Use of Auxin-like herbicide for Mesquite (Prosopis juliflora) Control in Sudan

Eltayeb Ahmed Hamad Suliman1*, Salah Eltom Elamin and 2Sayda Omer Elhewairis1  
[bookmark: _GoBack]1Department of Botany and Agricultural Biotechnology, 2Department of Crop Protection, Faculty of Agriculture, University of Khartoum, Shambat, Sudan
Correspondence Author email: eltayeb71_sha@yahoo.com * 
Abstract: Afield experiments were conducted during two consecutive winter seasons and rainy seasons to evaluate the effect of 2,4-dichloro phenoxy acetic acid (2,4-D) dissolved in two different solvents on mesquite (Prosopis juliflora) mortality percent. Natural stand mesquite trees in three sizes (small, medium, and large) treated with 2,4-D at five rates, (0, 6×103, 12×103, 18×103 and 24×103 mg), dissolved in diesel or water. 2,4-D mixtures were sprayed around the lower part of the tree stem at about 30 cm above the soil level. The design was a factorial experiment in Randomized Complete Block Design (RCBD). The results showed that; in both seasons the three tree sizes treated with rates of (24×103 mg a. i.) dissolved in the diesel gave a 100 % mortality percentage. The performance of 2,4-D dissolved in diesel was better than that of water, which gave (98.89%, 100%) and (100%, 97.78%) for the two winter and two rainy seasons, respectively. In addition, the large tree size showed a high mortality percentage compared to the other sizes. The study concluded that: using 2,4-D herbicide at the rate of   24×103 mg a. i. / L diesel for mesquite tree control, gave a 100% mortality percentage after a year of application.  
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1-   Introduction
Mesquite (Prosopis juliflora was) first introduced into Sudan from Egypt and South Africa in 1917 to solve the problem of desertification in some regions of Sudan (Brown and Hamdoun, 1929). Mesquite spread rapidly into fertile productive areas, irrigation, and drainage channels, particularly in some of the major irrigated schemes (Morgan et al. 2017) Mesquite spread and multiplied, and now it has become one of the world's 100 most dominant invasive trees (Becker et al. 2016). Prosopis species have been noxious, invasive weeds in Ethiopia, Kenya, Sudan, Eritrea, Iraq, Pakistan, India, Australia, South Africa, the Caribbean, the Atlantic Islands, Bolivia, Brazil, the Dominican Republic, El Salvador, Nicaragua, the United States of America (USA), and Uruguay (Pasiecznik et al. 2004). Mesquite inhibits the seed germination of other species of plants that lie in its vicinity (Muturi et al.2017). It also discourages other species of plants to grow near it. It releases allelochemicals from its leaves, roots, and fruits to achieve this (Noor et al. 1995). Phenolic compounds present in mesquite have biological toxicity towards many plants and can cause disturbances in various processes by interfering with the enzymology of the target plants (Thoyabet et al. 2009). Cytotoxic alkaloids found in mesquite pods cause intoxication to cattle, horses, sheep, and goats in diets containing high levels of pods (>50%). The dry leaves are very rich in flavonoids, containing as much as 3.6% (Ibrahim et al. 2013). In addition, the leaves carry high concentrations of alkaloids (2.2%) (Damasceno et al. 2017). The sharp thorns cause gangrene. In addition, leaves fall on potable water, which makes the water bitter (Walter and Armstrong, 2014). Pollens of P. juliflora trigger allergic asthma, rhinitis, and skin allergy (Dousti et al. 2016). 
2,4‐Dused to control dicotyledonous annual in weeds in wheat, maize, rice, and other similar cereal crops (Gervais et al. 2008). There are two types of formulations of 2,4-D: amine salts and esters.  (Peterson et al. 2016). The mode of action of auxinic herbicides depends on tissue sensitivity and species, low doses of 2,4-D promote plant growth while high doses drive plant over and abnormal growth (Grossmann, 2010). The uptake and translocation of 2,4-D are greater under conditions of higher temperatures and humidity, also, sensitive species translocate more 2,4-D than tolerant species. (Peterson et al. 2016). 2,4-D mimics the natural plant hormone indole - 3- acetic acid (natural auxin) and activates auxin response genes (Korasick et al. 2015). Natural auxin IAA is degraded in the plant, while 2,4-D persists for long periods within the plant, this phenomenon is described as an auxin overdose which leads to an imbalance in auxin and interactions with other hormones at the tissue level (Song, 2014). 2,4-D activates the synthesis of amino cyclopropane 1-carboxylic acid, which leads to ethylene biosynthesis (Eduardo et al. 2017). Ethylene is stimulated by H2O2, which is considered the second messenger in the abscisic acid (ABA) synthesis; ABA is an essential sign in mediating stomata closure to reduce water loss (Vanderauwera et al. 2011). Use of herbicides for mesquite control applied in different ways, basal bark treatment, which involves spraying herbicides around the entire stem up to 30 cm from the ground, this method should be used during the growing season (March to November) (Geesing et al. 2004). There are many factors, that increase the efficacy of herbicide, these include, type and rate of application, health, stage of the plant, and environmental variables (Kumar and Singh, 2010). In general, all studies related to the mesquite tree described the toxicity effect of the tree on another plant, and few of these studies aimed to control mesquite seedlings, while the objective of this study was to evaluate the effect of (2,4-D) dissolved in two different solvents on mesquite tree mortality under field conditions. 
2- Materials and Methods
2- 1 Sites of the Experiments and Plant Materials 
Afield experiments were conducted in two locations in Khartoum Sudan in an area of about forty ha. The two sites. Naturally grown mesquite trees were selected randomly and districted to three spots, thirty mesquite trees for each spot were classified for three sizes, (small, medium, and large) ten in each, based on the number of stems per tree and diameter of the canopy (in meters). 
2- 2 Chemical solutions and application method  
2, 4-dichloro phenoxy acetic acid (2,4-D), at five rates (Table 1) 0, 6×103, 12×103, 18×103 and 24×103 mg / L dissolved individually in two solvents (water or diesel). The rates of mixtures (2,4-D mixed with water or diesel) were in the rate ranging from 80-90 ml, 140-160 ml, and 244-308 ml for small, medium, and large trees respectively. 2,4-D dissolved in diesel or water was applied only one time around the lower part of the stem at about 30 cm. above the soil level (Geesing et al. 2004). The herbicide treatment application is done with a knapsack sprayer with a cone-type nozzle, which is adjusted to deliver a mixture in a narrow cone. 




Table 1: The different treatments and 2,4-D rates

	Treatments
	2,4-D rates 102mg a.i.

	D/2,4-DR0
	2,4-D at rate 0 dissolved in diesel

	D/2,4-DR1
	2,4-D at rate 6 dissolved in diesel

	D/2,4-DR2
	2,4-D at rate 12 dissolved in diesel

	D/2,4-DR3
	2,4-D at rate 18 dissolved in diesel

	D/2,4-DR4
	2,4-D at rate 24 dissolved in diesel

	W/2,4-DR0
	2,4-D at rate 0 dissolved in water

	W/2,4-DR1
	2,4-D at rate 6 dissolved in water

	W/2,4-DR2
	2,4-D at rate 12 dissolved in water

	W/2,4-DR3
	2,4-D at rate 18 dissolved in water

	W/2,4-DR4
	2,4-D at rate 24 dissolved in water



2-3 Experimental design and data analysis
 The experiments were conducted in factorial in Randomized Complete Block Design (RCBD) with three replicates, treatments were shaped to allow for the comparison of three different factors (2,4-D concentrations, mesquite sizes, and solvents types) and to enable the assessment of interactions effect of these factors. The analysis of variance test (ANOVA) and means statistically separated by least significant difference (LSD) test using a computer statistical software, Statistix 8, and differences between means at (0.05) level of significance.
2-4 Data Collection
 Mortality percent is calculated after one year of application to allow sufficient time in different climatic conditions around the year. Mortality percent estimated by counting the number of dead stems, which appear 100 % defoliated, had no living tissue, and no re-sprouts from ground buds as follows:
 ×100 
3- Results
In both seasons, the three tree sizes treated with different rates of 2,4-D dissolved in diesel showed a significant increase in mortality percentage compared to the corresponding 2,4-D rates dissolved in the water.  The high rate of 2,4-D (24×103 mg a.i.) gave 100% mortality, while the control showed a lower mortality percentage. In the rainy seasons, the high rate of 2,4-D (24×103 mg a.i.) dissolved in water significantly increased the mortality percentage of the three tree sizes compared to the control (Tables 2 and 3). 
Table 2: Effect of 2,4-D and solvent types on mortality percentage of mesquite trees in different sizes in the two winter seasons
	Treatments
	Mortality percentage

	
	First winter season
	Second winter season

	
	Small 
	Medium 
	Large
	Small 
	Medium 
	Large

	D2,4-DR0
	33.33 de
	33.33 de
	0.00 f
	16.67 ef
	16.67 f
	13.33 f

	D2,4-DR1
	76.33 abc
	55 cd
	66.67 bc
	83.33 abc
	56.67def
	53.33cde

	D2,4-DR2
	76.33abc
	93.33 ab
	93.33 ab
	53.33cde
	93.33 ab
	56.67bcd

	D2,4-DR3
	96.33 ab
	100 a
	100 a
	100 a
	100 a
	93.33 ab

	D2,4-DR4
	100 a
	100 a
	100 a
	100 a
	100 a
	100 a

	W2,4-DR0
	0.00 f
	0.00 f
	0.00 f
	0.00 f
	0.00 f
	0.00 f

	W2,4-DR1
	0.00 f
	0.00 f
	0.00 f
	0.00 f
	0.00 f
	0.00 f

	W2,4-DR2
	0.00 f
	0.00 f
	0.00 f
	0.00 f
	0.00 f
	0.00 f

	W2,4-DR3
	0.00 f
	0.00 f
	0.00 f
	0.00 f
	0.00 f
	0.00 f

	W2,4-DR4
	0.00 f
	0.00 f
	000f
	0.00 f
	0.00 f
	0.00 f

	SE±
	14.95
	A16.14


Figures in a column followed by the same letter (s) are not significantly different according to the least significant differences (LSD)     
D= Diesel, W=Water, R= Rate













Table 3: Effect of 2,4-D and solvent types on mortality percentage of mesquite trees in different sizes in the two rainy seasons
	Treatments
	Mortality percentage

	
	First rainy season
	Second rainy season

	
	Small 
	Medium 
	Large
	Small 
	Medium 
	Large

	D2,4-DR0
	46.67 b
	46.67 b
	50.0 b
	46.67bc
	48.33b
	50.0 b

	D2,4-DR1
	93.33 a
	93.33 a
	100 a
	100 a
	93.33a
	100 a

	D2,4-DR2
	93.33 a
	93.33 a
	100 a
	100 a
	93.33a
	100 a

	D2,4-DR3
	93.33 a
	100 a
	100 a
	93.33a
	100 a
	100 a

	D2,4-DR4
	100 a
	100 a
	100 a
	100 a
	100 a
	100 a

	W2,4-DR0
	0.00d
	0.00d
	0.00d
	0.00 f
	0.00 f
	0.00 f

	W2,4-DR1
	0.00d
	0.00d
	0.00d
	0.00 f
	0.00 f
	0.00 f

	W2,4-DR2
	0.00d
	0.00d
	0.00d
	0.00 f
	000 f
	0.00 f

	W2,4-DR3
	0.00d
	0.00d
	0.00d
	0.00 f
	0.00 f
	0.00 f

	W2,4-DR4
	16.67 c
	13.33cd
	33.33 b
	16.67 de
	33.33cd
	53.33b

	SE±
	6.88
	7.00


Figures in a column followed by the same letter (s) are not significantly different according to the least significant differences (LSD)     
D= Diesel, W=Water, R= Rate
The diesel solvent increased the performance of 2,4-D which increased the mortality percentage. All rates of 2,4-D dissolved in diesel significantly increased the mortality percent of three sizes of the tree compared to the control (diesel only), which gave (29.44% and 15.56% in the two winter seasons respectively, while in the two rainy seasons, the diesel only gave 47.22%). In both rainy seasons, all 2,4-D rates dissolved in diesel gave high mortality percentages compared to the same rates of 2,4-D in both winter seasons (Table 4). 






Table 4: Effect of 2,4-D and solvent types on mortality percentage of mesquite trees 

	Treatments
	Mortality %


	
	First season
	Second season

	
	Winter
	Rainy
	Winter
	Rainy

	
	Diesel
	Water
	Diesel
	Water
	Diesel
	Water
	Diesel
	Water

	2,4-DR0
	29.44c
	0.00d
	47.22b
	0.00d
	15.56c
	0.00c
	47.22b
	0.00d

	2,4-DR1
	66.67b
	0.00d
	95.56a
	0.00d
	64.44b
	0.00c
	97.78a
	0.00d

	2,4-DR2
	67.78b
	0.00d
	95.56a
	0.00d
	67.78b
	0.00c
	97.78a
	0.00d

	2,4-DR3
	96.67a
	0.00d
	100a
	0.00d
	97.87a
	0.00c
	97.78a
	0.00d

	2,4-DR4
	98.89a
	0.00d
	100a
	24.44c
	100 a
	0.00c
	97.78a
	28.88c

	SE±
	9.63
	3.81
	9.32
	3.68


Figures in a column followed by the same letter (s) are not significantly different according to the least significant differences (LSD)     














Results in (Table 5) showed the effect of 2,4-D irrespective of other factors on the mortality percentage of the three tree sizes, which increased with the increase of the 2,4-D rate.
Table 5: Effect of 2,4-D Rates on mortality percentage of mesquite trees 

	Treatment
	Mortality %


	
	First season
	Second season

	
	Winter
	Rainy
	Winter
	Rainy

	
	Large
	Medium
	Small
	Large
	Medium
	Small
	Large
	Medium
	Small
	Large
	Medium
	Small

	22,4-DR0
	0.00 d
	16.67cd
	16.67cd
	25.0 d
	23.34 d
	23.34 d
	6.67c
	8.34.c
	8.34 c
	25.0d
	24.17 d
	23.34 d

	2,4-DR1
	33.34abc      
	27.5 bc
	38.17abc
	50.0 bc
	46.67 c
	46.67 c
	26.67abc
	28.34abc
	41.67 ab
	50.0c
	46.67 c
	50.00c

	2,4-DR2
	46.67ab      
	46.67ab
	38.17abc
	50.0 bc
	46.67 c
	46.67 c
	28.34abc    
	46.67 a
	26.67abc
	50.0c
	50.00c
	50.00c

	2,4-DR3
	50.00 ab
	50.0 ab
	45.0ab
	50.0 bc
	50.0 bc
	46.67c
	46.67 a
	50.00 a
	50.00 a
	50.0c
	58.34 b
	46.67 c

	2,4-DR4
	54.17a
	54.17 a
	48.17ab
	66.67 a
	56.57 b
	58.34 b
	50.00 a
	50.00 a
	50.00 a
	76.67 a
	66.67 ab
	46.67 c

	SE±
	11.79
	4.67
	11.41
	4.95


Figures in a column followed by the same letter (s) are not significantly different according to the least significant differences (LSD)     


4- Discussion
The combination of 2,4-D and the diesel solvent significantly increased mortality percent compared to the water solvent, this reflects the variable responses of mesquite trees to the different solvents used in this study. This result is supported by the finding of many researchers who studied the effect of herbicides of the phenoxy acetic acid group, (which 2,4-D belong to this group) for mesquite control. They concluded that the use of the phenoxy acetic acid group gave good results in mesquite control when mixed with diesel oil. Similar results were found by (Abdelaziz, 2009) who found that; the auxinic herbicide triclopyr applied at the rate of 4 g a. i./ tree as basal bark treatment gave 100% morality of mesquite trees. In addition, triclopyr applied at 18-20% for mesquite tree basal bark treatment gave 100 % mortality after one year of application (Abdelaziz et al. 2014). Also, (Shanwad et al. 2015) found that the mortality % increased as 2,4-D increased in combination with glyphosate and applied as a foliar spray. 2,4-D mimics the natural plant hormone indole - 3- acetic acid (natural auxin) and activates auxin response genes (Korasick et al. 2015). This is thought to be due to the mode of action of 2,4-D herbicide at low concentrations. However, 2,4-D at high concentration, which acts as herbicide and persists for a long time in the plant, is described as an auxin overdose, which leads to an imbalance in auxin and interaction with other hormones (Song, 2014).  Auxinic herbicides lead to oxidative stress through the unregulated generation of reactive oxygen species (ROS) such as hydrogen peroxide (H2O2). 2,4-D as auxinic herbicide synthesis of 1-carboxylic acid, which is the key enzyme in ethylene biosynthesis, which stimulated H2O2 (Lin and Grierson, 2009). H2O2 is considered the second messenger for the synthesis of abscisic acid (ABA), which leads to stoma closure and limiting CO2 assimilation followed by a reduction in photosynthesis (Grossmann, 2010). H2O2 at low concentrations acts as a signal molecule and regulates the expression of a large number of genes involved in cell response to different stress conditions and development (Mittler et al. 2011). However, a high accumulation of H2O2 promotes oxidative damage to proteins, lipids, and nucleic acids (Sandalio et al. 2012). Diesel toxicity is due to alkanes and polycyclic aromatic hydrocarbons (PAHs) which are toxic to plants (Adam and Duncan, 1999). (Alkio et al. 2005) Observed several effects of PAHs in Arabidopsis, including a reduction in the growth of the stem and the root, production of hydrogen peroxide (H2O2), and cellular death. Toxic hydrocarbon molecules inhibit the activities of amylase and starch phosphorylase (Achuba, 2006). In addition, reduction in photosynthesis, and respiration, and an increase in stress related to the phytohormone (Adenipekun et al, 2008). The performance of 2,4-D in the rainy season was better than in the winter season in mortality percent, this may have been due to high humidity in the rainy season which increased the uptake and translocation of 2,4-D to the roots and thus increased mortality percent (Peterson et al. 2016). 
5- Conclusion
1/ This study proved that it is possible to control this invasive tree under field conditions and confirms that: the tree does not grow again until one year of application. 
2/ During the two seasons, the three tree sizes treated with the high rate of 2,4-D (24×103 mg of a.i.) dissolved in diesel showed a 100% mortality percent. 
3/ The study discussed this result with the recommendation of using the herbicide 2,4-D at this rate for mesquite tree control.
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