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Abstract

This study aims to study the effect of the interaction between poultry manure levels and foliar urea concentrations in improving the
growth and productivity of the lettuce plant. A field experiment was undertaken during the 2024-2025 winter growing season to
investigate the impact of varying poultry manure levels and urea foliar spray on local lettuce growth and productivity. The experiment
was conducted in the College of Agriculture, University of Anbar, Iraq, at roughly 33.35° N latitude and 43.79° E longitude. Three
poultry manure levels (0, 15 and 30 t ha') and 3 foliar urea concentrations (0, 0.5 and 1 %) were tested. The experiment employed 3
replications as a randomized complete block design (RBD). Application of 30 t ha* poultry manure significantly increased plant height,
total number of leaves, leaf area, plant weight and total yield, with the highest yield of 58.32 t ha’. As for the effect of spraying with
urea, the U2 treatment showed the best values for the studied traits including (plant height, total number of leaves, leaf thickness,
leaves area, head diameter, total plant weight and total yield) which reached (42.03 cm, 64.17 leaf plant?, 0.32 mm, 35.94 dm? plant?,
20.54 cm, 1.68 kg and 55.69 t ha™'), respectively. On the other hand, the overlap of the 2 study factors revealed a significant effect on all
examined parameters excluding leaf thickness and the best values for all traits appeared when W,U, was treated, while the treatment
of no addition of poultry manure and spraying with urea WoU, showed the lowest values for all parameters. It is concluded from our
study that the use of poultry manure and spraying with urea contributes significantly to boosting the growth traits of local lettuce,
which is demonstrated positively in increasing the yield, so we recommend through the results of the study organic fertilisation with
poultry manure and spraying with urea, as well as the interaction of the 2 study factors in order to give the best growth and yield to
lettuce plants.
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competence of future successive generations to meet their own
needs (5, 6). In this context, lettuce is an important leafy crop with
high nutritional value, which can be grown in sustainable ways that
reduce resource consumption and preserve the environment. One
modern approach gaining global traction is the utilisation of organic
manures, which possess high nutritional content, enhance soil
fertility and improve chemical and physical properties, including
cation exchange capacity and water retention capacity, while
releasing beneficial amino acids (7, 8). The lettuce plant is of great
medical importance as it mainly contributes to weight loss,
promoting heart health, lowering cholesterol, maintaining digestive
health, treating sleep disorders, boosting immunity, preventing

Introduction

Lettuce (Lactuca sativa L.) pertains to the family Asteraceae and due
to its exceptional nutritional value, it is a vital winter vegetable crop
globally, including Iraq (1). Irag's local and foreign lettuce varieties
primarily belong to the Cos or Romaine group, renowned for
superior nutritional content. Lettuce latex contains lactucin and
lactucopicrin, regulating the nervous system, enhancing sleep,
appetite and digestion, reducing blood pressure and cholesterol
levels and providing antioxidants (2, 3).

The crop's consumption relies heavily on fresh leaf intake,
resulting in high nitrogen requirements. However, chemical

fertilisers pose significant environmental and health risks due to their
nitrogen content. Consequently, there is a growing trend towards
reducing chemical fertiliser use and adopting sustainable,
scientifically driven alternatives (4). Sustainable development is one
of the most prominent global trends in modern agriculture, seeking
to meet the needs of the present absent from compromising the

cancer and promoting and strengthening bone health (9). Poultry
manure is rich in essential nutrients and improves soil fertility. This
eco-friendly fertilizer provides plants with the necessary nutrients
without harming human health or the environment (10).
Macronutrients are crucial in plant organ growth and development,
influencing metabolic processes. Nitrogen regulates plant hormone
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activity, notably auxins, promoting cell division and increasing
meristematic cell numbers. This, in turn, enhances shoot growth (11,
12). Foliar application is an effective fertilisation technique, enabling
plants to absorb essential nutrients directly. Research has
demonstrated the efficacy of foliar application in vegetable crops.
Specifically, studies on lettuce have shown that foliar-applied urea
enhances vegetative growth yield and reduces leaf nitrate levels (13,
14).

However, limited information is available on the combined
effect of poultry waste and foliar urea application on lettuce growth
and vyield under Iraqgi conditions. Consequently, this study was
undertaken to evaluate the effect of poultry waste and foliar urea on
yield and growth of lettuce. This research evaluates the effect of use
of organic fertilisers (poultry waste), which contributes to improving
soil fertility without causing pollution. Different poultry waste levels
on lettuce growth and yield. Furthermore, it seeks to identify the
optimal urea concentration for foliar application to maximize
production. Our study hypothesises that the use of poultry fertiliser
with spraying of urea at different levels will contribute to optimising
vegetative growth and increasing the productivity of the native
lettuce plant. It is expected that there will be a positive interaction
between organic poultry manure and urea, which will enhance the
growth of traits studied. It is also assumed that essential nutrients,
when added in a balanced way, either directly to the soil or indirectly
by spraying them on the leaves, will contribute to improving the
qualities of lettuce and increase its resistance to various
environmental stresses. The study aims to evaluate the effect of
adding poultry fertilizer at different levels and spraying urea, as well
as determining the best combination of both study factors that
contribute to achieving the best growth of local lettuce plants and
improving their productivity.

Materials and Methods

A field experiment was conducted during the winter season 2024~
2025 at the vegetable research field of the Department of
Horticulture, College of Agriculture, University of Anbar, Irag, to
evaluate study the effect of poultry manure and foliar urea
application on growth and yield of lettuce (L. sativa). The treatments
consisted of three poultry manure levels (0, 15 and 30 t ha') and
three foliar urea concentrations (0, 0.5 and 1 %). Poultry manure was
incorporated into the soil before planting (15). The field soil
designated for research was prepared by plowing it with a flip plow
and then the area allocated for the experiment was divided into
three equal blocks. Each block contained nine treatment plots,
resulting in a total of 27 experimental units. The area of the
experimental unit was 5 m? and its dimensions were (1 x 5 m). Each
unit consisted of one row, 5 m long and 1 m wide and the distance

Table 1. Chemical and physical characteristics of experimental soil

2

between one row and another is 0.80 m. Each row contains 17
plants. The distance between one plant and another is 0.30 m, so
the plants number in the experimental unit is 17 plants. Basal N, P
and K fertilisers were applied according to recommended rates (6
kg. N ha?, 8 kg. P,0s ha?, 4 kg. K;0 ha?). Seeds were sown in a
nursery on 15 October 2024 and seedlings were transplanted to the
field on 30 October 2024 at the 2-3 leaf stage. Foliar urea was applied
6 weeks after transplanting by dissolving urea (46 % N) in distilled
water to obtain concentrations of 0.5 % and 1 %. Distilled water was
used as control. Spraying operations were executed until the plants
were completely wet, with 3 sprays and 15 days apart from one
another. The experiment was performed in RCBD and treatment
means were compared using the LSD test at p<0.05 (16). The data
were analysed using the Genstat software. Table 1 shows some of
the characteristics of the field soil.

Studied traits

Five plants were randomly chosen from every experimental unit to
make the required measurements for all traits including:

1. Plant height (cm): The plant height (when harvested) was
calculated using a metric tape measure from the soil surface level
to the top of the head for the plants marked for each
experimental unit and then calculated at their average.

2. Number of leaves (leaf plant): The total number of leaves for
each of the five plants was calculated and the average for those
plants was measured.

3. Leaf thickness (mm): This trait was measured for three outer
leaves using a Vernier digital caliper for each of the plants studied
in each experimental unit and the average for those plants was
measured.

4. Leaves area (dm?plant?): The leaf area of the plant was calculated
in accordance with the method described by previous
researchers (17). Then the total leaves area of the plant was found
by the multiplied leaf area by the total of leaves number of the
plant.

5. Head diameter (cm): The head diameter was assessed after
removing the outer leaves and keeping only the curled leaves
from each experimental unit with a measuring tape and the
average was calculated for them.

6. Plant weight (g plant?): The plant weight was calculated by
dividing the weight of five plants by their number.

7. Total yield (t ha): Calculate the total yield of the experimental
unit according to the following equation:

Experimental unit yield = yield of one plant x number of plants in the
experimental unit (17 plants).

a1 Bulk density CaCoOs: Total N P Av.
pH ECdsm 0.M % gcm? g Kg* % mg Kg*
7.61 2.93 2.78 1.52 124.40 0.29 1.73
Mg+ Ca™ Na* COs™ HCO3" Cl N’y
meq L* meq L? meq L* meq L* meq L*? meq L* meq L
48.31 82.46 33.94 0.86 Nil 4.59 35.13
Sand Silt Clay
gKg? g Kg? g Kg? Texture
547.0 214.3 238.7 Sandy Clay Loam

EC: Electrical conductivity; 0.M: Organic matter; Bulk density; CaCO,: Calcium carbonate; Total N: Total nitrogen; P Av.: Available phosphorus.
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Results and Discussion
Plant height (cm)

Poultry manure significantly affects plant height (Table 2). The
highest plant height (42.64 cm) was recorded at 30 t ha, while the
lowest (35.25 cm) was observed in control. Foliar urea significantly
increased plant height, with maximum height (42.03 cm) at 1 % and
minimum (36.92 cm) in control. The interaction effect was
significant. The highest plant height (46.53 cm) was recorded at
W,U,, while the lowest (33.03 cm) was recorded at WoUo.

Table 2. Effect of poultry waste and foliar urea on the plant height

(cm).
Poultry manure (t ha?)
Urea (%) Wo W, W, Mean
Otha! 15tha! 30tha?
Uo 0% 33.03 38.21 39.53 36.92
U:10.5% 35.53 41.26 41.86 39.55
U21% 37.20 42.36 46.53 42.03
Mean 35.25 40.61 42.64

LSD (p <0.05): Poultry manure =0.98 Urea=0.98 Interaction =1.73

Values are mean + standard error of 3 replicates. LSD (p<0.05) indicates
least significant difference for main effects and interaction.

Number of leaves (leaf plant?)

Poultry manure significantly affected number of leaves (Table 3). The
number of leaves (70.32 leaf plant®) was recorded at 30 t ha*, while
the lowest (44.69 leaf plant?) was observed in control. Foliar urea
significantly increased number of leaves, with maximum leaves
number (64.17 leaf plant?) at 1 % and minimum (50.49 leaf plant™) in
control. The interaction effect was significant. The highest leaves
number (79.17 leaf plant?) was documented at W-U,, while the
lowest (39.83 leaf plant?) was documented at WoUo.

Table 3. Effect of poultry waste and foliar urea on number of leaves
(leaf plant ).

Poultry manure (t ha?)

Urea (%) Wo W, W, Mean
Otha? 15tha’ 30tha'
Uo 0 % 39.83 51.94 59.69 50.49
U10.5% 45.57 62.10 72.10 59.92
U21% 48.67 64.68 79.17 64.17
Mean 44.69 59.57 70.32

LSD (p=0.05): Poultry manure =0.98 Urea=0.98 Interaction =1.73

Values are mean + standard error of 3 replicates. LSD (p=<0.05) indicates
least significant difference for main effects and interaction.

Leaf thickness (mm)

Poultry manure significantly affects leaf thickness (Table 4). The leaf
thickness (0.32 mm) was recorded at 30 t ha?, while the lowest (0.27
mm) was observed in control. Foliar urea significantly increased leaf
thickness, with maximum leaf thickness (0.32 mm) at 1 % and
minimum (0.28 mm) in control. Altematively, the interaction
between the two study factors exhibited no significant differences
between treatments.

Leaves area (dm?plant?)

Poultry manure significantly affected leaves area (Table 5). The
leaves area (38.42 dm?plant?) was recorded at 30 t ha?, while the
lowest (31.50 dm? plant?) was observed in control. Foliar urea
significantly increased leaves area, with maximum leaves area

Table 4. Effect of poultry manure and foliar urea on leaf thickness
(mm)

Poultry manure (t ha?)
Urea (%) Wo W, W,

Otha' 15tha’ 30tha* Mean
Us 0% 0.24 0.29 0.30 0.28
U10.5% 0.27 0.31 0.32 0.30
Uz 1% 0.29 0.33 0.35 0.32
Mean 0.27 0.31 0.32

LSD (P <0.05): Poultry manure =0.98 Urea=0.98 Interaction =1.73

Values are mean * standard error of 3 replicates. LSD (p<0.05) indicates
least significant difference for main effects and interaction.

(35.94 dm? plant?) at 1 % and minimum (30.63 dm? plant?) in
control. The interaction effect was significant. The highest area of
leaves (38.42 dm? plant?) was recorded at W,U,, while the lowest
(27.85 dm? plant?) was recorded at WoUo.

Table 5. Effect of poultry manure and foliar urea on leaves area (dm?
plant?)

Poultry manure (t ha?)

Urea (%) t“t’:al 15 \:v:ml 30 ‘tmlzm-1 Mean
Uo0 % 27.85 31.56 32.47 30.63
U10.5% 32.40 34.61 36.69 34.57
U21% 34.25 35.16 38.42 35.94
Mean 31.50 35.16 38.42

LSD (p <0.05): Poultry manure = 0.98 Urea=0.98 Interaction =1.73

Values are mean + standard error of 3 replicates. LSD (p<0.05) indicates
least significant difference for main effects and interaction.

Head diameter (cm)

Poultry manure significantly affected head diameter (Table 6). The
head diameter (22.11 cm) was recorded at 30 t ha?, while the lowest
(1514 cm) was observed in control. Foliar urea significantly
increased head diameter, with maximum head diameter (20.54 cm)
at 1% and minimum (16.87 cm) in control. The interaction effect was
significant. The highest head diameter (24.67 cm) was recorded at
W,U,, while the lowest (13.67 cm) was recorded at WoUo.

Table 6. Effect of poultry waste and foliar urea on head diameter
(cm)

Poultry manure (t ha?)

Urea (%) W, W, W

Otha' 15tha’ 30tha* Mean
Us 0% 13.67 17.65 19.28 16.87
U1 0.5% 15.27 19.92 22.38 19.19
U:1% 16.47 20.47 24.67 20.54
Mean 15.14 19.35 22.11

LSD (p= 0.05): Poultry manure = 0.98 Urea=0.98 Interaction =1.73

Values are mean * standard error of 3 replicates. LSD (p<0.05) indicates
least significant difference for main effects and interaction.

Plant weight

Poultry manure significantly affected plant weight (Table 7). The
plant weight (1.68 kg) was recorded at 30t ha, while the lowest (1.32
kg) was observed in control. Foliar urea significantly increased plant
weight, with maximum value (1.68 kg) at 1% and minimum (1.38 kg)
in control. The interaction effect was significant. The highest plant
weight (1.85 kg) was recorded at W,U,, while the lowest (1.09 kg) was
recorded at WoUo.
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Table 7. Effect of poultry manure and foliar urea on plant weight

(kg)
Poultry manure (t ha)
Urea (%) W, W, W, Mean
oOtha! 15tha?! 30tha?

Uo 0% 1.09 1.48 1.58 1.38
U:0.5% 1.42 1.61 1.62 1.55
U1% 1.44 1.76 1.85 1.68
Mean 1.32 1.62 1.68

LSD (p=<0.05): Poultry manure =0.98 Urea=0.98 Interaction =1.73

Values are mean + standard error of 3 replicates. LSD (p<0.05) indicates
least significant difference for main effects and interaction.

Totalyield

Poultry manure significantly affected yield (Table 8). The yield (58.32
t ha?) was recorded at 30 t ha?, while the lowest (44.76 t ha) was
monitored in control. Foliar urea significantly increased yield, with
maximum value (55.69 t ha') at 1 % and minimum (47.09 t ha?) in
control. The interaction effect was significant. The highest yield
(62.42 t ha') was registered at W,Us, while the lowest (37.54 t ha?)
was registered at WoUo.

Table 8. Effect of poultry manure and foliar urea on total yield (t ha)

Poultry manure (t ha?)
Urea (%) W, W, W,

Otha®  15tha! 30tha* Mean
Uo 0% 37.54 49.97 53.76 47.09
U10.5% 47.95 54.67 58.79 53.80
U:1% 48.79 55.86 62.42 55.69
Mean 44.76 53.50 58.32

LSD (p= 0.05): Poultry manure = 0.98 Urea=0.98 Interaction =1.73

Values are mean + standard error of 3 replicates. LSD (p<0.05) indicates
least significant difference for main effects and interaction.

Discussion

The improvement in yield and vegetative growth observed with
poultry manure application may be attributed to increased
availability of fundamental nutrients, particularly N, P and K, which
assist cell division and plant development (17, 18). Poultry manure
increases organic matter in the different soil, which enhances the
number and activity of microorganisms and increases the function
of enzymes, which in turn work to dismantle organic compounds
and then liberate elements from them, rising plant growth rates (19,
20). The rise in the height of lettuce plants, their number of leaves
and the total yield is caused by the large content of poultry waste,
major and minor nutrients and organic matter that effectively
contribute to boosting the physical, fertility and microbial traits of all
soil. It helps raise aeration and improve soil granular structure,
increasing the spread of roots in the soil and increasing their
competence to absorb water and nutrients (21, 22). It also increases
the cationic exchange capacity of the soil, which in turn contributes
to reducing the loss of elements and making it ready for the plant for
a longer period (23, 24). This, in turn, reflects positively on vegetative
growth, including an increase in plant height and leaf count (25). On
the other hand, urea spraying plays a major role in rapidly and
directly preparing nitrogen for plants, especially at critical stages of
plant growth where the roots cannot absorb enough nutrients from
the soil (26). Urea is absorbed very efficiently by the leaves, which
contributes to increasing the metabolic activity of the plant and
promoting cell division and elongation, which leads to an increase in

vegetative growth of plants, which is positively reflected in the
increaseinyield (27).

It is observed that an increase in the studied traits coincided
with an increase in urea concentrations when sprayed on plants and
the reasons for this can be attributed to the effect of nitrogen in
increasing the activity of the meristematic tissues which promote cell
division and elongation as a result of the increased concentration of
auxin or the readiness of the basic materials that the plant needs in
construction processes, such as amino acids and some enzymatic
companions such as NAD and NADP, which enter the nitrogen
element in its composition (28, 29). The high concentrations of both
30 t ha? poultry fertiliser and 1 % urea when interaction showed a
significant effect on all studied traits except leaf thickness and the
reasons for this may be due to the complementary effect of both
study factors, which leads to high efficiency in the use of nutrients, as
poultry fertiliser provides a suitable soil environment for plant root
growth, while foliar spraying with urea prepares plants with the
elements quickly and efficiently when needed (30-33). This balance
between ground and foliar feeding plays a major role in achieving
balanced and strong plant growth and thus contributes to achieving
the best result. These findings agree with previous studies reporting
increased lettuce growth and yield following organic manure and
nitrogen application (34-38).

Conclusion

Our study concludes that the addition of poultry fertiliser and
spraying with urea both showed a significant positive effect in
boosting the growth manifestations and rising the productivity of
lettuce. It was found that the best treatment of organic fertilizer was
30tha*, which improved soil properties such as increasing its fertility
and equipping plants with major and minor nutrients necessary for
vegetative growth and yield. In addition, compost increases soil
aeration, improves its water retention and has a role in enhancing
the microbial activity necessary in the decomposition of organic
matter and the release of necessary nutrients for plants gradually
and for a long time. As for urea spraying, the findings of the study
demonstrated that the best concentration is 1 %, as the nitrogen
element prepared the plants easily and quickly by absorbing it by the
leaves, which greatly encourages the photosynthesis process and
increases the growth rate and elongation of cells, which thus
contributes to improving growth and increasing the rate of
accumulation of carbohydrates in the plants, which was beneficially
reflected in increasing the final product. When 30 t ha? poultry
fertiliser is applied with 1 % urea spraying, a marked improvement is
observed in the studied qualities, as the balance of ground and foliar
feed enhances the absorption efficiency of major and minor
elements necessary for plant growth and also improves the
physiological processes that take place inside the plant, including
photosynthesis, respiration and nutrient transport, thus leading to
balanced and vigorous growth.

Acknowledgements

The author sincerely thanks the Department of Horticulture, College
of Agriculture, University of Anbar, Iraq, for providing research
facilities and field support during the study.

https://plantsciencetoday.online


https://plantsciencetoday.online

Authors' contributions

WSK, RMHA, BMA, IHMSA and AFZA conducted the experimental
study and collected the data. WSK performed the statistical analysis.
All authors read and approved the final manuscript.

Compliance with ethical standards

Conflict of interest: Authors do not have any conflicts of
interests to declare.

Ethicalissues: None

References

1.

10.

11.

12.

13.

14.

Yang X, Gil MI, Yang Q, Tomas-Barberan FA. Bioactive compounds in
lettuce: highlighting the benefits to human health and impacts of
preharvest and postharvest practices. Compr Rev Food Sci Food
Saf. 2022;21(1):4-45. https://doi.org/10.1111/1541-4337.12877

Shi M, Gu J, Wu H, Rauf A, Emran TB, Khan Z, et al. Phytochemicals,
nutrition, metabolism, bioavailability and health benefits in lettuce-
A comprehensive review. Antioxidants. 2022;11(6):1158. https://
doi.org/10.3390/antiox11061158

Mampholo BM, Maboko MM, Soundy P, Sivakumar D.
Phytochemicals and overall quality of leafy lettuce (Lactuca sativa
L.) varieties grown in closed hydroponic system. J Food Qual.
2016;39(6):805-15. https://doi.org/10.1111/jfq.12234

Zhao Q, Liu Y, Guo X. Performance analysis of two typical
greenhouse lettuce production systems. Front Plant Sci.
2023;14:1165856. https://doi.org/10.3389/fpls.2023.1165856

Verma S, Pradhan SS, Singh A, Kushuwaha M. Effect of organic
manure on different soil properties: a review. Int J Plant Soil Sci.
2024;36(5):182-7. https://doi.org/10.9734/ijpss/2024/v36i54515

Al-Dulaimy AFZ, Alfahdawi HE, Abdulhameed SH. Effect of humic
acid application and CPPU spraying on growth and flowering of
marigold. Ornam Hortic. 2025;31:€312965. https://
doi.org/10.1590/2447-536x.v31.€312965

Alnuimi AYM, Al-Dulaimy AFZ. Response of fig seedlings cv. Aswad
Diyala to biochar application and tryptophan foliar spray. Plant Sci
Today. 2025;12(2):1-10.

Al-Jaf IHM, Alani MHI, Alalwani AK, Al-Dulaimy AFZ, Ahmed MM.
Prospects of agriculture in Iraq in the confrontation of climate
changes: a review. J Univ Anbar Pure Sci. 2025;19(1):105-14. https://
doi.org/10.37652/juaps.2024.153040.1313

Kim MJ, Moon Y, Tou JC, Mou B, Waterland NL. Nutritional value,
bioactive compounds and health benefits of lettuce (Lactuca sativa
L.). J Food Compos Anal. 2016;49:19-34. https://doi.org/10.1016/
j-jfca.2016.03.004

Saliga R, Skelly J. Using chicken manure safely in home gardens and
landscapes (FS-13-23). University of Nevada Cooperative Extension;
2013. https://doi.org/10.1515/9780773590076-009

Barker AV, Pilbeam DJ. Handbook of plant nutrition. 2" ed. CRC
Press; 2015. https://doi.org/10.1201/b18458

Murad HJ, Al-Dulaimy AFZ. Response of date palms cv. Zahdi to
foliar spray with urea and seaweed extract. IOP Conf Ser Earth
Environ Sci. 2021;761(1):012052. https://doi.org/10.1088/1755-
1315/761/1/012052

Abd El Galil A, Abou El-Salehein E, El Hamady M. Effect of foliar spray
with urea and dry yeast extract on head lettuce production. J
Product Dev. 2021;26(4):1071-86. https://doi.org/10.21608/
jpd.2021.211864

Jahanbani S, Mumivand H, Zahedi B, Argento S. Foliar application
of urea and amino acids regulates growth, photosynthesis,
pigments, antioxidant activity and the essential oil content and

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32

composition of basil (Ocimum basilicum L.). Agronomy. 2024;14
(12):2950. https://doi.org/10.3390/agronomy14122950

Yeshiwas Y, Zewdie BYB, Chekol A, Walle A. Effect of nitrogen
fertilizer and farmyard manure on growth and yield of lettuce
(Lactuca sativa L.). Int J Agric Res. 2018;13:74-9. https://
doi.org/10.3923/ijar.2018.74.79

Al-Mehmedi S, Al-Mehmedi MFM. Statistics and experimental
design. Amman: Dar Usama for Publishing and Distributing; 2012. p.
376.

Carter MR, Gregorich EG. Soil sampling and methods of analysis.
2nd ed. Boca Raton: CRC Press; 2007. https://
doi.org/10.1201/9781420005271

Kaushik P, Pati PK, Khan ML, Khare PK. A quick and simple method for
estimating leaf area by leaf weight. Int J Bot Stud. 2021;6(6):1286-8.

AOAC International. Official methods of analysis. 22™ ed. AOAC
International; 2023.

Ogendo RO, Isutsa DK, Sigung DO. Interaction of farmyard manure
and plant population density effects on soil characteristics and
productivity of mulched strawberry in a tropical climate. Afr J Hortic
Sci. 2008;1:100-15.

Al-Hayali REY, Al-Jaf IHM, Al Miahy FHR. Evaluation of orange and
biofertilizer on some yield traits of Cucumber (Cucumis sativus L.).
Bionatura. 2023;8(1):1-5. https://doi.org/10.21931/RB/CSS/
$2023.08.01.46

Masarirambi MT. Effects of kraal manure, chicken manure and
inorganic fertilizer on growth and yield of lettuce (Lactuca sativa L.
var. Commander) in a semi-arid environment. Asian J. Agric. Sci.
2012; 4(1): 58-64.

Alani MHI, Sekhi YS, Almehemdi AF. Chemical analysis of Fig
transplants cv. Wazeri under cutting type and humic acid. I0OP Conf
Ser  Earth  Environ  Sci.  2021;761(1):012032.  https://
doi.org/10.1088/1755-1315/761/1/012032

Ahmed MS, Ismail MH, Abdullah AK, Al-Dulaimy AFZ. Influence of
organic fertilizer and licorice root on growth, flowering and
chemical constitution of Chinese carnation (Dianthus chinensis L.).
Plant Sci Today. 2025;13(1):1-7.

Abed BM, Al-Jaf IHMS, Alalwani AK. Effect of potassium spraying and
spraying dates on some growth, yield and chemical traits of tomato
cv. Polonia. Plant Sci Today. 2025;12(4):1-7.

Alani MHI, Awad IM, Khudair RIA, Salim HA, Jasem SM. Response of
Gazania plants (Gazania splendens L.) to seaweed extract (Tecamin
Algae) and nano stimulator (Proteck CalBor). IOP Conf Ser Earth
Environ Sci. 2021;910(1):012052. https://doi.org/10.1088/1755-
1315/910/1/012052

Murad HJ. Effects of spraying with urea and seaweed extract
(Tecamin Algae) on growth and chemical content of date palm tree
cv. Zahdi. IOP Conf Ser Earth Environ Sci. 2021;904(1):012065.
https://doi.org/10.1088/1755-1315/904/1/012065

Hamad YA, Sallume MO. The effect of spraying organic acids, nano
and traditional iron on the growth and yield of mung bean (Vigna
radiata L.). Int J Agric Stat Sci. 2021;17(2):831-6.

Nur D, Selcuk G, Yuksel T. Effect of organic manure application and
solariziation of soil microbial biomass and enzyme activities under
greenhouse conditions. Biol Agric Hortic. 2006;23:305-20. https://
doi.org/10.1080/01448765.2006.9755331

Madisa ME, Mathowa T, Mpofu C, Stephen N, Machacha S. Effect of
chicken manure and commercial fertilizer on performance of jute
mallow (Corchorus olitorius). Agric Biol J N Am. 2013;4(6):617-22.

Marschner H. Marschner's mineral nutrition of higher plants.
London: Academic Press; 2012;89:651.

Havlin JL, Tisdale SL, Nelson WL, Beaton JD. Soil fertility and
fertilizers: an introduction to nutrient management. 8th ed. Upper
Saddle River: Prentice Hall; 2016.

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1111/1541-4337.12877
https://doi.org/10.3390/antiox11061158
https://doi.org/10.3390/antiox11061158
https://doi.org/10.1111/jfq.12234
https://doi.org/10.3389/fpls.2023.1165856
https://doi.org/10.9734/ijpss/2024/v36i54515
https://doi.org/10.1590/2447-536x.v31.e312965
https://doi.org/10.1590/2447-536x.v31.e312965
https://doi.org/10.37652/juaps.2024.153040.1313
https://doi.org/10.37652/juaps.2024.153040.1313
https://doi.org/10.1016/j.jfca.2016.03.004
https://doi.org/10.1016/j.jfca.2016.03.004
https://doi.org/10.1515/9780773590076-009
https://doi.org/10.1201/b18458
https://doi.org/10.1088/1755-1315/761/1/012052
https://doi.org/10.1088/1755-1315/761/1/012052
https://doi.org/10.21608/jpd.2021.211864
https://doi.org/10.21608/jpd.2021.211864
https://doi.org/10.3390/agronomy14122950
https://doi.org/10.3923/ijar.2018.74.79
https://doi.org/10.3923/ijar.2018.74.79
https://doi.org/10.1201/9781420005271
https://doi.org/10.1201/9781420005271
https://doi.org/10.21931/RB/CSS/S2023.08.01.46
https://doi.org/10.21931/RB/CSS/S2023.08.01.46
https://doi.org/10.1088/1755-1315/761/1/012032
https://doi.org/10.1088/1755-1315/761/1/012032
https://doi.org/10.1088/1755-1315/910/1/012052
https://doi.org/10.1088/1755-1315/910/1/012052
https://doi.org/10.1088/1755-1315/904/1/012065
https://doi.org/10.1080/01448765.2006.9755331
https://doi.org/10.1080/01448765.2006.9755331

WALAAET AL

33.

34.

35.

36.

37.

Al-Dabbagh AMS, Zuhair AD. Effect of macnetic water and urea
spray on yield of two lettuce cultivars (Regina dei Ghiacci and Great
Lakes 118) in NFT culture system. Karbala J Agric Sci. 2018;
Proceedings of the Third Agricultural Scientific Conference 5-6
March 2018. https://doi.org/10.59658/jkas.v5i5.606

Boskovi¢-Rakocevic L, Pavlovié¢ N, Mladenovi¢ J, Zdravkovi¢ J, Tosi¢
I, Marjanovi¢ M. Yield and quality of lettuce (Lactuca sativa L.)
depending on variety and type of nitrogen fertilizer. Emir J Food
Agric. 2023;35(8):715-21. https://doi.org/10.9755/ejfa.2023.3128

Alfahdawi HE, Al-Dulaimy AFZ. Effect of spraying with nano zinc and
coconut milk on the growth and flowering of the petunia plant.
Plant Sci Today. 2025;12(4):1-11.

Madina P, Ugoo TR, Adorolo MO. Variety of lettuce (Lactuca sativa
L.) growth and yield in response to various organic fertilizers in
Makurdi, Nigeria. Asian J Res Crop Sci. 2024;9(4):176-84. https://
doi.org/10.9734/ajrcs/2024/v9i4309

Vella A, Sacco AT. The effect of poultry, cattle and swine manure
applications to soil on lettuce yield and quality and groundwater
contamination potential. Int J Agric Environ Res. 2022;8(2):194-208.
https://doi.org/10.51193/IJAER.2022.8201

38. Altuntas O, Kiiclik R, Ersoy L. The effect of chicken manure on plant
growth, nutrient content and yield of lettuce. Biol Chem Res.
2022;9:9-18.

Additional information

Peer review: Publisher thanks Sectional Editor and the other anonymous
reviewers for their contribution to the peer review of this work.

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics,
NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting

Copyright: © The Author(s). This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/)

Publisher information: Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited,
Thiruvananthapuram, India.

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.59658/jkas.v5i5.606
https://doi.org/10.9755/ejfa.2023.3128
https://doi.org/10.9734/ajrcs/2024/v9i4309
https://doi.org/10.9734/ajrcs/2024/v9i4309
https://doi.org/10.51193/IJAER.2022.8201
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

