EFFECT OF HUMIC ACID ON GROWTH, YIELD AND SOIL PROPERTIES IN RICE:
A REVIEW

Abstract:

Humic acids, natural organic compounds derived from decaying organic matter, have gained
significant attention in agriculture due to their potential to promote plant growth, yield, and soil
fertility. This review explores the effects of humic acid application on various aspects of plant
physiology, yield production, and soil properties. Humic acid additions boost plant metabolism,
promote root development, and increase nutrient absorption, leading to enhanced growth and
development. Humic acid amendments have been reported to stimulate root development, increase
nutrient uptake, and improve plant metabolism, leading to enhanced growth and development.
Furthermore, humic acids have a significant role in improving the structure, moisture retention,
and availability of nutrients in soil, thereby creating a favorable environment for plant growth.
Studies have illustrated that humic acid application can lead to increased yields in a wide range of
crops. The mechanisms underlying this enhancement involve the modulation of physiological
processes, such as photosynthesis, nutrient assimilation, and stress tolerance. In addition to
promoting plant growth and yield, humic acid amendments have been shown to positively
influence on soil properties. These include increased microbial activity, enhanced soil aggregation,
and improved nutrient cycling. Moreover, humic acids can mitigate soil degradation processes,
such as salinization, thereby promoting sustainable agricultural practices. Through the utilization
of humic acids, farmers may maximize crop yields while reducing their ecological footprint,

therefore promoting food security and sustainable agriculture.
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Introduction:

Rice (Oryza sativa L.) represents one of the most important cereals in the world. China is the
world's leading producer of rice, with India coming in second and being the world's largest

exporter. It occupies one-third of the total cultivable land and grown as a major stable food crop



in India [1]. It is one of the richest sources of carbohydrates, vitamins, proteins, and minerals; the
endosperm of grains counts for about 90% of carbohydrates of its total produced dry weight [2, 3].
Milling products of rice yield contains 70 percent of the major product as rice (endosperm) and 30
percent of the by-product as 20 percent husk, 8 percent bran, and 2 percent germ [4]. In recent
times, it has been investigated that rice bran is one of the important components which has various
potential biological properties (i.e. anti-inflammatory action and antioxidant functions) which
reduce the occurrence of cancer and cholesterol levels and impede coronary artery diseases and
rice bran is also rich in phytic acid (59.4 - 60.9 gm per kg) [5,6,7]. The application of synthetic
fertilizers alone under continuous practices of intensive cropping does not positively sustain the
crop productivity status, but the addition of organic substances with applied chemical fertilizers
effectively improves the physical properties of soil and maintains greater soil fertility status with
better yield production [8]. Among the organic substances, humic acid is one of the greater organic
molecules that have various important roles on many agronomic parameters and soil properties
[9]. Humic acid is mainly produced from the degraded waste materials of plants and animals and
plays some vital roles in agriculture systems such as increment in soil biochemical and physical
properties through greater texture, structure, microbial activities, and water holding capacity
[10,11]; enhance micronutrient nutrient availability in soil as a chelating agent and increase
nutrients uptake to the plants [12]; decreases the intake of heavy metal which are toxic to the plants
[13]. The application of humic acid also improved crop growth status by enhancing growth
promoting hormones like cytokinin and auxin, which help in the metabolic process of nutrients,
stress resistance, and photosynthesis activity [14,15]. Additionally, humic acid has positive effects
on plant cell membranes which helps in greater transportation of minerals, higher protein synthesis,
greater enzyme activities, lesser activity of toxic elements, and higher microbial population [16].
This review explores the effects of humic acid application on many aspects of agricultural

productivity, soil properties, and plant physiology.

Relationship between structures and functionality of humic Acids:

The functionality of humic acid is directly associated with the structural composition, which is
dependent on the type of sources [17]. Humic acid structure contains several functional groups,
the most prevalent among them are the phenolic (OH) and carboxylic (COOH) groups [18]. These



two functional groups act as major primary groups that help in the improvement of soil chemical
and physical properties and promote greater growth of the plants (Fig 1) [18,19]. The
disintegration of these two functional groups forms nonpolar and polar ends (hydrophobic and
hydrophilic parts, respectively), which are involved in the beneficial processes of humic acid
functions [20]. The hydrophobic end is associated with repelling activities, whereas the
hydrophilic end is mostly engaged in chelating activities [21]. Once the disintegration of COOH
and OH occurs, the cationic metals are retained in the soil by aggregation with the polar end
(anionic parts) through electrostatic bonding [22]. The water-loving hydrophilic part forms
micelle, which helps in the increment of water holding capacity of the soil. Similarly, the
hydrophobic parts reduce the rate of water infiltration and improve the aggregation stability of clay
particles [21]. Recently, a research study conducted by de Castro et al., (2021) [17], reported that
the aliphatic and aromatic groups of humic acid effectively contributed to the increment of soluble
sugars and nitrogen uptake, leading to enhancement in rice yield production. Garcia et al., (2016)
[23] also reported that these functional groups of humic acid effectively stimulate the growth of

the root system of rice seedlings.

Fig 1: Functions of humic acid on plant and soil attributing characters

Mechanism of humic acid on plant growth:

Humic acid has an important role in plant growth by stimulating carbon and nitrogen metabolism.
Humic acid triggered enzyme activities such as glutamine synthetase, nitrate reductase, and
glutamate dehydrogenase, which are linked to the nitrogen assimilation processes [24].
Furthermore, humic substances stimulate nitric oxide (NO) at the emergence point of lateral roots.
Nitric oxide is a bioactive substance that has a variety of roles in the physiological activities of
plants, including the formation of their roots [25]. The incorporation of humic substances primarily

increases NO accumulation, which helps in the morphological changes in the root system such as



the increment of secondary roots, increment in thickness of the roots, and higher fresh weight of
roots [26]. Canellas et al., (2014) [27] reported that humic acid increases the density and length of
the root hairs as well as cell proliferation of root tissues. The humic substances also improve
hormonal effects on plant’s root and shoot system [28]. Humic substances can stimulate ion
transport and H+ -ATPase activities in the plasma membranes of the root system [29]. Both these
impacts are directly involved in nutrient acquisition and uptake of nutrients in the plant system.
Nardi et al., [30] reported that humic substances increase enzyme activities those are involved in
tricarboxylic acid cycle and glycolysis process. The enzyme activities related to the glycolysis
process are pyruvate kinase, phosphofructokinase, glucokinase, phosphoglucose isomerase, and
the enzyme activities related to the respiration process are malate dehydrogenase, NADP+-
isocitrate dehydrogenase, and citrate synthase. Humic substance application in the root zone can
trigger physiological responses for shoot development by the activation of auxin, like
phospholipase A2 as a stomatal opening regulator [31]. Fig 2 represents the activities of humic on

plant growth by its various mechanisms.
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photosynthesis rate, higher plant growth, greater amount of dry matter accumulation, and
production and accumulation of more amount of organic matter [32, 33]. The addition of humic
acid with various synthetic fertilizers increases plant growth with greater amount of nutrient
uptake. Humic acid can improve soil’s biochemical properties by enhancing enzyme activities,
microbial population and their activities, water holding capacity (WHC) and cation exchange
capacity (CEC) in the soil that ultimately improve plant’s nutrient uptake and efficient plant
growth [34]. This impact of humic acid ultimately reflects on plant height, leaf area index (LAI),
and biomass production through greater photosynthesis [35]. Various scientific studies mentioned
that humic acid also has an effect on chlorophyll content and root-shoot development of plants. It
improves the growth of shoots and roots by increasing growth promoting hormones i.e. production
of cytokinin and auxin, and enzyme activities in the plants [36, 37]. The increased uptake of plant
nutrients (micro and macronutrients) through humic acid enhances the chlorophyll concentration
in the leaf, which positively improves the shoot growth of the plants [38]. With the slow release
of soil nutrients due to the humic acid, plants can uptake more amount of nutrients, which leads to
the higher number of tillers in the plants [39]. Table 1 shows that the addition of humic acid both
in soil or foliar spray significantly increases growth attributing characteristics such as plant height,

number of tillers, dry weight, etc.

Table 1: Effect of humic acid on various growth attributes of rice

Sl Treatments Plant height | Number | Dry weight | Reference
No. (cm) of tillers 9)
90 kg ha* nitrogen fertilizer + 71.77 24.50 - [39]
1 | no humic acid
90 kg hat nitrogen fertilizer + 76.77 33.37 -
5 kg ha* humic acid
No humic acid 86.11 10.33 -
2 3L ha” humic acid 86.33 11.56 . [40]
RDF + 2.5 kg ha! humic 75.98 14.50 33.23 [41]
3 | acid-based biostimulant
RDF + 5 kg ha humic acid 77.39 14.81 34.49
based biostimulant
4 | Without foliar spray 85.95 501.5 - [42]
Foliar spray of humic acid 91.45 552.5 -
5 | No humic acid 69.24 11.05 32.09 [43]




6 kg ha of humic acid 70.12 12.94 39.07

6 | Control 94.8 +2.19 - 3.44 £ 0.317 [44]
Humic acid 103 + 2.53 - 4.62 +0.373

7 Control 114.33 £ 0.60 - 6.424 + 0.299 [45]
Humic acid 116.36 £ 0.30 - 7.784 + 0.622

Impacts of humic acid on the yield and quality attributes:

The yield attributing characteristics of the plants are effectively influenced by humic acid
application both as soil application and foliar spray. Humic acid enhances physical and chemical
properties and microbial activities in the soil as well as increases hormonal activities, which leads
to greater uptake of plant nutrients resulting in more production of photosynthates and greater
source to sink translocation of assimilates, which finally produces higher number of effective
tillers, panicle length, number of grains panicle, grain and straw yield, and the test weight of
grains [46]. Sivakumar et al., (2007) [47] reported that humic acid application significantly
increases N, P, and K uptake in plants, which helps in the greater accumulation of dry matter
production and higher grain yield production. Additionally, it also functions as a naturally
occurring biostimulant, improving plant resistance to abiotic stresses including drought and
salinity, and minimizing production losses. On the other hand, humic acid increases protein
content in the grains by improving nitrogen uptake in the sink [48, 49]. The increment in
carbohydrate content also happens by humic acid, which helps in the improved rate of
photosynthesis, finally leading to greater translocation of assimilates from the source to sink [50].
The application of humic acid produces better root system and increases cell membrane
permeability, leading to greater uptake of plant nutrients, and finally, concentrations of nitrogen,
potassium and phosphorus increase in the plants [51, 52]. Table 2 shows the effects of humic acid
on grain and straw yield of rice, which indicates the positive impact of humic acid on yield
attributing characteristics such as number of effective tillers, panicle length, number of grains

panicle™, test weight, etc.

Table 2: Effect of humic acid on yield parameters of rice



SI. No. Treatments Grainyield | Straw yield | Reference
(t hat) (t hal)

No humic acid 3.08 4.62 [47]

1 20 kg ha* humic acid 3.63 5.45
No humic acid 3.09 8.22

2 3 L ha humic acid 3.20 8.45 [40]
100% RDF 4.74 - [53]

3 100% RDF + Humic acid 5.12 -
Humic acid based biostimulant @ 2.5 kg 4.10 5.24

4 ha't [41]
Humic acid based biostimulant @ 5 kg 4.17 5.39
hat

5 Without foliar spray 3.05 2.7 [42]
Foliar spray of humic acid 3.82 3.4

6 15 kg nitrogen fed 2.98 2.89 [54]
15 kg nitrogen fed* + humic acid 3.94 3.07

Impacts of humic acid on the soil properties:

Humic acid acts as a chelating agent by attracting positive ions and making the greater availability
of nutrients to the plants by their slow release ability [52]. The chelating properties help in the
prevention of fixation, oxidation, leaching, and precipitation of micronutrients in the soil [55]. The
soil pH is also influenced by humic acid but it depends on the number of phenolic and carboxylic
functional groups present in their structure [56]. Further, humic acid can stabilize ammonium in
the soil, which leads to better nitrogen availability [57]. The nitrogen molecules are also present
in humic substances which become accessible to the plants after their application in soil [21]. Apart
from nitrogen, phosphorus content in the soil also improves by humic acid application due to their
synergistic effects on phosphatase activity, leading to greater solubilization of phosphorus in soil
[58]. Zhu et al., (2018) [59] mentioned that humic acid increases the desorption of phosphate ions
and reduces sorption, which makes the availability of phosphorus in the soil solution. Humic acid
also improves the plasma membrane permeability and increases nutrient absorption in plants [60].
While the higher rate of humic acid application improves soil’s physical properties, its binding
capability reduces micronutrient availability for plant uptake. The phenolic and carboxylic
functional groups help in the chelating process, which makes metal complexes of humic acid in

soil, leading to greater availability of micronutrients in the soil but their availability for plant



uptake decreases [61]. However, the application of humic acid can effectively increase
micronutrient availability in the soil but cannot be assumed to have a synergistic linear relationship
with plant uptake due to the different compositions of physical and chemical properties of humic

acid. Fig 3 shows the impacts of humic acid on soil properties.
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Fig 3: Effect of humic acid on soil properties and availability of nutrients for plant uptake

Conclusion:

This review paper has revealed that humic acid has greater potential impacts on various agronomic
parameters and soil properties. It increases the intake of nutrients, strengthens the structure of the
soil, reduces stress, encourages biological activity, and may even benefit farmers commercially.
Although there may be an initial expense involved, it is overcome in the long term by its benefits
to soil health and productivity. However, the current study suggests that introducing humic acid in

cropping practices may help to create productive and sustainable agricultural systems.

Reference:

1. Yengkokpam P, Kumari P, Singh VK, Ningthi KC, Dhiman S, Chaudhary M, Sharma R.
Application and Management of Nitrogenous Fertilizer in Rice Field: A Review. Asian
Journal of Soil Science and Plant Nutrition. 2024;10(2):64-71.

2. Rathna Priya TS, Eliazer Nelson AR, Ravichandran K, Antony U. Nutritional and
functional properties of coloured rice varieties of South India: a review. Journal of Ethnic
Foods. 2019;6(1):1-1. Doi: https://doi.org/10.1186/s42779-019-0017-3.



https://doi.org/10.1186/s42779-019-0017-3

10.

11.

12.

Das P, Adak S, Lahiri Majumder A. Genetic manipulation for improved nutritional quality
in rice. Frontiers in Genetics. 2020;11:531308.
Doi:https://doi.org/10.3389/fgene.2020.00776.
Van Hoed V, Depaemelaere G, Ayala JV, Santiwattana P, Verhé R, De Greyt W. Influence

of chemical refining on the major and minor components of rice brain oil. Journal of the
American Oil Chemists' Society. 2006;83:315-321.

Liu SX, Mamidipally PK. Quality comparison of rice bran oil extracted with d-limonene
and hexane. Cereal Chemistry. 2005;82(2):209-215.

Canan C, Cruz FT, Delaroza F, Casagrande R, Sarmento CP, Shimokomaki M, Ida EI.
Studies on the extraction and purification of phytic acid from rice bran. Journal of food
composition and analysis. 2011;24(7):1057-1063.

Kumar A, Sahu C, Panda PA, Biswal M, Sah RP, Lal MK, Baig MJ, Swain P, Behera L,
Chattopadhyay K, Sharma S. Phytic acid content may affect starch digestibility and
glycemic index value of rice (Oryza sativa L.). Journal of the Science of Food and
Agriculture. 2020;100(4):1598-1607.

Elankavi S, Nambi J, Ramesh S, Jawahar S, Lavanya K. Influence of different doses of
fertilizers and foliar spray of nutrients on yield and yield attributes of rice. Annals of the
Romanian Society for Cell Biology. 2020:1127-1134.

Ampong K, Thilakaranthna MS, Gorim LY. Understanding the role of humic acids on crop
performance and soil health. Frontiers in Agronomy. 2022;4:848621.

Nardi S, Schiavon M, Francioso O. Chemical structure and biological activity of humic
substances define their role as plant growth promoters. Molecules. 2021;26(8):2256. Doi:
10.3390/molecules26082256.

Shah ZH, Rehman HM, Akhtar T, Alsamadany H, Hamooh BT, Mujtaba T, Daur I, Al

Zahrani Y, Alzahrani HA, Ali S, Yang SH. Humic substances: Determining potential
molecular regulatory processes in plants. Frontiers in plant science. 2018;9:263. Doi:
10.3389/fpls.2018.00263.

Yang F, Tang C, Antonietti M. Natural and artificial humic substances to manage minerals,

ions, water, and soil microorganisms. Chemical Society Reviews. 2021;50(10):6221-6239.
Doi: 10.1039/D0CS01363C.



https://doi.org/10.3389/fgene.2020.00776

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Wu S, Li R, Peng S, Liu Q, Zhu X. Effect of humic acid on transformation of soil heavy
metals. INIOP Conference Series: Materials Science and Engineering. 2017;207(1):
012089. Doi: 10.1088/1757-899X/207/1/012089.

Canellas LP, Canellas NO, da S. Irineu LE, Olivares FL, Piccolo A. Plant chemical priming

by humic acids. Chemical and Biological Technologies in Agriculture. 2020;7:1-7. Doi:
10.1186/s40538-020-00178-4.
Jindo K, Canellas LP, Albacete A, Figueiredo dos Santos L, Frinhani Rocha RL, Carvalho

Baia D, Oliveira Aguiar Canellas N, Goron TL, Olivares FL. Interaction between humic
substances and plant hormones for phosphorous acquisition. Agronomy. 2020 May
1;10(5):640.

Khaled H, Fawy HA. Effect of different levels of Humic acids on the nutrient content, plant
growth, and soil properties under conditions of salinity. Soil and Water Research.
2011;6(1):21-29.

de Castro TA, Berbara RL, Tavares OC, da Graca Mello DF, Pereira EG, de Souza CD,
Espinosa LM, Garcia AC. Humic acids induce a eustress state via photosynthesis and
nitrogen metabolism leading to a root growth improvement in rice plants. Plant Physiology
and Biochemistry. 2021;162:171-184. Doi: 10.1016/.plaphy.2021.02.043.

Nardi S, Schiavon M, Francioso O. Chemical structure and biological activity of humic

substances define their role as plant growth promoters. Molecules. 2021;26(8):2256. Doi:
10.3390/molecules26082256.
de Melo BA, Motta FL, Santana MH. Humic acids: Structural properties and multiple

functionalities for novel technological developments. Materials Science and Engineering:
C. 2016;62:967-974. Doi: 10.1016/].msec.2015.12.001.

Mirza MA, Agarwal SP, Rahman MA, Rauf A, Ahmad N, Alam A, Igbal Z. Role of humic
acid on oral drug delivery of an antiepileptic drug. Drug development and industrial
pharmacy. 2011;37(3):310-9. Doi: 10.3109/03639045.2010.512011.

Billingham KL. “Humic products-potential or presumption for agriculture? Can humic

products improve my soil?” in 27th Annual Conference (Orange, NSW: Grassland Society
of NSW Inc.). 2012.
Ampong K, Thilakaranthna MS, Gorim LY. Understanding the role of humic acids on crop

performance and soil health. Frontiers in Agronomy. 2022;4:848621.



23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Garcia AC, de Souza LG, Pereira MG, Castro RN, Garcia-Mina JM, Zonta E, Lisboa FJ,
Berbara RL. Structure-property-function relationship in humic substances to explain the
biological activity in plants. Scientific reports. 2016;6(1):20798. Doi: 10.1038/srep20798.
Canellas LP, Balmori DM, Médici LO, Aguiar NO, Campostrini E, Rosa RC, Faganha AR,

Olivares FL. A combination of humic substances and Herbaspirillum seropedicae

inoculation enhances the growth of maize (Zea mays L.) Plant Soil. 2013;366:119-132.
Doi: 10.1007/s11104-012-1382-5.
Lamattina L, Garcia-Mata C, Graziano M, Pagnussat G. Nitric oxide: the versatility of an

extensive signal molecule. Annual review of plant biology. 2003;54(1):109-36.

Mora V, Baigorri R, Bacaicoa E, Zamarreno AM, Garcia-Mina JM. The humic acid-
induced changes in the root concentration of nitric oxide, IAA and ethylene do not explain
the changes in root architecture caused by humic acid in cucumber. Environmental and
Experimental Botany. 2012;76:24-32.

Canellas LP, Olivares FL. Physiological responses to humic substances as plant growth
promoter. Chemical and Biological Technologies in Agriculture. 2014;1:1-1.

Muscolo A, Sidari M, Nardi S. Humic substance: relationship between structure and
activity. Deeper information suggests univocal findings. Journal of Geochemical
Exploration. 2013;129:57-63.

Pinton R, Cesco S, Varanini Z. Role of humic substances in the rhizosphere. Biophysico-
chemical processes involving natural nonliving organic matter in environmental systems.
2009;2:341-66.

Nardi S, Muscolo A, Vaccaro S, Baiano S, Spaccini R, Piccolo A. Relationship between
molecular characteristics of soil humic fractions and glycolytic pathway and krebs cycle in
maize seedlings. Soil Biology and Biochemistry. 2007;39(12):3138-46.

Russell L, Stokes AR, Macdonald H, Muscolo A, Nardi S. Stomatal responses to humic
substances and auxin are sensitive to inhibitors of phospholipase A2. Plant and Soil.
2006;283:175-85.

Dan C, Liang-Gang Z, Jun X, Qian Z, Yan Z. Effects of biofertilizer on organically cultured

cucumber growth and soil biological characteristics. Yingyong Shengtai Xuebao.
2010;21(10).

Zhang XC, Shangguan ZP. Effect of nitrogen fertilization on photosynthetic pigment and
fluorescence characteristics in leaves of winter wheat cultivars on dryland. J. Nuclear
Agric. Sci. 2007;21:299-304.

Khattak RA, Dost M. Seed cotton yield and nutrient concentrations as influenced by lignitic
coal derived humic acid in salt-affected soils. Sarhad Journal of Agriculture.
2010;26(1):43-49.



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

Tahir MM, Khurshid M, Khan MZ, Abbasi MK, Kazmi MH. Lignite-derived humic acid
effect on growth of wheat plants in different soils. Pedosphere. 2011;21(1):124-31.

Rose MT, Patti AF, Little KR, Brown AL, Jackson WR, Cavagnaro TR. A meta-analysis
and review of plant-growth response to humic substances: practical implications for
agriculture. Advances in agronomy. 2014;124:37-89. Doi: 10.1016/B978-0-12-800138-
7.00002-4

Olaetxea M, Mora V, Baigorri R, Zamarrefio AM, Garcia-Mina JM. The singular molecular

conformation of humic acids in solution influences their ability to enhance root hydraulic
conductivity and plant growth. Molecules. 2020;26(1):3.
Doi: 10.3390/molecules26010003

Sible CN, Seebauer JR, Below FE. Plant biostimulants: A categorical review, their

implications for row crop production, and relation to soil health indicators. Agronomy.
2021;11(7):1297. Doi: 10.3390/agronomy110 71297

Sunarya Y, Tedjaningsih T. Increasing nitrogen fertilizer efficiency on wetland rice by
using humic acid. Journal of Tropical Soils. 2016;20(3):143-148.

SahaR, Saieed MA, Chowdhury MA. Growth and yield of rice (Oryza sativa) as influenced

by humic acid and poultry manure. Universal Journal of Plant Science. 2013;1(3):78-84.
Karennavar SS, Chavan VG, More VG, Dhopavkar RV, Desai SS, Bodake PS. Effect of
humic acid based bio-stimulant on growth, yield and yield attributing characters of kharif
rice (Oryza sativa L.). Pharma Innovation. 2022;11(11):319-322.

Osman EA, ElI-Masry AA, Khatab KA. Effect of nitrogen fertilizer sources and foliar spray
of humic and/or fulvic acids on yield and quality of rice plants. Advances in Applied
Science Research. 2013;4(4):174-83.

Nugroho WA, Suparman S, Wakhid N, Bhermana A. Rice growth and yield on acid sulfate
soils following humic acid and NPK fertilizer application. In AIP Conference Proceedings.
2024;2957(1).

Abu-Ria M, Shukry W, Abo-Hamed S, Albagami M, Almugadam L, Ibraheem F. Humic
acid modulates ionic homeostasis, osmolytes content, and antioxidant defense to improve
salt tolerance in rice. Plants. 2023;12(9):1834.

Shukry WM, Abu-Ria ME, Abo-Hamed SA, Anis GB, Ibraheem F. The efficiency of
humic acid for improving salinity tolerance in salt sensitive rice (Oryza sativa): growth

responses and physiological mechanisms. Gesunde Pflanzen. 2023;75(6):2639-53.



46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

Elankavi S, Nambi J, Ramesh S, Jawahar S, Lavanya K. Influence of different doses of
fertilizers and foliar spray of nutrients on yield and yield attributes of rice. Annals of the
Romanian Society for Cell Biology. 2020:1127-1134.

Sivakumar K, Devarajan L, Dhanasekaran K, Venkatakrishnan D, Surendran U. Effect of
humic acid on the yield and nutrient uptake of rice. ORYZA-An International Journal on
Rice. 2007;44(3):277-279.

Abd El-Gawad MA. Effect of humic acid application as well as bio and mineral phosphorus
fertilization on growth, green pods, dry seed yield and quality of peas (pisum stivum L.)
under the newly reclaimed soil conditions. Egypt. J. Appl. Sci. 2013;28(7):338-360.
El-Galad MA, Sayed DA, EI-Shal RM. Effect of humic acid and compost applied alone or
in combination with sulphur on soil fertility and faba bean productivtiy under saline soil
conditions. Journal of Soil Sciences and Agricultural Engineering. 2013;4(10):1139-1157.
Azcona |, Pascual I, Aguirreolea J, Fuentes M, Garcia-Mina JM, Sanchez-Diaz M. Growth
and development of pepper are affected by humic substances derived from composted
sludge. Journal of Plant Nutrition and Soil Science. 2011;174(6):916-924.

Mahmoud MM, Hassanein AH, Mansour SF, Khalefa AM. Effect of soil and foliar
application of humic acid on growth and productivity of soybean plants grown on a
calcareous soil under different levels of mineral fertilizers. Journal of Soil Sciences and
Agricultural Engineering. 2011;2(8):881-890.

Eshwar M, Srilatha M, Rekha KB, Sharma SH. Effect of humic substances (humic, fulvic
acid) and chemical fertilizers on nutrient uptake, dry matter production of aerobic rice
(Oryza sativa L.). Journal of Pharmacognosy and Phytochemistry. 2017;6(5):1063-1066.
Vanitha K, Mohandass S. Effect of humic acid on plant growth characters and grain yield
of drip fertigated aerobic rice (Oryza sativa L.). The bioscan. 2014;9(1):45-50.

El-Gohary AA, Osman EA, Khatab KA. Effect of nitrogen fertilization, humic acid and
compost extract on yield and quality of rice plants. Journal of Soil Sciences and
Agricultural Engineering. 2010;1(1):77-91.

Kadam SR, Amrutsagar VM, Deshpande AN. Influence of organic nitrogen sources with
fulvic acid spray on yield and nutrient uptake of soyabean on inceptisol. Journal of Soils
and Crops. 2010; 20(1):58-63.

Rupiasin NN, Vidyasagar P. A review: Compositions, structures, properties and
applications of humic substances. J. Adv. Sci. Technol. 2005;8:16-25.



S7.

58.

59.

60.

61.

Zhang SQ, Liang YU, Wei LI, Lin ZA, LI YT, HU SW, ZHAO BQ. Effects of urea
enhanced with different weathered coal-derived humic acid components on maize yield
and fate of fertilizer nitrogen. Journal of integrative agriculture. 2019;18(3):656-666. Doi:
10.1016/S2095-3119(18)61950-1

Sharma SB, Sayyed RZ, Trivedi MH, Gobi TA. Phosphate solubilizing microbes:
sustainable approach for managing phosphorus deficiency in agricultural soils.
SpringerPlus. 2013;2:1-4.

Zhu J, Li M, Whelan M. Phosphorus activators contribute to legacy phosphorus availability

in agricultural soils: A review. Science of the Total Environment. 2018;612:522-537. Doi:
10.1016/j.scitotenv.2017.08.095

Nardi S, Pizzeghello D, Muscolo A, Vianello A. Physiological effects of humic substances
on higher plants. Soil Biology and Biochemistry. 2002;34(11):1527-1536. Doi:
10.1016/S0038-0717(02)00174-8

Yang F, Tang C, Antonietti M. Natural and artificial humic substances to manage minerals,
ions, water, and soil microorganisms. Chemical Society Reviews. 2021;50(10):6221-62309.
Doi: 10.1039/D0CS01363C




