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Evaluation of Vegetative Growth Efficiency of Kabuli Chickpea under the
Interaction of Plant Density and Weed Management Systems in Al-Safsaf
Area, at EL-jabal Al-Akhdar
Abstract: Two field experiments were conducted during the 2021 and 2022 sea-
sons at the Food Legume Research Station, Al-Safsaf — EL-jabal Al-Akhdar, to
investigate the effect of plant density and weeding frequency on the physiological
growth traits of the Kabuli chickpea. A split-plot design with four replications was
used, with plant densities (9.52, 13.33, 20.0, and 33.33 plants/m2) in the main plots
and weeding treatments (no weeding, one weeding, and two weeding's) in the sub-
plots. Results showed that plant density significantly affected germination percent-
age and emergence rate index, with higher densities performing better, while no
significant differences were detected in mean emergence time, seedling dry weight,
plant volume, or canopy persistence. Leaf area, leaf area index (LAI) index, and
persistence varied across seasons depending on density. Conversely, two weeding's
significantly enhanced seedling dry weight, plant volume, canopy persistence, and
leaf area traits. The interaction between plant density and weeding frequency was
highly significant for most traits in both seasons. Overall, plant density influenced
traits related mainly to germination, whereas weed management played a greater
role in improving vegetative growth and canopy sustainability. The interaction
between these two factors represents a key strategy for optimizing vegetative

growth efficiency of Kabuli chickpea under rainfed conditions.
Keywords: Kabuli chickpea; growth traits; plant density; weed hoeing.
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eas¥) Gl Jae A0S I Aupall cacald | gkl (ginally el3a) 3 B3 gasal) 2 DLV
Bl dad Aoy By (adlAnlY) duus 5aluys dojgaall cla¥ly Gla¥) Javii 53l e
a3 o Jamy AS gaalil) udalls Ajlhe (G Cpieall Jaag) ST IS saial)
coulal) pdally 45lae Gallly Lal) ileall
LSS rasil) ¢ g Silal) Lainl) ¢dpied aiea daalidal) cilaldl)
Systematic Review of Food Processing by Ohmic Heating and Re-
cent Developments
Abstract: The present review aimed to investigate the applications of ohmic
heating in food processing and its effect on the microorganisms, bioactive
compounds and enzymatic inhibition. It includes fundamental information
on the principles of ohmic heating and its operational mechanism. It also
discusses its advantages and disadvantages, in addition to its effect on the
quality properties of food (microbial and enzymatic inhibition). It also exam-
ines its effect on antioxidant compounds and the processing of some foods
such as pasteurization and extraction. Ohmic heating (OH) is an advanced
thermal process in which food is placed between the electrodes and turns
into electrical resistance when alternating electric current passes through it
as a result heats the food. Ohmic heating directly depends on the electrical
conductivity that increases with increasing temperature, as well as the dis-
tance between the electrodes, the area of the electrodes, the potential differ-
ence, salts present in the food and the moisture content. Ohmic heating in-
creases the inhibition of enzymes and microorganisms, increases the extrac-
tion rate and increases the speed of the fermentation temperature more (the
heating rate is high) compared to conventional heating. It also improves or-
ganoleptic properties, including color, relative to conventional heating.
Keywords: food processing, microbial inhibition, electrical conductivity

The Author(s) 2025. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/) , which permits unrestricted use, distribution, and reproduction in any medium ,pro-
vided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indi-
cate if changes were made.
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The Use of Enteromorpha prolifera in the Bioremediation of Heavy
Metals in Seawater in the Sousa—Al-Haneya Areas

Abstract: The aim of this study was to test the extent of the possibility
of benefiting from some characteristics of large marine algae, as the re-
sults of the samples taken from seawater for the two study sites (Sousse
and Hanieya areas), as well as algae samples taken from a less polluted
place to conduct analyses of the algae and water to determine the per-
centage of heavy metals (lead, copper). The analysis results showed that
seawater contains both elements. Comparing the two areas, the presence
of copper in the Hanieh area was twice as high as in the Sousse area,
reaching 24.043 ppm, while its percentage in the Sousse area was 13.040
ppm. The opposite was true for lead, as it was found in larger quantities
in the Sousse area. The percentage of elements in the algae before the
experiment was (copper 1.457, lead 0.063 ppm). After the experiment,
these elements increased in the algae in the first study site (copper 4.430,
lead 2.730 ppm), and in the second study site after the experiment (lead
Copper 5.557 ppm 4.282 ppm This indicates that the algae is absorbing
heavy metals from the water, as their levels have decreased and in-
creased in the algae. Therefore, we recommend using this type of algae
to combat pollution.

Keywords: Enteromorpha prolifera, Heavy metals
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Abstract: This study aimed to morphometrically characterize Libyan Barbary
sheep across four distinct geographical regions (eastern, western, central, and
southern) to determine if they constitute a single population. Data were collected
on ten qualitative and eleven quantitative traits from 853 rams and 3008 ewes.
Libyan Barbary sheep are characterized by a white coat, a brown or black head,
a straight nose, and the absence of a beard and wattles, females are hornless,
while males have curved or spiral horns. Ears are mostly pendulous. The results
show highly significant differences between regions and between males and fe-
males within the same region. The average for quantitative traits, including head
length, horn length, wither height, chest girth, canon circumference and body
length, ear length, staple length, tail length, teat length and scrotum circumfer-
ence were 11.9, 56.52, 72.65, 92.14, 8.33, 72.06, 13.92, 8.29, 42.55, 2.63 and
29.8 cm., respectively. Analysis of variance revealed significant effects of both
region and sex on the measured traits. Variance component analysis indicated
high within-region variability for all traits. Head length, body length, wither
height, and chest girth exhibited greater discriminatory power between subpopu-
lations. All pairwise comparisons between regions were statistically significant
(P < 0.001), with distances ranging from 0.8 to 3.62. Canonical discriminant
analysis confirmed significant differences between the groups based on linear
combinations of the measured variables. Despite their geographical dispersion,
these sheep populations demonstrate remarkable phenotypic similarities. While
the current findings suggest they may belong to a single population, further mo-
lecular genetic analysis is necessary to de-finitively confirm this.
Key words: Barbary, regions, morphometric, discriminant..
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INTRODUCTION

Sheep production is a key agricultural activity in most pastoral regions of Libya, and natural
pastures represent an important part of the sources of fodder and feed for these animals. The
spread of natural pastures on most of the plains in Libya makes sheep one of the most important
priorities for raising small ruminants in Libya, in order to benefit from its productivity of meat
and wool. The number of sheep varies over the years, depending on the environmental condi-
tions such as rainfall and availability of pasture. Statistics show that the number of sheep in
Libya is estimated at about 2.950.000 million (Animal Genetic Resources committee, 2020).

The Libyan Barbary sheep breed represents about 95% of the sheep population in Libya (Magid
et al., 1992), which is characterized by their ability to survive in challenging conditions like
prolonged drought and extreme heat, and this also enables them to achieve much higher produc-
tivity in high-resource environments.The Barbary sheep breed, prevalent in Libya's Jafara Plain,
exhibits good growth rates when adequate pastures are available. This breed has also demon-
strated its ability to withstand the challenges of foraging in less abundant grazing areas, which
have often become scarce and shorter in recent years due to climate change (Ihtash & Magid
1999).

Barbary sheep are generally characterized as having a white body, the head and legs are brown,
black or sometimes white; however, the head may be speckled in black or brown, especially
around the eyes and snout. Magid & Mursy (1992) conducted a survey of several herds of Liby-
an Barbary sheep, noted that the sheep with black facial coloration tended to weigh more than
those that are brown or white and they confirmed that there are significant differences in weight
after weaning associated with different face color. Ahtash et al., (2010) confirmed that the color
of the face had a significant effect on the weight at weaning of the Libyan Barbary sheep, and
recommended the possibility of relying on the characteristic of the color of the face in the early
selection of newborn lambs according to the color of the face. Libyan sheep breeder values
morphological differences, recognizing their socio-cultural and economic importance; some
breeders have specific consideration for sheep face colors followed by body weight. Character-
izing morphological trait variations allows for the classification or identification of livestock
breeds, thereby facilitating the effective use of available animal genetic resources (Delgado et
al., 2001 and Lanari et al., 2003). To understand the relationships within and between regions,
the immediate characterization and identification of sheep is necessary. According to Food and
Agriculture Organization of the United Nations (FAQO) (Please provide the full form of the ab-
breviation at its first mentioning in the manuscript) (1999), the rapid transformation of agricul-
tural systems in developing countries is eroding animal genetic resources. The primary cause of
this erosion is the indiscriminate introduction of exotic breeds before proper characterization,
utilization, and conservation of indigenous breeds. Multivariate analyses of variance are used to
determine which of the many measured traits is necessary to distinguish within and/or between
Sub-populations, and to identify the morphological characteristics crucial for classifying indi-
viduals into groups based on their overall resemblance (FAO, 2012). The aims of this study are
to morphometric characterize the Libyan Barbary sheep population in the four regions of Libya
and to contribute to the international data base.
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MATERIALS AND METHODS

Main Eco-agriculture in which the Sheep produce : Libya is one of the North African countries,
located between 18° and 33° North latitude and 9° and 25° East longitude. Its total area is about
1,759,540 km?, of which more than 90% is desert (FAO, 2006). According to official statistics,
there are 3.6 million hectares of agricultural land and 13 million hectares of range land represented
2% and 7.5% of total areas of Libya, respectively (Pasture development project, 2020). Libya expe-
riences a climatic gradient, transitioning from Mediterranean climates along the coast to arid and
semi-arid conditions in the south. The arid and semi-arid regions, with their limited and variable
feed resources, present significant challenges for livestock production (Figurel).

Figure: (1). Libyan Map Showing Different Regions.

Indigenous sheep populations: In terms of numbers, sheep were consistently the most important
type in the three regions of Libya (western, eastern, southern), followed by goats, cattle and camels
(FAO, 2006). Four environmental areas described below, which are habitats of the sheep popula-
tions concerned with this work; include eastern, western, central, and southern area. Targeted mu-
nicipalities were randomly selected to collect morphological data from the respective sheep popula-
tions. The agricultural development experts who were involved in the actual field survey were
trained on characterization of the indigenous sheep populations at morphological levels using the
manual prepared by (ARC/ICARDA, 2008). Barbary sheep in this study were raised by smallholder
farmers under extensive management systems, sheep were sampled from those farmers. To maxim-
ize the capture of existing genetic diversity, we sampled relatively unrelated animals from multiple
flocks within each population for morphological characterization of the sheep breed; however the
rams are not exchanged for breeding between regions. Veterinary health care, appropriate feeding,
and controlled mating were largely absent in these flocks. Furthermore, no performance recording
system was in place. The spatial distribution of breeders in the municipalities and the number of
animals targeted for study was determined based on the number of sheep in the municipalities and
agricultural areas.

Characteristics studied: A standardized form was used to record morphological traits. Random
samples of 3-5 mature, unrelated animals were selected from each herd for measurement, allowing
for the assessment of morphological characteristics within each population. Ten qualitative and
eleven quantitative characteristics were measured in this study from four sheep sub-populations ob-
tained for morphological characterization of Libyan Barbary sheep at the following areas, in east-
ern (N= 467), western (N= 2125), central (N=1160) and southern (N=109); the measurements ac-



Al-Mukhtar Journal of Agricultural, Veterinary and Environmental Sciences 3 (2): 41-53, 2025 Page 38 of 80
Doi: https://doi.org/10.54172/xhyn3e85

cording to the sex were used (¢ "= 853) and (¢ %= 3008). The qualitative characteristics were
coat color, head color, eye color, nose profile, beard presence, wattle presence, body condition
score, horn shape, horn orientation and ear orientation, while quantitative characteristics were head
length, horn length, height at withers, chest girth, canon circumference, body length, ear length,
staple length, tail length, teat length and scrotum circumference were measured using a measuring
tape. Figure (2) Showing Libyan Barbary sheep..

Figure: (2). Libyan Barbary sheep

Statistical analysis:The statistical analysis was performed using various procedures of the statistical
program SAS-PC (SAS, 2002). Basic statistics for the measurements were obtained using Proc
Univariate and Proc Frequency, respectively. Quantitative and qualitative data were analyzed using
the General Linear Model (GLM) procedure according the following model:

Yik = #+ R+ S(R)j + €
Where y; an observation, [ is the overall mean, R; is fixed effect of the i region, S(R); is effect
of the sex within region and e;, is the random error attributed to the observation. Stepwise discri-

minant procedure was applied using (PROC STEPDISC) to determine which morphological traits
have more discriminant power than others. The (CANDISC) procedure was used to perform canon-
ical analysis to derive canonical functions, linear combinations of the quantitative variables that
summarize variation between areas and to compute the Mahalanobis distance matrix between re-
gions.

RESULTS

The Qualitative traits: The use of qualitative morphological characteristics to study the similari-
ty or diversity in the Libyan Barbary sheep breed across four regions is shown in Table (1), (2)
and (3).The results relating to the qualitative characters in all sheep raised in the four regions are
presented in Table 1. Significant differences (P <0.0001) exist between regions and between sex-
es within region for all studied traits (Table 2). Although coat color and absence of Wattle did not
differ significantly between the sexes within the region, the other traits differed significantly.
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Variations in coat color were observed between different regions, the predominant color of the
coat is white 91%, 89% and 96.8% in Eastern, Western and Central regions respectively, while
the southern region characterized by the predominant coat color speckled (46.5%). In the western,
eastern and central region the predominant color of the head is black, followed by brown, while in
the southern region the predominant color is speckled followed by brown. The eye color of Liby-
an sheep was brown constituting the maximum proportion in all regions, 15% of the sheep of the
eastern region have olive-colored eyes. The average values of some qualitative characters ob-
served in rams and ewes are presented in table (2). There were no differences between rams and
ewes in the characteristics of the nose pattern, as the percentage of straight head was 97% and
66% for the central and southern sheep, respectively; whereas males in the western and eastern
regions tend to have a nose with a convex profile and females tend to have a straight shape. Beard
was mostly absent in all regions except those in eastern region, where it was present in 18% of
males and 6% of females. 18% and 6% for males and females, respectively. Large proportions of
males and females (over 80 percent) were devoid of wattle except those in males and females of
southern region were 40% and 46%, respectively. Horns were present in most of the males across
all regions with variable proportions ranged from 85 % to 99 %. About 60% to 89 % of the males
had spiral shape; while, about 36% to 94% were lateral orientation. However, about 15 % of male
sheep in southern region were polled. These subpopulations have pendulous ears in 81% of indi-
viduals, while 18% of the animals have horizontal ears. The statistical results indicate highly sig-
nificant differences (P<0.0001) among sheep in the four studied regions based on the qualitative
traits. However, visual field observations suggest a noticeable similarity in the general appearance
of the sheep. Therefore, despite the presence of statistically significant differences, these differ-
ences may not be visually apparent or have a major biological impact. Statistical analysis is high-
ly sensitive and can detect small, but statistically significant, differences due to the large sample
size, whereas visual observation relies on general assessment and often does not reveal the subtle
differences that analyses do. Therefore, it was necessary to perform multivariate analysis to de-
termine whether the sheep in these regions were similar or not.

Table:(1). Percentage values (frequency in brackets) of some qualitative morphological traits of Libyan Barbary sheep
according to regions.

Overall

Traits classes Eastern Western Central Southern Pr>F
mean
White 90 (3470) 91(424) 89(1893) 96.8(1122) 24(31)
Coat color Black 3(120) 2.7(13) 3.8(80) 10(12) 11.6(15) <0.0001
(CC) Brown 3 (105) <1(4) 3.5(75) <1(3) 17.8(23) '
speckled 5 (180) 5(24) 3.5(74) 1.9(22) 46.5(60)
White 9(338) 6.6(31) 8(171) 9.5(107) 22.5(29)
Head Color Black 47 (1813) 54(253) 41.6(881) 58.5(661) 14(18) <0.0001
(HC) Brown 30 (1134) 35(164) 28(593) 30(341) 27.9(36) '
speckled 14 (557) 4(19) 22(472) 1.8(20) 35.7(46)
Eve color White 0(10) 1.5(7) <1(3) 0 0
V(EC) Blue 0(7) 1(5) <1(2) 0 0 <0.0001
Olive 2(74) 15.6(72) <1(2) <1(2) 0 '
brown 98(3783) 82(376) 99.7(2119) 99.9(1159) 100(129)
Nose profile Convex 14(529) 30(142) 15(323) 2(21) 33.3(43)
(NP) Straight 86(3330) 67(312) 85(1793) 98(1139) 67(86) <0.0001
Concave 0(18) 2.8(13) <1(5) 0 0
Present 1(46) 9(42) <1(3) <1(2) 0
Beard (B) Absence 09(3835)  91(425)  99.9(2122)  99.9(1159)  100(129)  ~0-0001
Wattle (W) Present 12(459) 17(80) 10(223) 8.5(99) 44.2(57) <0.0001

Absence 88(3421)  83(387)  89.5(1902)  915(1060)  55.8(72)
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Body condi- Good 76(2929) 16.7(78) 93(1976) 70(814) 48.4(61)
tion Middle 24(923) 83(386) 6.3(134) 29.4(339) 50.8(64) <0.0001
score(BCS) Bad 0(16) <1(2) <1(11) <1(2) <1(2)
straight 0(15) 2(11) 0 <1(2) 2.3(3)
Horn shape curved 24(1151) 1.3(6) 4.9(104) 2.7(31) 7.8(10) <0.0001
(HS) spiral 15(723) 27(128) 15.5(330) 20.8(241) 8.6(24) :
absence 61(2988) 69(321) 79.6(1690) 76(885) 71(92)
backwards 14(122) 21(31) 17(73) 6.6(18) 0
Horn orienta- Upward 10(93) 11(16) 3.2(14) 21(58) 13.5(5) <0.0001
tion (HO) Lateral 53(472) 57(83) 58(250) 39(106) 86(32) '
Forward 22(199) 10(15) 22(95) 32.8(89) 0
Ear orienta- Erect 1(39) 4(21) <1(8) 0 7.8(10)
tion (EO) horizontally 18(685) 26(121) 23(492) 2(19) 41(53) <0.0001
pendulous 81(3154) 70(325) 76.4(1622) 98(1141) 51(66)

Quantitative traits: The analysis of variance for body measurements of adult animals by regions
and sex within region are presented in Table (3). All the studied traits were affected (p<0.0001)
by agro-ecological regions. Among ewes, teat length was the only trait affected (P <0.0001) by
region, while among rams, scrotum circumference was significantly affected. The overall mean
were 11.9, 56.52, 72.65, 92.4, 8.33, 72.06, 13.92, 8.29, 42.55, 2.63 and 29.08 cm for Head length,
Horn length, high at wither, Chest girth, Canon circumference, Body length, Ear length, staple
length, Tail length, Teat length and Scrotum circumference, respectively.

In this study a relatively high coefficient of variation was found for staple length and teat length
which reached (41.82%) and (34.25%), respectively. While, the moderate coefficients of variance
were ranged between (8.79%) and (20.55%) for other traits. The variance component was used in
the current study to divide the variance of the traits related to the size and dimensions of the body
or body parts of the Libyan Barbary sheep into inter-locality and intra-locality (residual) compo-
nents. The results of VARCOMP procedure in table (4) showed that between regions variance for
all studied traits was higher than within region (the residual) variance; the ratio of variance be-
tween regions ranged from 0.004 to 0.278 for all traits.
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Table:(2). Percentage values (frequency in brackets) of some qualitative morphological traits of Libyan Barbary sheep

according to sex within region.

. Eastern Western Central Southern
Traits classes Pr>F
Male Female Male Female Male Female Male Female
Coat color (CC) White 92(119) 91(305) 87.5(378) 89.6(1515)  99.3(269) 96(853) 15(6) 28(25)
Black 0.102 3(4) 2.7(9) 4.6(20) 3.6(60) 0 1.4(12) 10(4) 12.4(11)
Brown ' 0 1.2(4) 4.6(20) 3.3(55) <1(2) <1(2) 25(10)  14.6(13)
speckled 4.7(6) 5.4(18) 3.2(14) 3.6(60) <1(1) 2.4(21)  50(20)  44.9(40)
Head Color (HC) White 4.7(6) 7.4(25) 7.9(34) 8.1(137) 4.9(13) 10.9(94) 10(4) 28(25)
Black 0.014 50(64) 56(189) 48.8(209) 39.8(672) 65(174) 56.4(487)  15(6) 13.5(12)
Brown : 35(45) 35(119) 22.8(98) 29(495) 28.2(75)  30.8(266) 45(18)  20.2(18)
speckled 11(14) 1.4(5) 20.5(88) 22.7(384) 1.5(4) 1.9(16)  30(12) 38(34)
Eye color (EC) White 2.3(3) 1.2(4) <1(2) <1(2) 0 0 0 0
Blue <1(2) 1.2(4) <1(2) <1(2) 0 0 0 0
Olive 0.0002 21(27) 13.6(45) 0 <1() 0 <1() 0 0
brown 100(4
76(97) 84(279) 99.5(430) 99.8(1689) 100(272)  99.9(887) 0) 100(89)
Nose profile (NP) Convex 57(73) 20(69) 47(203) 7(120) 4.4(12) 1(9) 35(14)  32.6(29)
Straight 0.0001 41(53) 77(259) 52.4(226) 92.7(1567)  95.6(260) 99(879)  65(26) 67(60)
Concave 2(3) 3(10) <1(2) <1(3) 0 0 0 0
Bear (B) Present 18(23) 5.6(19) <1() <1(2) 0 0 0 0
Absence 0.0001 100(4
82(106) 94(319) 99.8(431) 99.9(1691) 100(272)  100(887) 0) 100(89)
Wattle (W) Present o100 20(26) 16(54) 10(43) 10.6(180) 7.7(21) 8.8(78)  40(16)  46.1(41)
Absence : 80(103) 84(284) 90(389) 89(1513) 92.3(251) 91(810)  60(24) 54(48)
Body condition Good 23(30) 14(48) 99.5(429) 91.5(1547) 70(190) 70.5(624) 65(26)  40.7(35)
score (BCS) Middle 77(99) 85(287) <1(2) 7.8(132) 29.6(80) 29(259)  35(14) 58(50)
Bad 0.0001 0 <1(2) 0 <1(11) 0 <1(2) 0 1.2(1)
Horn shape (HS) straight 8(10) <1(2) 0 0 0 <1(2) 0 3.4(3)
curved 1.5(2) 1.2(4) 22.5(97) <1(7) 10.7(29) <1(2) 25(10) 0
spiral <0.0001  89(115) 3.9(13) 75(323) <1(7) 88.9(241) 0 60(24) 0
absence 1.6(2) 95(319) 2.6(11) 99.2(1679) <1() 99.7(884)  15(6) 96.6(86)
Horn orientation back-
(HO) wards 20(26) 27.8(5) 16.3(68) 35.7(5) 6.6(18) 0 0 0
Upward <0.0001  12.6(16) 0 3(13) 7(1) 21.4(58) 0 5.9(2) 100(3)
Lateral 57(72) 61(11) 59(245) 35.7(5) 39(106) 0 94(32) 0
Forward 10(13) 11(2) 22(92) 21(3) 32.8(89) 0 0 0
Ear orientation Erect 8(10) 3(11) 1.2(5) <1(3) 0 0 5(2) 9(8)
(EO) horizon- <0.0001
tally ' 20(26) 28(95) 11.6(50) 26(442) <1() 2(18) 40(16)  41.6(37)
pendulous 72(93) 69(232) 87(377) 73.7(1245)  99.6(271) 98(870)  55(22) 49(44)

significance of eight out of eleven traits (P < 0.0001). Head Length followed by Body length,
High at wither and Chest girth have more discriminant power than the others as shown by their
and F-value, this attribute that takes these four traits would be more important in differentiating
Libyan sheep sub-population. The other traits (Tail length, Ear length, staple length and Horn
length) were removed from the final model due to their lowest discriminant power.

The raw canonical coefficients for the first canonical variable (Canl), showed that the classes dif-
fer on the linear combination of the centered variables:

All pairwise Mahalanobis distances, presented in Table 6, were statistically significant (P <
0.001) and ranged from 0.8 to 3.62. The Mahalanobis distances revealed substantial differentia-
tion, with the greatest distances observed between the southern region and both the eastern (3.62)
and western regions (3.38). In contrast, the distance between the southern and central regions was
relatively small (0.8).
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Table:(3). The quantitative morphological characteristics of Libyan Barbary sheep.

Source of Head length High at wither . Canon circumfer-
variations (cm) Horn length(cm) (cm) Chest girth (cm) ence (cm) Body length (cm)
The region P<0.0001 P <0.0001 P <0.0001 P <0.0001 P <0.0001 P<0.0001
Eastern 13.51+2.28(467) @  47.99+13.26(143)>  75.65+7.11(467)2 94.33+13.96(464)2 9.43+2.37(465)2 70.23+8.49(464)¢
Western 11.79+1.63(2123) P 59.74+10.27(427)8  72.35+6.54(2124)¢  95.79+11.45(2121)%  8.18+1.12(2118)°  73.55+7.54(2120)?
Central 11.48+0.65(1160) ¢ 58.00+6.74(272)%  71.74+5.17(1159)°  85.70+10.25(1160)®  8.28+1.01(1157)>  70.09+5.37(1159)°
southern 11.65+0.98(109)°° 28.80+13.00(20)¢ 73.72+7.17(109)° 81.12+8.11(109)° 7.39+0.81(109)¢ 71.41+5.49(108)°
The gender P<0.0001 P <0.0001 P<0.0001 P <0.0001 P <0.0001 P <0.0001
Male 12.82+1.86(853) 57.74+9.32(832) 80.17+5.67(851) 105.37+10.58(851) 9.68+1.68(848) 78.39+7.84(849)
Female 11.63+1.44(3006) 22.63+16.90(30) 70.46+4.70(3008) 88.42+10.05(3008) 7.96+0.98(3001) 70.25+5.92(3002)
O{:}’g;‘;‘}” 11.90 56.52 72.65 92.14 8.33 72.06
Min. 8.00 6.00 35.00 43.00 5.00 47.00
Max. 23.00 96.00 99.00 143.00 19.00 115.00
Std'ﬁ%‘;"'a' 1.62 11.62 6.39 12.36 1.36 7.23
C.V% 13.58 20.55 8.79 13.40 16.43 10.03
Continue...
Source of variations Ear length (cm) Staple length (cm) Tail length(cm) Teat length(cm) Scrot:rr:;ec(lgcmu)mfer-
The region P <0.0001 P<0.0001 P <0.0001 P <0.0001 P <0.0001
Eastern 13.19+1.51(467)° 7.30+3.11(462)° 41.93+8.02(466)° 3.30£0.97(335)2 25.69+5.38(126)°¢
Western 13.95+1.78(2121) 8.55+3.47(2096)2 41.79+6.53(2120)° 2.57+1.02(1687)¢ 29.01+4.37(424)°
Central 14.14+1.45(1160)2 8.46+4.11(100)? 44.41+6.11(1154) 2.47+0.45(887)° 30.54+2.12(271)2
Southern 13.92+1.80(109) 6.28+2.79(47)° 40.46+8.18(109)° 2.79+0.43(89)° 30.60+4.83(20)2
The gender P <0.0001 P <0.0001 P <0.0001 P <0.0001 P <0.0001
Male 13.71+1.63(852) 9.89+4.34(613) 47.32+6.62(851) 29.04+4.29(841)
Female 13.97+1.69(3005) 7.83+3.01(2092) 41.20+6.18(2998) 2.63+0.90(2998) = -
Overall mean 13.92 8.29 42.55 2.63 29.08
Min. 7.00 3.00 23.00 1.00 14.00
Max. 19.00 24.00 93.00 2.9 78.00
Std. deviation 1.68 3.46 6.78 0.9 4.30
CV% 12.81 41.82 15.92 34.25 14.80

Table:(4). Variance components according regions for quantitative traits

Variance Component

Character Inter- Proportion of Inter- Intra-
location location variability location

Head Length 0.861 0.277 2.242
Horn Length 2.325 0.004 584.116
Wither high 3.437 0.080 39.308
Chest girth 42.829 0.249 129.000
Canon circumference 0.652 0.278 1.691
Body length 2.648 0.051 49.464

Ear length 0.183 0.062 2.750
Staple length 1.089 0.085 11.703
Tail Length 2.320 0.050 44.439

Teat Length 0.137 0.154 0.751
Scrotum Circumference 5.130 0.242 16.102
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Multivariate

Table:(5). summarizes the results of the stepwise discriminant analysis, demonstrating the
Table (5): summary of stepwise selection of traits

Step \é?]rtlearzl(f Pz::;t;al F-value p>F I\;erltl)( dz P>Lambda ASCC p>ASCC
1 Head Length 0.1228 124.1 <0.0001 0.877 <0.0001 0.041 <0.0001
2 Body length 0.0665 63.15 <0.0001 0.819 <0.0001 0.061 <0.0001
3 Wither high 0.0566 53.18 <0.0001 0.772 <0.0001 0.077 <0.0001
4 Chest girth 0.0433 40.02 <0.0001 0.739 <0.0001 0.091 <0.0001
5 Tail Length 0.0133 11.92 <0.0001 0.729 <0.0001 0.095 <0.0001
6 Ear length 0.0055 4.86 0.0023 0.725 <0.0001 0.096 <0.0001
7 Staple length 0.0041 3.68 0.0116 0.722 <0.0001 0.098 <0.0001
8 Horn Length 0.0052 4.61 0.0032 0.718 <0.0001 0.099 <0.0001

ASCC= Average squared canonical correlation

Table:(6). Mahalanobis distance between
sub-populations in each environmental region

Region East Central south
Central 2.42%**

south 3.62%** 0.80***

west 2.57*** 1.14*** 3.38***

DISCUSSION

Morphological description is based on quantitative and qualitative traits and essential for defining
Libyan Barbary Sheep in the present study, since all traits showed significant differences between
sub-populations. This may be due to two reasons, the 1st: was the large sample size taken; the 2nd:
the influence of environmental factors (such as climate and feed availability), management practic-
es, and genetic variation on the physiological adaptation of sheep sub-populations.

Qualitative traits: The main morphological features which are traditionally used to characterize
breeds of sheep are concerned with the outside appearance of the animal. Large variations were not
observed among the other qualitative characteristics of population; however, the sheep in the south-
ern region are more distinct than the sheep in other regions. All studied traits were significantly af-
fected by environmental regions and sex; as expected that all sheep sub-populations have certain
variability between regions due to specific feeding and vegetation of each region in the present
study, a relative high variability was observed; the coefficient of variation was (41.82%) and
(34.25%) for staple length and teat length respectively. The moderate CVs ranged between (8.79%)
and (20.55%) for other traits.

Like most sheep breeds of north Africa, Libyan Barbary Sheep belongs to the fat - tailed and carpet
wool type characterized by the body, legs and tail which are mostly white in color, while the head is
brown or reddish brown, or black. Sometimes, the color extends from the head to the neck. In
many animals, nozzle, tips of the ears and a ring around each eye are black; however, entirely white
heads are not common. The ears are long, flat and pendulous. Rams nearly carry large horns that are
strongly striated and spiral to curve backward with tips directed outward. The Nose of the Libyan
Barbary sheep is usually straight in profile, though it may be slightly convex. This is in agreement
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with (Magid & Mursy, 1992) for the same breed and (ACSAD, 2018) for most breeds of North Af-
rica. Rams have heavy horns, curved around the ears while ewes are polled, and rarely have small
horns, which is associated with a single genomic region on chromosome 10 that controls the pres-
ence or absence of horns in domestic breeds, and that the horn absence is now common among
many modern breeds (Kijas, et al., 2021). However, large variations were not observed among other
qualitative characteristics of sheep in western, eastern and central regions which were in agreement
with most breeds of North Africa (ACSAD, 2018).The white coat is the predominant and distinctive
for sheep sub-populations, seems to be an adaptation to the hot environment where white coat en-
hances heat tolerance by minimizing the absorption of solar radiation, with the southern sheep be-
ing distinguished in speckled color. The animal owners prefer the white wool because of its im-
portance in industrial processing and accepting different dyes.

Quantitative traits: In accordance with (ARC/ICARDA, 2008), the assessment of body confor-
mation should include at least these linear measurements: body length, height at withers, heart girth,
ear length, and horn length. As for sex-related characteristics, teat length is the only characteristic
among ewes, and scrotal circumference among rams, both of which are affected by regions, the
CV% values for staple length and teat length were 41.82 % and 34.25%, respectively, which were
the highest in comparison with other traits; it may be due to the difference between animals in the
period of shearing wool to take measurements, and the difference in the stages of lactation and
suckling effect among ewes. In many cases qualitative traits are related to quantitative traits, Magid
and Mursy (1992) observed significant differences in fleece weight and post-weaning weights be-
tween black, brown and white faces of Libyan Barbary sheep, while no significant differences in
fertility, birth weight, survival of lambs to weaning and weaning weights.

In comparison with the Libyan Barbary Sheep with breeds located in North African states to high-
light differences and similarities with those related breeds, the overall mean of height at withers
(72.65cm), chest girth (92.14 cm), body length (72.06 cm), presented in this study as traits related
to body mass were lower than the values reported by (Dekhili, 2014) for Sétif area ewes in Algeria,
while greater than the values reported by ACSAD (2018) for Barbary sheep located around the Al-
gerian-Tunisian border area. The results of this study correspond to some extent to the characteris-
tics of Rembi and Beni Guil sheep in Algeria and Morocco (ACSAD, 2018).

The tail is relatively short (42.55 cm), wide, pendulous without sigmoid flexure, mostly ending
above the hocks. The fat content reflects animal's condition which is affected by the availability of
feeds (Magid & Mursy 1992).

As expected that all sheep sub-populations have certain variability between regions, these differ-
ences could be attributed to the specific feeding and vegetation cover of each region. Although
body measurements of sheep in the four regions show a relatively moderate degree of variance in
traits related to body mass, but there are wide variation between male and female in these traits, this
might be related to the differences in growth rate and reproductive activities, since the observed
higher measurements in males compared to females can be attributed to the influence of androgens,
which stimulate muscle and skeletal development in males, whereas estrogen may have an inhibito-
ry effect on growth in females ( Baneh & Hafezian, 2009 and Hailu et al.,, 2020).
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Multivariate analysis :The restricted maximum likelihood method was used to estimate the com-
ponents of variance showed that all traits had high degree of Intra-locality (residual) variation; this
residual variance component can be attributed to random environmental or genetic factors. This was
a preliminary indicator to similarity in Libyan sheep population.

While all pairwise Mahalanobis distances were significant (table, 6), these differences were not suf-
ficient to statistically distinguish the populations as separate genetic groups or breeds; these results
support the hypothesis of homogeneity in the Barbary sheep common in Libya. Differences in agro-
climatic conditions and management practices may contribute to the observed morphological diver-
gence between sub-populations. The canonical discriminant analysis demonstrated a high degree of
efficacy in distinguishing between individuals from the four studied regions; this analysis provided
a comprehensive understanding of the distribution of the studied sheep population, revealing four
distinct zones.

CONCLUSION

It was concluded that Libyan Barbary Sheep are medium in size, belongs to the carpet wool, fat-
tailed type which varies greatly in staple length between flock. The coat is mostly white in color.
Despite their geographical separation, the four populations in this study exhibit limited morphologi-
cal diversity. Analysis revealed that head length, body length, wither height, and chest girth were
significant discriminatory variables between sheep subpopulations in the different Libyan regions.
The combination of Univariate and multivariate analyses facilitated the successful discrimination
between Libyan Barbary Sheep sub-populations based on their morphometric characteristics. The
incorporation of molecular genetic analysis utilizing diagnostic marker loci is recommended for fu-
ture investigations.
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Abstract:Viable pollen plays a crucial role in the process of seed
formation and acts as the principal mechanism for gene transfer in
outcrossing species such as thyme (Thymus capitatus). There is a lack
of information on the pollen viability of natural populations of Libyan
thyme that grow in the south El-Jabal EI-Akhdar area. This research
estimated pollen viability using acetocarmine staining method. It was
possible to distinguish between viable pollen (non-aborted) and non-
viable (aborted) pollen using acetocarmine stain. The viability of pol-
len percentage in T. capitatus accessions was found to be significant-
ly different. The viable pollen recorded as highest was obtained from
the white-flowered population (67.61%) followed by dotted white-
flowered population (57.24%), while the lowest viable pollen was
obtained from mosaic- lowered population (29.86%). The remaining
two populations, violet-flowered and purple-flowered showed 55.73%
and 42.38% respectively as pollen viability percentage. Variation was
also observed in the pollen viability among different collection peri-
ods. These results suggested that pollen viability may be under both
environmental and genetic control.
Keywords: Pollen viability; acetocarmine staining method; Thymus cap-
itatus; El-Jabal El-Akhdar; Libya.
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INTRODUCTION

Effective pollination is essential for the successful development of fruits and seeds in the ma-
jority of plant species. Understanding pollen biology, particularly aspects related to pollen qual-
ity, is crucial for implementing strategies aimed at enhancing agricultural productivity (Shivan-
na, 2003). Pollen quality plays a significant role in the overall fitness of plants and marks a vital
phase in their life cycle. It is commonly associated with pollen viability, which refers to the
percentage of pollen grains that remain viable (Stanley and Linskens, 1974; Heslop-Harrison et
al., 1984).

The extensive body of literature concerning pollination ecology and pollen biology reveals a
considerable diversity in the terminology and definitions associated with the functional capabil-
ities of pollen. Viability is commonly defined as the "capacity to live, grow, germinate, or de-
velop"” (Lincoln et al., 1982). Additionally, the concept of viability has been employed to refer
to pollen grains that can germinate on the stigma (Morse, 1987; Niesenbaum, 1992), those that
can germinate in vitro (Beardsell et al., 1993; Lindgren et al., 1995), as well as those that can
absorb specific stains (Becker and Ewart, 1990; Nyman, 1992), and to indicate successful seed
set following the process of pollination (Smith-Huerta and Vasek, 1984).

Research into the variability of pollen grains plays a crucial role in elucidating the mating sys-
tems of plants. The diversity of these mating systems significantly affects the variability and
differentiation processes observed within populations of both wild and cultivated species
(Grant, 1981; Richards, 1997). Furthermore, pollen viability is a key factor in addressing issues
related to sterility, hybridization initiatives (Stone et al., 1995), and the field of evolutionary
ecology (Thomson et al., 1994). This viability is particularly vital for understanding genetic
variability in plants where cross-fertilization is more prevalent than self-fertilization (Divakara
et al., 2010). Generally, a direct correlation exists between pollen viability and the germination
potential of pollen across numerous plant species (Stanley and Linskens, 1974).Numerous
methodologies have been established to assess pollen viability, utilizing either the dimensions
of pollen grains (Kelly et al., 2002) or the dielectric characteristics of cellular membranes
(Heidmann et al., 2016; Heidmann and Di-Berardino, 2017). Nevertheless, even with the advent
of innovative techniques, a significant portion of the scientific community continues to depend
on traditional methods that necessitate only basic staining processes and a microscope for man-
ual enumeration (Shivanna and Tandon, 2014).

Staining methods serve as effective tools for assessing the physiological condition of mature
pollen grains. The appropriateness of a pollen viability test is contingent upon the specific spe-
cies, as variations in optimal staining techniques have been documented (Rodriguez-Riano and
Dafni, 2000). A range of staining methods has been utilized to evaluate the viability of pollen
grains. Among these, acetocarmine, Alexander's stain, and aniline blue are the most commonly
employed techniques for estimating pollen viability (Alexander, 1969; Migdatek et al., 2014;
Radovid et al., 2017). The underlying principle of these staining reactions is based on the acidic
nature of certain plant cell components, which exhibit a preference for basic dyes.The aceto-
carmine technique is extensively employed to assess pollen viability in both cultivated and wild
plant species (Amkul et al., 2016; Rathod et al., 2018). Acetocarmine functions as a basic dye,
with iron serving as a mordant. The nucleic acids, which possess a strong negative charge due
to the phosphate groups present in the DNA structure, readily interact with basic dyes. Conse-
quently, this method is utilized for swift evaluations of nuclear conditions and for in-depth in-
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vestigations of chromosomes (Ali, 2008).

In Libya, Thyme (Thymus capitatus) is native to Al-Jabal Al-Akhdar area where it has been
used for flavoring and medicinal purpose. Thyme is a candidate for large scale as a source of
nectar for honey bees, and as an aromatic plant containing essential oils, which are important to
the flavoring and medicinal applications (Ali and Mustafa, 2019).

Furthermore, an understanding of reproductive biology, particularly regarding pollen viability,
is crucial for the conservation, management, and restoration of endangered species (Kuniyal et
al., 2003; Murugan et al., 2006). Given that thyme (Thymus capitatus) holds significant medic-
inal and ecological value, it has garnered substantial research interest (Ali and Mustafa, 2019;
Ali and Mustafa, 2021; Ali et al., 2022). However, studies on the floral biology of T. capitatus
have not been performed. Therefore, the objective of this research is to estimate the pollen via-
bility of T. capitatus accessions (populations) that are growing in the south El-Jabel EI-Akhdar
area, Libya.

MATERIALS AND METHODS

Pollen samples of Thymus capitatus were collected from southern parts of El-Jabal EI-Akhdar area,
aiming to cover as much of the geographic range as possible. Thymus capitatus that growing in
southern parts of Al-Jabal Al-khdar shows flower color polymorphism. There are five different ac-
cessions (phenotypes); white- flowered, dotted white-flowered, purple-flowered, violet-flowered
and flowered, and mosaic-flowered accessions (Ali and Mustafa, 2019; Ali and Mustafa, 2021).
Thymus capitatus began to flower on in mid-july and generated pollen for approximately four
weeks. Branches containing several inflorescences were harvested from 25 plants per accession
(genotype) at three distinct periods during the pollination period: 1 week, 2 weeks, and 3 weeks.
They were collected between 8:30 and 10:30 a.m. on sunny day mornings. The branches with inflo-
rescences were placed in jars filled with tap water and maintained at room temperature (25 °C £5
°C).

Pollen viability was determined by staining with acetocarmine (Ali and Bataw, 2014). Acetocar-
mine stains the pollen grain nuclei, and weakly stains the cytoplasm, and gives a good contrast be-
tween the grain and surrounding medium. The pollen nucleus is rich in chromatin material and live
pollen stains pink to deep red with acetocarmine, whereas sterile (nonviable) pollen does not take
any stain and thus remains almost white and transparent (McKellar and Quesenberry, 1992; Maru-
tani, et al., 1993). To prepare the acetocarmine stain, weighlgram of carmine powder and dissolv-
ing it in 95 milliliters of glacial acetic acid. Subsequently, add distilled water to achieve a final vol-
ume of 100 milliliters. The solution should then be boiled, allowed to cool, filtered, and stored in a
refrigerator.For the analysis of pollen viability, two to three drops of stain were applied to a slide,
onto which pollen grains were subsequently sprinkled. A cover slip was then placed over the prepa-
ration, and the viability of the pollen was assessed after a duration of 5 to 10 minutes. For each of
the five accessions (genotypes), at least 50 pollen grains were randomly counted in each visual field
on the slide using a light microscope at a magnification of 100X. Each accession is analyzed using
ten slides, from which images are obtained. That are red are identified as viable pollen. The average
quantity of pollen for each accession is calculated, and the viability of the pollen is expressed as a
percentage. The percentage of pollen viability is determined using the following formula:

Number of stained pollen grains

Pollen Viability (%) = x 100

Total number of pollen grains on slide

Utilizing a completely randomized design (CRD), the experiment was set up. Analysis of variance
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(ANOVA) was performed on the experimental data. The significant F test (P 0.05) was used to de-
termine the least significant differences.

RESULTS

According to the color of flower, there are five accessions that growing in south of Al-Jabal Al-
Akhdar region, Cyrenaica, Libya: white-flowered, dotted white-flowered, violet-flowered, purple-
flowered and mosaic-flowered accession (Ali and Mustafa, 2019; Ali and Mustafa, 2021; Ali, et.
al. 2022).

In the current investigation, pollen viability was tested using acetocarmine stain which yielded a
sufficiently clear result as shown in Figure 1. Since nonviable pollen didn't absorb the stain,
which contrasted sharply with the red color of viable pollen, aceto-carmine stain was a dependa-
ble way to determine whether thyme pollen was viable (non-aborted) or nonviable (aborted);
more significantly, the stain never colored aborted pollen (Fig. 1).

Figure: (1). Pollen grains of Libyan thyme (Thymus capitatus) tested by aceto-carmine stain;( a viable
pollen, and non-viable pollen b).

Table 1 shows the results of pollen viability of the 5 accessions (genotypes) of Libyan thyme
(Thymus capitatus) which growing in southern parts of Al-Jabal Al-Akhdar area, evaluated with
aceto-carmine stain. The specimens examined generally produced well-formed pollen which had
a high stain ability. The viability of pollen percentage in T. capitatus accessions was found to be
significantly different (LSD=1.19 at P< 0.05) in the acetocarmine method. The viable pollen rec-
orded as highest was obtained from the white-flowered population (67.61%) followed by dotted
white-flowered population (57.24%), while the lowest viable pollen was obtained from the an-
thers of mosaic-flowered population (29.86%) in the acetocarmine stain test. The remaining two
populations; violet-flowered and purple-flowered showed 55.73% and 42.38% respectively as
pollen viability percentage (Table 1 and Fig. 2).

Table:(1). Viability percentages of pollen in libyan thyme (Thymus capitatus) accessions

Means LSD =2.08

Period of time . . . . Means LSD=
White- Dotted white- Violet- Purple- Mosaic- 0.93
flowered flowered flowered flowered flowered
1week 78.08° 70.83° 64.45° 52.15f 38.30" 60.744
2weeks 70.34° 59.34¢ 61.31¢ 43.199 29.91i 52.868
3weeks 54.48¢ 41.609 43.48¢ 34.89 21.18K 38.10¢
Means A B c b £
LSD=1.19 67.61 57.24 55.73 42.38 29.86

(a-b-c-d-e-f-g-h-i-j-k) These symbols indicate significant differences. If they differ, there is a significant difference. If the symbols are similar, there
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are no significant differences.

Variation was also observed in the pollen viability among different collection periods. The current
results indicated that, pollen viability percentage of five accessions (populations) was significantly
affected by the collection period (Table 1). The pollen viability percentage began with 60.74% for
the first week, then recorded 52.86% for the second week. After three weeks, the pollen viability
percentage sharply decreased to 38.10%. Those results were significantly different at the value of
L.S.D =0.93, P<0.05.

Furthermore, the three collection periods within each single population (accession) showed
different pollen viability (Fig. 2). For each accession, pollen viability was highest in the first
collection period (the 1% week) and lowest in the third collection period (the 3 week). The highest
values of pollen viability occurred in the first period of collection (the 1% week) recording 78.08%
(white-flowered), 70.83% (dotted white-flowered), 64.45% (violet-flowered), 52.15% (purple-
flowered), and 38.30% (mosaic-flowered). In the second period of collection ( the 2" week), the
values of pollen viability were 70.34% (white-flowered), 59.34% (dotted white-flowered), 61.31%
(violet-flowered), 43.19% (purple-flowered) and 29.91% (mosaic-flowered). The lowest
percentages of pollen viability occurred after three weeks (the 3™ period of collection) recording
54.48% (white-flowered), 41.61% (dotted white-flowered), 43.48% (violet-flowered), 34.89.19%
(purple-flowered) and 21.18% (mosaic-flowered). Those results were significantly different at the
value of L.S.D =0.93, P<0.05.
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Figure: (2). Viability percentages of pollen during the three collection periods in Libyan thyme
accessions

DISCUSSION

The results clearly showed that pollen viability using acetocarmine stain was effective in identify-
ing fertile pollen grains, thus obtaining an early indication of pollen quality. According to several
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previous studies (Thomson, 1989; Dafni and Firmage, 2000; Bots and Mariani, 2005; Ali and Ba-
tao, 2014), pollen viability is a crucial indicator of pollen quality. The viability of pollen grains,
which can be evaluated using a variety of techniques, including staining with non-vital dyes, is typ-
ically a prerequisite for successful seed set (Dafni and Firmage, 2000; Dafni et al., 2010; Guoren
He et al., 2017). One typical method for assessing pollen viability is acetocarmine staining (Mig-
datek et al., 2014; Maryam et al., 2015; Vijayakumar et al., 2018).

The findings of the current research indicated that the acetocarmine staining technique effectively
distinguishes between viable (non-aborted) and non-viable (aborted) pollen grains in populations of
Libyan thyme (T. capitatus). Also, the results corresponded well with that of Tiwari et al. (2014)
who evaluated pollen viability in members of Euphorbiaceae family using several dyes and con-
cluded that acetocarmine staining method was efficient for distinction of viable and nonviable pol-
len grains and provided clear results. Thus, acetocarmine staining method can be recommended for
testing pollen viability. Results were also in agreement with other studies indicating that the use of
different colorants to test pollen viability may give comparable results (Parfitt and Ganeshan, 1989;
Ali and Bataw, 2014).

Temperature, moisture, genotypic variations, plant vigor, physiological stage, and flower age all
have a significant impact on pollen survival (Adhikari and Campbell, 1998; Ali and Batao, 2014;
Shivashankara et al., 2019; Parashuram et al., 2021). In the current investigation, the rates of pollen
viability were significantly differed among all accessions (genotypes) of libyan thyme. The highest
viable pollen rate was recorded from the white-flowered population (67.61%), while the lowest was
obtained from the mosaic-flowered population (29.86%). Analysis of variance confirmed the signif-
icance of these differences, suggesting high variation in pollen viability among accessions with a
95% confidence interval. The different percentage of pollen viability can be attributed to the geno-
type, since male inflorescences were sampled from the same site and at the same physiological
stage. Genotypic differences among accessions in others plant species for pollen viability have been
previously reported (Sharafi, 2011; Ali and Bataw, 2014; Lankinen et al., 2018).

Pollen viability is a crucial factor that can restrict seed production (Fritz and Lukaszewski, 1989;
Dafni and Firmage, 2000). The findings of the current study revealed that in natural populations of
Libyan thyme, pollen viability can significantly decrease after a period of three weeks. Consequent-
ly, if pollen arrives at the pistil more than three weeks later, successful pollination may not occur. In
general, percentages of pollen viability were decreased with time in all accessions of Libyan thyme.
Similar results were reported in many previous studies indicating that pollen viability decreased
with time (Beyhan and Serdar,2008; Ali and Bataw, 2014; Slomka, et. al., 2014; Mantiquilla et. al.,
2018; Robles-Gonzalea et. al. 2019).

CONCLUSION

The main conclusions of the experimental work should be presented. The contribution of the work
to the scientific community and its economic implications should be emphasized.
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Abstract: Understanding the relationship between range condition and
economic, environmental, and biotic factors and providing a description of
the range condition cycle plays an important role in promoting the sustaina-
bility of ranching in New Mexico State (NM). This study aimed to under-
stand the linkages between range condition and crude oil production, crude
oil prices, mean annual precipitation, mean annual temperatures, and beef
cattle population as well as to describe the fluctuation in range condition
cycle. Data for all study variables were collected for the period 1958-2017
period. The generalized autoregressive conditional heteroscedasticity
(GARCH) and its exponential version (EGARCH) models were used to
examine the relationships between range condition and all study variables.
Range condition cycle was identified by using spectral analysis and season-
al adjustment function. Crude oil prices (B = -0.2669), mean annual precipi-
tation (p = 0.0963), and mean annual temperatures (p = -13.2914) were the
only predictors of range condition. The length of range condition cycle was
10 years. Range condition began to decline from the second year and con-
tinued through the third year and then began to increase from the fourth
year and continued through the tenth year. Generally, range condition
showed a declining trend between the 1970 and the mid of 2010;,
Keywords: Range condition cycle, crude oil, temperatures, precipitation,
beef cattle population.
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INTRODUCTION

Range forage is considered a critical natural resource for the production of red meat essential for
human consumption (Holechek et al., 1989; Stoddart & Smith, 1955). At the beginning of the last
century, rangeland was heavily grazed without control (Stoddart & Smith, 1955). This was due to
the lack of knowledge of range science, delays in starting research in this field, and giving priority
to forest research (Sayre, 2019). Until 1935, management of rangelands was carried out by experts
from related fields such as agronomy and forestry (Campbell, 1948). Today, much range research
has been conducted, and methods of scientific management that can be utilized to promote range
resources and ensure the sustainability of rangelands ecosystem (Campbell, 1948; Stoddart &
Smith, 1955). However, many debates are still being held about several subjects such as grazing
capacity and a public land management, indicating that more research have to be conducted
(Campbell, 1948). This highlights the importance of range condition, which is considered a measure
of the efficiency of management in the long term (Holechek et al., 1989). Also, range condition is a
term used widely in the range management, and it refers to amount of vegetation remaining on the
unit of land (Holechek et al., 1989). Furthermore, range condition cycle refers to the behavior of
range production that repeats itself in regular manner over a period of years. Understanding this cy-
cle helps managers to make a good management decision-increase or decrease their herd’s size.
(Zaied et al., 2021). Range condition can be affected by several factors, including, production and
prices of energy (Allred et al., 2015; Holechek & Sawalhah, 2014), climate change (precipitation,
temperature) (Stoddart & Smith, 1955), and stocking rates (Sayre, 2019).

Crude oil production might affect range condition. The loss of land to crude oil production is a big
issue, impacting rangelands (Allred et al., 2015). About 3 million hectares of land have been uti-
lized for crude oil pads, roads, and other supporting infrastructures in North America during the
2000-2015 period (Allred et al., 2015). In addition, since 1920s, cheap fossil fuels (oil) have led to
rapid increase in tractors’ utilization (Holechek, 2009). As result, vast area of rangelands was
plowed although it was not suitable for sustained cultivation (Holechek, 2009). However, in USA,
agricultural sector highly relies on fossil fuels (oil) to power agricultural machineries, produce ni-
trogen fertilizer, and goods transportation (Holechek, 2006). Therefore, low oil prices lead to de-
cline forage crops prices (Zaied et al., 2020). This makes raising cattle using harvested forage and
feed grains economically feasible (Holechek, 2006). This may result in decreased pressure on
rangelands. Furthermore, the several range management procedures require fossil fuel inputs, but
these are lower compared to pasturelands (Holechek, 2006).

In New Mexico State (NM), drought and high temperatures may have a negative effect on range
condition. Since the 1970s, severe and longer droughts and higher temperatures have been observed
(CHANGE, 2007). This will have intense impacts on rangeland, especially those located in semiar-
id and arid areas (CHANGE, 2007; Sawalhah et al., 2019). When drought lasts more than one year,
severe mortality among forage plants-such as black grama-will occur, leading to decline carrying
capacity to 50-60% (Herbel et al., 1972). After this event, restoration of the indigenous ecosystem
may require at least 5-15 years (Boykin et al., 1962; Stoddart & Smith, 1955). Moreover, high tem-
peratures lead to lose water from plant and soil through high evaporation-reaches 250 cm annually
in NM. This results in requiring greater amount of water that may not be met, affecting plant per-
formance (Stoddart & Smith, 1955).

Beef cattle population may impact range condition in NM. One of the most significant potential ef-
fects of climate change on livestock ranching is the reduction in rangelands carrying capacity (Pol-
ley et al., 2013; Woodworth-Jefcoats et al., 2017), to levels at which ranching is economically unvi-
able (Holechek et al., 2020). For instance, the carrying capacity-in Chihuahua Desert, NM, USA-
has declined by approximately 43% between 1967-2018 (Mclntosh et al., 2019). It has been esti-
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mated that financial loss is the only results when forage production of one acre drops to less than
45.3 kg (Holechek, 1996b). To ensure range condition improvement, conservative stocking rate-
is10-30% below grazing capacity-should be applied (Holechek, 1996b; Holechek et al., 1998). NM
is one of the driest states in the USA (Driest States in the US - Current Results, 2024), so poor prac-
tices such as using incorrect stocking rates may lead to rangelands degradation, while its recovery
may be extremely difficult (Holechek et al., 1989).

A change in pastoral society and rangelands-will be empty-is predicted in the future (Reid et al.,
2014). The income from rangelands cannot longer meet the demand for needed services such as
schools, health care, and media, resulting in moving young people to cities where job opportunities
are available (Reid et al., 2014). This trend will be further accelerated due to drought and increased
temperatures caused by global warming that makes it very difficult to continue ranching beef cattle
on rangelands (Reid et al., 2014). Therefore, understanding the linkages between range condition
and climatic, economic, and biological factors and providing quantitative descriptions of forage
production is essential to enhance resilience to drought and economic impacts (Zaied et al., 2021).
The objectives of this study were to understand the relationships between range condition and pro-
duction and prices of crude oil, mean annual precipitation, mean annual temperatures, beef cattle
population and provide a description of range condition cycle.

MATERIALS AND METHODS

Study Area:The study focused on range condition in NM that is located in southwestern USA.
About 92% of NM” area is classified as suitable rangelands. The average of oil production in 1958-
2017 period was 78,625,815 barrels, consisting of 5% of USA total oil production (Federal Reserve
Economic Data | FRED | St. Louis Fed, 2024). In this State, there are 4 types of climates which are
mild, arid or semiarid, and continental climate. Mean annual precipitation varies from less than 254
mm in the south to more than 508 mm at higher elevations in the State. Most of the precipitation
falls in July and August. The average annual temperatures vary from 17° C in the southeast to 4.4°
C in the northern high mountains and valleys (New Mexico Weather, 2024). Between 1979-2017,
the average of beef cattle population was 525,589 head (USDA - National Agricultural Statistics
Service - New Mexico, 2024).

Data Retrieval and Documentation: The data used in this paper cover the 60-years period from
1958 to 2017. These data included biological, environmental, and economic variables. The biologi-
cal data included annual range condition (%) and beef cattle population (numbers of cows that were
more than two years old) that were retrieved from (USDA - National Agricultural Statistics Service
- New Mexico, 2024). The environmental data consisted mean annual precipitation (mm) and mean
annual temperature (°C) that were downloaded from (Western Regional Climate Center, 2024). The
economic data including crude oil production (barrel), crude oil prices ($/barrel), and consumer
price index (CPI) were obtained from (Federal Reserve Economic Data, 2024).

Data Analysis: The CPI was used to adjust crude oil prices to reflect their value in 2017 dollars.
Normal distribution, heteroscedasticity, and autocorrelations were tested by using Shapiro—wilk
test, portmanteau test statistics and the Engle—Lagrange multiplier tests at time lags (years) 1-12,
and Durbin—Watson tests, respectively. Our data exhibited both heteroscedasticity and autocorrela-
tion. Therefore, to examine the linkages between mean annual range condition and all study varia-
bles the generalized autoregressive conditional heteroscedasticity (GARCH) and its exponential
version (EGARCH) models were utilized at alpha level of 0.05. SAS 9.4 (SAS Institute, Cary, NC,
US) was used to obtain these objectives. These models are particularly suitable for time-series data
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exhibiting heteroscedasticity and volatility clustering, which are common in ecological and eco-
nomic datasets. The choice of GARCH/EGARCH was based on preliminary tests (e.g., ARCH ef-
fect test, stationarity check) that confirmed the presence of time-varying variance in the data.

The duration of the annual range condition cycle was assessed through spectral analysis, a feature
accessible within the SPSS software. The variations within the mean annual range condition cycle
were analyzed using the seasonal adjustment function, which is available in the EViews software.
This study did not involve any human participants or experimental use of animals. All data were
obtained from publicly available sources or official databases, and the research complies with insti-
tutional and international ethical standards.

RESULTS AND DISCUSSION

Variables Predicting Range Condition:A summary of simple regression analysis for variables
predicting mean annual range condition was reported in Table 1. As can be seen, mean annual crude
oil prices, mean annual precipitation, and mean annual temperatures were the only predictors of
mean annual range condition. GARCH model revealed that mean annual crude oil prices were nega-
tively correlated with mean annual range condition (p = -0.2669) and explain about 28% of its vari-
ations. This can be attributed to increased fossil fuel prices that may limit range management pro-
cedures-such as brush control-that aim to improve rangeland production (Holechek, 2006; Holechek
et al., 1989). Another possible explanation for this relation is that increased fossil fuel prices might
lead to increased relay on alternative energy sources such as wind and bio fuels ( Brown, 2008;
Holechek et al., 1989). This may require vast area of rangelands and considerable amount of range
plants material, respectively, resulting in a decline in range condition.

Table:(1).. Results of simple regression analyses of independent variables used to forecast mean annual
range condition (%) in NM between 1958 and 2017 using GARCH or EGARCH model.

Independent Variables Intercept Estimate (B) P-value AR1 R?
Crude oil production® 54.328 1.5835E-7 0.248
Mean annual crude oil prices! 81.7138 -0.2669 0.026 -0.4283 0.28
Mean annual precipitation? 35.1144 0.0963 0.0001 -0.5822 0.33
Mean annual temperatures! 229.0969 -13.2914 0.0017 -0.4067 0.34
Beef cattle population? 40.9809 0.000051 0.489

1 GARCH model; 2 EGARCH model

Mean annual precipitation (B = 0.0963) and mean annual temperatures ( = -13.2914) con-
tributed significantly to variations in mean annual rang condition. And they both explained 33%
and 34%, respectively, of the variation in mean annual range condition. Table 1. shows that mean
annual range condition was positively linked to mean annual precipitation, whereas it negatively
correlated with mean annual temperatures. Adequate precipitation can result in luxuriant plant
growth (Stoddart & Smith, 1955), leading to increased mean annual range condition. However,
drought can cause mortality among plant forage (Herbel et al., 1972), resulting in decreased mean
annual range condition. In New Mexico, prolonged drought (4-6 years) plagues rangeland every 40
years (Holechek, 1996a). To make matters worse, high temperatures cause high rate of evaporation-
reaches 250 cm in NM-resulting in a decline in the water required for plant growth (Stoddart &
Smith, 1955). This could be the reason for the declining trend in mean annual range condition be-
tween 1970s and the middle of 2010s (Figure 2).

The findings of this study partially support the study hypotheses. As expected, crude oil prices and
climatic variables were significantly correlated with changes in range condition, aligning with the
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hypothesis that climate is a primary driver of rangeland dynamics. On the other hand, contrary to
expectations, beef cattle population did not show a significant relationship with range condition.
This may be attributed to the consistent use of conservative stocking rates in the study region,
which may have mitigated grazing pressure on rangelands (Holechek, 1996b; Holechek et al.,
1998). These results suggest that while climatic variables remain a dominant factor, effective range-
land management practices may buffer against some biological pressures.

Annual Range Condition Cycle: Based on the periodogram in Figure 1, the length of the mean
annual range condition cycle was 10 years, which was used to decompose its timeseries. As can be
seen in Figure 2, the seasonal pattern of mean annual range condition specified that mean annual
range condition in each cycle began to decrease from the second year and continued through the
third year and then began to increase from the fourth year and continued through the tenth year
which was the peak of mean annual range condition. In general, mean annual range condition was
below average for 6 years in each cycle. Zaid et al. (2021) studied the annual cycle of drought in
NM, and their results were not consistent with our results, in other words, their results could not
explain the behavior of mean annual range condition, especially since, when our regression model
showed that mean annual precipitation and the mean annual temperatures significantly correlated
with mean annual range condition, highlighting the need for further research to understand the be-
havior of these factors and their potential interactions.

In spite of the meaningful insights obtained, this study has several limitations. First, the analysis
depended on aggregated annual data, which might hide short-term variations or localized impacts in
range condition. Second, the study focused on arid and semi-arid region in NM, limiting the gener-
alizability of findings to other ecosystems with different management practices or climatic features.
Finally, it is important to highlight that rancher should be aware of the potential risks involved in
relying on these predictions, as natural and social systems can behave unpredictably.
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Figure: (1). The periodogram of mean annual range condition was obtained from spectral analysis in SPSS. The x-axis
represented the period (years) in logarithmic scale. The y-axis represented the periodogram values (unitless). Peak value
indicated the length of mean annual range condition cycle in 1958-2017 period in NM.
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Figure: (2). The seasonal adjustment function output included 3 panels. The top panel showed actual mean annual
range condition (%). The middle panel showed mean annual range condition trend. Smoothed seasonality for mean an-
nual range condition was showed in the bottom panel. 10 years was the length of each cycle. Mean annual range condi-
tion data of 60 years (1958-2017) in NM used to conduct this analysis.

Conclusions

This study highlighted the response of range condition to crude oil production, crude oil prices,
mean annual precipitation, mean annual temperatures, and beef cattle population and described the
behaviour of the range condition cycle in NM. Both crude oil prices and mean annual temperatures
had negative relationship with it, whereas mean annual precipitation had positive relationship with
the mean annual range condition. In each cycle, range condition declined gradually from the second
year through the third year and then increased from the fourth year through the tenth year. The find-
ings of this paper can help ranchers develop effective and workable plans for the future. For in-
stance, a rancher can reduce their herd size when a decrease in range condition is predicted for the
coming years. Conversely, they can increase their herd size if an increase in range condition is an-
ticipated. Furthermore, we emphasize that research is trying to predict the nature, but nature, some-
times, does not follow consistent behavior. Therefore, ranchers should be careful and consider the
risk when using such findings.
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Abstract: This study aims to evaluate the allelopathic effect of leaf extracts
from the thorny acacia tree (Vachellia nilotica) on the germination and seedling
growth of watermelon (Citrullus lanatus L). The experiment was conducted
using three different concentrations of the aqueous extract of acacia leaves ex-
tract which are (0%, 20%, 40%, or 60%), in addition to a control group treated
with distilled water. The effects of these extracts were assessed by measuring
the parameters of Germination percentage, plumule and radicle length, seedling
dry weight, and imbibition percentage. The results showed that the extracts at
40% and 60% concentrations enhanced the imbibition percentage compared to
the control group, while for these concentrations (20%, and 60%) has no signifi-
cant effect on the germination rate. Lower concentrations (20% and 40%) signif-
icantly stimulated plumule growth, whereas the highest concentration (60%)
resulted in a reduction in plumule and radicle length. Moreover, the 60% con-
centration exhibited an inhibitory effect on radicle root growth, suggesting that
the plant extracts may contain allelopathic compounds that influence seedling
development. These findings confirm that the allelopathic effect of V. nilotica
extracts is concentration-dependent (what are the allelopathic active compounds
of V. nilotica), with a stimulatory effect at low doses and an inhibitory effect at
higher doses. Further studies are needed to understand the mechanisms of alle-
lopathic influence and its potential applications in mixed agricultural systems.
Keywords: Allelopathy; plumule and radicle length; Sustainable Agriculture;
acacia tree.
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INTRODUCTION

Allelopathy is a natural ecological process in which interactions among plants significantly con-
tribute to the stability of agroforestry ecosystems. It involves the effect of one plant or associat-
ed microorganisms on the growth and development of neighboring plants through the release of
chemical compounds into the environment (Alshareef & M. A. A., 2019). Agricultural crops are
significantly affected by windbreaks planted in their vicinity, leading to reduced yields due to
direct competition for essential resources such as water, minerals, and light. In addition to phys-
ical competition, windbreaks also release allelopathic compounds that inhibit crop growth,
thereby exacerbating the damage to agricultural production (Yanar & Kadioglu, 2004; Abu-
Romman, 2016; Kluthe et al., 2018). However, these effects are visibly manifested through
several symptoms, including general stunted growth, leaf wilting and yellowing, root browning,
and the absence of root hair development. In some cases, this may lead to partial or complete
plant desiccation (Appleton et al., 2000). Furthermore, these allelopathic compounds are sec-
ondary metabolites produced by various plant parts, including leaves, roots, stems, flowers, and
seeds, with leaves being the primary source (Kumari et al., 2016). Acacia species are known to
produce a wide range of secondary metabolites, including amines, alkaloids, cyanogenic glyco-
sides, cyclitols, fatty acids, seed oils, fluoroacetic acid, gums, non-protein amino acids, and var-
ious types of terpenes such as essential oils, diterpenes, phytosterols, triterpenes, and saponins,
in addition to hydrolyzable tannins, flavonoids, and condensed tannins (Seigler, 2003). Accord-
ing to Alshareef and Alaib (2018), Vachellia nilotica (commonly known as thorny acacia) exhib-
its strong allelopathic effects on squash seed germination and seedling growth. Similarly, find-
ings were reported by Al-Wakeel et al., (2007), who observed that aqueous extracts of V. nilot-
ica reduced fresh and dry weight, plant height, chlorophyll content, and Nitrogen and phospho-
rus levels in peas. According to (Mohamed Bogelil et al. 2024), watermelon is a primary sum-
mer crop in the Al-Fataeh agricultural region. Watermelon (Citrullus lanatus) is one of the most
important agricultural crops of the Cucurbitaceae family. It is widely cultivated worldwide due
to its refreshing taste, particularly during the summer season. Given the extensive use of
Vachellia nilotica trees as windbreaks in this area, it is essential to investigate their impact on
watermelon cultivation. Therefore, this study aims to analyze the effects of aqueous extracts
from V. nilotica on the germination and seedling vigor of watermelon (Citrullus lanatus) using
filter paper as a germination medium.

MATERIALS AND METHODS

The study was conducted in the laboratory of the Department of Plant Production Techniques at the
Higher Institute of Agricultural Technologies Derna, during the 2024 season. Its primary aim was to
investigate the effect of aqueous extracts from Vachellia nilotica leaves on the germination and
vigor of watermelon (Citrullus lanatus) seeds of the Germa F1 cultivar. To achieve this, three dis-
tinct concentrations of the extract (20%, 40%, and 60%) were prepared and tested. Each treatment
was replicated three times, along with a control treatment using distilled water. For the preparation
of the extract, leaves exhibiting healthy morphological characteristics were carefully selected. The
leaves were initially washed with tap water, then thoroughly rinsed again with distilled water. Sub-
sequently, the leaves were left to dry in the shade under natural conditions. Once dried, they were
ground using an electric grinder. The extraction process followed the protocol outlined by Masoud
et al, (2022). Specifically, an initial stock extract at 100% was prepared by mixing 100 grams of
dried leaf powder with 500 mL of distilled water in a 1-liter flask. This mixture was stirred on a
shaker for 24 hours. The resulting extract was first filtered through three layers of sterile gauze to



Al-Mukhtar Journal of Agricultural, Veterinary and Environmental Sciences 3 (2): 73-79, 2025 Page 69 of 80
Doi: https://doi.org/10.54172/53z2y290

remove solid residues, and then further filtered using Whatman filter paper No. 1. Finally, the filter
was centrifuged at 2000 rpm for 15 minutes to produce a 100% stock extract. From this concentrat-
ed stock, working concentrations were prepared by dilution with distilled water. Germination tests
were conducted using 10 cm diameter Petri dishes, with a total of twelve dishes, including the con-
trol. For each treatment, five seeds were weighed to determine their initial dry weight, placed in Pe-
tri dishes, and treated with 20 mL of the appropriate aqueous plant; distilled water was used for the
control. Seeds were soaked for 24 hours, then blotted dry with clean filter paper and weighed again
to calculate water absorption percentage. Subsequently, the seeds were placed on two layers of
moistened filter paper inside Petri dishes, which were re-moistened with the corresponding extract
as needed to prevent drying out (Othman et al., 2018). The filter paper was replaced every 48 hours
to prevent seed rot. Seeds were considered germinated when the radicle length reached 2 mm, and
daily germination counts continued until a stable germination rate was achieved (Murray et al.,
1979). In this experiment, this period lasted for two weeks. Various growth parameters were calcu-
lated as follows:

e Water absorption percentage: Calculated using the formula: Water absorption percentage =
[(Weight after soaking — Weight before soaking) / Weight before soaking) x 100 (Ban & Hussain,
2022].

e Germination percentage (GP): Expressed as the percentage of germinated seeds relative to the
total seeds. The final germination percentage was calculated by dividing the number of germinated
seeds by the total number of seeds and multiplying by 100 (Yousif et al., 2020).

e Radicle and plumule length (cm): The length of the radicle and plumule was measured in cen-
timeters for each seedling in each Petri dish after the germination period. The average lengths were
calculated using a ruler (Abdulhussein, 2016).

¢ Seedling dry weight (mg): The seedlings used for measuring length were also placed in perforat-
ed bags and dried in an electric oven at 80°C for 24 hours. After drying, their dry weights were rec-
orded, and the average dry weight was determined (Ahsyee et al., 2021).

e Statistical analysis: Data from all measured traits were analyzed statistically using a Completely
Randomized DESIGN (CRD). Treatment differences were evaluated using analysis of variance
(ANOVA) at a significance level of 5%, and means were compared using Tukey's Honestly Signifi-
cant Difference (HSD) test through the SPSS software package.

RESULTS AND DISCUSSION

Imbibition Rate :The results in Table 1 showed that treating watermelon seeds with aqueous ex-
tract of the Acacia prickly plant in concentrations of 40% and 60% led to a significant increase in
the rate of imbibition compared to the control treatment. This may be attributed to the increased
diffusion potential and attractive forces between water molecules and adsorbent molecules, as in-
dicated by a previous study (Ahsyee et al., 2021). However, no significant difference was ob-
served between the 20% concentration and the control treatment, indicating equal potency and
effectiveness in imbibitions.
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Table:(1). Impact of various concentrations of the aqueous extract of acacia prickly leaves on the rate of imbibition
of watermelon seeds.

Aqueous extract concentrations (%) Imbibition rate (%)
Control 12a + 0.57
20 1la + 0.01
40 23b + 0.33
60 14c + 0.33

Means followed by the same letter are not significantly different by Tukey's HSD test at 5% level.

Germination Percentage: The results presented in Table 2 showed that aqueous extracts of acacia
leaves do not significantly affect the germination percentage. All concentrations had an approxi-
mately similar effect, with no stimulating or inhibitory effect on germination compared to controls.
These results confirm the observations of Saeed et al. (2013), who revealed that wheat germination
was not significantly affected by the aqueous extract of (Syzygium cumini L.) leaves.

Table: (2). Impact of various concentrations of the aqueous extract of acacia prickly leaves on the germination percent-
age of watermelon seeds.

Aqueous extract concentrations (%) Germination rate percentage (%)
Control 100.0 +0.01
20 93.3 +6.7
40 86.7 +6.7
60 100.0 +0.01

Means followed by the same letter are not significantly different by Tukey's HSD test at 5% level.

Plumule Length: Table 3 shows that the low concentration of aqueous extract from acacia prickly
leaves stimulated the growth of the plumule length, but the high concentration of the extract (60%)
led to a significant decrease compared to 20%. This indicates that the stimulatory or inhibitory ac-
tion is concentration-dependent (Saxena, 1996). Similarly, Reigosa et al. (1999) found that certain
allelochemicals may either stimulate or fail to affect various plant species when applied at low con-
centrations. Supporting these observations, Khan et al.,(2005) also reported that bark extracts exhib-
ited similar behavior. Promoted the germination of Asphodelus tenuifolius. On the other hand, our
outcomes differ from those of Mehmood et al. (2011), who noted that the aqueous bark extract of
Acacia nilotica improved germination and shoot and root growth across various concentrations, ex-
cept at 20%, where it had an inhibitory effect.

Table: (3). Impact of various concentrations of the aqueous extract of acacia prickly leaves on the plumule length of
watermelon seeds.

Aqueous extract concentrations (%) Plumule length (cm)
Control 1.42a +0.20
20 10.47b +0.17
40 10.95b +0.28
60 8.33c +0.19

Means followed by the same letter are not significantly different by Tukey's HSD test at 5% level.

Radicle Length: In Table 4 the results show the radicle length of the red watermelon plant using
different concentrations of the aqueous extract of the acacia prickly plant. The inhibitory effect of
leaf filtration on the radicle length of the seedling was observed, as the of 20% and 40% did not
show any significant effect compared to the control. However, which indicates that these concentra-
tions of the extract did not significantly affect the length of the radicles. However, which indicates
that these concentrations of the extract did not significantly affect the length of the radicles. In con-
trast, the 60% concentration caused to a significant decrease in radicle length compared to the con-
trol. This result is consistent with previous studies that showed that increasing the concentration of
plant extracts often leads to radicle growth inhibition, as pointed out by Javaid and Shah (2007),
Roots are the first part of the plant to come into contact with the soil and its chemicals, so they are
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particularly vulnerable to the effects of plant extracts.A study by Djurdjevic et al. (2004), showed
that Acacia nilotica extracts rich in phenolic compounds such as gallic acid and catechin can inhibit
root growth. These compounds are believed to inhibit vital processes within the cell, such as cellu-
lar respiration, which leads to obstructing root growth (Abrahim et al., 2000).

Table:(4). Impact of various concentrations of the aqueous extract of acacia prickly leaves on the radicle length of wa-
termelon seeds.

Aqueous extract concentrations (%) Radicle length (cm)
Control 4.30 #0.30
20 4.30 +0.30
40 456 +0.19
60 3.76 +0.27

Means followed by the same letter are not significantly different by Tukey's HSD test at 5% level.

Dry Weight of Seedlings:Table 5 shows the results of the dry seedling weight of red watermelon
plants using different concentrations of aqueous extract of the acacia prickly plant. The dry seedling
weight was significantly higher at concentrations of 20% and 40% compared to the control, and
significantly lower at the 60% concentration. Meanwhile, the results obtained are consistent with
those of Tripathi et al. (1998). This consistency may be attributed to the biphasic response phenom-
enon, also known as hormesis, where low doses stimulate growth and high doses inhibit it. This ef-
fect is attributed to the allelopathic compounds, such as tannins and phenolics, present in the extract
(Saleha et al., 2018).

Table: (5). Impact of various concentrations of the aqueous extract of acacia prickly leaves on the dry weight of wa-
termelon seedlings.

Aqueous extract concentrations (%) Dry weight of seedlings (g)
Control 0.03a #0.01
20 0.82b +0.01
40 0.09b +0.01
60 0.03a +0.01

Means followed by the same letter are not significantly different by Tukey's HSD test at 5% level.

CONCLUSION

In this study, an applicable that the aqueous extracts of Vachellia nilotica leaves exhibit a variable
allelopathic effect on the germination and early growth of Citrullus lanatus seedlings, primarily de-
pending on the extract concentration. The results indicated that low concentrations (20% and 40%)
did not significantly affect germination percentage but stimulated shoot growth and increased seed-
ling dry weight, suggesting a positive influence on early developmental stages. In contrast, the
higher concentration (60%) resulted in a significant reduction in shoot and root length, reflecting an
inhibitory effect on root growth. This suppression may be attributed to allelopathic compounds in
the extract that interfere with cell division or nutrient uptake essential for growth. Furthermore,
higher concentrations (40% and 60%) enhanced seed imbibition compared to the control group,
which may be linked to alterations in seed membrane permeability due to bioactive compounds pre-
sent in the extract. Based on these findings, it is evident that the allelopathic effect of plant extracts
is dose-dependent, exerting a stimulatory effect at lower concentrations and an inhibitory effect at
higher concentrations. These results open new avenues for exploring the bioactive chemical con-
stituents of V. Nilotica and their mechanisms of action, potentially contributing to the development
of agricultural strategies that leverage allelopathy for weed management and sustainable crop pro-
duction systems.
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