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ABSTRACT

In Punjab, Pakistan, more than 60% expenditure incurred on the feeding of livestock and offered
low quality forage thus affecting the productivity of milk and meat. The less production of livestock
oriented products often results malnutrition in the society. An effort was made to evaluate the Italian
Ryegrass (Lolium multiflorum) early growth and its adaptation to rainfed and irrigated
environments. The main objective of this study is to provide important new information for
sustainable fodder production systems. The experiment used a Randomized Complete Block
Design with seeds obtained from Korea and was carried out in the winter of 2023 in both rainfed
Chakwal and irrigated Sargodha zone of Punjab. The plant's response to varying soil conditions
and water availability was evaluated by measuring a range of growth parameters, such as plant
height, population density, root and shoot biomass, root length, and the root-shoot ratio. The results
show that there are significant differences between rainfed and irrigated locations as established by
the statistical analysis. Italian Ryegrass in irrigated plots showed higher mean plant height (43.75
cm), higher plant population (317.50 plants/m2), higher shoot biomass (7.425 g/plant), greater
length of roots (5.950 cm), and a lower root-shoot ratio (0.1135) than in rainfed areas. Additionally,
the study provides data on soil profiles that show differences between the two locations in terms of
pH, electrical conductivity, nitrogen, phosphorus, and potassium. The findings provide important
information for enhancing Italian Ryegrass cultivation in Punjab's various agro-ecological zones,
given the critical role fodder feed plays in supporting livestock and agriculture. The study provides
the basis for well-informed farming practices by highlighting the importance of water management
strategies to improve fodder production during scarcity period and, by consequently, animal

nutrition in the area.
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1. INTRODUCTION

Pakistan's livestock sector is critical to the
national economy, contributing significantly to
GDP and rural livelihoods. Forage availability is
still a significant barrier, though, especially in dry
and semi-arid areas like Punjab [1]. The
productivity and sustainability of traditional fodder
crops like maize and sorghum are threatened by
temperature swings and a growing lack of water
(Kumar et al., 2023). This makes it necessary to
investigate durable, alternate forage choices
such as temperate grasses that can yield high-
quality feed all year round. Punjab, Pakistan's
goal of sustainable agriculture necessitates the
development of resilient forage crops that may
flourish under a variety of agroclimatic
circumstances [2]. Using its quick growth and
high nutritional content, Italian ryegrass (Lolium
multiflorum) is a viable way to increase forage
availability. This cool-season grass species is a
focus of agro ecological research because of its
widespread recognition for adaptability and
appropriateness as animal feed [3].

Italian ryegrass (Lolium multiflorum) is an
important forage crop that may grow and adapt
well in Punjab, Pakistan's rainfed and irrigated
regions. The purpose of this study is to evaluate

Italian ryegrass's development potential and
adaptation in these various agricultural zones.
Due to its good nutritious content, high herbage
yield, favorable performance, and capacity for
regrowth, Italian ryegrass can be harvested
numerous times during its life cycle [4].
Furthermore, it has been discovered that the
biomass of Italian ryegrass degrades slowly; nine
weeks after planting (WAP), almost two-thirds of
the plant waste was still present [5]. Additionally,
it has been determined that Italian ryegrass is a
significant feed crop grown in South Africa,
where it is cultivated under irrigated condition for
intensive production of dairy, lamb, and cattle [6].
The adaptability of Italian ryegrass to poorly
drained circumstances makes it a viable winter
cover crop for rotation with irrigated rice, as
noted in some agricultural practices [7].
Additionally, research on the morphological and
physiological variations between diploid and
tetraploid cultivars under salinity stress
conditions has been done on lItalian ryegrass in
relation to its response to salinity stress [8]. For
the purpose of evaluating Italian ryegrass's
capacity for growth in a variety of agricultural
environments, these studies offer insightful
information about how adaptable the plant is to
various environmental stresses [9]. Italian
ryegrass has also been studied for its allelopathic
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potential, especially in regard to its effect on
other crops' germination. Studies have shown
that various winter cover crop shoot extracts,
such as ltalian ryegrass, affect different crops'
seed germination rates, suggesting that these
extracts may have allelopathic effects on nearby
plants. For the purpose of evaluating Italian
ryegrass's adaptability and possible influence on
agroecosystems, it is imperative to comprehend
its allelopathic interactions (Villela et al., 20210).

Further research on Italian ryegrass has
examined its involvement in the cycling of
nutrients and possible environmental effects in
the context of nitrogen removal and nitrate
leaching in pasture systems [10]. These studies
add to the thorough evaluation of the adaptability
and growth capacity of Italian ryegrass in various
agricultural systems. The importance of Italian
ryegrass is derived from its agronomic qualities.
Because of its quick establishment, fast growth,
and nutritious content, it's a desirable choice for
raising animal  productivity.  Furthermore,
because of its robust root structure, it helps to
prevent erosion, which emphasizes its potential
importance in maintaining agricultural
landscapes [11,12].

The agricultural landscape of Punjab is divided
into areas with different patterns of water
availability. Sargodha serves as an example of
the irrigated zones, which gain from managed
water supplies that guarantee steady crop
development [13]. Rainfed zones, like Chakwal,
on the otherhand, depends on the erratic
moisture which affects agricultural output [14].
The potential of Italian-rye grass has been
acknowledged, but there still exists a crucial
study gap concerning a thorough assessment of
its development dynamics in these agro-
ecological zones which need to be explored,
particularly in places that receive rain and
artificial irrigation [15]. In order to measure the
Italian rye grass potential, this study measures
the growth performance of Italian ryegrass at an
early stage, specifically 50days after seeding.
The precise goals include calculating the
biomass weights of the roots and shoots,
measuring plant height, estimating plant
population density, and assessing root length in
both rainfed and irrigated zones.

The chosen parameters are important indicators
to assess the initial growth and adaptation of
Italian ryegrass [12]. Plant height signifies
growing vigor, but plant population density
represents establishment success in plants. The

biomass weights of the roots and shoots indicate
the distribution of resources, while the length of
the roots indicates the plant's capacity to pull
moisture and nutrients from the soil, which is
essential for adaptation in a variety of agro-
ecological zones. The purpose of this study is to
determine the growth potential and adaptability of
Italian ryegrass under different moisture regimes
by comparing zones that are irrigated and those
that are rainfed. This research attempts to
provide insights into the crop's response to
various environmental situations by carefully
measuring and observing these parameters,
thereby guiding forage production of Italian rye
grass in Punjab-Pakistan.

2. METHODOLOGY

The aim of this research is to contribute the
prospective integration of Italian ryegrass into
fodder production systems in a range of Punjab
province ecosystems by offering useful data on
its growth and development under various water
regimes and soil conditions. An experiment was
carried out in the winter of 2023 in two locations:
Sargodha (irrigated) and Chakwal (rainfed) in
order to assess the growth potential and
adaptability of Italian  ryegrass (Lolium
multiflorum) indisparate agro-ecological zones of
Punjab, Pakistan. At each location, a Randomized
Complete Block Design with three replications was
used for each plot. There were a total of four plots,
each measuring 505 m2 (1 kanal). The seeds were
arranged from OAK Café Company, Korea.
Korean-sourced seeds were sown by drilled
method at a rate of 5kg/ha. In Sargodha, two
irrigations were applied 1%t just after sowing and
2nd after 40 days of 1stirrigation. While no artificial
irrigation applied in Chakwal. Different fertilizer
applications were made: Chakwal and Sargodha
received one bag of NPK 20:20:20 per 4 kanals
(2023m?2).

2.1 Plant Population (m?)

To determine the average plant population for a
given plot, the number of plants inside a 1 square
meter quadrat in several sample sections of each
plot was counted.

2.2 Height of Plant (cm)

Measured the height of ten randomly chosen
plants in each plot using a measuring
tape or ruler, starting from the base of the
stem and ending at the tip of the tallest leaf.
Next, the average height for every plot was
calculated.
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Table 1. Comparison of soil characteristics between irrigated (Sargodha) and rainfed
(Chakwal) zones

Parameter Sargodha (Irrigated) Chakwal (Rainfed) Units
Electrical Conductivity (EC) <4dSm <4dSm™ dSm™
pH 8.4 8.2 -
Nitrogen (N) 134 mg kg™ 96 mg kg™ mg kg™
Phosphorus (P) 7.1 mg kg™ 4.0 mg kg™ mg kg™
Potassium (K) 104 mg kg™ 84 mg kg™ mg kg™

2.3 Root and Shoot Biomass Per Plant

Ten plants, selected at random from each plot,
should be carefully uprooted at the specified
sampling time. After carefully washing the roots
in order to remove the soil, the roots and shoots
were separated. To ensure complete drying, the
samples were placed in an oven set to the
optimal temperature of 105°C for a suggested
48-hour period. The dry weight of root and shoot
samples was measured in grams using a
balance after they had fully dried. The biomass of
the roots and shoots was calculated using
formulas 1 and 2, which were used to derive the
water-holding ability of the roots and shoots. This
standard operating procedure was conducted at
the central lab of PMAS Arid Agriculture
University in Rawalpindi.

Root biomass=Weight of dried roots
(g)-Weight of fresh roots (g).......... eq.1 [16]
Shoot biomass=Weight of dried shoots

(g)-Weight of fresh shoots (g)....... eq. 2 [16]
2.4 Root Length
Using a measuring tape, calculate the average
root length for each of the ten plants sampled in

each plot. For each plot, record the average root
length.

2.5 Root-Shoot Ratio

The root-shoot ratio was calculated using the
obtained biomass data by eq. 3:

Root Biomass/Shoot
eq3

Root-Shoot Ratio =
Biomass.......

This ratio served as a measure to determine the
way resources were distributed between the root
and shoot systems. Following the drying process,
the measured biomass of the root and shoot
components was used to calculate the

amount. At PMAS Arid Agriculture University,
Rawalpindi.

2.6 Soil Profile

The soil profile data collection utilized sensors
from the Precision Agriculture Lab of Arid
Agriculture  University. Five samples were
gathered from diverse locations, and readings
were meticulously recorded and analyzed for key

parameters such as electrical conductivity
(EC), pH levels, nitrogen (N), phosphorus
(P), and potassium (K). Average values

for each parameter were computed for both
sites.

2.7 Data Analysis

The growth statistics in the rainfed and irrigated
treatments had mean values determined by

statistical analysis ANOVA or t-tests were
employed to identify significant differences
among treatments. Relationships between

variables were investigated using regression and
correlation analysis. To ensure reliable
conclusions, LSD was also used to identify
significant differences between treatment means.

3. RESULTS AND DISCUSSION

The evaluation of Italian Ryegrass (Lolium
multiflorum) in rainfed and irrigated conditions in
Punjab, Pakistan, showed significant variations in
various type of growth parameters.

3.1 Plant Height (cm)

There were significant differences in the average
plant height of Italian Ryegrass (Lolium
multiflorum) between the two treatment methods
rainfed and irrigated condition. The mean plant
height measured in the irrigated plots was 43.75
cm (Table 2), which was notably more than the
13.75 cm observed in the rainfed plots. This
notable 30-cm variance emphasizes that water
supply has a significant impact on the vertical
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growth of the grass species. By evaluating the
accuracy of these measures using standard
deviation (SD) values, the consistency of each
treatment is underscored. The standard deviation
of plant height in the irrigated areas was 1.70,
while it showed a same variation in the rainfed
plots at 1.70 (Table 2). This indicates that,
despite the significant variation in mean plant
height, there was a very uniform growth pattern
within each treatment. The relative variability
within each treatment is represented by the
coefficient of variation (CV), which is calculated
as the ratio of SD to the mean. The plant height
CV under irrigating conditions was found to be
3.90%, but it was significantly greater (12.43%)
under rainfed conditions. This increased CV
(Table 3), under rainfed conditions suggests that
there is more variability because of the limited
supply of water, as evidenced by the
comparatively wider distribution of data points
about the mean plant height. The 30 cm
difference in plant height between rainfed and
irrigated environments shows the significant
impact of water availability on upward
development. Increase in Plant height in irrigated
plots highlights the need for sufficient water
resources for ideal growth, which is essential for
optimizing fodder yield [17].

3.2 Plant Population or Plant Density (m?)

The evaluation of the population of Italian
ryegrass (Lolium multiflorum) plants under
various circumstances showed distinct trends.
The mean plant population in the irrigated plots
was determined to be 317.50 plants/m2, whereas
in rainfed conditions, the mean population
decreased to 240.0 plants/m? (Table 2). The
difference indicates that the establishment and
density of Italian Ryegrass are significantly
influenced by the availability of water. The variety
within the populations was further highlighted by
the standard deviation (SD) figures. The rainfed
plots displayed a little larger SD of 21.602 than
the irrigated plots (Table 2), which displayed an
SD of 17.078, respectively. There are more
noticeable differences in plant density between
the plots as a result of the increased fluctuation
in rainfed conditions, which highlights how
susceptible plant populations are to water stress.
Coefficient of variation (CV) calculations
supported these results, with the rainfed
condition having an approximate higher CV of
9.00% and the irrigated condition showing a CV
of 5.38%. This increased CV in the rainfed
condition indicates a comparatively larger
distribution of plant populations, suggesting that

Italian Ryegrass is more susceptible to variations
in water availability. P-value statistical analysis
further supported the substantial difference (P <
0.05) in plant population between the two
treatments. When everything is considered, the
mean values, along with SD, CV, and statistical
analysis, highlight that the populations of Italian
Ryegrass plants under irrigated and rainfed
environments differ significantly. The important
effect that water availability has on Italian
Ryegrass growth is one of the main findings [18].
Under irrigated conditions, the plant showed
larger mean plant heights, higher population
densities, and more biomass in the roots and
shoots when water was readily accessible. A
more consistent and resilient growth pattern was
the outcome of careful irrigation management in
Sargodha, highlighting the beneficial relationship
between plant development and water availability
[19]. Italian Ryegrass is sensitive to water stress,
which affects its establishment and
abundance. This is demonstrated by the
observable decrease in plant population under
rainfed conditions [20]. This result highlights how
important it is to have an adequate water
supply that promotes larger plant densities,
which are necessary for strong fodder production
[21].

3.3 Root And Shoot Biomass Weight
(g/plant)

A critical indicator of the Italian Ryegrass's
(Lolium  multiflorum)  reaction to various
conditions involves the plant's total weight of
roots produced. The mean root biomass weight
in the irrigated plots was 0.84 g/plant (Table 2),
indicating an effective root system under ideal
water availability. A low standard deviation of
0.059 (Table 2), which denotes a significant level
of consistency in the data, supported this. The
irrigated treatment exhibited a comparatively low
degree of variability, as indicated by the
coefficient of variation (Cv) of 7.01%. The rainfed
plots, on the other, showed a lower mean root
biomass weight of 0.44 g per plant, highlighting
the water stress shown negative effect on the
production of biomass. In comparison to the
irrigated plots, the rainfed treatment's standard
deviation of 0.059 indicates a marginally higher
variability. There is a moderate amount of
variability within the rainfed treatment, as
indicated by the computed coefficient of variation
of 13.36% (Table 3). The statistical significance
(p < 0.05) of the observed difference between
the irrigated and rainfed treatments highlights the
impact of water availability on the root biomass of
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Italian Ryegrass. The increased mean root
biomass in the irrigated condition highlights the
significance of water management in maximizing
biomass production in forage crops, as well as
the beneficial effects of irrigation on below-
ground growth.

In the research of Italian Ryegrass (Lolium
multiflorum) in Punjab, Pakistan, there were
significant differences between the irrigated and
rainfed conditions in terms of the Shoot Biomass
Weight, a critical indication of the productivity of
above-ground plants. The mean Shoot Biomass
Weight per plant in the irrigated plots was 7.42 g,
indicating a strong above-ground biomass output
under optimum water availability (Table 2). The
rainfed plots, on the other hand, showed a
significantly reduced mean shoot biomass weight
per plant (2.97 g), indicating the effect of water
constraint on the ability of the species to divide
resources for shoot development. These
observations were confirmed by statistical
analysis. While the standard deviation under
rainfed conditions was slightly higher at 0.3862
g/plant, suggesting greater variability in shoot
biomass due to water stress, the standard
deviation in irrigated conditions was 0.59 g/plant,
indicating generally consistent biomass output
across plots (Table 2). This pattern was further
shown by the Coefficient of Variation (CV), which
showed that in irrigated conditions the CV was
7.96% but under rainfed conditions it was
12.96% (Table 3). A paired t-test was used to
evaluate the significance of the observed
differences, and the results showed a p-value
that was less than the specified significance limit
(a = 0.05). This lends weight to the idea that
there are statistically significant differences in
Shoot Biomass Weight between the rainfed and
irrigated conditions. In conclusion, the Shoot
Biomass Weight parameter reflects the
substantial impact of irrigation on the above-
ground biomass production of Italian Ryegrass.
The significant difference in biomass weights of
roots and shoots between rainfed and irrigated

conditions highlights the reliance biomass
production is on water availability [22].
Increased biomass in irrigated plots is an

indication that water is essential for root and
shoot development below ground, which is
essential for improving feed quantity and quality
[23].

3.4 Root Length (cm)

The investigation of root length in Italian ryegrass
(Lolium multiflorum), under rainfed and irrigated

conditions, revealed significant variations. The
average root length in the supplying water plots
was found to be 5.95 cm(Table 2). This number,
in addition to the low standard deviation of
0.4203, indicates the growth trend across the
four plots under evaluation was mostly uniform
and steady. This measure's stability is further
supported by the coefficient of variation (CV),
which has a low value of 7.06%. The lowest
degree of variability implied by the low CV
supports the validity of the mean as a
representative indicator. In contrast, the mean
root length of 3.95 cm and the slightly greater
standard deviation of 0.4203 were observed in
the rainfed plots. The computed coefficient of
variation (CV) of 10.63% indicates a little higher
level of variability in comparison to the irrigated
situations (Table 3). The statistical significance of
the observed difference in mean root length
between irrigated and rainfed treatments is
shown by a p-value below the specified
significance level, such as 0.05. This lends

credibility to the hypothesis that irrigation
significantly affects Italian Ryegrass root
length. The findings demonstrate the

consistency and dependability of these
measurements in addition to the quantitative
difference in root length between the treatments.
Experiments that were rainfed had shorter roots
(3.950 cm) and more variability in root length
than  irrigated plots, which had an
average of 5.950 cm. This shows that the
availability of water has an evident impact on root
length [24].

3.5 Root Shoot Ratio

Italian ryegrass (Lolium multiflorum) development
under various conditions was studied in relation
to the Root Shoot Ratio, a crucial measure of the
distribution of resources in plants. This ratio
demonstrates how the biomass of the plant
system divides between above-ground (shoot)
and below-ground (root). The average Root
Shoot Ratio under irrigation was found to be
0.11(Table 2), with a standard deviation (SD) of
0.001(Table 2) [25,26]. This suggests that
resources were divided fairly evenly between
roots and shoots throughout the plots. On the
other hand, the mean Root Shoot Ratio in rainfed
conditions was 0.1487, with a standard deviation
of 0.001, showing a larger variability It also
means that, in the absence of irrigation, there
may be more variation in the distribution of
resources between roots and shoots, which
indicates the plant's reaction to water stress. The
relative variability of the Root Shoot Ratio within
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each treatment is indicated by the Coefficient of
Variation [27,28]. In comparison to the rainfed
plots, where the CV was greater at 12.20%, the
irrigated plots had a significantly lower CV at
9.26% (Table 3), suggesting a more uniform
distribution of resources. The Root Shoot Ratio
of the irrigated and rainfed conditions differed
significantly (P < 0.05) according to statistical
analysis using the relevant procedures (e.g., t-
test or ANOVA) [29-31]. This importance

highlights that water availability affects the way
that roots and shoots are distributed in Italian
ryegrass. The Root Shoot Ratio also showed a
substantial difference between rainfed and
irrigated conditions, highlighting the impact of
water on the distribution of resources
within ~ the plant [32] These results
highlight that water influences the growth of
Italian ryegrass roots and the distribution of
resources [24,32].

Table 2. Effects of irrigated and rainfed ecology on growth parameters of Italian rye grass
(Lolium multiflorum)

Root Shoot
Plant Biomass Biomass Root Root
Plant Population  Weight Weight Length Shoot
Treatment  Height (cm) (plants/m2)  (g/plant) (g/plant) (cm) Ratio
Irrigated 43.75 317.50 = 0.8425 + 7.425 * 5.950 = 0.1135 +
1.708 (a) 17.079 (a) 0.0590 (a) 0.590 (a) 0.420 (a) 0.0010 (a)
Rainfed 13.75+ 240.00 + 0.4425 + 2975+ 3.950 + 0.1487 +
1.708 (b) 21.60 (b) 0.0590 (b) 0.386 (b) 0.420 (b) 0.0018(b)
Table 3. Performance metrics and coefficient of variation for Italian rye grass under different
conditions
Root Shoot
Plant Plant Biomass Biomass Root Root
Height Population Weight Weight Length Shoot
Treatment (cm) (plants/m?) (g/plant) (g/plant) (cm) Ratio
Irrigated 3.90% 5.38% 7.01% 7.96% 7.06% 0.93%
Rainfed 12.43% 9.00% 13.36% 12.96% 10.63% 1.22%
Total 56.03% 16.19% 34.32% 46.58% 23.00% 14.36%
Table 4. Results of ANOVA
Sum of Mean
Squares df Square F Sig.
Plant Height Between (Combined) 1800.000 1 1800.000 617.143 .000
(cm) * Groups
Treatment Within Groups 17.500 6 2.917
Total 1817.500 7
Plant Population Between  (Combined) 12012.500 1 12012.500 31.681 .001
(plants/m2) * Groups
Treatment Within Groups 2275.000 6 379.167
Total 14287.500 7
Root Biomass Between (Combined) .320 1 .320 91.647  .000
Weight (g/plant) Groups
* Treatment Within Groups .021 6 .003
Total .341 7
Shoot Biomass Between (Combined) 39.605 1 39.605 158.950 .000
Weight (g/plant) Groups
* Treatment Within Groups 1.495 6 .249
Total 41.100 7
Root Length Between (Combined) 8.000 1 8.000 45.283 .001
(cm) * Groups




Sajjad et al.; Asian Plant Res. J., vol. 12, no. 5, pp. 1-10, 2024; Article no.APRJ.120915

Sum of Mean
Squares df Square F Sig.
Treatment Within Groups 1.060 6 177
Total 9.060 7
Root Shoot Between (Combined) .002 1 .002 1122.375 .000
Ratio * Groups
Treatment Within Groups .000 6 .000
Total .002 7
4. CONCLUSION 2. Sustek-Sanchez F, Rognli OA,

In conclusion, there were significant differences
in the growth parameters of Italian Ryegrass
(Lolium multiflorum) grown in Punjab, Pakistan,
under rainfed and irrigated conditions. The grass
indicated increased plant height, densities,

biomass in the roots and shoots, and more even 3.

distribution of resources when it was irrigated.
Rainfed conditions, on the other hand, resulted in
altered distribution of resources, greater
variability, and decreased growth. These results

highlight the important influence that water 4.

availability has on the productivity and adaptation
of Italian Ryegrass. It becomes clear that efficient
water management is essential for maximizing
the yields of fodder crops in areas like Punjab.
For the region to support sustainable agriculture
and animal feed, it is critical to understand the
role that irrigation contributes in ensuring

constant development and biomass production. 5.

This will assist in ensuring a steady and
considerable availability of fodder.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc) and text-to-image
generators have been used during writing or
editing of manuscripts.

COMPETING INTERESTS

Authors have declared that no competing 4

interests exist.

REFERENCES

1. Rehman A, Jingdong L, Chandio AA, g
Hussain |. Livestock production and
population census in Pakistan:

Determining  their  relationship  with
agricultural GDP using econometric
analysis. Information  Processing in
Agriculture. 2017;4(2):168-177.

Rostoks N, Soémera M, Jaskiné K,
Kovi MR, Sarmiento C. Improving abiotic
stress tolerance of forage grasses—
prospects of using genome editing.
Frontiers in Plant Science. 2023;14:
1127532.

Seydosoglu S, Kobkten K. Nitrogen
requirement of italian ryegrass (Lolium
multiflorum): A Review. Turkish Journal of
Range and Forage Science. 2021;2(1):26-
30.

Maxwell TM, McLenaghen RD, Edwards
GR, Di HJ, Cameron KC. Italian ryegrass
swards reduce N leaching via greater N
uptake and lower drainage over perennial
ryegrass cultivars varying in cool
season growth rates. New Zealand Journal
of Agricultural Research. 2019;62(1):69-
82.

Ji HC, Whang TY, Lee KW, Kim WH, Woo
JH, Hong KH, Choe KW. Growth
characteristics and productivity of Italian
ryegrass (Lolium multiflorum Lam.) new
variety, 'Green Call'. Journal of the Korean
Society of Grassland and Forage Science.
2018;38(4):247-252.

Cavazzana JF, Paris W, Molinete ML,
Auache Filho AA, Denardin Costa OA, de
Paula AL, et al. Beef steer performance on
African Bermuda grass pasture
overseeded with black oat and annual
ryegrass: Effects of added irrigation and
temperate  legumes.  Agronomy for
Sustainable Development. 2023;43(1), 9.
Goulart RZ, Reichert JM, Rodrigues MF.
Cropping poorly-drained lowland soails:
Alternatives to rice monoculture, their
challenges and management strategies.
Agricultural Systems. 2020;177:102715.

K, Kemesyté V, Statkeviciate G.
Differences in salt tolerance between
diploid and autotetraploid lines of Lolium
multiflorum at the germination and
vegetative stages. Zemdirbyste-
Agriculture. 2016;106(4).



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Sajjad et al.; Asian Plant Res. J., vol. 12, no. 5, pp. 1-10, 2024; Article no.APRJ.120915

Xie F, Datta R, Qin D. Plant growth and
morphophysiological ~ modifications  in
perennial ryegrass under environmental
stress. In Abiotic stress in plants Intech
Open. 2020;353.

Smit HP, Reinsch T, KlulB C, Loges
R, Taube F. Very Low nitrogen
leaching in grazed ley-arable-systems in
Northwest Europe. Agronomy. 2021;11(11)
:2155.

Scordia D, Cosentino SL. Perennial energy
grasses: Resilient crops in a changing
European agriculture. Agriculture. 2019;9
(8):169.

Xie Y, Liu X, Amee M, Yu H, Huang Y, Li
X, ... et al. Evaluation of salt tolerance in
Italian ryegrass at different developmental
stages. Agronomy. 2021;11(8):1487.
Nadeem AA, Zha Y, Shi L, Zafar Z, Ali S,
Zhang Y, et al. SAFER-ET based
assessment of irrigation patterns and
impacts on groundwater use in the central
Punjab, Pakistan. Agric Water Manage.
2023;289:108545.

Sheikh A, Hassan J, ljaz SS, Zaman A,
Alam T, Ali S. ... et al. Exploring optimum
management practices in rainfed areas to
reduce soil erosion and nutrient losses.
Malays J Soil Sci. 2023;27:164-178.

Abbas T, Nadeem MA, Tanveer A,
Matloob A, Faroog N, Burgos NA,
Chauhan BS. Confirmation of resistance in
littleseed canarygrass (Phalaris minor retz)
to accase inhibitors in central Punjab-
Pakistan and alternative herbicides for its
management. Pak J Bot. 2017;49(4):1501-
1507.

Abebe AT, Adewale S, Chigeza G, Derera
J. Diallel analysis of soybean (Glycine max
L.) for biomass vyield and root
characteristics under low phosphorus soll
conditions in Western Ethiopia. Plos One.
2023;18(2):e0281075.

Saleh FF, Al-Amery AH. Response of
Ryegrass to Nitrogen Fertilizer under Two
Irrigation Systems. IOP Conf Ser Earth
Environ Sci. 2023;1259(1):012118.
Pornaro C, Serena M, Macolino S,
Leinauer B. Drought stress response of
turf-type perennial ryegrass genotypes in a
Mediterranean environment. Agronomy.
2020;10(11): 1810.

Razzaq A, Liu H, Xiao M, Mehmood K,
Shahzad MA, Zhou Y. Analyzing past and
future trends in Pakistan’'s groundwater
irrigation development: Implications for
environmental sustainability and food

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

security. Environ Sci Pollut Res.
2023;30(12):35413-35429.

Pan L, Zhang X, Wang J, Ma X, Zhou M,
Huang L, ... et al. Transcriptional profiles of
drought-related genes in  modulating
metabolic processes and antioxidant
defenses in Lolium multiflorum. Front Plant
Sci. 2016;7:519.

Byrne N, Gilliland TJ, Delaby L, Cummins
D, O’Donovan M. Understanding factors
associated with the grazing efficiency of
perennial ryegrass varieties. Ear J Agron.
2018;101:101-108.

Caiger-Watson BM. Alternative pasture
species to perennial ryegrass/white clover
suitable for use under irrigation in the
Midlands of Tasmania (Doctoral
dissertation, University Of Tasmania);
2021

Bhattarai B, Singh S, West CP, Ritchie GL,
Trostle CL. Water depletion pattern and
water use efficiency of forage sorghum,
pearl millet, and corn under water limiting
condition. Agric Water Manage.
2020;238:106206.

Malcolm BJ, Moir JL, Cameron KC, Di HJ,
Edwards GR. Influence of plant growth and
root architecture of Italian ryegrass (Lolium
multiflorum) and tall fescue (Festuca
arundinacea) on N recovery during
winter. Grass Forage Sci. 2015;70(4):
600-610.

Bektas H, Hohn, CE, Lukaszewski AJ,
Waines JG. On the possible trade-off
between shoot and root biomass in wheat.
Plants. 2023;12(13), 2513.

Bodner G, Nakhforoosh A, Kaul HP.
Management of crop water under drought:
A review. Agron Sustain Dev.
2015;35:401-42.

Kumar S, Singh P, Devi U, Yathish KR,
Saujanya PL, Kumar R, Mahanta SK. An

overview of the current fodder
scenario and  the potential  for
improving fodder productivity through
genetic interventions in India. Animal

Nutrition and Feed Technology. 2023;23
(3):631-644.

Nairizi S. Drought and Water Scarcity.
International Commission on Irrigation and
Drainage: New Delhi, India; 2017.

Rogers ME, Lawson AR, Chandra S, Kelly
KB. Management options for improved
survival of perennial ryegrass (Lolium
perenne L.) under restricted irrigation
during summer. Crop Pasture Sci. 2020;
101:30.



30.

31.

Sajjad et al.; Asian Plant Res. J., vol. 12, no. 5, pp. 1-10, 2024; Article no.APRJ.120915

Valdés-Rodriguez OA, Giadrossich F,
Pérez-Vazquez A, Moreno-Secefia JC.
Above-and below-ground biomass and
allometry of Moringa oleifera and Ricinus
communis grown in a compacted clayey
soil. Flora. 2018;241:35-45.

Villela AL, Martinelli R, Zenatti TF, Rufino-
Jr LR, Monquero PA, MarlucidaConceicao
P, de Azevedo FA. Potential of two cover

32.

crops, signal grass and ruzi grass:
Suggested allelopathic effect on some
important weeds. Aust J Crop Sci.
2021;15(2):260-270.

Junchao J, Chaodong L, Zhangyue C. Soil
Texture Rather Than Water Potential
Determines the Root: Shoot Ratio in
Ryegrass and Alfalfa. J Soil Sci Plant Nutr.
2023;23(1):1297-1305.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/120915

10


https://www.sdiarticle5.com/review-history/120915

