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ABSTRACT 
The present study was conducted to evaluate the effect of licorice root extract (LRE) as a biostimulants 

on the growth and productivity in relation to anatomical Features of wheat plants during the 2018/19 and 

2019/20 seasons. Normally, LRE was used with different concentrations )of 2.5, 5, and 10 g l
-1

 as a grain 

soaking and then foliar spraying on 45-day-old seedlings(. The results indicated that aapplication of LRE 

significantly increased root size, plant height, root and shoot dry weights, tillers and leaves number as 

well as leaves area plant
-1

. Meanwhile decreased root/shoot ratio and leaf area ratio. Additionally, LRE 

treatments significantly increased the concentration of photosynthetic pigments in the flag leaf, NPK, 

crude protein, and total carbohydrates in the shoots compared to untreated plants. Anatomically, LRE 

treatments increased the thickness of stem wall tissues, epidermis, ground tissue, and the number of 

vascular bundles of the wheat stems as well as the thickness of flag leaf mid-vein and lamina, mesophyll, 

phloem, and xylem tissues relative to untreated plants. These anatomical alterations are consistent with 

the higher grain yield and its components and quality (N, P, K, protein and carbohydrates). Generally, 

application of 5 g l
-1

 LRE was the most effective concentration compared to the control and the other 

LRE treatments during both seasons.  It may be concluded that using LRE at a concentration of 5 gl
-1

 as 

an organic, eco-friendly treatment to improve growth and productivity of wheat and reduce the risks of 

using synthetic growth regulators. 

 

 

INTRODUCTION  

Wheat (Triticum aestivum L.) is the world's largest and most 

important human food crop. Therefore, continuous wheat 

improvement is an imperative strategy for feeding a 

constantly growing human population.  In 2020, the local 

production of bread wheat was about 9.10 million tons, 

while consumption reached about 21.98 million tons, a self-

sufficiency rate of 41.4% (CAPMAS, 2020). This would 

threaten Egyptian food security and put further pressure on 

the agricultural trade balance, due to the over increase in the 

annual wheat import, resulting in the inability to achieve 

development objectives (Kandil and Mohamed, 2019). So 

great efforts have been carried out to minimize this gap by 

improving growth and productivity of wheat using different 

agricultural practices such as growth regulators (Barányiová 

and Klem, 2016; Zhang, et al., 2019) and mineral nutrients 

(Allam, 2005; HoliK, et al., 2018). 

       Recently, there has been vast interest in using organic 

enhancers as a sustainable and eco-friendly strategy for 

improving plant productivity (Povero et al., 2016; Wanas et 

al., 2018; Desoky et al., 2019; Wanas & Khamis, 2021). 

Licorice root extract (LRE) represents a potent growth 

enhancers due to their richness in growth-promoting 

substances, osmoprotectants, antioxidants, and nutrients, 

which are paramount for improving plant growth and 

productivity (Wanas et al., 2018; Desoky et al. 2019; 

Wanas & Khamis 2021). Licorice (Glycyrrhiza glabra L.) 

is a traditional medicinal herb that belongs Fabaceae family 

and grows in various parts of the world (Ross, 2001). 

Wanas et al., (2018) reported that LRE applied as a seed 

pre-sowing treatment then as a foliar spray on cold-stressed 

squash caused a significant increase in the stem length and 

diameter, leaves number plant
-1

, roots, stem and leaves dry 

weights, total leaf area plant
-1

 and the leaf concentration of 

photosynthetic pigments, mineral nutrients and total soluble 

sugars in compared to those of untreated plants.  
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       Therefore, the investigation aimed to study the effect of 

Egyptian LRE on the vegetative growth, some biochemical 

trials, anatomical characteristics, and yield components of 

wheat plant.            

MATERIAL AND METHODS 
1- Experiment design: 

        Two pot trials were conducted at the Experimental Station, 

Faculty of Agriculture, Damietta University during two 

successive winter seasons of 2018/19 and 2019/20 to investigate 

the role of LRE on some growth aspects, chemical constituents, 

anatomical features and yield attributes of wheat (Triticum 

aestivum L.). Wheat grains cv. Misr1 was purchased from the 

Directorate of Agriculture, Damietta, Egypt. The experiment 

included four treatments as follows:     

T1: Distilled water (control). 

T2: LRE at a concentration of 2.5 g l
-1

.  

T3: LRE at a concentration of 5 g l
-1

. 

T4: LRE at a concentration of 10 g l
-1

.    

        The assigned concentrations of LRE and the distilled water 

were applied as grain-soaking for 8 hours, directly before 

planting and then foliar spraying on the plants grown up on 45
th 

day after planting (DAP). Pots of 30 cm diameter were filled 

with a 10 kg mixture of clay and sand (1:1 v/v), then pre-

planting treated grains with different assigned treatments were 

planted (24 pots for each treatment and 3 grains pot
-1

) on the 

20
th
 of November for the 2018/19 and 2019/20 seasons. After 

three weeks from planting, seedlings were thinned to one per 

pot. The experimental design was a randomized complete-block 

design with four replicates, each with six pots. In both seasons, 

irrigation with tap water and other agricultural practices of 

cultivated wheat were followed up.  

 2- Preparation of LRE: 

       Egyptian licorice roots were purchased from a local 

market in Damietta, Egypt. Stock licorice root extract was 

prepared according to the method described by 

Almehemdi et al. (2011). One hundred grams of licorice 

root powder was added to 200 ml distilled water in a dark 

bottle and kep   n      n  n     o             o      o     

then filtered by Buchner fennel. The final volume reached 

one litre by distilled water. The stock solution (100 g l
-1

) was 

k p   n        g    o         mp        o    ±   ˚   n  l     

preparation of desired concentrations. Chemical analysis of 

Egyptian LRE was previously recorded (Desoky et al. 2019) 

and indicated in Table (1). 

3- Sampling and collecting data:  

3.1-Vegetative growth characteristics:  

        Eight plants from each treatment were randomly taken 

at 100
th

 DAP in both seasons to record some growth 

parameters such as roots size (cm
3
),  

roots weight (g), plant height (cm), number of tillers, shoot 

(main stem + tillers) dry weight (g), and number of leaves 

plant
-1

. The roots' size was determined according to the 

proposition of Hanson and Churchill (1968). To get the root 

system as complete as possible, the plant pot is tilted while a 

gentle stream of water is carefully poured over the soil 

surface until the soil is completely displaced from the roots. 

The root system is then dried with paper towels, and placed 

in a volumetric flask with a known volume of water, and the 

increased volume of water is measured to indicate the 

volume of the root system.  

Table 1. Minerals and antioxidants content of Egyptian 

LRE on dry mass basis (Desoky et al., 2019).  

Component Values Unit 

1. Antioxidants and osmoprotectants: 
Free proline 36  

g kg
−1

 DM Soluble sugars  148 

Glutathione (GSH)  30.2 

Ascorbic acid (AsA; Vit. 

C)  

41.0 mg kg
−1

 DM 
Selenium (Se)  0.90 

2. Phytohormones 

Total auxins  4.2  

mg kg
−1

 DM Total gibberellins  5.2 

Zeatin-type cytokinin  4.1 

3. Mineral nutrients: 

Nitrogen (N)  20.2 g kg
−1

 DM 

 Phosphorus (P)  21.3 

Potassium (K)  47.2 

Calcium (Ca)  2.20 

Magnesium (Mg)  3.80 

Sulfur (S)  2.40 

Iron (Fe)  0.94 

Manganese (Mn)  0.62 

Zinc (Zn)  0.21 

Cupper (Cu)  0.02 
 

       Leaf area plant
-1

 (cm
2
) was determined using the disk 

method as described by Derieux et al. (1973).  

       The obtained data concerning the plant biomass (plant 

dry matter) and leaf area plant
-1 

were used for computing 

some important growth indices such as:  

   a) Root/ shoot ratio:  

The root/shoot ratio of a plant expresses the ratio between 

the dry matter accumulated in a plant's roots and shoots. It 

was computed using the following formula: 

 
   b) Leaf area ratio (LAR): 

       The leaf area ratio (LAR) plant
-1

 expresses the ratio 

between leaf area plant-1 and total plant biomass, or LAR 

indicates leaf area formed per unit of plant biomass and 

expressed in cm
2
 g

-1
 of plant dry weight. It was calculated at 

100 DAP according to the formula of Radford (1967). 
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3.2- Photosynthetic pigments:  

       Chlorophyll a, b and carotenoid levels were determined 

in the flag leaf on the 100
th

 DAP in both seasons using the 

spectrophotometric method recommended by Lichtenthaler 

(1987) and calculated as mg g
-1

 fresh weight (FW).  

3.3- Anatomical study: 

       According to the observed differences in the 

morphological characteristics of wheat plants due to 

treatments in the first season, a comparative anatomical 

study on the main stem and flag leaf of treated plants 

compared with those of the control was microscopically 

done during the second season. 

       Specimens (1 cm long) from the middle part of the 

terminal internode of the main stem and the flag leaf blade 

were taken on the 100
th

 DAP. The specimens were killed and 

fixed for at least 48 hours in FAA (10 ml formalin, 5 ml 

glacial acetic acid, and 85 ml ethyl alcohol 70%). Samples 

were then washed in ethanol (50%), dehydrated in a normal 

butyl alcohol series, and embedded in paraffin wax at the 

melting point of 56 °C. By using a rotary microtome, 

sections w                 kn    o     μ   o  l -stained with 

crystal violet-erythrosine, cleared in xylene, and mounted in 

Canada balsam (Nassar & El-Sahhar, 1998). The prepared 

sections were microscopically examined. 

3.4-Chemical analysis of shoots and grains: 

       Samples of representative shoots on the 100
th

 DAP and 

of mature grains at harvest date, i.e., 165
th

 DAP were taken 

  om     pl       o            m n   n           7  ˚   n  l 

constant weight. The dried shoots and grains were ground to 

a fine powder and then kept in paper sachets at the 

l  o   o y   mp        (   ˚ )  o       m n   on o      

following chemical constituents in both shoots and grains: 

3.4.1- Total carbohydrate: 

       Total carbohydrate concentration was determined using 

the phenol-sulphuric acid method (Dubois et al., 1956) and 

calculated as mg g
-1

 D.W.  

3.4.2- Total nitrogen (N) and crude protein:   

       Total N was determined by the wet digestion of the 

dried shoots and grain powders using the Kjeldahl method as 

described by Horneck and Miller (1998). A sample of 0.5 g 

from the representative dry matter was digested with 

sulphuric and perchloric acid. Distillation was carried out 

with 40% NaOH and ammonia was received in a 4% boric 

acid solution. The distillates were then titrated against 0.02 

N HCl using the mixed methyl red bromocressol green and 

then N concentration was calculated as mg g
-1

 DW. The total 

nitrogen concentration in wheat shoots and grains was 

multiplied by a conversion factor of 5.75 to calculate the 

crude protein concentration in wheat shoots and grains 

(A.O.A.C., 1990). 

3.3.4.3- Phosphorus (P, mg g
-1

 D.W.): 

       Phosphorus concentration was determined by 

“V n  omoly  o p o p o        ‟ y llow  olo  m   o . 

Digestion of samples was done by tri acid mixture (Jackson, 

1973).   

3.3.4.4- Potassium (K, mg g
-1

 D.W.): 

       Using the Flam photometer model Carl-Zeiss, potassium 

was determined according to the Horneck and Hanson 

(1998) method procedure.  

3.5- Yield characteristics: 

       Eight plants per each treatment were randomly taken at 

harvest time (165
th

 DAP) to record the number of spikes 

plant
-1

, main spike length (cm), number and weight (g) of 

grains main spike
-1

, 1000  grain weight (g), total grain yield 

(g) plant
- 1 

and straw yield (g) plant
-1

. The relative grain yield 

of the treated plants was calculated as a percentage of the 

control yield. 

4- Statistical analyses 

       Data of vegetative growth, yield, and chemical 

composition were subjected to proper statistical analysis of 

variance, according to Snedecor & Cochran (9191). Using 

the least significant differences test (LSD), differences were 

compared among treatment means at level of 5% of 

probability.  

RESULTS AND DISCUSSION 

4.1- Growth parameters: 

        Data in Table 2 show the effect of LRE at 2.5, 5, and 

10 g l
-1

 (grain-soaking plus foliar spraying) on some 

wheat plant growth criteria. The results showed that LRE 

concentrations significantly increased most growth 

criteria of wheat plants expressed as roots size, roots and 

shoot dry weights, plant height tiller, and leaf numbers 

plant
-1

 and leaf area plant
-1 

at 100
th

 DAP. In contrast, a 

significant reduction in the root/shoot ratio and LAR 

occurred with all applied treatments of LRE compared to 

untreated plants during both seasons. The highest values 

of roots size, roots and shoot dry weights, plant height, 

number of both tillers and leaves plant
-1

, and leaf area 

plant
-1

, and the lowest values of root/shoot ratio and leaf 

area ratio were obtained by 5 g l
-1

, followed by 10 g l
-1

 

and then 2.5 g l
-1

 of LRE, respectively. Consistent results 

were reported by Belal (2018), Wanas et al. (2018) on 

squash, and Wanas & Khamis (2021) on strawberry.  

        The vigorous growth of wheat plant obtained via LRE 

treatments may be attributed to its possess plant-

performance-enhancing capabilities due to its richness in 

antioxidants and osmoprotectants, which are very important 

for improving plant growth and productivity (Belal, 2018; 

Wanas et al., 2018; Desoky et al., 2019). LRE also contains 

some nutrients which paramount for plant growth like 

phosphorus, potassium, magnesium, iron, and zinc (Moses et 

al., 2002; Desoky et al., 2019). For enistance, phosphorus is 

involved in ATP synthesis and the formation of RNA and 

phospholipids. 
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Table 2: Effect of LRE treatments on some growth criteria of wheat plant at 100 DAP during 2018/19 and 2019/20 

seasons. 

     Characters 

 

 

 

Treatments  

Roots size 

plant
-1 

(cm
3
)

 

Roots DW 

plant
-1 

(g) 

 

Plant 

height 

(cm) 

 

Tillers No 

plant
-1

 

Leaves 

No. plant
-

1
 

Shoots DW 

plant
-1 

(g) 

Root / 

Shoot 

ratio 

Total DW 

plant
-1

 

Leaf area 

plant
-1 

(cm
2
) 

LAR 

Cm
2
 g

1-
 

plant 

DW 

Season 2018/2019 

Control 44.50 6.88 77.75 4.25 29.00 29.90 0.23 36.78 828.30 22.52 

LRE 

2.5 g l
-1

 51.25 8.67 88.38 6.00 35.25 41.28 0.21 49.95 1010.48 20.23 

5 g l
-1

 58.80 9.33 96.50 7.00 36.13 46.66 020 55.99 1064.94 19.02 

10 g l
-1

 57.60 9.28 92.13 6.75 35.50 45.20 0.21 54.48 1056.22 19.38 

LSD at 0.05 2.06 0.36 3.19 0.49 1.76 1.37 0.01 1.46 56.36 0.48 

Season 2019/2020 

Control 39.65 5.35 71.25 4.00 26.75 26.73 0.21 32.08 786.56 18.86 

LRE 

2.5 g l
-1

 48.25 7.34 83.00 6.25 31.75 40.79 0.18 48.13 869.64 18.07 

5 g l
-1

 52.50 7.56 90.25 6.75 33.50 44.48 0.17 52.04 923.86 17.75 

10 g l
-1

 50.80 7.45 88.63 6.50 32.75 42.87 0.17 50.32 903.33 17.95 

LSD at 0.05 1.17 0.21 3.88 0.63 1.46 1.12 0.01 0.51 49.38 0.28 

Abbreviations: LRE = licorice root extract, DW = Dry weight, DAP = Days after planting, No. = number and LAR = leaf area 

ratio.  

Hence, it directly enhances and regulates many 

biosynthesis processes required for plant growth, e.g., 

carbohydrate and sugar formation, nucleic acid, enzymes, 

and hormones (Yelenosky, 1985; El-Dengawy et al., 2017; 

Wanas et al., 2018). LRE also contains significant amounts 

of auxins, gibberellins (GAs), and zeatin (Desoky et al., 

2019). Gibberellins and auxins promote and regulate several 

plant responses, especially cell division and elongation 

(Wanas et al., 1998; Moses et al., 2002). Zeatin is the most 

prevalent cytokinin in plants (Hwang et al., 2012), which 

are well known to stimulate and regulate many growth 

aspects such as cell division, differentiation, root formation, 

and branching, protect the cells from the aging effects of 

reactive oxygen species and help in nutrients assimilation 

(Chen, 1997; Hwang et al., 2012). 

4.2-Photosynthetic pigments: 

        The results in Table 3 show that, compared to untreated 

plants, LRE treatments significantly increased the 

concentrations of photosynthetic pigments expressed as 

chlorophyll a, b, and carotenoids in the wheat flag leaf in 

both seasons. The highest concentration of chlorophyll a or b  

was obtained due to LRE at 5 g l
-1

, whereas the highest 

increment in carotenoid level was gained by LRE treatment 

at 10 g l
-1

. Also, results showed that chlorophyll a was the 

most responded pigment to all used LRE treatments. The 

percentage increase in chlorophyll "a" concentration was 

77.86, 97.05and 92.62% over the control value in the first 

season and 55.56, 90.08, and 71.42% over the control value 

in the second season with LRE at 2.5, 5 and 10 g l
-1

,  

Table 3: Effect of LRE treatments on the photosynthetic 

pigments level (mg g
-1

 FW) in wheat flag leaf at 100
th

 

DAP during 2018/19 and 2019/20seasons. 

              

Pigments 

 

 

 

 

Treatments 

Chlorophyll 

Carotenoids 
a b 

   ±%    ±%    ±% 

Season 2018/2019 

Control 2.71 0.00 1.63 0.00 1.84 0.00 

LRE 

2.5 g l-1 4.82 +77.86 2.10 +28.83 2.41 +30.98 

5 g l-1 5.34 +97.05 2.28 +39.88 2.64 +43.48 

10 g l-1 5.22 +92.62 2.06 +26.38 2.72 +47.83 

LSD at .05 0.36  0.18  0.27  

Season 2019/2020 

Control 2.52 0.00 1.52 0.00 1.71 0.00 

LRE 

2.5 g l-1 3.92 +55.56 1.89 +24.34 2.15 +25.73 

5 g l-1 4.79 +90.08 2.05 +34.87 2.36 +38.01 

10 g l-1 4.32 +71.43 1.97 +29.61 2.42 +41.52 

LSD at 0.05 0.43  0.11  0.18  

Abbreviations: LRE = licorice root extract, FW= Fresh 

weight, DAP = Days after planting,  % =  % relative to 

the control values.        

respectively. The present results were confirmed by the 

findings of EL-Dengawy et al. (2017), Wanas et al. (2018), 

Merwad (2020), Wanas and Khamis (2021) . 
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The advantageous effect of LRE on photosynthetic 

pigments level could be attributed to its richness in growth-

promoting hormones such as GAs and zeatin (Desoky et al., 

2019). GAs and cytokinins are well known to be induced the 

biosynthesis of chloroplast pigments in many plants 

(Fletcher and Arnold, 1986; Chen, 1997; Wanas and 

Khamis, 2021). 

3- Chemical constituents of wheat shoots: 

 

        As shown in Table 4 the three assigned LRE treatments 

significantly increased the concentration of each N, P, K, 

crude protein, and total carbohydrates in the shoots of treated 

wheat plants at 100 DAP during both seasons compared to 

those of control plants. The highest percentage increases in 

N, P, K, crude protein and total carbohydrates levels 

obtained by LRE at 5 g l
-1

 were respectively 23.48, 27.27, 

18.88, 23.48, and 15.41% during the first season and 22.93, 

40.00, 16.18, 22.93 and 14.66 % during the second season. 

These results are in agreement with the findings of Belal 

(2018) Wanas et al. (2018), Desoky et al. (2019) and 

Wanas & Khamis (2021).  

The LRE-promoting effect on the chemical 

constituents of wheat shoot could be considered a direct 

effect of this organic extract on stimulating mineral 

absorption through the vigorous root system of the treated 

plants (Table 2). Additionally, the increase in leaf area 

(Table 2), photosynthetic pigments (Table 3), and increased 

accumulation of dry matter in the shoots all indicate the 

LRE-enhancing effect on photosynthesis efficiency. More 

photoassimilates are being produced as a result, which 

improves the translocation of minerals from roots to shoots 

(Wanas, 2007; Belal, 2018). 

  

Table 4: Effect of LRE treatments on NPK and crude protein and total carbohydrate level (mg g
-1

 DW) in wheat shoots at 

100
th

 DAP during 2018/19 and 2019/20 seasons. 

 

Abbreviations: LRE = licorice root extract, DAP = Days after planting, DW = Dry weight,  % =  % relative to the control 

values.   

 

 

4-Anatomical studies: 

 

4.1- Anatomy of the main stem: 

  

      As shown in Table 5 and Fig. 1, the three applied LRE 

treatments positively affected many anatomical features of 

the main stem terminal internode (carrying the main spike). 

The diameter of the whole stem section was increased by 

14.41, 26.13 and 20.41% by LRE at 2.5, 5, and 10 g l
-1

, 

respectively. The increment in stem diameter was mainly 

due to the increase in hollow ground tissue diameter and 

stem wall thickness. For instance, with the same treatments 

in the same order, stem wall thickness increased by 25.06, 

34.35, and 28.03% over the control value   (100%). These 

results showed that the LRE treatment at 5 g l
-1

 was the most 

effective in this regard. The increment in the stem wall 

thickness was due to the increase in the thickness of its 

comprising tissues, i.e., epidermis, chlorenchyma tissue 

beneath the epidermis, peripheral sclerenchyma, and 

parenchymatous ground tissue, as well as the number and 

dimensions (thickness and width) of the vascular bundles 

comparing with those of the control. Moreover, the 

increment of the vascular bundle thickness was accompanied 

by an increase in the thickness of its tissue components, i.e., 

phloem, xylem, and bundle sheath. Increases reached the 

highest value with the treatment of 5 g l
-1

 LRE. 

       Chemical 

        constituents 

 

 

 

Treatments 

N P K Crude protein Total carbohydrates 

   ±%    ±%    ±%    ±%    ±% 

Season 2018/2019 

Control 27.60 0.00 1.10 0.00 28.44 0.00 158.70 0.00 508.17 0.00 

LRE 

2.5 g l-1 30.57 +10.76 1.30 +18.18 30.71 +7.98 175.78 +10.76 543.05 +6.86 

5 g l-1 34.08 +23.48 1.40 +27.27 33.81 +18.88 195.96 +23.48 586.48 +15.41 

10 g l-1 33.83 +22.57 1.40 +27.27 31.72 +11.53 194.52 +22.57 566.38 +11.45 

LSD at 0.05 1.23 - 0.09 - 0.36 - 2.11 - 2.36 - 

Season 2019/2020 

Control 26.60 0.00 1.00 0.00 26.52 0.00 152.95 0.00 489.14 0.00 

LRE 

2.5 g l-1 29.40 +10.53 1.20 +20.00 29.78 +12.29 169.05 +10.53 514.14 +5.11 

5 g l-1 32.70 +22.93 1.40 +40.00 30.81 +16.18 188.03 +22.93 560.86 +14.66 

10 g l-1 32.42 +21.88 1.30 +30.00 30.72 +15.84 186.42 +21.88 560.32 +14.55 

LSD at 0.05 0.87 - 0.09 - 0.28 - 1.78 - 3.06 - 



 

Table 5: Effect of LRE treatments on the anatomical features of the main stem terminal internode of 

wheat at 100
th

 DAP during the 2019/2020 season. 

 

Measuremen

ts 

                (µ) 

                 &  
   counts 

 

Treatments 

D
ia
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et

er
 o

f 
w

h
o
le

 

se
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n
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u
e 

T
h
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k
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f 
x

y
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m
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Control    2234.79 1384.95 424.92 12.84 78.47 11.93 321.68 49.00 146.20 112.88 12.77 43.15 77.51 

L
R

E
 

2.5  

g l-1 

 

   2556.76 1493.98 531.39 13.34 94.15 13.64 410.26 52.00 157.02 113.73 13.86 46.24 83.06 

±

% 
+14.41 +7.87 +25.06 +3.89 +19.98 +14.33 +27.54 +6.12 +7.40 +0.75 +8.54 +7.16 +7.16 

5  

g l-1 

 

   2818.81 1677.01 570.91 14.93 97.86 16.87 441.24 53.00 160.29 114.68 14.81 47.18 83.49 

±

% 
+26.13 +21.09 +34.36 +16.28 +24.71 +41.41 +37.17 +8.16 +9.64 +1.59 +15.97 +9.34 +7.72 

10 

 g l-1 

 

   2688.65 1600.61 544.02 14.58 95.16 14.28 420.00 52.00 159.30 114.45 14.44 46.90 83.52 

±

% 
+20.31 15.57 +28.03 +13.55 +21.27 +19.70 +30.56 +6.12 +8.96 +1.39 +13.08 8.69 +7.75 

Abbreviations: LRE = licorice root extract, DAP = Days after planting,  % =  % relative to the 

control values. 

 
 

Table 6: Effect of LRE treatments on the anatomical features of the flag leaf of wheat at 100
th

 DAP 

during the 2019/2020 season. 
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T
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k
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Control    298.93 116.78 47.90 105.59 106.07 10.83 35.42 48.51 218.97 15.65 13.01 190.31 

L
R

E
 

2.5  

g l-1 

   318.18 123.90 50.57 113.29 119.70 11.00 36.46 54.83 235.19 16.69 13.73 204.77 

±% +6.44 +6.10 +5.57 +7.29 +12.85 +1.57 +2.94 +13.03 +7.41 +6.65 +5.53 +7.60 

5 

 g l-1 

   362.62 146.93 59.90 124.84 130.85 11.93 38.52 68.47 252.86 17.13 13.82 211.91 

±% +21.31 +25.82 +25.05 +18.23 +23.36 +10.16 +8.75 +41.15 +15.48 +9.46 +6.23 +11.35 

10 

 g l-1 

   346.25 143.28 56.12 120.75 125.86 11.63 38.14 64.46 239.28 16.88 13.62 208.78 

±% +15.83 +22.69 +17.16 +14.36 +18.66 +7.39 +7.68 +32.88 +9.28 +7.86 +4.69 +9.71 

Abbreviations: LRE = licorice root extract, DAP = Days after planting, Thick. = thickness, No = number 

v.b. = vascular bundle  % =  % relative to the control values. 
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4.2 -Anatomy of the flag leaf: 

        As displayed in Table 6 and Fig. 2, the three 

assigned LRE treatments positively affected different 

studied anatomical features of the flag leaf. Since the 

mid-vein thickness was increased over the control value 

by 6.44, 21.31, and 15.83% by LRE treatments at 2.5, 5, 

and 10 g l
-1

, respectively. The increment of the mid vein 

thickness was due to the increase in the thickness of 

uppermost and lowermost sclerenchyma tissues and the 

main vascular bundle. The thickness of vascular bundle 

reached its highest value (124.84µ), representing 118.23 

% of the control value (105.59µ) with LRE treatment at 

5 g l
-1

. Also, the width of this bundle was increased with 

the applied LRE treatments to reach its maximum 

(123.36% of the control value) with the same treatment, 

i.e., LRE at 5 g l
-1

. In addition, the increment in the 

vascular bundle thickness was due to the increase in the 

    kn    o       on      n ’            . .  p lo m  xyl m 

and bundle sheath. 

       The lamina thickness was also increased with all 

applied LRE treatments and reached its highest 

percentage increase with the LRE treatment at 5 g l
-1

 

(15.48 %). The increment of lamina thickness was 

mainly due to the increases in the thickness of its upper 

and lower epidermis as well as mesophyll tissue. The 

highest increment in the mesophyll tissue thickness was 

obtained by LRE at 5 g l
-1

 (11.35 %) of the control 

value. Consistent results were reported by El-Dengawy 

et al. (2017), Wanas et al. (2018), and Wanas & 

Khamis (2021). 

        The positive alternations in all studied anatomical 

traits of stem terminal internode and flag leaf blade by 

all applied LRE treatments during the heading stage are 

of great interest. The alterations included the thickness 

of photosynthates creator (mesophyll tissue) and their 

passage (phloem tissue) as well as the thickness of 

different raw materials passage (xylem tissue), which 

means that the applied extracts improved translocation 

and caused more raw materials to be absorbed and 

reached leaves and other sinks (developed grains) and 

more photosynthates to be allocated and partitioned to 

other plant parts leading to vigorous growth and 

enhancement of heading, hence increment the final 

grain and straw yields. 

Other studies have confirmed the essentiality 

of increasing the cross-sectional area of phloem and 

xylem tissues accompanied by creating more 

photosynthates and absorbing more mineral nutrients for 

improving the growth and productivity of some 

economic plants (Wanas, 2006 & 2007; Belal, 2018; 

Wanas et al., 2018; Wanas & Khamis,2021). 
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5- Yield characteristics  

       Data presented in Table 7 reveal that the total grain yield 

plant
-1

 was significantly increased by LRE treatments 

compared to the untreated plants during both seasons. The 

highest percentage increase in grain yield of 43.38% and 

53.77% was recorded with LRE treatment at 5 g l
-1

 in the 

first and second seasons, respectively. The total grain yield 

increment was mainly due to the increase in its contributing 

traits, i.e., the number of fertile tillers and spikes plant
-1

, 

spike length, number and weight of grains spike
-1

, and 

weight of 1000 grains as well. Additionally, the applied LRE 

treatments significantly increased the straw yield (g)  

Table 7: Yield characteristics of wheat plants as affected by LRE treatments during 2018/19 and 2019/20 seasons. 
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0

0
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(%
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Season 2018/2019 

Control 3.75 14.66 34.00 1.64 4.68 7.90 50.33 100.00 

LRE 

 

2.5 g l
-1

 5.88 14.78 35.50 1.95 5.92 13.38 60.90 126.50 

5 g l
-1

 6.75 15.00 37.75 2.11 6.71 13.74 71.10 143.38 

10 g l
-1

 6.00 15.25 36.25 2.05 6.58 13.56 69.05 140.60 

LSD  at 0.05 0.54 0.15 0.48 0.18 0.57 0.83 1.11 - 

Season 2019/2020 

Control 3.50 14.50 33.25 1.47 4.24 8.50 50.26 100.00 

LRE 

 

2.5 g l
-1

 5.75 14.54 34.50 1.70 5.75 13.20 60.75 135.61 

5 g l
-1

 6.25 15.00 35.68 2.00 6.52 13.52 70.00 153.77 

10 g l
-1

 5.75 15.50 35.25 1.95 6.44 13.40 68.80 151.89 

LSD at 0.05 0.42 0.21 0.72 0.15 0.52 1.21 1.25 - 

            Abbreviations: LRE = licorice root extract, DAP = Days after planting.  

           *Relative grain yield was calculated as a percentage of the control grain yield. 
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plant
-1

 in both seasons. This increase was mainly due to the 

increment in both tiller number and shoot dry weight plant
-1

 

(Table 2).        

The improvement of grain yield plant
-1

 by using LRE 

treatments was mainly due to its capacity to enhance the 

tillers number, leaf area, dry matter accumulation (Table 2), 

photosynthetic pigments (Table 3), NPK, protein, and 

carbohydrate levels (Table 4), as well as the positive 

alterations existed in the anatomical features of both stem 

terminal internode and flag leaf blade (Tables 5 & 6; Figs. 1 

& 2). Besides, improving grain weight may be due to the 

partitioning of assimilates and/or mobilization of soluble 

stem reserves towards developing grains for increasing grain 

size because of increased cytokinin levels (Dietrich et al., 

1995). The application of cytokinins-rich LRE might 

contribute to enhanced sink capacity to fulfill heading 

resulting in improved wheat yield. The increase in grain 

weight due to increasing the endogenous level of cytokinins 

was reported by Wanas (1998 & 2007), indicating the 

increase in the grain weight was due to more supplements of 

assimilates towards developing grains. These results and 

interpretations go along with those of Belal (2018), Wanas 

et al. (2018), Merwad (2020) and Wanas & Khamis 

(2021). 

6- Chemical constituents of wheat grains: 

        Data presented in Table 8 indicate that the applied LRE 

treatments, i.e., 2.5, 5, and 10 g l
-1

 significantly increased the 

concentration of N, P, K, crude protein, and total 

carbohydrates in wheat grains compared with the control in 

both seasons. Increases reached their highest values with the 

LRE treatment at 5 g l
-1 

followed by 10 g l
-1

, and 2.5 g l
-1

 of 

LRE. The highest percentage increase in N, P, K, crude 

protein, and total carbohydrates concentrations obtained by 

LRE treatment at 5 g l
-1

 was respectively, 21.44, 15.79, 

14.15, 21.44, and 13.42% in the first season and 18.51, 

47.74, 10.82, 18.51 and 12.00 in the second season. 

Table 8: Effect of LRE treatments on some chemical constituents (mg g
-1 

DW) of wheat grains during the 2018/19 and 

2019/20 seasons. 

 

        Abbreviations: LRE = licorice root extract, DW= Dry weight  % =  % relative to the control values.

 

 The present results are in harmony with the findings of 

Belal (2018), Wanas et al. (2018), Desoky et al. (2019), 

Merwad (2020), and Wanas & Khamis (2021). In this 

respect, Wanas et al. (2018) mentioned that LRE applied as 

integrative treatments (i.e., as seed-soaking and foliar spray) 

significantly increased the fruit content of total soluble 

sugars, N, P, K, crude protein, and total carbohydrates in 

cold-stressed squash.    

       Increasing the grain content of total carbohydrates could 

be indicated by improving wheat growth concerning efficient 

photosynthesis and improving the translocation of their 

products and nutrients to the developing grains affected by 

the LRE treatments. Thereby, the obtained grain yield by 

these treatments was of good quality. 

CONCLUSION 

Therefore, the present study strongly recommends the use of 

LRE at 5 g/l
-1

 as an organic growth enhancer or biostimulant 

for all food crops to achieve the highest yield with high 

sanitary quality and to avoid all warnings concerning the 

excessive use of synthetic growth regulators and mineral 

fertilizers for saving the environment and human health.  

 

FUNDING:  
This research did not receive any funding. 

     Determinations 

 

 

Treatments 

N P K Crude protein Total carbohydrates 

   ±%    ±%    ±%    ±%    ±% 

Season 2018/2019 

Control 32.60 0.00 1.90 0.00 38.10 0.00 187.45 0.00 579.96 0.00 

LRE 

 

2.5 g l-1 35.86 +10.00 2.10 +10.53 40.30 +5.77 206.20 +10.00 614.66 +5.98 

5 g l-1 39.59 +21.44 2.20 +15.79 43.49 +14.15 227.64 +21.44 657.80 +13.42 

10 g l-1 37.82 +16.01 2.18 +14.74 42.38 +11.23 217.47 +16.01 639.56 +10.28 

LSD at 0.05 1.52 - 0.11 - 0.36 - 3.33 - 4.83 - 

Season 2019/2020 

Control 31.60 0.00 1.55 0.00 36.80 0.00 181.70 0.00 568.93 0.00 

LRE 

 

2.5 g l-1 34.16 +8.10 1.80 +16.13 39.58 +7.55 196.42 +8.10 593.32 +4.29 

5 g l-1 37.45 +18.51 2.29 +47.74 40.78 +10.82 215.34 +18.51 637.20 +12.00 

10 g l-1 36.76 +16.33 2.22 +43.23 39.98 +8.64 211.37 +16.33 626.80 +10.17 

LSD at 0.05 1.18 - 0.16 - 0.23 - 2.87 - 4.69 - 
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تحسين النمو والانتاجية والصفات التشزيحية للقمح  باستخدام مستخلص 

          جذورالعزقسوس

 أحًذ نطفٗ َٔظ
1

ٚذصُٚة ْشاو تاص, 
*1

.  

, كهٛح انضساػح, جايؼح ديٛاط, يصش. انُثاخ انضساػٗ قغى 1 

 

تانؼذٚذ يٍ انًٕاد  كًصذس ػضٕٖ غُٗ( LREأجشٚد ْزِ انذساعح نرقٛٛى ذأشٛش يغرخهص جزٔس انؼشقغٕط )       

. 2019/20ٔ  2018/19انقًح خلال يٕعًٙ  ٔػلاقرّ تانخصائص انرششٚحٛح نُثاذاخػهٗ ًَٕ ٔإَراجٛح  انًحغُح نهًُٕ

جى نرش 10ٔ  5ٔ  2.5انؼشقغٕط تصلاشح ذشكٛضاخ يغرخهص جزٔس ٔفٗ ْزِ انذساعح ذى اعرخذاو 
-١

كم ذشكٛض  ّ, ذى ذطثٛق 

ٕٚو تؼذ انضساػح. ٔقذ أٔضحد  ٥٤انُاذجح فٗ ػًش  انُثاذاخػهٗ  ٗنضساػح شى كشػ ٔسقَقغ نهحثٕب قثم ا كًؼايهحيُٓا 

يغرخهص تٕاعطح يؼايلاخ   ١انُرائج انًرحصم ػهٛٓا حذٔز ذحغٍ ٔاضح فٗ ًَٕ َثاذاخ انقًح صُف يصش 

ٔصاٌ انجافح نهجزٔس يؼُٕٚح فٙ حجى انًجًٕع انجزسٖ, ٔاسذفاع انُثاخ , ٔالأ أشاسخ انُرائج إنٗ ٔجٕد صٚادج. انؼشقغٕط

َثاخ ػذد الأشطاء ٔالأٔساق ٔيغاحح الأٔساق انكهٛح ٔكزنكٔانًجًٕع انخضشٖ 
-1

انًغرخذيح ًؼايلاخ انتٕاعطح جًٛغ  

يؼذل ٔ ٔفٙ انًقاتم, حذز َقص يؼُٕٖ فٙ َغثح انًجًٕع انجزسٖ/ انًجًٕع انخضشٖ يٍ يغرخهص جزٔس انؼشقغٕط.

فٙ  ٗصٚادج فٗ ذشكٛض صثغاخ انرًصٛم انضٕئ ًؼايلاخان عثثد جًٛغ اَة رنك,إنٗ جيغ كم انًؼايلاخ. يغاحح انٕسقح 

ٔانثشٔذٍٛ انخاو ٔانكشتْٕٛذساخ انكهٛح فٙ انًجًٕع انخضشٖ يقاسَح تانُثاذاخ   NPKذشكٛض كم يٍ كزنك ٔسقح انؼهى, ٔ

جذاس انغاق ٔالأَغجح انًكَٕح نّ, أ٘ انثششج  عًك ٗصٚاداخ ٔاضحح ف حذشدغٛش انًؼايهح. ٔيٍ انُاحٛح انرششٚحٛح, 

انُصم عًك ٔ نٕسقح انؼهى حذٔز صٚادج فٙ عًك انؼشق انٕعطٗ ٔانُغٛج الأعاعٗ ٔػذد انحضو انٕػائٛح. تالإضافح إنٗ

يغ انًُٕ  يرُاعقحْزِ انرغٛشاخ انرششٚحٛح الإٚجاتٛح, ٔ. يغرخهص انؼشقغٕط يؼايلاخٔالأَغجح انًكَٕح نًٓا يغ جًٛغ 

. حٛس يغرخهص انؼشقغٕطيٍ انحثٕب انرٗ ذى ذغجٛهٓا يغ يؼايلاخ انؼانٛح  قٕ٘ انز٘ ذى انحصٕل ػهّٛ ٔذفغش الاَراجٛحان

صٚادج يؼُٕٚح فٙ يحصٕل انحثٕب ٔانصفاخ انًغاًْح فّٛ يقاسَح تانُثاذاخ غٛش انًؼايهح. حذٔز ًؼايلاخ إنٗ جًٛغ انأدخ 

 يغرخهص انؼشقغٕطنًؼايلاخ اخ انًحغُح تغثة انرأشٛش ػانٛحٕدج كاٌ يحصٕل انحثٕب انز٘ ذى انحصٕل ػهّٛ رٔ ج

)انحثٕب( تًا ٚرًاشٗ يغ صٚادج ذٕجّٛ انًغزٚاخ َٕٔاذج انثُاء انضٕئٗ َحٕ انحثٕب  تانًخضٌػهٗ ذؼذٚم ػلاقح انًصذس 

ثشٔذٍٛ انخاو انُايٛح. نزنك احرٕخ انحثٕب انُاضجح ػهٗ ذشكٛضاخ أػهٗ يٍ انُٛرشٔجٍٛ ٔانفٕعفٕس ٔانثٕذاعٕٛو ٔان

يؼايهح يغرخهص انؼشقغٕط  ٔانكشتْٕٛذساخ انكهٛح يقاسَح تانُثاذاخ غٛش انًؼايهح. ػلأج ػهٗ رنك , أظٓشخ انُرائج أٌ

جى نرش 5ترشكٛض 
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 .الأكصش فاػهٛحْٗ كاَد 
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ػضٕ٘ نرحغٍٛ ًَٕ  كًحغٍ ًَٕ

 ٛح انقًح ٔذقهٛم يخاطش اعرخذاو يُظًاخ انًُٕ انصُاػٛح.ٔاَراج
 

 

 

 

 

 

 

 

 

 

 



 

 


