before harvest increased with increasing nitrogen
fertigation from 75% to 125% RDN. The highest mean
shoot weight per plant (29.66 and 30.54 g) at 15 days
before harvest was recorded at 125% RDN fertigation,
while the lowest mean shoot weight per plant (22.00 and
22.88 g) was recorded when 75% RDN was supplied
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using fertigation during the years 2021-22 and 2022-23,
respectively. Similarly, two years pooled data of mean
shoot weight per plant at 15 days before harvest also
followed the same trend and significantly higher mean
shoot weight per plant (30.10 g) at 15 days before harvest
was recorded with application of nitrogen at 125% RDN
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and lowest mean (22.44 g) in 75% RDN. Although, the
interaction between saline water and nitrogen fertigation
was observed to be non-significant for shoot weight per
plant at 15 days before harvest during both the years as
well as in pooled data.

Table 3 : Effect of saline water and nitrogen fertigation on leaf length (cm) in garlic

. 2021-22 2022-23 Pooled
Saline water
levels 75% | 100% | 125% Mean 75% | 100% | 125% Mean 75% | 100% | 125% Mean
RDN | RDN | RDN RDN | RDN | RDN RDN | RDN | RDN
Canal water 33.1 353 38.2 355 | 31.6 | 382 39.8 36.5 | 32.4 | 36.8 39.0 36.0
gg};‘:" water2.5 | 66 | 313 | 348 | 309 | 203 | 342 | 357 | 330 | 279 | 327 | 353 | 320
gg};‘:" water 5.0 | oy g | 274 | 323 | 275 | 257 | 295 | 319 | 200 | 242 | 285 | 321 | 283
Mean 275 | 313 35.1 28.9 | 34.0 358 282 | 326 354
Irrigation Water (I): 2.6 Irrigation Water (I): 1.6 Irrigation Water (I): 1.1
CD at 5% Nitrogen levels (N): 1.3 Nitrogen levels (N): 1.4 Nitrogen levels (N): 0.9
a ¢ N at same level of I: NS N at same level of I: NS N at same level of I: NS
I at same level of N: NS I at same level of N: NS I at same level of N: NS
Table 4 : Effect of saline water and nitrogen fertigation on leaf breadth (mm) in garlic
. 2021-22 2022-23 Pooled
Saline water
levels 75% | 100% | 125% Mean 75% | 100% | 125% Mean 75% | 100% | 125% Mean
RDN | RDN | RDN RDN | RDN | RDN RDN | RDN | RDN
Canal water 1293 | 13.77 | 15.03 | 13.91 | 1295 | 14.02 | 16.57 | 1451 | 12.94 | 14.23 | 15.80 | 14.32
(51;2‘1‘1" water2.5 | 1666 | 11.40 | 1277 | 11.61 [ 10.80 | 13.02 | 1491 | 12,91 | 1073 | 12.21 | 13.84 | 12.26
(Slg}:;e water 3.0 | ¢ 90 | 10.17 | 1146 | 10.18 | 892 | 10.75 | 12.95 | 10.87 | 891 | 10.46 | 12.21 | 10.53
Mean 10.83 | 11.78 | 13.09 10.89 | 12.60 | 14.81 10.86 | 12.30 | 13.95
Irrigation Water (I): 1.90 Irrigation Water (I): 1.44 Irrigation Water (I): 1.85
CD at 5% Nitrogen levels (N): 1.30 Nitrogen levels (N): 0.77 Nitrogen levels (N): 1.14
a ¢ N at same level of I: NS N at same level of I: NS N at same level of I: NS
I at same level of N: NS I at same level of N: NS I at same level of N: NS
Total plant biomass (g) Similarly, garlic total plant biomass increased with

The data on total plant biomass of garlic under
various treatments (Table-6) depicted those different
levels of saline water irrigation had a significant impact
on garlic total plant biomass of garlic, which decreased
with increasing saline water levels. The significant
highest mean total plant biomass (41.8 and 44.7 g) was
observed at canal water and the lowest mean (31.2 and
34.7 g) was achieved at saline water 5.0 dS/m during
2021-22 and 2022-23, respectively. Additionally, pooled
data of two years on the mean of total plant biomass also
followed the same trend and significantly higher mean
total plant biomass (43.3 g) was recorded with canal
water and lowest mean (32.9 g) in saline water at 5.0
dS/m.

increased nitrogen fertigation (75 to 125% RDN). When a
lesser dosage of nitrogen 75% RDN was fed by
fertigation, the lowest mean total plant biomass (30.6 and
34.0 g) was reported. The maximum mean total plant
biomass (41.5 and 43.3 g) was recorded at 125% RDN
fertigation during 2021-22 and 2022-23, respectively and
two years pooled data of mean of total plant biomass also
followed the same trend and significantly highest mean
total plant biomass (42.4 g) was recorded in nitrogen at
125% RDN and lowest mean (32.3 g) in 75% RDN.
While it was also found that there was no substantial
interaction between saline water and nitrogen fertigation
for total plant biomass was observed in the years 2021-
22 and 2022-23, as well as in pooled data.
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Table 5 : Effect of saline water and nitrogen fertigation on shoot weight per plant (g) at 15 days before harvest in

garlic
2021-22 2022-23 Pooled
Saline water levels 75% | 100% | 125% Mean 75% | 100% | 125% Mean 75% | 100% | 125% Mean
RDN | RDN [ RDN RDN | RDN [ RDN RDN [ RDN | RDN
Canal water 24.46| 31.56 | 33.31 | 29.78 [25.56| 32.66 | 33.75 | 30.66 |25.01 | 32.44 | 33.53 | 30.33
Saline water 2.5 dS/m 22.51| 27.22 | 28.51 | 26.08 |22.94 | 29.32 | 30.61 | 27.62 | 22.73 | 28.27 | 29.56 | 26.85
Saline water 5.0 dS/m 19.02| 23.36 | 27.17 | 23.18 [20.12 | 25.13 | 27.27 | 24.17 | 19.57 | 24.25 | 27.22 | 23.68
Mean 22.00| 27.38 | 29.66 22.88 1 29.04 | 30.54 22.44 | 28.32 | 30.10
Irrigation Water (I): 1.79 Irrigation Water (I): 2.11 Irrigation Water (I): 1.71
CD at 5% Nitrogen levels (N): 1.33 Nitrogen levels (N): 0.82 Nitrogen levels (N): 1.10

N at same level of I: NS
I at same level of N: NS

N at same level of I: NS
I at same level of N: NS

N at same level of I: NS
I at same level of N: NS

Table 6 : Effect of saline water and nitrogen fertigation on total plant biomass (g) in garlic
2021-22 2022-23 Pooled
Saline water levels 75% | 100% | 125% Mean 75% | 100% | 125% Mean 75% | 100% | 125% Mean
RDN | RDN | RDN RDN | RDN [ RDN RDN [ RDN | RDN
Canal water 375 | 422 | 458 | 41.8 | 39.0 | 455 | 49.8 | 447 | 38.2 | 43.8 | 47.8 | 43.3
Saline water 2.5 dS/m 299 | 39.5 | 43.0 | 37.5 | 329 | 393 | 41.7 | 379 | 31.4 | 394 | 423 | 37.7
Saline water 5.0 dS/m 244 | 33.5 | 358 | 31.2 | 30.1 | 354 | 38.6 | 347 | 27.2 | 344 | 37.2 | 329
Mean 30.6 | 38.4 | 41.5 340 | 40.0 | 43.3 323 | 39.2 | 424
Irrigation Water (I): 2.2 Irrigation Water (I): 2.3 Irrigation Water (I): 1.2
CD at 5% Nitrogen levels (N): 1.9 Nitrogen levels (N): 1.0 Nitrogen levels (N): 0.7
N at same level of I: NS N at same level of I: NS N at same level of I: NS
I at same level of N: NS I at same level of N: NS I at same level of N: NS
Discussion specific effect of the constituent ions or the

The results of the experiment demonstrate that
nitrogen fertigation and quality of irrigation water
strongly and positively impacted most of the
parameters that were determined, i.e. plant height,
number of leaves per plant, leaf length and breadth,
shoot weight per plant, total plant biomass. In this
research two-year pooled data is discussed among with
the different treatments.

The results of two years pooled data indicated that
the plant height of garlic at 90 DAP were significantly
affected by the application of saline water and nitrogen
levels through the (Table-1). The plant height was
maximum under canal water irrigation than saline
water level 5.0 dS/m. An average plant height at 90
DAP the garlic plant height under canal water was 54.9
cm which was 24.8% higher than the plant height of
44.0 cm under saline water level 5.0 dS/m. Salinity
concentration of irrigation water affected plant height
negatively. It was observed that onion plant height at
highest salt levels more than 4 dS/m gradually
decreased and final plants height was severely stunted
(Regessa et al, 2022). The plant height may be
restricted or totally inhibited on saline soils due to the
three reasons i.e., the toxic effect of accumulated ions
in the plant tissues, osmotic effect on plant root, the

combination of all these factors. Razzaque et al.,
(2021), Ghassemi and Raei (2021), Anjum et al,
(2021), Patel et al, (2020) or Hussein and Faham
(2018) also reported increased plant height of onion
with the decreasing levels of saline water irrigation.

Plant height was significantly affected by the
nitrogen fertilizer doses at all the saline water levels
applied through fertigation (Table-1). The plant
height was recorded highest at 125% RDN in all the
irrigation water treatments for all the plant growth
stages. The plant height increased by 18.9% (90 DAP)
at 100% RDN and 28.3% (90 DAP) with the
application of 125% RDN over 75% RDN applied
through fertigation. This could be due to the adequate
supply of nitrogen, which in turn, contributes to better
vegetative development, resulting in increased plant
height. Additionally, nitrogen plays an integral
function in the leaves, synthesizing chlorophyll for
photosynthesis and improves cell division and growth.
The obtained results were similar to the findings of
Abera and Adinew (2023), Sisay et al., (2023), Kevlani
et al., (2023), Gashaw (2021) and Singh et al., (2020)
in garlic.

The number of leaves per plant, leaf length and
breadth were significantly affected by the salinity
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levels of irrigation water (Tables-2,3 and 4) during
both the years of investigation. Application of saline
water reduces the number of leaves per plant (7.5%
and 20.4%), leaf length (11.1% and 21.4%) and leaf
breadth (14.4% and 26.5%) in plots of irrigation with
saline water 2.5 dS/m and 5.0 dS/m to over canal water
irrigation. Number of leaves per plant, leaf length and
leaf breadth also followed similar pattern with
significant maximum value in canal water and reduced
as salt level increased. This might be due to salinity
affecting the growth by increasing soil pH and directly
creating nutrient deficiencies or imbalances and
toxicity. Salinity stress was reported to affect different
metabolic processes such as CO, assimilation, protein
synthesis, osmotic adjustment, nutrient uptake,
photosynthesis,  organic  soluble  accumulation,
alteration in respiration rates and soil water potential.
The present results are in conformity with the findings
of Regessa et al, (2022), Razzaque et al, (2021),
Anjum et al, (2021) and Yohannes et al, (2020) in
onion.

Number of leaves per plant, leaf length and
breadth increased with the increasing nitrogen
application from 75% to 125% RDN (Tables-2,3 and
4) during both the years of investigation. The number
of leaves per plant, leaf length and breadth increased
by 13.6%, 25.5% and 28.5 % with the application of
125% RDN over 75% RDN. The increased nitrogen
fertilizer rates could be attributed to the photosynthetic
area, which has been linked to the formation of
additional leaves by nitrogen that resulted in a high
number of leaf, leaf length and breadth which have the
physiological capacity to mobilize and translocate
photosynthesis to economically valuable organs,
thereby increasing N content which enhanced the leaf
length and breadth by a stimulative effect on cell
division and cell enlargement leading to increased
plant growth. Abera and Adinew (2023), Tena and
Desta (2023) and Kevlani er al. (2023), reported that
growth parameters of garlic increased with the
increasing level of nitrogen upto 150 kg/ha in garlic.
Similar results were also reported by Sisay et al.
(2023), Gashaw (2021), Tilahun et al. (2021), Amare
and Mamo (2020) and Kumar et al. (2018).

The two years pooled data indicated that shoot
weight per plant and total plant biomass were
significantly affected by the salinity levels of irrigation
water and nitrogen fertigation (Tables-5 & 6).
Application of saline water reduced the shoot weight
per plant (11.5% and 21.9%), total plant biomass
(12.9% and 24.0%) and in plots of EC;,=2.5 dS/m and
5.0 dS/m over canal water. This reduction in shoot
weight per plant and total plant biomass might be due
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to salt stress that significantly reduced growth
parameters and photosynthetic attributes which finally
reduced photo-assimilate production and translocation.
The present results are in close agreement with the
finding of Regessa et al. (2022) in onion and Astaneh
et al. (2019), Ghassemi and Raei (2021) in garlic crop.

Shoot weight per plant and total plant biomass
increased with the increasing nitrogen application from
75% RDN to 125% RDN (Tables-5 & 6). According to
pooled data of two years, the shoot weight per plant
and total plant biomass increased by 34.1% and 31.3%
with the application of 125% RDN over 75% RDN.
The increased in shoot weight per plant and total plant
biomass due to the higher nitrogen fertilizer application
that could be as a result of the positive effect of
nitrogen which might cause a luxurious vegetative
growth which leads to enhanced assimilates production
that in turn resulted in a higher shoot weight and total
plant biomass. Similar results were also reported by
Tena and Desta, (2023), Abera and Adinew (2023) in
garlic and they reported that delayed in maturity of
garlic crop due to increasing level of nitrogen fertilizer.
Tilahun et al., (2021), Amare and Mamo (2020),
Yitayih et al. (2017), Gererufael et al. (2020), Gashaw
et al. (2020). Kilgori et al. (2007) observed significant
increase of fresh biomass yield of garlic with
increasing levels of N from O to 120 kg/ha. Similar
results were also reported by Tadila and Nigusie
(2018) and Kumar et al. (2018).

Conclusions

The growth characters, like plant height at 90 days
after planting (49.1 and 50.5 cm), number of leaves per
plant (10.24 and 11.43) and leaf length (35.5 and 36.5
cm) were recorded significantly higher under irrigation
with canal water as compared to other saline water
levels, whereas among nitrogen levels, the plant height
at 90 days after planting (47.5 and 50.3 cm), number of
leaves per plant (10.24 and 11.43) and leaf length (35.1
and 35.8 cm) were recorded significantly higher under
125% RDN level as compared to other nitrogen
fertigation levels during both the years 2021-22 and
2022-23, respectively. Similarly, two years pooled data
of also followed the same trend and significantly highest
plant height, number of leaves per plant and leaf length
was recorded under application of canal water along
with 125% RDN.

The leaf breadth (13.91 and 14.51 mm), shoot
weight per plant at 15 days before harvest (29.78 and
30.66 g) and total plant biomass (41.8 and 44.7 g), were
recorded significantly maximum under irrigation with
canal water as compared to other saline water levels
(ECiw = 2.5 dS/m and 5.0 dS/m). Among nitrogen
levels, the leaf breadth (13.09 and 14.81 mm), shoot
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weight per plant at 15 days before harvest (29.66 and
30.54 g) and total plant biomass (41.5 and 43.3 g) were
significantly maximum under 125% RDN level as
compared to other nitrogen fertigation levels during both
the years 2021-22 and 2022-23. Similarly, two years
pooled data of leaf breadth and shoot weight per plant at
15 days before harvest also followed the same trend and
significantly highest was recorded under application of
canal water along with 125% RDN.

Based on two years study, it can be concluded that
different levels of saline water irrigation and nitrogen
application through drip significantly influenced the
growth of garlic. For achieving the higher plant growth
and morphological characteristics, garlic crop can be
irrigated with canal water along with 125 % RDN
through fertigation besides the basal application of
recommended dose of phosphorus and potash in the
soils.
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