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ARTICLE INFO ABSTRACT
Article History Two field experiments were conducted at the Experimental Farm,
Received:28/2/2023 ~ Abees Region, Faculty of Agriculture, Saba Basha, Alexandria University,
Accepted:1/4/2023  Alexandria Governorate, Egypt, during 2021/2022 and 2022/2023 seasons to
Available:5/4/2023 investigate the response of sugar beet (Karam) to humic acid and some
Biositmulants substances under saline soil conditions. The experimental design
Keywords: was a split-plot design with three replicates, where three humic acids (HA)
Sugar beet, levels (0, 12 and 24 kg HA/ha) were allocated to the main plots, and 8 bio-
growth, salicylic  stimulants treatments, randomly arranged within the sub-plot (Untreated (Zero
acid, fluvic acid,  control), Salicylic acid 100 mg/ L, Fulvic acid 1.2 kg /ha, Hydroxyproline 1000
proline. mg/L, Salicylic acid 100 mg / L + Fulvic acid 1.2 kg /ha, Salicylic acid 100 mg
/L + Hydroxyproline 1000 mg/L), Fulvic acid 1.2 kg/ha + Hydroxyproline 1000
mg/L, and Salicylic acid 100 mg/ L + Fulvic acid 1.2 kg /ha+ Hydroxyproline
1000 mg/L). The results exposed that soil application of HA, spraying of bio
stimulators and their interaction significantly affected the growth
characteristics of sugar beet under salinity conditions, where to get the highest
growth of sugar beet, it could be fertilized sugar beet with HA at a rate of 24
kg/ha as a soil application along with sprayed some of fluvic acid (FA),
hydroxyproline.

INTRODUCTION

Sugar beet (Beta vulgaris subsp. vulgaris) is a biennial crop taxonomically
affiliated with the Amaranthaceae family (Schwichtenberg et al., 2016; Mukherjee and
Gantait 2023). it is regarded as a crucial industrial crop that substantially participates in the
world's supply of sugar. On a global scale, sugar beet is the second main important sugar-
producing crop after sugarcane, and is, therefore, it is regarded as a significant industrial
crop. As a result of its short duration (5 to 6 months) and also has higher sucrose content
(14-20%) than sugarcane (10-12%), high purity (85-90%), It also requires less irrigation,
also could be a possible solution as a potential crop for newly reclaimed soils or for newly
reclaimed soils, which are prevalent in tropical and subtropical areas (Subrahmanyeswari,
and Gantait, 2022; Pathak et al., 2014; Abo-Elwafa etal.,2006; Nasr and Abd El-
Razek,2008). Worldwide, the sugar beet sugar industry is well known in different nations
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(Pathak et al., 2014). The total global cultivated acreage of about4.4 Mt produces
approximately 253 Mt of sugar beet roots that affords ~30% of the gross world’s demand
for white sugar (FAO2022). In Egypt, sugar beet production accounted for 67.7 % (1.8
million tons) of total sugar production. The total sugar beet cultivated area in Egypt reached
1.5 million ha with an average tonnage of 48.0 tons/ha (FAOStat 2021).

Salinity is the excessive accretion of salts in soil that interferes with the normal
growth of plants (El Sabagh et al., 2020). Saline soil and irrigation water are defined as
having an electrical conductivity of 4 dSm-1 or greater (Misra et al.,2020). More than 20%
of agricultural land is affected by salinity, spoiling around 954 million hectares of the total
land area all over the globe (Saddiq et al., 2021). It is anticipated to increase up to 50% by
2050 (Das and Tzudir,2021). The first effect of salinity on plants is the closure of stomata
and the suppression of leaf development via increasing the osmotic potential in the
rhizosphere. (Munns, and Termaat 1986; Cernusak2020). The second effect is that the ions
hook up to toxic levels for a longer period and pile up, mostly in mature leaves, and cause
the early aging of the leaves, resulting in a decrease in yield and the death of the plant (Munns
and Tester,2008). The high concentration of Na ions has a toxic effect on cell metabolism
and inhibition of enzyme activity, cell division and expansion, causing irregularities in
membrane and osmotic imbalance and preventing growth. Salt stress also causes the
production of reactive oxygen species (ROS) and reduced photosynthesis (Joshi et al.,2022;
Tuteja, 2007) Salt stress affects All crucial plant functions, including germination, growth,
water relationship, nutrient imbalance, photosynthesis, and yield (Munns and Tester,2008;
Parida, and Das, 2005).

Natural biostimulants substances like humic acid (HA), Salicylic (SA), fulvic acid
(FA), and hydroxyproline (HP), are nearer to bringing plant-growing techniques up to date.
Many biostimulants substances have been known, that allow plants to preserve their
improvement in the face of environmental stress by regulating a wide range of physio-
biochemical processes (Malik et al., 2020).

Potassium (K) is an essential nutrient that influences the majority of the biochemical
and physiological processes that affect plant metabolism and development. Additionally, it
supports plants surviving in a variety of biotic and abiotic conditions (Wang et al., 2013). K
plays a crucial involvement in a diversity of regulatory functions in plants. Nearly all
processes essential for plant growth and reproduction depend on it, including photosynthesis,
translocation of photosynthesis products, protein synthesis, control of the ionic balance,
regulation of plant stomata, maintenance of turgor, stress tolerance, water use, enzyme
activation, and many other processes (Cakmak 2005).In addition to improving root
permeability and water uptake, K also controls guard cells and contributes to developed
water use efficiency (Zekri and Obreza, 2003).

The humic acid level of sugar beets can be adjusted to increase sugar beet production
(Kiymaz and Ertek, 2015), it enhances soil structure, improvements fertilizer efficiency,
exchanging cations, and increases water-holding, root development and encourages plant
growth (Hartwigsen and Evans 2000). Potassium humate increases production and quality
by promoting plant growth. By boosting metabolic activity and the seed membrane, it
hastens germination. Improve the root's ability to absorb nutrients (N, P, K + Fe, Zn and
other trace elements), as these elements are transformed into forms that are more readily
available to plants. As soil supplements, HA and FA are frequently used in agriculture to
enrich the soil, minimise abiotic stress, and enhance the development and production of
numerous crops ( Mosaad et al., 2022).

Biostimulators are one of the most talented alternatives nowadays to cope with yield
losses caused by plant stress, which are strengthened by climate change. (Garcia-Garcia et
al., 2020). The global market for biostimulants substances reached $2.19 billion in 2018 and
it is predicted to increase at a rate of 12.5% annually from 2019 to 2024 (Dubey et al., 2020).
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The recent definition of plant BSs is “A product that stimulates plant nutrition processes
independently of the product’s nutrient content, with the sole aim of enhancing one or more
of the next characteristics of the plant or the plant rhizosphere: (a) nutrient use efficiency;
(b) tolerance to abiotic stress; (c) quality traits; or (d) availability of confined nutrients in the
soil or rhizosphere (Li et al.,2022; Franzoni et al., 2022; Monteiro et al.,2022; Deolu-Ajayi
etal., 2022).

Fulvic acid (FA) increases the ability of plants to buffer against available soil salts
and soil acidity is increased by fulvic acid, which helps plants deal with salt stress (Gezgin
and Sanal,2012). foliar spray of fulvic acid improves plant oxygen intake, which is directly
related to enhanced chlorophyll content, membrane stability under abiotic stress conditions,
and nutrition uptake by the roots (Hasanuzzaman et al., 2020). Spraying twice with K-
fulvate (5 cm?® /liter water) after 50 and 70 days from sowing resulted in the highest values
of gross sucrose, quality index, and extractable white sugar percentages in the juice of roots,
root, top, and extracted sugar yields/fed at the same manner the lowest values of Na, K, -
Amino-N, impurity, Othman and EI-Moursy (2020).

Salicylic acid (SA), and hydroxyproline (HP) encourage crop growth while
minimising the negative effects of agriculture on the environment and human health (Ayed
et al., 2022). Salicylic acid (SA), a substitute ecological and acceptable chemical regulator,
assists them in better tolerating abiotic stress tolerance troubles in many horticultural crops
(Chen et al.,.2023).

Proline is an essential amino acid that is known as an osmo-regulator, because it
mitigates the negative impacts of environmental factors like drought and improves growth
and physiological characteristics (AlKahtani et al., 2021). The Proline performs a crucial
role in a plant's capacity to tolerate environmental stresses. It prevents protein oxidation,
reduces lipid peroxidation, and safeguards cell membranes and structures. Proline is a source
of nitrogen and energy as well (Claussen, 2005). Proline plays a substantial impact in
reducing salt stress in plants. It is a crucial plant hormone that promotes plant growth and
development when exposed to salt stress. The quality, yield, and morphological
characteristics of sugar beet were all improved by proline application. White sugar yields
were also raised (Altaf, 2023).

The aim of this investigation is to study the response of sugar beet growth to soil
application of humic acid and foliar application of some bio-stimulants and their interaction
under soil salinity.

MATERIALS AND METHODS

Field experiments were conducted at the Experimental Farm, Abees Region, Faculty
of Agriculture, Saba Basha, Alexandria University, Alexandria Governorate, Egypt, during
the seasons of 2021/2022 and 2022/2023 to study the response of sugar beet cv (Karam) to
potassium and some bio-stimulants under salt-affected soil.

Before planting, soil samples were randomly taken from the experimental site at a
depth of 0 to 60 cm from the soil surface and prepared for chemical analysis according to
the method described by (Chapman and Pratt, 1978). The results of the physical and chemical
analysis of the experimental soil are presented in (Table 1).

The preceding crop was maize (Zea mays L.) in both seasons. The experimental
design was a split-plot design with three replicates. Each experiment included 24 treatments,
which were, the combination of three humic acids (HA) levels (0, 12 and 24 kg HA/ha)
assigned to the main plots, and 8 bio-stimulants treatments, randomly arranged within the
sub-plot (1- water (control), 2- Salicylic acid 100 mg / L, 3- Fulvic acid 1.2 kg /ha, 4-
Hydroxyproline 1000 mg/L, 5-Salicylic acid 100 mg / L + Fulvic acid 1.2 kg /ha, 6- Salicylic
acid 100 mg /L + Hydroxyproline 1000 mg/L), 7- Fulvic acid 1.2 kg/ha + Hydroxyproline
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1000 mg/L, and 8- Salicylic acid 100 mg / L + Fulvic acid 1.2 kg /ha + Hydroxyproline
1000 mg/L). The area of each sub-plot was 10.5 m2 as 3.5 meters long and 3.0 m wide (6
ridges width 50 cm), and plant spacing was 20 cm.

Table (1). Physical and chemical characteristics of the soil at the test sites in both seasons.

Soil properties Seasons
2020/ 2021 2021/2022

A- Mechanical analysis

Sand 14.50 14.70
Silt 42.10 42.10
Clay 43.40 43.20
Soil texture Clay loam Clay loam
B- Chemical properties

pH (1:1) 8.10 8.20
EC (1:1) dS/m 4.50 4.60
1- Soluble cations (1:2)

K* 1.40 1.45
Ca™ 14.20 14.40
Mg** 11.50 10.50
Na* 13.60 13.80
2- Soluble anions (1:2)

CO3+ HCO; 2.80 2.90
CL- 21.50 21.50
SOy 16.40 16.00
Calcium carbonate (%) 6.70 6.90
Total nitrogen (%) 1.10 1.20
Available P (mg/kg) 3.70 3.60
Organic matter (%) 1.50 1.60

The soil was well prepared through two ploughings 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 on the 15" of August 2021/2022
and 2022/2023 seasons. The plants were thinned once at 35 days from sowing to one plant.

Mono calcium super phosphate (P20s, 12.5 %) was applied at the rate of 60 kg
P205/ha with soil preparation. Nitrogen fertilizer was added in the form of ammonium
nitrate (33.5%N) as a side- dress at the rate of 168 kg N/ha, in two equal doses on half after
thinning (before the first irrigation) and the other half before the second irrigation. Weed
control by emergency herbicide (Gardo, 96 %; S-metolachlor) at the rate of 720 cm®ha
before weed and plants emergency and after sowing, also manually controlled by hand
hoeing one time. Other agricultural practices for growing sugar beet were followed,
according to the recommendations of the Ministry of Agriculture and Land Reclamation.

Humic acid from Setra Company, Tanta, Egypt, whose commercial name is
HABICAR HUMICO WSP, is used as soil application and the doses are 0, 12 and 24 kg/ha
after 50 days from sowing.

The commercial SA from Oasis For I.LE.T Company — Egypt Alexandria Desert Road
— Egypt, whose commercial name is Anti-free, was prepared at a rate of 100 mg/L and
sprayed two times during the 65, and 90 days after sowing. At the same time, the control
was sprayed with tap water.

The commercial fulvic acid (FA) is from Setra Company, Egypt whose commercial
name is Free Fulvic (70 %), which sprayed twice at a rate of 1.2 kg/ha after-65, and 90 days
after sowing, at the same times, control was sprayed with tap water.
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The Industrial hydroxyproline from SAMA Company—Egypt, Alexandria Desert
Road, Egypt, was prepared at the rate of 1000 mg/L and sprayed two times after-65, and 90
days after sowing. At the same time, the control was sprayed with tap water.

Three samples were collected at 120, 150, and 180 days after seeding to evaluate
growth characteristics on five guarded plants for each sampling data. In the meantime, the
border effects were avoided in the subsequent samples. Each sample was randomly selected
from the ridges, to see how humic acid, SA, FA, and hydroxyproline affect the following
physiological parameters:

1. Number of leaves/plants.
2. Crop growth rate (CGR) (g/m?/day) according to the formula suggested by Radford
(1967).
CGR (g/m?/day) = (W2-W1) / SA (T2-T1)
Where: W1 and W2 refer to the dry weight of the plant at sampling time T1 (120 DAS)
and T2 (150 DAS), respectively and SA: Soil area occupied by plants for each sample,
according to (Charles, 1982).
3. Relative growth rate (RGR) in g/g/day was determined according to Radford (1967),
using the following equation:
RGR = (log W2 — log W1)/ (t2 — t1), where W1 and W2 are plant dry weights at times t1
and t2.

All collected data were statistically evaluated using the analysis of variance
(ANOVA) method for the split-plot design as described in (Gomez and Gomez, 1984). The
differences between the treatment means were tested using the Least Significant Difference
(LSD) method at the 5% level of probability. Application of (CoStat, 2005) for Windows
was used to perform all data analysis.

RESULTS AND DISCUSSION

A) Analysis of Variances:

The results in Table (2) present the variance analysis for Growth and Physiological
characteristics in the seasons of 2021-2022 and 2022—2023. Substantial K-humate, foliar
spray, some bio-stimulators, and their interaction. These results show that K-humate
application rates, foliar application of biostimulants substances like salicylic acid (SA),
fulvic acid (FA), and hydroxyproline (HP), and their interaction in both study seasons
significantly affected sugar beet growth characteristics such as the number of leaves/plants,
crop growth rate (CGR) (g/m2/day), and relative growth rate (RGR).



48 Mohamed A.A. Nassar et al.

Table 2: Mean square of sugar beet growth characters as affected by Humic acid, foliar
application and their interaction during 2021/2022 and 2022/2023 seasons.

Number of Crop growth rate (CGR) Relative growth rate (RGR)
leaves/plants (g/m?*/day)
50V df 1 seasons | 2" season 1* seasons | 2% season
1st 2nd Days after sowing (DAS)
seasons | season 120- 150- 120- 150- 120- <
u 15 -
150 180 150 180 150 150-180 | 120-150 150-180

Block 2 4.18 ns 1.96ns |0.1lns | 0.19ns | 0.20ns | 0.04ns |0.00lns | 0.001lns 0.002ns 0.009ns

Humic acid (A) 2 | 210.88%* | 173.10%% 25 12%%| 58.18%*%| 26.91** |59.09%* | 8.50%* | 3.91** 8.72%* 3.61 **

Ea 4 2.74 7.04 0.04 0.22 0.07 0.46 7.30 3.51 0.002 0.015
Foliar 7 | 280.22 ¥¥|278.55 ** 16, 70%% | 2.49%% | 6.93%F | Jo5¥E | ] [4¥* | Q.64 F* L.11%** 0.69%%*
application (B)
[nteraction (A x B) | 14 | 93.65%% |100.26%* [0.91%% | L.77%% | 0.94** 1.51% 0.26 0.17 0.26%* 0.16 **
Eb 42 1.07 5.01 0.07 0.79 0.08 0.82 8.26 9.59 0.002 0.012
Total 71

ns, *, and **: Not significant, Significant and highly significant differences at (.05 and 0.01 levels of probability respectively.

B) Effect of Humic Acid and Bio Stimulators:
1- Number of Leaves/Plants:

The results in Table (3) show a significant relationship between humic acid (HA)
levels, foliar bio stimulator application, and their interaction on the number of leaves/plants
in salinity-affected soil in both the 2021-2022 and 2022-2023 growing seasons.

The obtained results in the same Table (3) made it evident that applying humic acid
at a rate of 24 kg/ha resulted in the largest number of leaves/plants and that applying 0 kg
HA/ha resulted in the lowest values over the course of two seasons.

Also, the results in Table (3) also showed that SA + FA and HP produced the most
leaves/plants, whereas water application produced the fewest in both seasons. El-Kady et al.
(2021); Anjum et al. (2011); Malan (2015) revealed that HA and FA had a significant effect
on leaf functions. In the same way, El-Safy and Abo-Marzoka (2021); Abdelaal et al. (2020);
Abido et al. (2015). Likewise, Abdelaal et al. (2020); Abido and Ibrahim, (2017); El-Safy
and Abo-Marzoka (2021) showed that the application of SA increased the growth parameters
of many crops. On the otherwise, pro-improved growth and physiological characteristics,
according to Ashraf et al. (2010); Ali et al. (2019); AlKahtani et al. (2021); Ghaffari et al.
(2021) On the other hand, Yang and Antonietti (2020) that the use of FA accelerated plant
development under stress.

2- Crop Growth Rate (CGR) (g/m?/day):

The obtained results in Table (3) show the considerable impact of humic acid (HA)
levels, foliar application of biostimulants substances, and their interaction on crop growth
rate (CGR) during the two growth periods (120-150 and 150-180 DAS) in salinity-affected
soil in the 2021/2022 and 2022/2023 seasons.

Also, Table (3) intervals were observed when humic acid was applied to the soil at a
rate of 24 kg/ha, followed by an application of HA at a rate of 12 kg/ha, while the application
of 0 kg/ha of HA produced the lowest value of this feature. This might be because humic
chemicals added to the soil encourage plant growth and nutrient uptake by altering
membrane permeability. These findings are supported by research from; Nardi et al. (2002);
Badawi et al. (2013); Dawood et al. (2019); Abido and Ibrahim, (2017) who found that
humic compounds promoted sugar beet development.

Table (3) found that the foliar application of SA + HP at the first growth stage in both
seasons produced the highest CGR, but HP or FA + HP or SA + HP at the second stage in
both seasons produced the lowest CGR when compared to the other treatments, while water
application produced the highest CGR. In the same way, El-Safy and Abo-Marzoka (2021);
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Gilani (2022) also demonstrated that applying SA improved various crops' growth metrics.
However, Monreal et al. (2007); Ali et al. (2019); AlKahtani et al. (2021) reported that
utilizing Pro improved growth and physiological characteristics. On the other hand, Yang
and Antonietti (2020) claimed that humus components promoted growth. Also, Anjum et al.
(2011); Wilczewski et al. (2017); Van Oosten et al. (2017); Mosaad et al. (2022) reported
that the use of FA accelerated plant development under stress.

3- Relative Growth Rate (RGR):

The obtained data in Table (3) show a substantial relationship between humic acid
(HA) levels, foliar biostimulant treatment, and relative growth rate (RGR) at the two growth
periods (120-150 and 150-180 DAS) in salinity-affected soil in the 2021/2022 and
2022/2023 seasons.

Moreover, Table (3) demonstrated that humic acid treatment to the soil at a rate of
24 kg/ha resulted in the maximum relative growth rate (RGR) during the two-growth period,
while application of 0 kg HA/ha resulted in the lowest RGR during both seasons.

The reachable results in Table (3) regarding the foliar application of some bio-
stimulants showed that the application of SA + HP produced the highest RGR at the first and
second growth stages in both seasons when compared to the other treatments, while water
application produced the lowest RGR values in both.

This pattern, El-Safy and Abo-Marzoka (2021); Ali et al. (2020) showed that the
application of SA increased the growth parameters of many crops. Otherwise, Ghaffari et al.
(2021); Ali et al. (2019); AlKahtani et al. (2021) indicated that using Pro enhanced growth
and physiological characteristics. On the other hand, Yang and Antonietti (2020) stated that
humus compounds promoted development under stress.

Table 3: Number of leaves/plant, Crop growth rate (CGR) and Relative growth rate (RGR)
of sugar beet as affected by Humic acid, foliar application of biostimulants
substances and their interaction in both seasons.

No. of leaves/plant CGR (g/m*¥/day) ‘ RGRO0.96
Seasons
Treatment 2021 | 2022 | 2021 | 2022 | 2021 | 2022 | 2021 | 2022
2021 2022 Days after sowing (DAS)
120-150 | 150-180 | 120-150 | 150-180 | 120-150 | 150-180 | 120-150 | 150- 180
A) Humic acid (kg/ha)
0 29.00b | 29.66b 4.06 ¢ 3.80 ¢ 4.02¢c 3.80 ¢ 0.40 ¢ 113¢c 039 ¢ 115¢
12 27.00c | 27.68b 5.39b 527b 5.40b 522b 0.69 b 1.45b 0.7b 1.45b
24 32.83a 33a 6.09a 6.91a 6.10a 6.93 a 1.55a 1.93a 1.55a 192a
LSD at 0.05 132 212 0.17 0.38 0.22 0.54 0.02 0.01 0.04 0.09
B) Foliar application of bio stimulants
Water spray 23.55e 2339%e 333f 4.26b 334e 4.03b 025 g 0.95f 026g 0.96f
SA (100 mg/l) 37.00a | 36.77ab 447 e 5.40a 4.35d 542a 0.64 f 1.34e 0.64f 1.26d
FA (1.2 kg/ha) 2833¢ | 2833¢ 5.54 bed 540a 5.53 be 541a 0.89 d 1.59¢ 0.89 d 1.60 be
HP (1000 mg/L) 3422b | 3466b 5.74 ab 5.86a 5.77 ab 5.87a 0.94 ¢ 1.63b 0.94 ¢ 1.64 be
SA+FA 36.55a | 37.55a 5.83a 5.17a 5.83a 521a 1.22b 1.57¢ 1.22b 1.55cd
SA +HP 2533d | 25.88d 5.34d 5.67a 536¢ 5.72a 143a 1.85a 1.42a 1.87a
FA+HP 28.22c | 29.66¢ 5.71 abc 5.85a 5.73 ab 5.86a 0.94 ¢ 1.64b 0.90 cd 1.66 b
SA+FA+HP 23.66e | 24.65de 5.48 cd 5.03 ab 5.50 be 5.03a 0.76 & 1.46 d 0.77e 1.48d
L.S.Dat0.05 0.98 212 0.25 0.84 0.27 0.86 0.02 0.02 0.04 0.10
Interaction
AXB o L e £ e e e £33 e £

Means in the same row/column (s) followed by the same letter are not significant at 0.05 level of
probability, **: significant difference, p <0.01.

C) Interaction Effect:
1- Number of Leaves/Plants:

Table (4) indicated a significant interaction impact between the two components,
with control (untreated + water spray) in each of the two seasons recording the lowest values
of this feature while employing 24 kg/ha of HP or SA + HP or FA recorded the highest
number of leaves/plants compared to the other treatments.
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2- Crop Growth Rate (CGR) (g/m?/day):

Results in Table (4) showed the interaction between soil application of HA and
application of Biositmulants substances treatments, where the results cleared that application
of 24 kg HA/ha + HP or with FA + HP at the first stage achieved higher CGR in the two
seasons, but at the second stage, the rate of HA at 24 kg with FA or HP or SA+FA+HP gave
the highest values of CGR as compared to the other treatments, while the lowest values of
this trait were given with control (untreated + water spray) in the two seasons.

3- Relative growth rate (RGR) in (g/g/day)

Results given in Table (4) revealed a significant interaction between soil HA
application and Biostimulants substances application, with the findings indicating that the
first-stage application of 24 kg HA/ha + HP or with FA + HP resulted in increased CGR over
the course of the two seasons. The second stage, however, showed that the rate of HA at 24
kg with FA or HP or SA+FA+HP offered the highest values of CGR in comparison to the
other treatments, while the control (untreated + water spray) across the two seasons gave the
lowest values of this feature.

Table 4: The interaction difference of number of leaves/plant, Crop growth rate and Relative growth
rate (RGR) of sugar beet as affected by humic acid and foliar application of some
biostimulators in both seasons.

No. of leaves/plant CGR (g/m?¥/day) ‘ RGR (g/g/day)
HA | 20212022 [ 20222023 | 20212022 | 20222023 | 20212022 | 2022/023 | 2021/2022 | 2022/023
iostimulators . B —
(iha) 2021022 | 2022/023 Days after sowing (DAS)
120 -150 150-180 120 -150 150-180 120 -150 150-180 120 -150 150-180
Water 25.00 2537 1.58 2.68 157 2.63 0.13 0.83 0.13 0.82
SA 37.33 36.66 3.11 4.10 2.74 1.09 0.23 0.93 023 0.94
FA 26.66 26.00 4.66 3.87 1.63 3.82 0.53 1.23 0.53 1.24
0 HP 34.66 35.66 4.43 3.88 1.46 3.86 0.42 L12 0.43 113
SA+FA 3833 40.00 5.56 3.68 553 373 032 1.02 032 1.05
SA + HP 18.33 18.33 4.14 4.22 416 4.26 0.92 1.83 0.92 1.84
FA + HP 27.66 30.66 4.64 512 167 513 0.41 111 027 113
SA + FA + HP 24.00 2462 438 287 142 2.89 0.29 0.99 030 1.02
Water 14.00 14.15 437 5.28 4.39 4.64 0.21 0.91 022 0.93
SA 35.66 35.66 5.54 477 5.52 4.81 0.56 1.26 0.56 1.25
FA 22.00 2233 5.54 4.34 551 4.38 0.60 1.30 0.61 132
2 HP 24.00 24.33 5.02 6.26 5.04 6.28 0.86 1.56 0.86 1.57
SA+FA 39.00 40.00 551 5.09 551 5.12 0.91 1.83 0.90 1.74
SA + HP 29.00 3033 512 555 515 559 0.93 186 092 1.87
FA~HP 30.00 31.00 5.65 6.11 5.67 6.14 0.86 1.56 0.87 1.57
SA ~FA + HP 2233 23.66 547 479 5.50 4.83 0.62 1.32 0.63 133
Water 31.66 30.66 4.03 4.81 4.06 4.82 0.42 L12 0.43 1.14
SA 38.00 38.00 4.76 7.33 479 737 112 1.82 .13 1.59
FA 3233 36.66 6.43 3.00 6.44 3.03 1.52 2.22 1.53 2.25
2 HP 28.66 44.00 6.88 7.43 6.90 748 1.54 2.24 1.54 2.22
SA +FA 3233 32.66 6.43 6.75 644 6.79 2.43 1.87 2.43 1.87
SA ~ HP 28.66 29.00 6.77 7.26 6.77 7.30 2.44 1.87 244 1.89
FA~HP 27.00 27.33 6.85 631 6.84 6.31 1.56 2.26 1.56 2.28
SA +FA + HP 24.66 25.66 6.61 743 6.50 738 137 2.07 137 2.0
LSD 045 171 3.68 0.44 1.43 048 1.49 0.04 0.05 0.08 018

Water sprays (control), SA= Salicylic acid at the rate of 100 mg /L, FA= Fulvic acid at the rate of 1.2 kg/ha, HP=
Hydroxyproline at the rate of 1000 mg/L.

Conclusion

It was determined that the Karam variety of sugar beet was planted in clay soil that
was affected by salinity, fertilized with a combination of humic acid at a rate of 24 kg/ha as
a soil amendment, and sprayed with some bio stimulators like fluvic acid (FA),
hydroxyproline, and salicylic acid (SA) to get the maximum amount of growth characters
under surface irrigation system in Alexandria, Egypt.
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