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Abstract. A field experiment was carried out at Al-Hartiha Research Station of the college of 

agriculture, university of Basrah, during the winter season 2021-2022 to studying the effect of 

three levels of mineral fertilization NPK(0,Mineral fertilizer as recommended, 50% of 

recommended mineral fertilizer ),and concentration extracts of  licorice and m oringa leaf (0, 

spraying 50% of licorice extract , spraying 100% of licorice extract , spraying 50% of moringa 

leaves extract, , spraying 100% of moringa leaves extract) ,on some growth characteristics of 

wheat. The experiment was applied according to the factorial method, using a randomized 

complete block design (R.C.B.D) with three replications. The results showed that the fertilizer 

recommendation 100% achieved the highest values of chlorophyll content of the flag leaf, the 

number of days to 50% flowering, plant height , flag leaf area, and the number of days to 

maturity (172.70 mg m-2, 102.33 day, 91.87cm, 26.67cm2 and 42.45 day), spraying with100% 

Licorice extract  gave the highest content of chlorophyll, plant height, flag leaf area, and the 

number of days to 50% flowering  and maturity ( 178.57 mg m-2, 90.22 cm, 26.33 cm and 

42.78 day respectively). The interaction was significant in all characteristics, as the fertilizer 

recommendation spraying with 100% licorice extract achieved the highest chlorophyll content  

and  flag leaf area , and it did not differ from the combination of 50% of the fertilizer  

recommendation and the concentration of 100% licorice extract in the chlorophyll content the 

area of the flag leaf and the number of days of to maturity. 

Keywords. Mineral fertilizer, Moringa, Licorice, Chlorophyll, Flag leaf.           

1. Introduction  

 In order to feed the world's population and maintain future world food security, it is important to 

continually increase the yield of food crops. Wheat (Triticum aestivum L.) is widely regarded as the 

world's most important source of human food. Wheat has a substantial economic impact on the 

country, as well as a social effects. It is one of the three most widely grown crops on the world, 

providing calories to over 1.5 billion people [1]. in addition to containing quantities of fats and some 

Salts and vitamins [2]. Wheat is grown in practically all of the country's regions, but its production is 

lowest in the south  due to deterioration of production conditions such as irrigation water, salinity, and 

high temperatures, among others. In general, there is an imbalance between the amount of production 

and the population's actual needs[3].The increased use of chemical fertilizers  have a negative health 

impacts,so modern scientific agricultural approaches have guided the use of safe materials that 

improve crop yield and quality while having no negative impact on the environment has resulted in a 

large trend of using organic products and plant extracts to improve plant growth while reducing the 

use of chemical fertilizers as much as possible. Licorice root extract (Glycyrrhiza glabrag), a species 

of the Fabaceae plant family, is one of many natural plant extracts. The natural extracts are among the 

most important treatments that contribute to encouraging the characteristics of vegetative growth and 
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flowering and the characteristics of the yield of many plants, due to the fact that these plants contain a 

number of natural chemical compounds that differ in quantity and quality according to different 

species, plant parts, stages of plant growth and the environmental conditions to which they are 

exposed. The extract of the roots of the Licorice plant was used by [4] in spraying on the plant because 

of its hormonal stimulating effect in increasing the production of the wheat crop. Many researches 

indicated that spraying plants with Licorice root extract improves plant growth and increases yield [5] 

[6] [7]. Moringa oleifera  belongs to the Moringaceae family and is a multipurpose tree, it produces a 

lot of biomass due to its fast-growing perennial habit, and its leaf extracts are utilized as plant growth 

stimulants to improve agricultural productivity, many plant growth regulators, including as zeatin, a 

cytokinin, vitamins, and mineral components, can be found in these leaf extracts. [8-10]. This study 

aimed to find the best fertilizer combination that has a positive effect on wheat growth and the 

possibility of replacing part of the mineral fertilizers with cheap and environmentally friendly 

alternatives such as plant extracts. 

2. Materials and Methods        
  A field experiment was carried out at Al-Hartiha Research Station of the College of Agriculture, 

University of Basra, during the winter season 2021-2022 with the aim of studying three levels of 

mineral fertilization with NPK(0,Mineral fertilizer as recommended, 50% of recommended Mineral 

fertilizer) its symbols M0,M1,M2 respectively ,and concentration extracts of  Licorice and Moringa 

leaf (0, spraying 50% of Licorice extract ,spraying 100% of Licorice extract , spraying 50% of 

Moringa leaves extract, , spraying 100% of Moringa leaves extract) its symbols E0,E1,E2,E3,E4,and 

interaction of them on some growth characteristics of wheat Buhousth-22 variety. The experiment was 

applied according to the factorial method, using a randomized complete block design (R.C.B.D) with 

three replications. The texture of the soil was silty loam, and its physical and chemical properties were 

evaluated (Table 1).The plot area was (2×2 m
2
), containing 10 lines, the distance between one line and 

another is 20 cm. Seeds were planting at 15
th
 November with a seed rate 140 kg ha

-1
.The fertilizer 

recommendation was 180 kg N ha
-1

 + 100 kg P ha
-1

 + 150 kg K ha
-1

 , urea fertilizer (46%N) was added 

as a source of nitrogen and according to the recommendation [11]in three doses, the first two weeks 

after planting, the second in the tillering stage and the third at flowering, and triple superphosphate 

fertilizer (20% P) was added as a source of phosphorous at planting [12], and potassium sulfate 

fertilizer (41.4%K) was added at planting [13].The plant extracts were prepared according to [14], the 

required concentration of the dry extract was prepared using the dilution equation, and spraying was 

carried out in three stages of plant growth ,tillering, elongation and booting, the spraying process was 

carried out by knapsack sprayer, due to the low temperature, high relative humidity, and consistent 

wind speed, all foliar spraying activities were completed early in the morning. After the plants reached 

50% flowering, the number of days was calculated from planting until the plants reached the 50% 

flowering stage, plant height,  flag leaf area , the total chlorophyll content of the flag leaf was 

calculated according to the method [15], and when the plant reached the stage of full maturity, the 

number of days was calculated From 50% flowering to full maturity. Statistical analysis of the traits 

was carried out according to the design used by the statistical program GenStat and the means were 

compared using the least significant difference test (LSD) at a probability level of 0.05. 

Table 1. Some chemical and physical properties of field soil before planting .     

Properties pH 
EC 

(dS m
-1

) 
 

Organic matter 

(g kg-1) 

Available N Available P Available K 

(mg kg
-1

) 

Value 64.7 6417 24.3 .6474 14446 114444 
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3. Results and Discussion 

3.1. The Total Chlorophyll Content of the Flag Leaf (mg m
-2

)         
The results of statistical analysis(Table 2) showed that chlorophyll content was significantly affected 

by mineral fertilizer and plant extracts. The values exceeded from the control treatment( M0) with 

increase percentages 10.56,44.70% respectively, These increases are due to the effective role the 

mineral fertilizer content is in full recommendation (M2) of the nutrients N, P, K, that have a major 

role in the vital processes in the plant, nitrogen participates with magnesium in the formation of the 

chlorophyll molecule and the formation of Porphyrin groups that contribute on the composition 

Chlorophylls and cytochromes which are important in the processes of photosynthesis and respiration 

[16], As well as the role of potassium in activating many enzymes that build chloroplasts [17].Results 

reveal a significant difference between extracts concentration in chlorophyll content of the flag leaf 

,spraying with Licorice extract E2 achieved the highest chlorophyll content (178.57 mg m
-2

) with an 

increase of 49.62% than The control (E0), which gave the lowest chlorophyll content (119.55 mg m
-2

), 

this  may be due to the contains licorice extract , carbohydrates and mineral elements, the most 

important of which is magnesium, which increases the chlorophyll content of leaves [11].These results 

are in agreement with [18,19]. Result of mineral fertilizer rates and spraying with extracts  interaction 

effects indicates that maximum chlorophyll content was obtained from N2 treatment when spraying 

with Licorice extract at E2 (215.08 mg m
-2

), and it did not differ significantly from treatment M1 when 

spraying with Licorice extract at concentration E 2(195.31mg m
-2

), while the control M0 when 

spraying with Moringa leaf extract at concentration E3 recorded the lowest chlorophyll content (99.08 

mg m
-2

 ) 

3.2. Days to 50% Flowering   
Days to 50% flowering were significantly influenced by the mineral fertilizer ,extracts concentration, 

and their interaction (Table 2). The mineral fertilizer M2 significantly increased number of days to 

50% flowering (33.211 days as the highest average), while the control treatment M0 recorded the 

lowest (98.47 days), this increase may be attributed to the an increase in the content of the root zone of 

major nutrients, improvement of the physical and chemical properties of the soil, and an increase in 

the branching of the root system, which leads to an increase in the nutrients absorbed by the plant, thus 

increased growth and cell division, then delayed flowering .For the extracts concentrations effect, 

number of days to 50% were also affected by extracts concentrations . The spraying with licorice 

extract at concentration E1 gave  the highest number of days from planting to 50% flowering ( 101.44 

days), it was at a par with E2 and E4(101.22 and 100.44 days respectively), while the control 

treatments gave the ( 99.22 days), and this increase due to the contents of the Licorice extract in macro 

and micro nutrients, as well as its high content of plant growth regulators, especially auxins and 

cytokinins, which have a prominent role in increasing growth, division and development, which 

continued growth the plant thus delay flowering [20] . As for the effect of the interaction it was 

significant, the largest average of number of days to 50% flowering of recorded 104.00 days for the 

interaction between the M2 and E1, while M0×E3 gave the lowest (95.67 days)                 4  

3.3. Plant Height(cm) 

The analysis of variance showed significant effect of mineral fertilizer application on plant height of 

wheat (Table 2). The highest plant height was obtained from application of M2 which was 

significantly higher by 26.32% than the unfertilized control (M0), this may be due to the role of 

mineral fertilizer in stimulating plant growth, as it contributes to the production of chlorophyll, amino 

acids and energy-rich compounds such as ATP necessary for plant growth, which leads to an increase 

in plant growth [21], and that increasing the flowering period has led to increased growth and 

increased plant height. Also, Table (2) revealed that there was significant difference among the 

extracts concentration on plant height, spraying with Licorice extract with concentration E2achieved 

the highest plant height (90.22 cm) which was statically similar with concentration of Moringa leaf 

extract (E4), (89.33 cm), while lowest plant height recorded under the control treatment (78.22) cm, 

The increase in plant height might be due to the role of Licorice extract which is f the one of the 
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growth stimulants, and its action is similar to gibberellin acid that encourages growth through the 

active compound called mevalonic acid, which works effectively to stimulate cell elongation and 

increase the activity of division [22]. These results agree with the finding of [6,20], of an increase in 

plant height when sprayed with Licorice extract. The effect of duel interaction was significantly 

difference in the plant height  between mineral fertilizer and, extract concentration, treatment of M2 

mineral fertilizer and extract concentration E2 gave  the highest value (98.67cm)with an increase rate 

of 60.00 % compared to non-treated plants.  

3.4. Flag Leaf Area(cm2) 

The results as shown in the table (2) showed significant differences in the flag leaf area using mineral 

fertilizer and different extracts concentrations. The adding of mineral fertilizer M2 recorded the 

highest average of the flag leaf area (26.67 cm 2), while the treatment M0 gave the lowest average 

(20.78 cm 2), The reason  for this may be due to the important role of fertilizer in all vital processes in 

the plant, as it has a significant impact on cell division, increases the meristematic activity of cells and 

thus expands the surface area of the leaves, and the increase in chlorophyll content in the leaves led to 

an increase in the efficiency of the photosynthesis process, and then increase the leaf area of the plant , 

this result agrees [15].It is noticed from Table 2 that spraying with licorice extract at concentration E2 

was significantly superior to all concentrations and achieved the highest mean of the area of the flag 

leaf ( 26.33 cm 2), while the control treatment E0 recorded the lowest area, ( 22.56 cm2), this may be 

due to the role of licorice extract which is rich in nutrients important for plant growth such as 

potassium, phosphorous, magnesium, iron and zinc, as well as the previously mentioned growth 

stimulants that encourage growth by stimulating cell division and elongation, which increases the area 

of the flag leaf., This result is accord with that of [6,7,13]. As for the effect of the interaction, it was 

significant, and the treatment M2 when spraying with concentration of E2 achieved the highest flag 

leaf area (29.67 cm2),  it was at a par with interaction M1 × E2 which achieved 28.00 cm2, while the 

control treatments M0 × E0 gave the lowest average (20.33 cm
2
). 

3.5. Days From 50% Flowering to Maturity           
As shown in table (2), days from 50% flowering to maturity were   significantly affected by mineral 

fertilizer and extracts concentrations. The highest average of days to maturity obtained from 

application of M2  (42.45 days), while the control treatment gave the lowest number of days ( 38.27 

days), and this may be due to the effect of nitrogen in increasing the period of the vegetative growth  . 

It is noted from Table 2 that spraying with Licorice extract at concentration E2concentration, the 

highest number of days from 50% flowering to maturity (42.78 days), it was at a par with E4 

concentration, which recorded 41.09 days, while the E0 treatment achieved the lowest number of days, 

(39.00 days), and did not differ significantly with E3 concentration (39.45 days). The interaction was 

significant, and treatment M2 when spraying with licorice extract at concentration E2 achieved the 

highest number of days  to maturity, ( 44.00 days), it was at a par with interaction 1 M1 ×E2 (43.67 

days), while interaction of M0 × E3 gave the lowest days to maturity (35.67 days).  

Table 2. Effect of mineral fertilizer and spraying with Licorice extracts and Morinca leaves and their 

interaction on some growth traits of wheat.  

days from 50% 

flowering 

to maturity 

Flag leaf 

area 

(cm
2
) 

Plant 

height 

(cm) 

days to 50% 

flowering 

Chlorophyl 

content 

(mg m
-2

) 

Treatments 

2.436 344.6 63462 6.4.6 119.35 M0 Mineral fertilizer 

Kg h
-1

 .1434 3.412 ..436 1444.6 127434 M1 

.34.2 37476 614.6 143422 163464 M2 

4466 14.. 3421 44.16 1342. LSD (P ≤ 0.05) 

26444 22.56 6.433 66433 116422 4 
Extract 

concentration 

(%) 

.44.6 23.78 .2411 1414.. 1.64.4 E1 

.346. 26.33 64433 141433 16.426 E2 

264.2 22.67 6.422 6646. 1.2442 E3 

.1446 24.11 .6422 1444.. 12.412 E4  
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1432 1461 2441 14422 15.93 LSD (P ≤ 0.05) 

27444 34422 71476 67422 142441 4 

M0 

 

26476 31444 63444 144444 142422 E1 

.4476 31422 66476 144422 132422 E2 

22476 34476 72422 62476 6644. E3 

26422 31444 .6444 144444 173443 E4  

26476 31476 .7444 144444 136432 4 

M1 
.1422 3.444 ..476 144422 164422 E1 

.2476 3.444 6.422 144476 162421 E2 

.4444 32444 ..422 141422 171424 E3 

.1422 3.444 ..444 144444 13.4.4 E4  

.1422 32476 .6444 141422 13.4.1 0 

M2 
.1476 37422 6.476 14.444 176462 E1 

..444 36476 6.476 143476 31244. E2 

.3476 3.422 ..444 143422 17.461 E3 

.3474 36422 61444 141422 1.6426 E4  

146. 2421 2431 14.36 36426 LSD (P ≤ 0.05) 
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