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Abstract
Abiotic stresses are the most major limitation to crop production, causing yield losses up to 50%, and consider the major 
challenges for production of crops. Thus, an experiment was conducted to determine how sugar beet would respond to soil 
application of K-humate rates and foliar application of biostimulants under salt stress. Split-plot design in three replicates 
was used in both seasons, where K-humate rates fertigation (control, 12, and 24 kg ha−1) allocated in the main plots, and 
different foliar application of BS arranged within the subplot (i.e., (1) water spray, (2) salicylic acid (SA) at the rate of 100 
mg L−1, (3) fulvic acid (FA) at the rate of 1.2 kg ha−1, (4) hydroxyproline (HP) 1000 mg L−1, (5) SA at 100 mg L−1 + FA 
at 1.2 kg ha−1, (6) SA at 100 mg/L + HP at 1000 mg L−1, (7) FA at 1.2 kg ha−1 + HP at 1000 mg L−1, (8) SA 100 mg L−1 + 
FA 1.2 kg ha−1 + HP 1000 mg L−1) in the two seasons. The finding results revealed that soil application of K-humate, foliar 
application of BS, and their interaction significantly affected yield, growth, and quality characteristics of sugar beet under 
soil salinity, furthermore with soil application of K-humate at the rate of 24 kg ha−1 with foliar spray of FA + HP recorded 
the highest of growth traits, top, root, sucrose %, sugar yields/ha−1 and the lowest values of Na content in the juice and qual-
ity of sugar beet under the study conditions, Alexandria, Egypt.

Keywords  Sugar beet · Growth · Parameters · Yield · Quality · Humic acid · K-humate · Salicylic acid · Fulvic acid · 
hydroxyproline

1  Introduction

Sugar beet is a member of the Amaranthaceae family and 
scientifically known as Beta vulgaris L. with a chromosome 
number (2n = 18). Sugar beet is regarded as a potential 
lucrative crop, second only to sugarcane (Mukherjee and 
Gantait, 2023), due to its various industrial uses. It is an 
essential crop for people since it provides them with high-
quality energy and serves as a source of feed for household 
animals. In Egypt, sugar beet production accounted for 
67.7% of total sugar production. Totally, 1.5 million ha of 
sugar beet is cultivated in Egypt, reaching an average ton-
nage of 48.0 t/ha−1 (FAOStat, 2021). Sugar beet can play a 
vital role in reducing production costs, decreasing crop peri-
ods, mitigating factor productivity reduction, and maintain-
ing crop productivity at a higher level under abiotic stresses 
such as water and salt stress (Alkharabsheh et al. 2021).

Sugar beet is considered a good model for examining 
salt acclimation in crops (Lv et al. 2019). In other studies, 
sugar beet is a good crop model for studying salt tolerance 
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mechanisms as it can withstand up to 500 mM of sodium 
chloride (NaCl) for a week without losing viability (Yang 
et al. 2012). However, sugar beet is relatively sensitive to salt 
during the early stages of germination and seedling growth, 
and also under prolonged exposure to high salt concentra-
tions (Skorupa et al. 2019).

Humic substances (HS) such as potassium humate 
(K-humate) have been extensively researched for their 
potential use in agriculture and environmental remedia-
tion (de Melo et al. 2016). HS have been used to improve 
plant growth and nutrition, serve as soil bactericidal and 
plant fungicidal agents, and eliminate contaminants from 
water and soil (Rupiasih and Vidyasagar, 2005; Zavarzina 
et al. 2021). HA improves soil structure, enhances fertilizer 
efficiency, increases water-holding and cation-exchange 
capacity, and stimulates plant growth and root development 
(Hartwigsen and Evans, 2000). K-humate enhanced yield 
and quality. It accelerates germination by stimulating the 
membrane of seeds as well as metabolic activity. HS have 
a direct and indirect effect on plants, where they are widely 
utilized in agriculture as a soil addition and used to reduce 
slaty stress and improve growth and productivity of sugar 
beet as soil amendments (Mosaad et al. 2022). The use of 
organic compounds such as HA is one method for regulating 
various biochemical effects such as cell membrane perme-
ability, photosynthetic rate, and cell elongation, as well as 
improving growth, yield, and water usage efficiency under 
stress (Khodadadi et al. 2020). According to Pulkrábek et al. 
(2001), the chlorophyll content is significantly positively 
correlated to the biomass and yield of sugar beet. The SPAD 
index (Soil and Plant Analysis Development) evaluated on 
sugar beet leaves and showed strongly positively linked with 
the sugar production, according to Ghasemi et al. (2017). 
Also, application of K improved growth, yield, and quality 
of sugar beet with/without stresses. The benefits of K on 
physiological and biochemical processes lead to a rise in 
the sugar beet plant’s production of storage roots and leaves 
(Neseim et al. 2014).

Biostimulants (BS) are products of biological origin that 
are designed to enhance plant productivity (Yakhin et al. 
2017). These products are characterized chemically and non-
chemically in order to be utilized in agriculture (Aremu et al. 
2015). The use of biostimulants is now widely accepted as 
an economically and ecologically sustainable method of 
cultivating field crops (Castiglione et al. 2021; Rašovský 
et al. 2022). It is derived from natural sources, including FA, 
SA, and HP, which are a modern approach to plant-growing 
technologies and smart cultivation.

Fulvic acid (FA) is particularly effective due to its low 
molecular weight and ability to rapidly link minerals and 
elements into its molecular structure, leading them to 
resolve and create mobilized fulvic complexes (Boguta and 
Sokołowska, 2020). According to Elrys et al. (2020), under 

salt stress conditions, FA might increase the growth of the 
wheat by reducing the concentration of arousable oxygen 
species and enhancing the antioxidant protective mecha-
nism. FA could significantly increase the availability of soil 
nutrients, decrease soil salinity, and stimulate plant devel-
opment by interacting with oxides, hydroxides, metal ions, 
organic matter, and minerals in the environment (Braziene 
et al. 2021).

Salicylic acid (SA) is a phytohormone created through 
a series of chemical reactions (Maruri-López et al. 2019). 
SA is a defense mechanism against abiotic stress in tobacco 
plants as safe plant protector and growth regulator (Koo et al. 
2020). It is vital for several physiological processes as a ben-
zoic acid derivative, such as photosynthesis, nutrient intake, 
membrane permeability, and survival under diverse biotic 
and abiotic challenges. SA has been well shown a wide range 
of reactions in plants, including enhanced yield, increased 
plant tolerance capacity, and stem elongation under abiotic 
stress. Foliar application of SA protects plant from oxidative 
stress by enhancing antioxidant enzyme activity, resulting 
in higher fresh root and shoot masses of sugar beet plants 
(Tahjib-Ul-Arif et al. 2018). Also, SA improved growth, pro-
duction, and quality of sugar beet under salt stress (Merwad, 
2016). The top fresh mass and root biomass of sugar beet 
plants were significantly impacted by the foliar application 
of SA, while noticeable increase with high SA concentra-
tion, in the fresh mass, sugar yield, sucrose percentage, and 
purity percentage of sugar beet (El-Safy and Abo-Marzoka, 
2021). In addition to reducing stress, SA enhanced sugar 
beetroot leaf biomass, plant height, photosynthetic pigment 
content, net photosynthetic rate, and PSII’s photochemical 
efficiency. Exogenous of SA preserved the integrity of the 
cell membrane by lowering the levels of malondialdehyde 
and electrolyte permeability and controlling the activity of 
antioxidant enzymes such as superoxide dismutase, peroxi-
dase, catalase, and polyphenol (Miao et al. 2020).

Nevertheless, the supply of HA and SA significantly 
raised the antioxidant capacity and proline concentrations 
in sugar beet and enhanced the beet plant ability to with-
stand drought stress. Exogenously administered HA and SA 
improved sugar content, chlorophyll index, LAI, and RWC 
(Khodadadi et al. 2020). Applications of HA and SA sig-
nificantly improved the photosynthesis, transpiration, and 
stomatal conductance characteristics and antioxidant activity 
(catalase, guaiacol peroxidase, and superoxide dismutase) 
of water starved maize plants. Foliar SA spray, followed by 
HA + SA treatment, significantly enhanced the yield and net 
benefit cost ratio of maize under water scarce circumstances. 
Foliar SA spray also raised the activity of enzymatic anti-
oxidants and the effectiveness of photosynthetic antioxidants 
(Altaf et al. 2023).

Proline has a positive influence on sugar beets and 
increases the membrane integrity to endure osmotic stressors 
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by decreasing reactive oxygen species (ROS) production and 
reactive oxygen species scavenging under abiotic stresses 
(Meena et al. 2019). Proline is considered a significant amino 
acid regarded as an osmoregulator, playing a key function 
in osmoregulatory mechanisms and improving growth and 
physiological characteristics such as chlorophyll index, 
relative water content, and yield, in addition, improving the 
water relations and sugar beet production under water stress 
(Ghaffari et al. 2021). The superior effect of proline may be 
attributed to its involvement in enhancing sugar beet as a 
storage sink for nutritious components such as carbon and 
nitrogen and as a scavenger for free radicals and reducing the 
detrimental effects of drought stress (AlKahtani et al. 2021).

The objective of the current study is to investigate how 
sugar beet root plants react to soil applications of K-humate 
and foliar applications of various biostimulants, as well 
as how they interact with one another, in salt affected soil 
conditions.

2 � Material and Methods

Two field experiments were conducted out at the Experimen-
tal Farm, Faculty of Agriculture (Saba Basha), Alexandria 
University, Alexandria, Egypt, to study the response of sugar 
beet variety (Karam) to soil application of potassium humate 
(K-humate fertigation) and foliar application of some BS under 
salt affected soil during 2021/2022 and 2022/2023 seasons.

2.1 � Type of Soil

Before planting, soil samples were collected at random from 
the experimental site at depths ranging from 0 to 60 cm 
below the soil surface and prepared for chemical analysis 
using the method described by Chapman and Pratt (1961). 
The results of the average of physical and chemical values 
of the experimental soil were clay loam texture, PH (1:1) = 
8.23, EC (1:1) = 4.74 dS/m, organic matter = 1.45%, P = 
3.55 mg/kg, total N = 1.21%, calcium carbonate = 7.15%, 
soluble cations (1:2) such as Na+ = 14.38; K+ = 1.59, solu-
ble anions (1:2) such as CO−

3 + HCO−
3 = 2.58; CL− = 

20.94; SO−
4 = 16.75 cmol/kg soil.

2.2 � Meteorological Data

The monthly average of the meteorological data noted dur-
ing the cropping period (August to May) such as minimum 
temperature (16.29 °C), maximum temperature (24.2 °C), 
rainfall (18.7 mm), relative humidity (RH = 18.7%), wind 
(237.7 km/day), and sun (8.17 H) at Alexandria location 
(altitude: 32 m, latitude: 31.36, °N longitude: 29.95 °E, 
Egypt) according to the FAO database using CLIMWAT 
(Muñoz and Grieser, 2006). According to FAO, climate 

conditions and water management may hasten salinization. 
Evapotranspiration is critical in the pedogenesis of saline 
and sodic soils in arid lands. According to Wanjogu et al. 
(2001), most arid land gets less than 200 mm of rainfall/year, 
which results in salinization.

2.3 � Experimental Design

The experimental design was a split-plot design with three 
replicates. The main plot was allocated by the soil applica-
tion of three K-humate rates (0, 12, and 24 kg ha−1), while 
subplot occupied by foliar application of biostimulant treat-
ments: (1) water spray (control), (2) SA 100 mg L−1, (3) 
FA 1.2 kg ha−1, (4) HP 1000 mg L−1, (5) SA 100 mg L−1 + 
FA 1.2 kg ha−1, (6) SA 100 mg L−1 + HP 1000 mg L−1, (7) 
FA 1.2 kg ha−1 + HP 1000 mg L−1, and (8) SA 100 mg/L 
+ FA 1.2 kg ha−1 + HP 1000 mg L−1 in both seasons. The 
selection criteria for the biostimulants used in the study were 
based on their ability to enhance plant growth and devel-
opment, improve plant tolerance to abiotic stress such as 
salinity, and increase crop yield and quality. The biostimu-
lants were also chosen based on their composition, mode of 
action, and compatibility with the other soil amendments 
used in the study. The area of each subplot was 10.5 m2 as 
3.5 m long and 3.0 m width (6 ridges width 50 cm); plant 
spacing was 20 cm.

2.4 � Soil Preparation and Planting

The soil of the field experiments was well prepared through 
two plows, and leveling sugar beet cultivar poly germ (cv. 
Karam) obtained from Sugar Factory El Nile Company (Brand 
KWS – Type N – Resistance C). Seed balls were mechanized 
sown as usual on one side of the ridge in hills 20 cm apart 
at the rate of 3–4 seed balls per hill, sown in the following 
two growing seasons of 2021/2022 and 2022/2023. The plants 
were thinned once to one plant at 35 days from sowing.

2.5 � Treatments

K-humate (KH) powder (C9H8K2O4, MW = 258.35 g mol−1, 
pH = 9–11) bought from Setra Company, Tanta, Egypt, under 
the marketing name HABICAR HUMICO WSP. It was applied 
after 50 DAS at the rate of 0, 12, and 24 kg KH ha−1 for plot 
(0, 12.6, and 25.2 g plot−1) as a soil application with irrigation 
water (fertigation). Commercial SA was purchased from Oasis 
Company–Egypt, Alexandria Desert Road, Egypt, whose 
commercial name is Anti-free (2-hydroxybenzoic acid, MW 
= 138.121 g mol−1, pH = 5.8), was prepared at a the rate of 
100 mg L−1, and sprayed on the leaves twice after 65 and 90 
days after sowing (DAS); at the same time, the control was 
sprayed with water. The commercial FA (MW = 308.24 g 
mol−1, pH = 6–7) was obtained from Setra Company, Egypt, 
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whose trading name is Free Fulvic acid (70%), which sprayed 
twice at a rate of 1.2 kg ha−1 at 65 and 90 DAS; at the same 
time, control was sprayed with water. Finally, the industrial 
HP (C5H9NO3, MW = 131.131 g mol−1, pH=7) was bought 
from SAMA Company-Egypt, Alexandria Desert Road, Egypt, 
prepared at the rate of 1000 mg L−1, and sprayed two times 
after 65 and 90 DAS. At the same time, the control was sprayed 
with tap water. The other agricultural practices for cultivating 
sugar beet were followed, as recommended by the Ministry 
of Agriculture and Land Reclamation, Egypt. The application 
of FA, SA, and HP and their interaction was conducted in a 
liquid form using a backpack sprayer (foliar application) on 
sugar beet plants. This was done two times, with foliar spray-
ing done at sunset to avoid damage from strong sunlight and 
high temperatures. The application of the treatments was done 
at the rate of 750 L ha−1, with each plot receiving 1.2 L time−1.

2.6 � Studied Characteristics

2.6.1 � Yield and its Components

After 200 days from sowing (maturity stage), the sugar beet 
plants were harvested from the three middle ridges of each 
subplot, and the yield parameters and its components were 
estimated as follows: root yield (t ha−1); top yield (t ha−1); 
biological yield (t ha−1); sucrose percentage (%), and sugar 
yield (SY) t ha−1 was calculated according to the following 
equation. SY = root yield t ha−1 × sucrose/100.

2.6.2 � Growth Characters

Root length and diameter (cm) were measured on roots 
from 10 plants picked at random from inside the second 
ridge of each subplot avoiding the border ridge. To deter-
mine the leaf area index (LAI) of sugar beet leaves, leaf 
blades were collected and arranged on a sheet of paper with 
a black rectangle, photographed them using a digital cam-
era and processed the photos with ImageJ software. The 
average distance between the camera and the leaf was 50 
cm. To calculate LA, unnecessary objects were removed, 
set the scale, adjusted contrast, and computed the leaf area 
using the “wand” tool to select the leaf and calculate LAI = 
LA (cm2)/land area (cm2) (Ereqat et al. 2018; Martin et al. 
2020). Total chlorophyll index: green color degree (SPAD 
unit), determined by chlorophyll meter (SPAD-502, Minolta 
Co., Japan) and represented by SPAD value as an average of 
ten random leaves from each subplot at 90 DAS, according 
to the method described by Uddling et al. (2007).

2.6.3 � Quality Parameters

Samples of ten sugar beet roots were taken randomly from 
each subplot, washed, and dried to calculate the following 

parameters: sucrose percentage according to the method of 
McGinnis (1971). Recoverable sugar percentage (RS %) 
was determined as R.S.% = Sucrose % − D% (Hoffmann, 
2010); extracted sugar (%); total soluble solids (TSS %) 
was recorded in the juice of fresh roots using a hand refrac-
tometer; sucrose% was measured polarimetrically on a lead 
acetate extract of fresh macerated root (Carruthers and Old-
field, 1961); juice purity percentage (QZ) was calculated 
using QZ = (extracted sugar %/sucrose %) × 100; potassium 
(K+), sodium (Na+), and α-amino N content in the roots 
were assessed as meq/100 g sugar beet root, were deter-
mined by an automated analyzer as described by Carruthers 
and Oldfield (1961) and Hoffmann (2010) and K+/Na+ ratio 
were measured.

2.6.4 � Economic Analysis

To alleviate the negative impacts of salt stress, an eco-
nomic analysis was performed to compare the outcomes 
and advantages of soil application of K-humate (as a source 
of HA) and foliar application of SA, FA, and HP. KH rates 
were 0, 12, and 24 kg ha−1, while SA, FA, and HP foliar 
applications were 100 mg L−1, 1.2 kg ha−1, and 1000 mg 
L−1, respectively. In the first and second seasons, respec-
tively, the cost of K-humate as a source of HA was 0, 1440, 
and 2880 LE (Egyptian pounds per hectare) and 0, 1680, 
and 3360 LE (Egyptian pounds per hectare), while the cost 
of twice foliar application of SA, FA, and HP was 370, 576, 
and 672 LE and 420, 691, and 902 LE, respectively. The 
fixed cost includes land preparation, seed sowing, fertilizer 
application, insecticide, herbicide application, and harvest-
ing. The gross income was calculated using the average 
marketing price of sugar beetroot in Egypt in the first sea-
son, which was 800 LE (43.24 $), and 1500 LE (49.18 $) 
in the second season.
Total production costs (TPC) was calculated in Egyptian 
pounds at the local market price.
Gross income (GI) = total from selling sugar beet crop.
Net return (NR) = gross income (GI) − total production 
costs (TPC).
Benefit cost ratio (BCR) = NR/TPC.

2.7 � Statistical Analysis

All recorded data were statistically analyzed according 
to the technique of analysis of variance (ANOVA) for 
the split-plot design as published by Gomez and Gomez 
(1984). The least significant difference (LSD) method was 
used to evaluate the differences between treatment means 
at 5% level of probability. All the statistical analyses were 
performed application of CoStat (2005) for Windows.
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3 � Results

In general, the findings indicated that the combination of 
KH rates and foliar application of BS had a significant 
impact on various parameters of sugar beet, including 
root yield, top yield, biological yield, sugar yield, sucrose 
percentage, root length, LAI, chlorophyll index, RS%, 
extracted sugar, TSS%, purity, K%, Na%, K/N ratio, and 
α-amino N% in salinity-affected soil during the 2021/2022 
and 2022/2023 growing seasons.

3.1 � Effect of K‑Humate Rates and BS Application 
on Sugar Beet

3.1.1 � Effect of K‑Humate

The results in Table  1 showed a significant effect of 
K-humate as a source of HA on the yield characteristics, 
where increasing K-humate rates from 0 up to 24 kg ha−1 
caused an increase and recorded the highest mean values 
of root yield (66.64 and 67.85 t ha−1), top yield (30.10 and 
30.83 t ha−1), biological yield (96.74 and 98.69 t ha−1), 
sugar yield (12.30 and 12.70 t ha−1), and sucrose percent-
age (18.87 and 19.49%), while the lowest mean values of 
the previous mentioned traits were obtained by control 
treatment (untreated) in the cropping seasons, respectively. 
Also, results in Table 2 revealed that the highest value 
of root length (cm) was given with application of 12 or 
24 kg KH. On the other hand, the maximum values of 
root diameter (cm), leaf area index (LAI), and chlorophyll 
index (SPAD unit) were achieved with soil application of 
KH at the rate of 24 kg ha−1 followed by a rate of 12 kg 
ha−1, while the control treatment (0 kg KH ha−1) gave the 
minimum value of these characters in the two growing 
seasons. Data in Table 3 revealed that application of 12 
or 24 kg KH ha−1 attained the highest values of recover-
able sugar (RS%), extracted sugar (%), and total soluble 
solids (TSS %), while purity (%) did not differ under the 
various rates of KH application; on the other side, control 
(untreated) recorded the lowest values of these traits in 
both seasons. Application of KH at 24 kg ha−1 reduced 
the impurity characters such as potassium (K %), α-amino 
N (%), sodium (Na %), and K+/N+ ratio, followed by soil 
application of KH at the rate of 12 kg KH ha−1 in com-
parison with the control treatment as shown in Table 4.

3.1.2 � Effect of BS

Concerning the effect of different BS, the results showed 
that foliar treatments of FA at the rate of 1.2 kg ha−1 + 
HP at 1000 mg L−1 attained the maximum values of root 

yield (64.76 and 66.37 t ha−1) and sugar yield (11.84 and 
94.29 t ha−1), while using FA application increased top yield 
(32.32 and 31.15 t ha−1) and biological yield (95.95 and 
96.77 t ha−1), while the highest percent of sucrose (18.58 
and 19.51%, 18.57 and 19.30%) were indicated with foliar 
application of HP + SA and HP + FA, respectively. On the 
other hand, the minimum values of these traits were recorded 
with the application of water spray (control treatment) under 
soil affected by salinity in both seasons (Table 1). The pre-
sented results in Table 2 revealed that the maximum values 
of root length (cm) and leaf chlorophyll index (SPAD) were 
achieved with foliar application of FA + HP; on the other 
hand, the highest value of root diameter was given with SA 
+ FA + HP, while the highest leaf area index (LAI) was 
given with HP, as compared with the other treatments, while 
application of water gave the minimum value of the previ-
ous mentioned characters. Application of SA + HP or FA + 
HP recorded the highest values of recoverable sugar (RS%), 
extracted sugar (B%), and TSS %, beside purity (%), compar-
ing with the other treatments; on the other hand, water spray 
recorded the lowest value of these traits (Table 3). Foliar 
treatment of FA + HP increased potassium (K %) which 
decreased α-amino N (%), sodium (Na %), and K+/N+ ratio 
in comparison with the others treatment, while the highest 
values recorded with water spray as shown in Table 4.

3.2 � Interaction Effect Between K‑Humate 
and Application of BS on Sugar Beet Characters

Application of 24 kg K-humate/ha−1 with foliar application 
of FA + HP recorded the maximum value of root yield (70.92 
t ha−1) in the first season with LSD at 5% being 1.54, but 
the highest yield in the second season with LSD value was 
3.45, the highest value (72.96 t ha−1) was attained with 12 kg 
KH + SA + FA, while the maximum sucrose percent (20.08 
and 21.03%) was achieved with application of 24 kg ha−1 
from soil application of KH with foliar application of FA + 
HP, respectively, at LSD5% = 0.64 and 0.71 in the first and 
second seasons, respectively. On the other hand, the appli-
cation of 24 kg K-humate with FA achieved the highest top 
yield (36.59 t ha−1) in the first season and 12 kg KH + SA 
was 35.56 t ha−1 in the second season and 24 kg K-humate 
+ FA gave the highest biological yield (105.69 and 105.46 t 
ha−1), while the highest sugar yield (13.59 and 14.13 t ha−1) 
was recorded with using 24 kg K-humate with FA + SA or 
HP + FA, respectively, as compared to the other treatments, 
while the lowest values of these traits were given with control 
(untreated + water spray) as presented in Table 1. Results 
in Table 2 revealed that soil application of 24 kg KH ha−1 
with foliar application of FA recorded the maximum values 
of root length in the first season with LSD = 3.23, while in 
the second season the longest roots were obtained with 0 kg 
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K-humate + FA + HP with LSD = 3.38; on the other hand, 
12 kg KH ha−1 with SA + FA + HP gave the largest values 
of root diameter, while 24 kg KH ha−1 + HP gave the maxi-
mum LAI; in addition, the maximum value of chlorophyll 
index was with application of 24 kg K-humate as source of 
HA with FA in comparison with the other treatments, while 
the minimum ones were given with control (untreated + 
water spray) in both seasons. From Table 3, the results indi-
cated that foliar application of FA + HP or their combina-
tion among its caused a significant increase under 24 kg of 
KH ha−1 in sugar beet quality, recoverable sugar (RS%), and 
extracted sugar (%) as well as TSS, while the highest juice 
purity (%) recorded with 0 K-humate + HP application and 
using a higher rate of 24 kg KH ha−1 + SA + FA increased 
purity (%), while the lowest ones were given with untreated 
+ water spray in the two seasons. Also, foliar treatments of 
BS such as + FA + HP + SA under soil application of 12 or 
24 kg KH ha−1 decreased potassium (K%), sodium (Na %), 
K/N ratio, and α-amino N (%) of sugar beet as grown in soil 
affected by salinity (Table 4).

3.3 � Relationship Between Treatments 
and the Parameters Studied and Correlation 
Analysis

A correlation analysis was conducted to investigate the inter-
relationship between physiological and biochemical param-
eters of sugar beet sown in soil affected by salts. The Data 
in Fig. 1 suggests that there is a complex interrelationship 
between physiological and biochemical parameters of sugar 
beet plants grown under salinity conditions. Pearson’s cor-
relation analysis shows that several parameters have a sig-
nificant positive correlation with each other. These include 
root yield, top yield, biological yield, root length, sugar 
yield, sucrose %, leaf area index, chlorophyll index, recov-
erable sugar percentage, alkalinity percentage, juice purity, 
and TSS %. This shows that as these parameters increase or 
decrease, they are likely to influence each other in a positive 
way. For example, an increase in leaf area index, which is 
a measure of the total area of leaves per unit ground area, 
is likely to lead to an increase in photosynthesis, which can 
result in higher sugar yields and sucrose content. On the 
other hand, root diameter shows a negative correlation with 
all the studied parameters. This suggests that as root diam-
eter increases, there may be a decrease in the other param-
eters. This may be due to a trade-off between root growth 
and other plant processes, such as photosynthesis and sugar 
accumulation. The positive correlation between sodium and 
α-amino nitrogen is also notable. This may be since salinity 
stress can lead to an increase in sodium uptake, which can 
affect the metabolism of amino acids and other nitrogen-
containing compounds. Overall, the results suggest that there 
are complex interrelationships among the physiological and 

biochemical parameters of sugar beet plants under salinity 
conditions, and further research is needed to fully under-
stand these relationships and their implications for plant 
growth and productivity.

The heat map presented in the current study supplies a 
visual representation of the impact of different applications 
of treatments on the morpho-physiological and biochemical 
parameters of sugar beet plants. The hierarchical cluster-
ing analysis used in conjunction with the heat map allows 
for easy identification of treatment groups that have similar 
effects on the measured parameters. The results of the hier-
archical clustering analysis show that the control and soil 
application of 12 kg K-humate are clearly separated from 
the other treatments, showing that these two treatments have 
the lowest impact on the measured parameters. This suggests 
that the application of K-humate treatments is necessary to 
improve the growth and productivity of sugar beet plants. 
Among the treatments, 24 kg K-humate as soil application 
+ foliar application of FA + HP and soil application of 24 kg 
K-humate + foliar spray of SA + HP gave the highest values 
for the measured parameters, except sodium and α-amino 
nitrogen. This shows that the application of these combina-
tions can significantly improve the morpho-physiological 
and biochemical parameters of sugar beet plants. Spray of 
HP, soil application of 12 kg K-humate + foliar spray of SA 
+ HP, and FA + HP were clustered together, showing that 
these treatments have similar effects on the measured param-
eters. The main differences between these three treatments 
were due to the increase in root diameter and juice purity. 
Similarly, soil application of 24 kg K-humate + foliar appli-
cation of SA + FA and soil application of 24 kg K-humate + 
spray of FA were clustered together, showing that these two 
treatments have similar effects on the measured parameters. 
The primary differences between these two treatments were 
increased biological yield, root yield, sugar yield, and juice 
purity. Overall, the heat map and hierarchical clustering 
analysis results give useful insights into the impacts of vari-
ous treatments on the development and production of sugar 
beet plants and may be used to influence future agricultural 
practices (Fig. 2).

3.4 � Regression Analysis

Figure 3 shows the regression coefficients for all character-
istics as well as the regression coefficient of determination 
(R2). Figure 3 depicts the visual dependency of root yield 
(RY) on major yield-related factors. Sugar yield (SY) had 
the greatest coefficient of determination (0.95), followed by 
biological yield (BY) (0.94) and root diameter (RD) (0.89), 
while root length percent had the lowest (0.12), followed 
by juice purity (0.23). The regression coefficient of RY for 
chlorophyll index and LAI revealed that one unit change in 
chlorophyll index and LAI induced a 69% and 65% change 
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in root yield (the dependent variable), respectively (increase 
or decrease). The application of various treatments, such as 
K-humate, biostimulants, and their combinations, improved 
the net benefit-cost ratio (BCR) as shown in Table 5; how-
ever, the control (untreated treatment or untreated + water 
spray) resulted in less net income, whereas HA + SA + FA 
application was found to be more economical for improving 
sugar beet yield under salt stress conditions (Table 5).

4 � Discussion

In general, the current study showed that KH rate, foliar 
application of BS, and their interactions had a substantial 
impact on sugar beetroot characteristics, growth, yield, and 
quality under salt conditions. These beneficial effects are due 
to the vital role of these materials in increasing plant growth, 
yield, and quality, where we discovered that increasing KH 
as a potassium (K) source from 12 to 24 kg ha−1 increased 
all yield attributes and quality characters of sugar beetroot, 

Fig. 1   Pearson’s correlation coefficients between the traits. White 
color indicates non-significant correlations and dark color indicates 
significant correlation by t-test the 5% of probability. Where bio-
logical yield (BY), sugar yield (SY), root length (RL), root diameter 
(RD), leaf area index (LAI), total chlorophyll index (Chl), recoverable 
sugar (Rs), extracted sugar (Es %), total soluble solids (TSS %), juice 
purity (JP%), potassium (K %), sodium (Na %), α-amino (N%), alka-
linity (Alk%)

Fig. 2   Cluster heat map analysis summarizing sugar beet plants response to K-humate, various biostimulants, and their combinations. Original 
values are ln (x + 1)-transformed. Columns and rows are clustered using Euclidean distance and complete linkage
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which may be due to the role of K, where K is an essen-
tial element for plant growth with respect to its physiologi-
cal and biochemical functions. Many studies in sugar beet 
reported that its required for the starch synthetase enzyme to 
be activated, protein synthesis, photosynthesis, osmoregula-
tion, stomatal conductance, energy transfer, phloem trans-
port, cation-anion balance, and stress tolerance (Milford 
et al. 2000; Mubarak et al. 2016; El-Mageed et al. 2022).

In the current data, there is higher top and root yield 
due to improved vegetative development, such as LAI and 
chlorophyll index, which resulted in increased top and root 
production/ha. Sugar yield may have increased because 
of an increase in root yield and quality; also, the increase 
in root length and diameter produced by higher KH rates 
may be associated with enhanced cell elongation and cell 
division, resulting in increased root length (Badawi et al. 
2013). Increasing KH and BS increases root yield and 
sugar yield due to their favorable impacts on chlorophyll 
index, LAI, top yield, TSS%, and sucrose%. This generated 
the highest sugar yield/ha−1 since sugar yield/ha is a func-
tion of root yield multiplied by sucrose percent; these find-
ings are consistent with those of Moradzadeh et al. (2021) 
and Hemati et al. (2022). This improvement in sugar beet 
growth characteristics by increasing K-humate rate can 
be attributed to its influence on providing plants and soil 

with a concentrated dose of vital minerals, vitamins, and 
trace elements, which improves sugar beet growth and leaf 
canopy. K treatment increased root production, top yield, 
sugar yield, sugar content, and other qualitative character-
istics of sugar beetroot crops, as shown by Ibrahim et al. 
(2020).

Improvement in sugar beet growth characteristics by 
raising K-humate rate can be due to its influence on giving 
plant and soil with a concentrated dosage of vital miner-
als, vitamins, and trace elements (Ayuso et al. 1996), which 
improves sugar beet growth and leaf canopy. Like our obser-
vations, K treatment boosted root production, top yield, 
sugar yield, sugar content, and other qualitative features of 
sugar beet crops (Zare Abyaneh et al. 2017; Ibrahim et al. 
2020). Furthermore, using of K-humate in the current study 
has been shown to significantly improve plant growth and 
the uptake of moisture and nutrient via valuable impacts at 
the cell membrane and cytoplasm, such as increasing pho-
tosynthesis and respiration rates in plants, and hormones 
such as activity involved in plant growth stimulation and 
yield These results are in a line with Zavarzina et al. (2021), 
Hemati et al. (2022), Rašovský et al. (2022), and Kamran 
et al. (2023).

In the current results, using application of KH decreased 
impurity characters (K, Na, K/Na) and increased quality of 

Fig. 3   Linear regression of the yield traits, linear mixed-effects models (second to left-most column), and log-transformed mixed-effects regres-
sion (right-most column)
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sugar beet, where potassium humate enhanced sucrose%, 
extractable sugar, purity, and top and roots yields; these find-
ing are in agreement with Hartwigsen and Evans (2000), 
Rassam et al. (2015), de Melo et al. (2016), El-Hassanin 
et  al. (2016), and Hemati et  al. (2022), Also, KH and 
biostimulant application rates improve plant tolerance to 
stress such as salinity, heat, drought, and cold, and make it 
more resistant to diseases, insects, and other environmen-
tal and agronomical pressures (Hemati et al. 2022; Kamran 
et al. 2023).

In this study, K-humate administration boosted root pro-
duction by 22.80 and 28.38%, sugar production by 26.56 and 
32.44%, and sucrose percentage by 0.41 and 0.61%, respec-
tively, when compared to untreated plant; it also increased 
root length, diameter, and fresh weight of root, as well as 
sucrose percent, purity percent, root and sugar yields of 
sugar beets when compared to controls which followed the 

same trend as El-Galad et al. (2013), Shaban et al. (2014), 
and de Melo et al. (2016).

The current study found that applying some BS such 
as FA, HP, and SA to sugar beet increased top, root, sugar 
yield, sucrose percent, and quality characteristics, where it 
is used to increase plant resistance to the negative effects 
of biotic and abiotic stresses and participates in regulating 
their physiological processes; these finding agreeing with 
those of Mosaad et al. (2022), Rašovský et al. (2022), and 
Kamran et al. (2023), based on the chemical structure which 
includes macro and micronutrients, as well as amino acids. 
These FA shoot development and improve plant yield qual-
ity characteristics making them a potentially useful factor 
and ecologically friendly agent (Kandil et al. 2020; Kamran 
et al. 2023).

Foliar application of HP + FA (as a foliar treatment) and 
KH (as a soil amendment) at 24 kg ha−1 enhanced growth 

Table 5   Effect of soil application of K-humate and foliar application of some BS on net income and benefit to cost ratio of sugar beet under the 
study conditions

KH potassium humate, SA salicylic acid, FA fulvic acid, HP hydroxyproline

K-humate (kg ha−1) Foliar application 
of biostimulants

Total production costs 
= TPC (LE/ha)

Gross income = GI  
(LE/ha)

Net return = NR  
(LE/ha)

Benefit cost ratio 
(BCR)

2021/2022 2022/2023 2021/2022 2022/2023 2021/2022 2022/2023 2021/2022 2022/2023

0 Water spray 4850 5900 33,144 66,375 28,294 60,475 5.83 10.25
SA (100 mg L−1) 5220 6320 41,976 79,680 36,756 73,360 7.04 11.61
FA (1.2 kg ha−1) 5426 6591 43,360 80,910 37,934 74,319 6.99 11.28
HP (1000 mg L−1) 5522 5752 42,048 77,625 36,526 71,873 6.61 12.50
SA + FA 5795 7011 41,384 81,735 35,589 74,724 6.14 10.66
SA + HP 5892 7222 38,328 76,005 32,436 68,783 5.51 9.52
FA + HP 6098 7493 45,960 90,300 39,862 82,807 6.54 11.05
SA + FA + HP 6468 7913 40,200 79,500 33,732 71,587 5.22 9.05

Average 5658.88 6775.25 40,800.00 79,016.25 35,141.13 72,241.00 6.24 10.74
12 Water spray 6290 7580 37,368 76,830 31,078 69,250 4.94 9.14

SA (100 mg L−1) 6660 8000 42,832 84,405 36,172 76,405 5.43 9.55
FA (1.2 kg ha−1) 6866 8271 54,072 109,440 47,206 101,169 6.88 12.23
HP (1000 mg L−1) 6962 8482 54,928 105,900 47,966 97,418 6.89 11.49
SA + FA 7236 8286 43,792 86,220 36,556 77,934 5.05 9.41
SA + HP 7332 8902 42,240 79,695 34,908 70,793 4.76 7.95
FA + HP 7538 9172 52,744 103,485 45,206 94,313 6.00 10.28
SA + FA + HP 7908 9594 49,704 97,305 41,796 87,711 5.29 9.14

Average 7099.00 8535.88 47,210.00 92,910.00 40,111.00 84,374.13 5.66 9.90
24 Water spray 7250 8700 44,936 96,660 37,686 87,960 5.20 10.11

SA (100 mg L−1) 8100 9680 54,648 105,855 46,548 96,175 5.75 9.94
FA (1.2 kg ha−1) 8306 9951 55,280 104,910 46,974 94,959 5.66 9.54
HP (1000 mg L−1) 8402 10,162 56,368 107,415 47,966 97,253 5.71 9.57
SA + FA 8676 10,371 54,888 108,870 46,212 98,499 5.33 9.50
SA + HP 8772 10,582 51,432 83,550 42,660 72,968 4.86 6.90
FA + HP 8978 10,853 56,736 104,895 47,758 94,042 5.32 8.67
SA + FA + HP 9348 11,273 52,240 102,030 42,892 90,757 4.59 8.05

Average 8479.00 10,196.50 53,316.00 101,773.13 44,837.00 91,576.63 5.30 9.04
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parameters, chlorophyll index (SPAD), LAI, top yield, 
root yield, sugar yield, and quality traits of sugar beetroot 
in salinity-affected soil. Even though salt stress promoted 
proline accumulation, fresh weight remained constant at 
the start of the treatment and grew as treatment progressed. 
Under abiotic stress, proline administration produces struc-
tural and ultrastructural changes in plants under different 
stress condition to improve the plant root surface with 
water and nutrient shortages. That agreed with our results 
for decreasing impurity and increasing quality characters 
of sugar beet due to the application of HP (AlKahtani et al. 
2021; Godoy et al. 2021). SA is recognized as a plant hor-
mone; it plays diverse physiological roles in plants includ-
ing plant growth, photosynthesis, improved sugar content, 
quality, and nutrient uptake as reviewed by Tahjib-Ul-Arif 
et al. (2018), El-Shazoly et al. (2019), and Maruri-López 
et al. (2019).

5 � Conclusion

As a result of the findings described above, this investiga-
tion can conclude that use of K-humate and biostimulants 
(BS) can have a substantial influence on the development 
and production of sugar beetroot in saline soils. Increasing 
KH rates increased root yield, top yield, biological yield, 
sugar yield, sucrose percentage, root length, LAI, and 
chlorophyll index while reducing impurity attributes such 
as potassium %, α-amino nitrogen %, and sodium %. The 
application of biostimulants, particularly foliar spray of FA 
+ HP, enhanced root production, sugar yield, and sucrose 
percentage. The soil application of K-humate and foliar 
application of BS treatments had a major influence on sugar 
beet productivity and quality. It may be recommended to 
use the combination of K-humate at a rate of 24 kg ha−1 as 
a soil amendment with the foliar application of some BS to 
enhance the maximum sucrose percentage, root, and sugar 
yield, as well as quality characteristics, and to reduce the 
sodium content in the juice and impurity characteristics.
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