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Abstract
The seedlings of Squash (Cucurbita pepo L.) were irrigated with aqueous extract
of crop residues of barley or wheat or oat, at a concentration of 50 g.L, or olives
at 25, 50, 75 and 100 g.L?, in addition to the control treatment (tap water) until
the flowering stage. A completely randomized design was used with the treat-
ments. The results showed that the fresh and dry weight of the shoots decreased
by (27, 26, 33%) and (26, 35, 44%), and the number of leaves and flower buds
(20, 20, 25%) and (28, 24, 40%) and leaf petiole length (38, 41, 47%), when
treated with aqueous extract of the residues of each of barley, wheat, or oats, re-
spectively, compared to the control. The results also showed the effect of the
aqueous extract of olive residues on the growth measurements of squash plants,
and the rate of decrease was directly proportional to the increase in the concen-
tration of the aqueous extract, and thus both the fresh and dry weight of the
shoots decreased by 51% and 42%, roots 43% and 25%, plant length 40%, num-
ber of leaves 29%, and leaf area 70%, respectively, compared to the control. The
results obtained show that the aqueous extract of different plant residues have a
clear role in reducing the growth of squash plants, and thus, this will be reflected
in productivity later. This type of effect is clearly due to the presence of an "alle-
lopathic" effect from growth-inhibiting substances present in the tissues of pre-
vious plant residues or their presence simultaneously with squash plants in the
field.
Keywords: Allelopathic; Cucurbita pepo L.; Squash; Aqueous extract; Crop
residues, Olive residues
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INTRODUCTION

The cultivation of field crops such as wheat, barley, and oat are widespread during the winter
season in vast areas of arable land. Despite the great benefit and significant profit from produc-
tion, the possibility of investing some of these areas in cultivating summer crops faces some
obstacles. The process of preparing the land for agriculture, which includes the process of
cleaning it from the remains of the previous crop, will not be easy and will not be achieved
completely, and it may be impossible to get rid of the roots, stems, and even grains left behind
by plants. Also, the presence of plant remains is not limited to what is left behind by field crops
only, but it may also come from fallen leaves from cultivated trees, such as olives and others,
and this cannot be avoided when wanting to exploit the interstitial spaces by planting some oth-
er crops.

The presence of these plant remains and their decomposition in the lands targeted for cultiva-
tion is greatly beneficial in improving the properties of the soil and increasing its fertility, and
thus this is reflected in increased production. However, in many cases this may lead to a nega-
tive impact on the productivity of the next crop due to the plant remains containing substances
that hinder growth and the natural development of some plant species, which is known as the
“allelopathic” effect. It is recognized that plants compete with each other in various aspects of
their lives, such as moisture, nutrients, and light, directly or through the influence that is com-
mon in nature, which is an inhibitor of the growth of other plants (Tanveer et al., 2010). The
inhibitory effect of one plant on the growth of another plant appears through the ability of one
plant to release allelopathic chemicals that inhibit the growth of other plants (Abu Rumman,
2016; Kluth et al., 2018). Allelopathic compounds are formed and accumulated in all parts of
the plant, roots, stem, rhizome, leaves, fruits, and seeds (Vijayan, 2015). But the leaves are con-
sidered the most important parts of the plant in accumulating at the highest level (Kumari et al.,
2016). Allelopathic compounds come into contact with other competing plants by filtering de-
composing plant residues, root filtration, volatilization, as well as some other processes (Sikolia
& Ayuma, 2018). Indeed, Zuo et al., (2005) found that the aqueous extract of a group of wheat
varieties reduced the length of the root system of lettuce plants at several stages of the plant's
life. As much, wheat plant residues reduced the dry weight of the root and shoot of oat plants
(Mahmood et al., 2013). Also, Ashrafi et al. (2007) found that aqueous extracts of barley re-
duced the germination rate, the length and weight of the upper embryonic stalk, and the length
and weight of the radicle of (H. spontaneum). While that, Ben-Hammouda et al., (2001) indi-
cated that aqueous extracts of barley reduced root and seedling growth for several wheat varie-
ties. On the other hand, Shao et al., (2019) found that the aqueous extract of oat plants reduced
the germination rate, and also decreased shoot length and root length of wheat plants. In addi-
tion to those high concentrations of 50% and 100% oat aqueous extract reduced the germination
rate, the dry weight of the shoot and root system, the plant height, and the number of leaves of
cucumber plants (Wang et al., 2010). On the other hand, Tubeieh & Souikane (2020) found that
aqueous extract of olive tree residues reduced the rate and speed of germination of four types of
weeds. Orr et al., (2005) also found that olive leaf extract reduced the germination rate and bi-
omass of roots and leaves of some forest trees. As well as, the waste of olive presses reduced
the length of the shoot and root and their fresh and dry weight, and the content of the shoot of
sugars and proteins decreased (Saleh, 2013). Popolizio et al., (2022) added that the waste of ol-
ive presses reduced the rate and speed of germination of tomato plants. After that, Endeshow et
al., (2015) pointed out that adding olive branch residue to the growth environment of olive
seedlings reduced the dry weight of the shoot, the length of the seedling, and the dry weight of
the root shoot. It also reduced the shoot to root ratio, and the content of the leaves and roots of
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nitrogen and phosphorus was also reduced. Moreover, Zairi et al. (2020) found that the germi-
nation rate of wheat and flax plants showed a gradual decrease with the increase of all concen-
trations of aqueous extracts of olives. In addition to that, Al-Samarai et al., (2018) found that
irrigation with olive leaf extracts reduced the germination rate and growth of hops. As for
squash plant, it was allelopathically affected by extracts of forest trees (Eucalyptus and Acacia),
so the germination rate and speed decreased, the fresh and dry weight of the plant decreased,
and the number of leaves and flower buds of the plant decreased (Alasheebi et al., 2021). El-
shora and Abd El-Gawad (2015) also found that the extract of the purslane plant, (Portulaca
oleracea L.), reduced the germination rate of squash plants, and the leaf content of protein,
chlorophyll b, a, and total decreased, while the percentage of proline increased. The allelopathic
effect is clearly achieved between the remains of dead plants and developing plants, and it also
commonly occurs between growing and neighboring plant species, and thus plants are affected
by the appearance of symptoms of general weakness represented by lack of growth and im-
paired development. Therefore, growing summer Squash (Cucurbita pepo L.) often on lands
previously planted with winter crops or in the spaces between fruit trees makes it highly ex-
posed to the influence of the remains of previous or neighboring plants. Given the importance
of the squash crop, it is necessary to investigate the problems that hinder its growth and in-
crease its production. Therefore, this research will focus on the extent to which the residues of
some field crops and trees affect the growth and development parameters of the squash plant.

MATERIALS AND METHODS

Plant material and growth conditions: The experiment was carried out at the research station of
the Faculty of Agriculture - University of Benghazi — Libya, during the summer seasons of 2022
and 2023. The study began by planting two-week-old squash (Cucurbita pepo L. Alex-andria F1)
seedlings in a culture medium (soil, sand, and peat moss in volume ratios 1:1:1) in 3-liter of plastic
pots. Throughout the experiment, the plants were fertilized by mixing modified Hoagland Solution
as a complete nutrient solution (NS) with irrigation water. The full NS contains (in m mol. L) 5
KNOs3, 5 Ca (NOz3)2:4H.0, 2 MgSO4-7H20, 1 KH2PO4, 0.02 FeSO4-7 H20; 0.02 Nax- EDTA,; 2
H->0; 0.045 H3BOs; 0.01 MnCl2-4 H20, and (in umol/L) 0.8 ZnSO4-7 H20, 0.4 Na2Mo04-2 H-0,
and 0.3 CuS04-5 H20. Plants were grown under a plastic cover for protection from rain at 14h pho-
to-period. Photosynthetic active radiation reached a daytime peak value of 1250 pmol.m™. s, and
the temperature and relative humidity were 31 and 19°C and 41 and 80% during the day and night
periods respectively. Irrigation was scheduled according to plant requirements and the substrate wa-
ter holding field capacity. The aqueous extract concentrations were prepared by first grounding the
dry leaves of each barley or wheat or oat, as well as olives, then soaking certain weights in fresh
water according to the required concentrations for 24 hours at room temperature, and second, the
extract was filtered and used immediately under field conditions for irrigation.

Treatments: The plants were irrigated with aqueous extract of crop residues of each barley or
wheat or oat, at a concentration of 50 g.L%, or olives at concentrations of 25, 50, 75 and 100 g.L?,
in addition to the control treatment (tap water only) until the flowering stage was reached.
Measurements: The measurements were effectuated after three weeks from planting, fresh weight
(FW) of shoot and root were measured, then plants were dried for three days in an oven at 65 °C
(until there was no decrease in weight) for determination of dry weight (DW) of shoot and root, the
percentage of water content (WC) was also measured. The number of flower buds and leaves were
counted, the height of plant and length of petioles, as well as leaf area was also estimated by the
correlation between leaf area and leaf fresh weight (Watson, 1937).

Experimental design and statistical analysis: The data represent averages for two separate exper-
iments. Each treatment was replicated six times, where each pot is considered a one replicate, and
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by a plant in each pot. The first experiment consists of one factor with 4 levels of aqueous extract
types (wheat, barley and oat extract as well as control) at a concentration of 50 g.L . The second
experiment consisted of one factor with 5 levels representing the concentrations of leaf aqueous ex-
tract of olive (0, 100, 75, 50, 25) g.L™*. A completely randomized design was used with the treat-
ments. The data were subjected to a one-way analysis of variance and the means were compared
using the least significant difference test (LSD) at 5% significance level.

RESULTS

The results in table 1. showed a significant decrease in the fresh weight (FW) and dry weight
(DW) of the shoots of squash plants when irrigated with aqueous extracts of field crop residues
(barley, wheat, oat), where the largest percentage of decrease was recorded from treatment with
oat extract at a rate of 33 and 44%, while the percentages of decrease were recorded when treated
with barley and wheat extracts, 27 and 26%, 26, and 35%, respectively, compared to the control
treatment. Irrigation with aqueous extracts of crop residues also had a significant effect on the
number of plant leaves, decreasing by 20 to 25% compared to the control treatment. The number
of flower buds and leaf petiole length also decreased significantly, and the largest decrease values
were attributed to oat extract by 40 and 47%, respectively, while the percentages decreased to 28
and 38%, respectively, when irrigated with barley extract, and 24 and 41% when irrigated with
wheat extract, respectively. On the other hand, irrigation with aqueous extracts of field crop resi-
dues did not significantly affect the water content (WC) of squash plants.

Table:(1). Effect of aqueous extract of some crop residues (50 g.L-1) on some growth measurements of squash plants.

Types of Shoot

aqueous Shoot Red. DW Red. Leaf Red. Flower Red. Leaf petiole Red. WC Red.

extract FW (g) (%) @ (%) No. (%) buds No. (%) length (cm) (%) (%) (%)

Control 7.7% - 0.872 - 5.0 - 6.12 - 11.52 - 90 -

Barley 5.6° 27 0.64° 26 4.0 20 4.4° 28 7.1° 38 88 1

Wheat 5.7° 26 0.56° 35 4.0 20 4.6° 24 6.8° 41 90

Oat 5.1° 33 0.48° 44 3.8° 25 3.6° 40 6.1° 47 90 0
LSD 0.45 - 0.11 - 0.38 - 0.71 - 0.62 - N.S

Each value represents mean of six replicates. Means followed by the same letter in each column are not significantly different by
least significant difference (LSD) test at 5% level.

FW: fresh weight; DW: dry weight.

Red. (%): attributable reduction percent to control value.

The results presented in table 2. showed that the growth of squash plants was affected when irrigat-
ed with aqueous extracts of olive leaves at different concentrations. The fresh weight of the shoot
(FW) and root (DW) decreased significantly compared to the control treatment, and the decrease
was directly proportional to the increase in the concentration of the aqueous extracts (25, 50, 75,
and 100 g.L%), with decrease rates of 29, 47, 47 and 51%, and 23, 42, 42 and 42%, respectively.
The FW of the roots also decreased directly with increasing concentration of aqueous extracts, with
decreases of 17, 22, 39 and 43%. The DW of the roots also decreased significantly by 25% for all
concentrations compared to the control treatment. Also, aqueous extracts of olive leaves had a di-
rect effect on reducing plant height with increasing concentrations of the extracts. The lowest val-
ues were with the treatment with the highest concentration (100 g.L™?), at a rate of 41%, while the
rest of the treatments led to a decrease of 25, 27 and 28%, respectively. The number of leaves also
decreased significantly as a result of irrigation with aqueous extracts of olive leaves, and the per-
centages of decrease were 12, 14, 29 and 29%, respectively. The leaf area of the plant also de-
creased significantly and in a direct pattern with increasing concentration of extracts, with percent-
ages of decrease of 31, 52, 61 and 70%, respectively. On the other hand, the water content (WC) of
the plant was not significantly affected by irrigation with aqueous extracts of olive leaves.
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Table:(1). Effect of aqueous extract concentrations of olive tree residues on some growth measurements of squash
plants.

Agueous

extract Shoot Red. Sgsst Red. T:(\J;\)/t Red. RD%(\)} Red. r':eli‘zr;;[t Red. Leaf Red. I;::; Red. WC Red.
Con. Fw % % % % % No. % % % %
LY ()] (%) (9) (%) (9) (%) (9) (%) (cm) (%) (%) (cm?) (%) (%) (%)
Control 19.5° - 2.6 - 2.3% - 0.39* - 17.6° - 5.8% - 62.7% - 86 -
25 13.8° 29 2.0° 23 1.9% 17 0.29° 25 13.2° 25 5.1% 12 43.4° 31 85 1
50 10.3¢ 47 15¢ 42 1.8 22 0.30° 25 12.8° 27 5.0° 14 30.3° 52 85 1
75 10.3¢ 47 15¢ 42 1.4 39 0.30° 25 12.7° 28 4.1° 29 24.6% 61 85 1
100 9.5° 51 15¢ 42 1.3¢ 43 0.29° 25 10.4¢ 41 4.1° 29 18.7¢ 70 84 2
LSD 3.12 - 0.39 - 0.40 - 0.08 - 2.20 - 0.65 - 10.1 - N.S -

Each value represents mean of six replicates. Means followed by the same letter in each column are not significantly different by
least significant difference (LSD) test at 5% level.

FW: fresh weight; DW: dry weight.

Red. (%): attributable reduction percent to control value.\

DISCUSSION

Aqueous extracts of field crop residues (barley, wheat, and oat) had a negative effect on the growth
of squash plants, which led to a decrease in the FW and DW values of the shoot and root system. It
also led to a decrease in the number of leaves, the length of leaf petioles, and the number of flower
buds. Our result is consistent with findings of many studies (Zuo et al., 2005; Ashrafi et al., 2007;
Wang et al., 2010; Mahmood et al., 2013) that's where the effect of barley, wheat and oat residues
has been clearly manifested. It has a negative effect on plant growth resulting from the secretion of
dissolved chemicals that inhibit growth (allelopathic effect). In addition, it may contribute to raising
the osmotic pressure of the soil solution, which makes it difficult for the plant to absorb water.
These materials may also raise the pH value of the soil and thus make it difficult for some nutrients
availability. This condition leads to a deficiency in the plant growth and reflects negatively on the
efficiency of the photosynthesis process, subsequently leads to weak plant growth. This leads to
stunted growth of the plant, small size and small number of leaves, and thus poor fruit production of
the plant. The most negative allelopathic effect was for the aqueous extract of oats, as it gave the
lowest values for plant growth measurements. While the barley plant extract had the least effect on
plant growth than the other aqueous extracts, although there were significant differences between
the barley extract treatment and the control. As for the aqueous extract of the wheat plant, its inhibi-
tory effect was intermediate between the effect of the aqueous extract treatments of barley and oat.
Also, the allelopathic effect of olive leaf residues negatively affected the growth of squash plants,
which led to a significant decrease in the FW and DW of both the shoot and root system, and a sig-
nificant decrease in the length of the plant, the number of leaves, and the leaf area of the plant com-
pared to the control treatment. This is confirmed by several studies on the effect of olive leaf resi-
dues (Orr et al., 2005; Endeshow et al., 2015; Al-Samarai et al., 2018), as the negative impact of
the allelopathic effect on plant growth increased with increasing concentration of aqueous extracts,
which was mentioned by Zairi et al., (2020). The reason may be that the concentration of growth
inhibitory substances increases with the concentration of aqueous extracts. In addition to increasing
the osmotic pressure of the soil solution and affecting the soil pH, which causes difficulty in ab-
sorbing water and nutrients necessary for plant growth (Endeshow et al., 2015). It will certainly af-
fect the efficiency of the photosynthesis process and thus reduce the plant’s content of the essential
compounds needed for growth. In addition, the level of sugars and proteins is affected, which leads
to a general weakness in plant growth and a decrease in dry matter synthesis (Saleh, 2013). In addi-
tion to was mentioned above, a decrease in leaf area and the number of leaves per plant means a
decrease in the area and efficiency of the plant, which appears in the form of stunting, weak plant
growth, and decreased dry matter formation. This certainly leads to poor flowering and fruiting de-
velopment of the plant and thus a quantitative and qualitative decline in p
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CONCLUSION

The allelopathic effect of aqueous extracts of barley or wheat or oat leaves on the one hand and of
olive leaves on the other hand on the growth of squash depends on the type of plant affected and the
concentration of its aqueous extract. The growth parameters of squash plants were clearly affected
after irrigation with different water extracts. The effect greatly weakened plant growth, especially
when treated with oat residue, while the effect was less severe with barley and wheat residue. On
the other hand, the decrease in plant growth is directly proportional to the increase in the concentra-
tion of the aqueous extract of olive leaves.
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