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ABSTRACT

The current experiment was carried out to investigate the effect of different levels of ground application of mineral
nitrogen (0, 60, 120, and 180 kg.ha of urea), and spraying with different levels of humic acid (0, 1, 1.5, and 3 ml.L™),
on some morphological characteristics (Plant height, number of leaves per plant, and leaf area) and chlorophyll
content of lettuce plants under the conditions of Al-Jabal Al-Akhdar region, Libya. Findings indicate that increasing the
rates of mineral nitrogen and humic acid led to a significant increase in plant height, number of leaves, leaf area, and
chlorophyll content of lettuce plants. The treatment with mineral nitrogen and humic acid at a concentration of 180
kg.hat and 3 ml.L™?, respectively, recorded the highest values.

Keywords: Lettuce; Nitrogen; Humic Acid; Fertilization; Spraying.
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INTRODUCTION

Environmental and genetic factors influence plant metabolites such as organic acids,
phenolic compounds, and flavonoidst!. Humic acid is considered one of the organic acids and it
consists mainly of the final decomposition of the organic matter, which includes humic acid and
fulvic acid. A study has shown that humic acid is utilized to improve the soil's ability to absorb
nutrients*2. A greenhouse study was conducted to investigate the impact of humic acid fertilizer
added in the soil at 1.5, 2.5, and 3.5 ml.L™%, and by the foliar application at 0, 2.5, 3.5, and 4.5
ml.L on lettuce (var. Romaine) production and yield. The findings demonstrate that treatment
1.5 ml.L™? (soil application) produced the highest overall yield (47.863 t.ha).When 4.5 ml.L? of
humic acid was foliar applied, plant height was considerably higher than with the control
treatment®®. Humic products have only recently begun to be employed in agriculture, and only by
a tiny percentage of farmers, since they lack general acceptability, our team has identified the
gap in their usage knowledge that need to be filled in order to increase the acceptability of the
humic product. Although the ability of humic products to enhance plant growth has been
demonstrated in the greenhouse and other controlled conditions settings'*. More research is
required in field settings, particularly to ascertain the effects of environmental and strategic
planning factors such as soil type, fertility management, and crop type on humic’s performance.
Unfortunately, numerous published field trials ignored all of these issues. Excessive use of
fertilizer, on the other hand, can harm agricultural crops and cause soil and groundwater
pollution Considering the previous studies, the present study was undertaken to find out the
suitable urea nitrogen level and humic acid for ensuring a higher quality lettuce.

Therefore, the goal of the current study is to investigate the effect of different levels of
mineral nitrogen (urea), and different levels of humic acid on the growth and development of
lettuce plants and attempted to find the most appropriate levels of each fertilizer sources which
would then achieve the highest productivity of lettuce plant under the conditions of the Al-Jabal
Al-Akhdar area in Libya
MATERIALS AND METHODS

Two field experiments were carried out in the 2018 and 2019 growing seasons on the farm
of the Department of Horticulture, Omar Al-Mukhtar University, Al-Jabal Al-Akhdar region, and
the study was proposed to test the effect of ground application of urea fertilizer (46% nitrogen) and
spraying with humic acid as an aerobic addition on the lettuce (Lactuca sativa L.) plant cv.
Nickerson-Zwaan (MENACO, Rilland, Zeeland, Netherlands) seedlings, under the conditions of the
region of the study. Soil samples were collected from the experiment site and the samples were
analyzed (Table 1).

Studied Factors: The main factor was the rates of ground application of nitrogen. Four levels of
nitrogen were evaluated by adding urea fertilizer (46% nitrogen); 0 (control), 60, 120, and 180
kg.hal, and the sub-factor was the rates of spraying with humic acid. Four concentrations of humic
acid were evaluated; 0 (control), 1, 1.5, and 3 ml.L L,

Experiment Design: The two field experiments were carried out using completely random plots
using split-plot designs in three replications, where nitrogen levels (urea) were randomly distributed
in the main plots, while the aerobic fertilization of humic acid, was distributed on the subplots.
Each experiment consisted of 16 treatments representing all possible combinations between the two
study factors. The area of the experimental unit was 1.5 m?.
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Field Work: The land was prepared for cultivation by plowing it well in two
perpendicular directions, then it is leveled, and divided into lines. The drip irrigation
network was distributed, and the distance between the lines was 60 cm. The lettuce
seedlings were planted on one side of the line and at a distance of 50 cm between the
seedlings. The amounts of fertilizers referred to in the study factors were added, and
divided into three batches, between one batch and the other two weeks, starting from
two weeks after the date of seedlings planting. All other agricultural operations such
as hoeing, weed control, drip irrigation, and disease and insect pest control were
carried out as followed in the commercial production of lettuce as well as when
necessary.

Studied Traits

First, vegetative Growth traits

Four plants were randomly taken from each experimental unit and the following
measurements were made on them:

1- The average length of the plant (cm): The height of the plant in the field was
measured from the point of attachment of the plant to the soil surface to the highest
top of the plant.

2- The number of leaves per plant: The number of branched outer leaves was taken
and the average number of leaves per plant was calculated.

3- The leaf area of the plant (cm?/ plant): Four blades of each plant's leaves were
separated and their wet weight was estimated. Then five discs would be taken from
each leaf by a cork borer with a known area and the wet weight of the discs would be
calculated, and the leaf area of the plant would be calculated using the following
equation:

Leaf area (cm?/plant) = fresh weight of leaf blades x 20 (number of discs) x area of
one disc / fresh weight of 20 discs (1).

Second, the chlorophyll content of the leaves (mg/100 g).

The content of leaves of chlorophyll a and b were estimated using the
chromatographic method?*®.

Data Analysis: All data were analyzed in Minitab (version 17.0 for Windows;
Minitab, LLC.)*. Homogeneity of variances was assessed using Levene’s test (o =
0.05), and normality by using Kolmogorov-Smirnov normality test (P > 0.05). Prior
to analysis, some data underwent square root or log transformation to bring them into
compliance with the assumptions of normality and equality of variance.

RESULTS AND DISCUSSION

Soil characteristics and properties for the site of the experiment are displayed in Table
1. Data collected from the field area with a depth of 20 cm at the Department of
Horticulture, Faculty of Agriculture, Omar Al-Mukhtar University, Al-Bayda, Libya.

Table 1: Soil characteristics and properties for the site of the experiment.

Measurements

Sand (%) 15.25
Silt (%) 53.60

Particle Size distribution
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Clay (%) 31.51
Organic Matter (%) 2.45
E.C (Mmhos/ cm) 1.30
Total Nitrogen (%) 0.21
Soil pH 7.87
COs % 1.35
P ppm 115
K ppm 275

Plant height was significantly affected by adding nitrogen fertilizer in the two
growing seasons (Table 2). By increasing the rate of nitrogen fertilizer plant height
increases, as the highest plant height (16.34, and 18.12 cm) was obtained at a rate of
180 Kg.hat, in the first and second growing season, respectively, while the control
treatment recorded the lowest plant height (13.01and 16.23 cm), in the first and
second growing season, respectively. This indicates that the addition of fertilizers
nitrogen has a role in lettuce plant height and optimal vegetative growth, and this is
consistent with what Hong et al.® mentioned in their studies. The maximum plant
height of lettuce is correlated to the use of mineral sources of nitrogen fertilizer with a
high dose. This is due to the high importance of nitrogen as a component of amino
acids, proteins, nucleic acids, pigments and many enzymes, especially during cell
division and cell growth phase. However, the results shown in Table 2, indicated that
the high levels of nitrogen fertilization did not have any significant effect on the
number of leaves/plant during the first growing season, on the other hand, the study
displayed that adding nitrogen fertilization at a rate of 120, 180 Kg.ha'recorded the
highest number of leaves/plant (10.33) during the second growing season. Increasing
the number of leaves/plant with an increase in nitrogen fertilization in the second
growing season is due to the fact that nitrogen works to produce new branches, which
stimulates the activity of vegetative growth, which works in direct response to the
increase in the number of leaves!’. There is a direct relationship between the values of
leaf area and the rates of nitrogen fertilization, where the leaf area increases with the
increase in the rate of fertilization in both seasons, while the control treatment
recorded the lowest value of leaf area (431and 534.3 cm?), in both growing seasons,
respectively (Table 2). To summarize, the main effect of nitrogen fertilizer is to
increase the rate of leaf area, which leads to an increase in the interception of daily
solar radiation from the outer leaves and increases the photosynthesis process, which
leads to an improvement in the plant height and the number of leaves per plant and
subsequently an enhancement in the formation of the plant head.

Table 2: Effect of nitrogen fertilizer levels on some morphological characteristics of lettuce
plants.
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Morphological Characteristics of Plants

Nitrogen levels

(Kg.ha't) Plant height (cm) Number of leaves/plant Leaves area (cm?)
First season
0 13.01 b* 13.17 a 431.0b
60 13.79 a 13.79 a 549.6 a
120 16.25a 14.12 a 587.0 a
180 16.34 a 14.17 a 593.3 a
Second season

0 16.23 b 9.35b 534.3d
60 16.43 b 9.95b 612.1c
120 17.84 a 10.33 a 746.6 b
180 18.12 a 10.33 a 8259 a

*Means followed by the same letter within sampling date are not significantly different at P <0.05.

It was clear from the findings displayed in Table 3, that increasing the
concentration of humic acid, plant height, number of leaves per plant, and leaf area
increased, as the treatment with humic acid at a concentration of (3 ml.L™) recorded
the highest values, and the control treatment, recorded the lowest values of the studied
morphological traits. Foliar fertilization is considered to be one of the most efficient
and rapid ways to meet the plant's nutritional needs and requirements. It is also
regarded as one of the crucial ways to give plants the nutrients they need during
delicate and crucial growth stages that the roots cannot supply. Foliar fertilization also
saves energy by reducing the need to transport some critical ions inside the plant*®.

Table 3: Effect of spraying with different levels of humic acid on some morphological
characteristics of lettuce plants.

Morphological Characteristics of Plants

Humic acid
levels (ml.L™Y)) Plant height (cm) Number of leaves/plant Leaves area (cm?)
First season
0.0 14.54 b* 13.54 b 4849 c
1.0 14.74 b 13.90 a 505.5 bc
1.5 14.78 ab 13.90a 573.7 ab
3.0 15.61a 1391a 596.9 a
Second season
0.0 16.85b 9.74c 627.6 C
1.0 16.87 b 9.87 bc 665.2 bc
15 17.28 b 10.12 ab 681.9b
3.0 17.62a 10.24 a 744.3 a

*Means followed by the same letter within sampling date are not significantly different at P <0.05.
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In the current study, results showed that increasing the rate of nitrogen
fertilization led to a significant increase in the content of lettuce leaves of chlorophyll-
a in the first growing season, where it was found that with an increase in the rate of
nitrogen addition to 180 Kg.ha*, the highest chlorophyll content was recorded (31.25)
(Figure 1). Even though there was not any significant increase in the chlorophyll-b in
the first season and chlorophyll-a and b in the second season, plants tended to exhibit
increased chlorophyll content by increasing the rate of nitrogen as compared to the
control treatment (Figures 1, and 2). Similarly, to what El-Bassyouni'® indicated in his
study, using mineral-N sources boosted chlorophyll content.

235 28.42b 30.73a 31253
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Chlorophylla  EChlorophyll b

Figure 1. Effect of nitrogen fertilizer levels on chlorophyll content a, and b of lettuce leaves in the first
season of the study. Means followed by the same letter are not significantly different at P <0.05.
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Figure 2. Effect of nitrogen fertilizer levels on chlorophyll content a, and b of lettuce leaves in the
second season of the study. Means followed by the same letter are not significantly different at P <0.05.
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The results are shown in Figures 3 and 4 that increasing the rate of fertilization
with humic acid led to a significant increase in the lettuce leaf content of chlorophyll
a and b, the highest content of chlorophyll was recorded in adding humic acid up to (3
ml.Lt), while the control treatment reported the lowest content of chlorophyll a and b
in the leaves during both growing seasons. The encouragement of enzymes, the
transfer of photosynthetic products, and the involvement of cell division and
elongation lead to an increase in chlorophyll. These are just a few of the physiological
processes that are aided by nitrogen from the integrated treatment including inorganic
sources and from humic acid together®®
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Figure 3. Effect of spraying with different levels of humic acid on chlorophyll content a, and b of

lettuce leaves in the first season of the study. Means followed by the same letter are not significantly
different at P <0.05.
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Figure 4. Effect of spraying with different levels of humic acid on chlorophyll content a, and b of
lettuce leaves in the second season of the study. Means followed by the same letter are not significantly
different at P <0.05.
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CONCLUSION

Spraying humic acids in combination with mineral nitrogen fertilizers can
improve the morphological characteristics (Plant height, number of leaves per plant,
and leaf area) and chlorophyll content of lettuce plants under the conditions of Al-
Jabal Al-Akhdar region, Libya.
ACKNOWLEDGEMENT
We owe a debt of gratitude to everyone who contributed to the information and data
collection for this study and offered wise counsel and recommendations in the
Horticulture Department, Faculty of Agriculture at Omar Al-Mukhtar University in
Al-Bayda, Libya.

CONFELICT OF INTEREST
The authors declare that they have no duality of interest associated with this
manuscript.

References

1. Murray, J. J., Basset, G., & Sand, G. (2021). Nutritional benefits of lettuce
consumed at recommended portion sizes. UF/FAS Extension, University of
Florida, HS1416, USA.

2. U.S. Department of Agriculture. (2019). Food Data Central.
https://fdc.nal.usda.gov/

3. Ekinci, M., Kul, R., Turan, M., & Yildirim, E. (2020). Effects of organic
fertilizers on plant growth, yield and mineral content of lettuce (Lactuca sativa
L.). Akademik DergiPark, 2651-5334.

4. Guo, L., Meng, H., Teng, K., Fan, X., Zhang, H., Teng, W., Yue, Y., & Wu, J.
(2022). Effects of nitrogen forms on the growth and nitrogen accumulation in
Buchloe dactyloides seedlings. Plants, 11(16), 2086.
https://doi.org/10.3390/plants11162086

5. Zhang, H., Jennings, A., Barlow, P. W., & Forde, B. G. (1999). Dual pathway
for regulation of root branching by nitrate. Proceedings of the National
Academy of Sciences, 96(11), 6529-6534.
https://doi.org/10.1073/pnas.96.11.6529

6. Wang, Z. H.,, Zong, Z. Q., Li, S. X., & Chen, B. M. (2002). Nitrate
accumulation in vegetables and its residual in vegetable fields. Environmental
Science, (23), 79-83.

7. lkemoto, Y., Teraguchi, M., & Kaneene, Y. (2002). Plasma level of nitrate in
congenital heart disease: Comparison with healthy children. Pediatric
Cardiology, 23(2), 132-136. https://doi.org/10.1007/s00246002-9178-5

8. Hasan, M. R., Tahsin, A. K. M. M., Islam, M. N., Ali, M. A., & Uddain, J.
(2017). Growth and yield of lettuce (Lactuca Sativa L.) influenced as nitrogen
fertilizer and plant spacing. Journal of Agriculture and Veterinary Science,
10(6), 62-71.

SJST Vol.03 No 01 2023 84



Influences of Mineral Nitrogen and Foliar Spraying of Humic Acid on Some Morphological Features and
Chlorophyll Content of Lettuce (Lactuca sativa L.) Omar, Buojaylah, Zadim

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Hong, J., Xu, F., Chen, G., Huang, X., Wang, S., Du, L., & Ding, G. (2022).
Evaluation of the effects of nitrogen, phosphorus, and potassium applications
on the growth, yield, and quality of lettuce (Lactuca sativa L.). Agronomy, 12,
Avrticle 2477. https://doi.org/10.3390/agronomy12052477

El-Bassyouni, M. S. S. (2016). Effect of different nitrogen sources and doses
on lettuce production. Middle East Journal of Agriculture Research, 5(4), 647-
654.

Meraj, T. A., Fu, J., & Raza, M. A. (2020). Transcription factors regulate plant
stress responses through mediating secondary metabolism. Genes, 11(4),
Avrticle 346. https://doi.org/10.3390/genes11040346

Sharif, M., Khattak, R. A., & Sarir, M. S. (2002). Effect of different levels of
lignitic coal derived humic acid on growth of maize plants. Communications
in  Soil Science and Plant  Analysis, 33(19), 3567-3580.
https://doi.org/10.1081/CSS-120014734

Raheem, S. M., Al-Jaf, H. I., & Tofig, G. K. (2018). Influence of foliar and
soil application of humic acid on growth and yield of lettuce. Euphrates
Journal of Agriculture Science, 10(2), 199-204.

Canellas, L. P., Olivares, F. L., Aguiar, N. O., Jones, D. L., Nebbioso, A.,
Mazzei, P., & Piccolo, A. (2015). Humic and fulvic acids as biostimulants in
horticulture. Scientia Horticulturae, 196, 15-27.
https://doi.org/10.1016/j.scienta.2015.09.012

Moran, R. (1982). Formula for determination of chlorophyll pigments
extracted with N, N dimethylformamide. Plant Physiology, 69(6), 1376-1381.
https://doi.org/10.1104/pp.69.6.1376

Minitab.  (2021). Minitab  (Version 22) [Computer  software].
https://www.minitab.com

Yohannes, K. W., Belew, D., & Debela, A. (2013). Effect of farmyard manure
and nitrogen fertilizer rates on growth, yield and yield components on onion
(Allium cepa, L.) at Jimma, Southwest Ethiopia. Asian Journal of Plant
Sciences, 12, 228-234.

Mohammed, M. A., Abdulrazzaq, Z. M., & Almehemdi, A. F. (2020). Active
compounds analysis in five roselle varieties using GC/MS. International
Journal of Agricultural and Statistical Sciences, 16(S1), 1225-1233.

Muhammad, 1., Shalmani, A., Ali, M., Yang, Q. H., Ahmad, H., & Li, F. B.
(2021). Mechanisms regulating the dynamics of photosynthesis under abiotic
stresses.  Frontiers in  Plant  Science, 11, Article 615942.
https://doi.org/10.3389/fpls.2020.615942

SJST Vol.03 No 01 2023 85



