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Using human urine as fertilizer to optimize corn growth and yield in the Imbo agroecological zone in Burundi


ABSTRACT
Agriculture is crucial for food security in Burundi, providing 95% of food and contributing 39.6% to the GDP. However, it faces challenges like high population density, which strains natural resources, and limit access to agricultural inputs due to low purchasing power. This study investigates the effects of varying concentrations of human urine on the growth and yield of Bazooka hybrid maize in the Imbo agroecological zone to assess whether human urine can help alleviate the problem of insufficient and limited access to fertilizers. An experiment with five treatments (0%, 25%, 50%, 75%, and 100% urine) applied at 0.5 liters per planting hole showed yields ranging from 2.84 T/ha to 3.92 T/ha over three growing seasons. The 75% urine treatment gave yield of 3.92 T/ha, significantly higher than that of the unfertilized control. These findings suggest that human urine can enhance maize productivity, providing a sustainable alternative to chemical fertilizers and addressing agricultural input challenges in Burundi.
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1. INTRODUCTION
[bookmark: _GoBack]According to the Burundi National Development Plan 2018-2027, the Burundian economy relies on subsistence agriculture, which employs 84% of the population and provides 95% of the food supply, with the agricultural sector contributing 39.6% to GDP. Among the challenges facing the agricultural sector are the high population density, which exerts significant pressure on natural resources, and the inaccessibility of agricultural and livestock inputs due to the low purchasing power of the populations. In terms of demographic dividend, the same source indicates that the population of Burundi was estimated at 11,495,438 in 2017 and could reach 14.9 million inhabitants by 2030, on a surface area of 27,834 km² (PND-Burundi, 2018).	Comment by Skariyappa college: Full form ....
Burundian famers remain dependent on chemical fertilizers (NPK, urea) and Organic Mineral Fertilizer (FOMI) to supplement locally produced organic manure. These two categories of fertilizer remain accessible to people with the financial capacity to procure them.
However, Anna et al. (2011) emphasizes that if all excreta, organic waste, manure, and crop residues are recycled, soil fertility can be maintained because recycled products contain the same quantities of plant nutrients as those consumed by crops.
According to Kirchmann et al. (1995), the three main nutrients excreted by the human body—namely nitrogen, phosphorus, and potassium—are primarily excreted via urine. Urine thus allows the recovery of large quantities of nutrients in a small volume (only 1% of the total wastewater volume). Each year, each person produces about 500 liters of urine, which corresponds to between 1 and 1.5 liters per day (these volumes are about half for children).
Unfortunately, the current situation is that the high Burundian population produces enormous amounts of urine and excreta that are directly discharged into sewers or septic tanks.
Isolated initiatives to valorize human urine, undertaken in some households in the provinces of Bujumbura and Kirundo, have not achieved significant success. Studies by Hicuburundi et al. (2010) and Nakindavyi (2016) did not address certain aspects (such as urine dilution effects, environmentally acceptable spreading techniques and economic assessment). These two studies are final-year works that have not been published for access by the scientific community regarding human waste valorization.
If, as mentioned above, each human produces an average of 500 liters per year, a community of students, pupils, or soldiers produces enormous quantities of urine and excreta that are buried due to ignorance of their importance. The present study, conducted within the university community, aims to demonstrate the effects of different urine concentrations on maize growth (a cereal crop that is the most cultivated and consumed in Burundi).

2.	METHODOLOGY
2.1. STUDY AREA
The experiment was conducted on the experimental field of the Nutrition-Phytochemistry, Ecology, and Applied Environments Laboratory at the Rohero campus of the University of Burundi, located in the ecological region of the Imbo plain. This region is characterized by annual rainfall of 800 to 1,100 mm spread over 7 to 8 months, but some areas, especially in the north, experience chronic aridity. The average annual temperature exceeds 25°C, with maxima reaching over 30°C and minima dropping below 15°C. The region experiences three rainy seasons (A, B) and a dry season (C), marked by small quantities of rainfall. From the pedological point of view, the soils of the Imbo plain are of both lacustrine and fluvial origin, essentially alluvial but sometimes sandy with a high mineral salt content but variable humus content, resulting in good fertility, variable all the more so as the soils are diversified according to the mineral salt content and depth of the pedological horizons (MEEATU, 2013).
2.2. COLLECTION AND HYGIENIZATION OF HUMAN URINE
Urine was collected from boys’ latrines at the Rohero campus. These latrines were transformed into ECOSAN toilets to facilitate urine collection. Jerricans were used for collection, and the urine was stored in 100-liter containers within the laboratory premises at ambient temperature (25°C). To ensure proper conditioning, the containers were hermetically sealed. Samples were regularly taken and analyzed for physico-chemical and microbiological parameters. After about 10 days, all pathogens had disappeared, ensuring safe use without contamination risks.

2.3. URINE APPLICATION 
During application, spraying into the air should be avoided to prevent nitrogen losses through ammonia gas emissions (Johansson et al., 2001). Urine was applied to the drought-tolerant, high-yielding hybrid maize variety BAZOOKA, produced by NACCEKO. Maize was planted at a spacing of 70×50 cm, with two seeds per hole (Kamara et al., 2020). Five urine concentrations were tested: 0%, 25%, 50%, 75% and 100%. As nutrient uptake by most crops decreases during the generation phase (Anna et al., 2011), a volume of 0.5 L was used to fertilize two plants per hillock, with applications every two weeks before flowering (Kinfe et al., 2018).
The parameters studied included plant height at different dates, yield components (number of rows, number of grains per row, ear diameter, ear length, weight of 1000 grains, and overall yield). Plant height is a morphological trait that can indicate the effectiveness of a fertilizer on plant growth. To evaluate the effect of different urine concentrations on maize growth, plant height was measured two weeks after each application. The harvested corn was husked and dried to a moisture content of 14%. The yield per treatment was then extrapolated to the hectare. The data collected were then analyzed for variance (ANOVA) using SPSS software.
3.	RESULTS 
3.1.BIO-MORPHOLOGICAL CHARACTERISTICS 
	The results presented on this figure 1 show that maize plants fertilized with 75% urine show remarkable growth compared with that obtained with other concentrations. This allows us to compare the effects of different concentrations of human urine on maize growth.  From the second application the effect of 75% concentrated human urine is already noticeable (Figure 1.)
  Figure 1 shows the growth of maize plants on selected dates.


Fig. 2. Plant height in the growing season A



Fig.3. Plant height in the growing season B

Fig.4. Plant height in the growing season B


3.2 YIELD COMPONENTS

Yield is a function of various components: number of rows on the cob, number of seeds per row, cob length and diameter, and 1000-seed weight (TKW) at 14% moisture. Table 1 shows the comparison of these components under different urine applications. As a control, corn not fertilized with urine (0% urine) was considered.


Table 1. Yield components during season A
	[bookmark: OLE_LINK1]Conc. of urine
	Yield structure elements during season A

	
	N Rows
	Difference.
	Gr; per row
	Difference.
	Ear diameter
	Difference
	Ear Length
	Difference.
	 TKW
	Difference

	0% (Control)
	12.5
	0
	32.8
	0
	4.37
	0
	16.7
	0
	357
	0

	25% of urine
	12.3
	-0.2
	32.5
	-0.3
	4.13
	-0.2
	17.5
	0.8
	367
	10

	50% of urine 
	12.8
	0.3
	33.2
	0.6
	4.43
	0.06
	17.1
	0.4
	363
	5.9

	75% of urine
	12.8
	0.3
	35.2
	2.4
	4.4
	0.03
	18.3
	1.7
	382
	25

	100% of urine
	12.8
	0.3
	32.3
	-0.5
	4.27
	-0.1
	17.6
	1
	354
	-2.7

	LSD (0.05)
	1.21
	5.9
	0.54
	1.35
	24.8




The results presented in Table 1 indicate that the structural elements of corn yield, such as number of rows, number of seeds per row and ear diameter, showed no significant differences between treatments fertilized with the different concentrations of human urine and the control, which is the unfertilized corn. However, it is important to note that ear length and thousand kernel weight (TKW) showed significant differences when the human urine concentration was 75%. Indeed, ear length at this concentration exceeded that of the control by 1.66 cm, with an LSD value greater than 1.35. Furthermore, TKW also showed a significant increase, exceeding the control by 24.9 grams (TKW > 24,48). These results are corroborated by observations made during Season B, where similar trends were noted (Table 2). This underlines the importance of human urine concentration in improving morphological characteristics of maize, although the other yield elements show no difference.
characteristics of maize, although the other yield elements show no difference.
[bookmark: _Hlk196402658]
Table 2. Yield components during season B

	Conc. of urine
	
	Yield components during season B

	
	N Rows
	Difference.
	Gr; per row
	Difference.
	Ear diameter
	Difference
	Ear Length
	Difference.
	 TKW
	Difference

	0% urine (Control)
	12.3
	0.0
	35.5
	0.0
	4.0
	0.0
	16.7
	0.0
	343.6
	0.0

	25% urine
	11.3
	-0.9
	34.5
	-1.0
	4.0
	0.0
	17.5
	0.8
	362.2
	18.6

	50% urine
	11.7
	-0.5
	35.2
	-0.3
	3.9
	0.0
	17.1
	0.4
	359.6
	16.1

	75% urine
	12.0
	-0.3
	36.6
	1.1
	4.0
	0.0
	18.3
	1.7
	376.1
	32.5

	100% urine
	11.5
	-0.8
	35.1
	-0.4
	3.8
	-0.1
	17.6
	1.0
	366.2
	22.6

	LSD (0.05)
	        1.1
	         2.8
	        0.3
	        1.4
	
	16.4



According to the results presented in Table 2, the application of 75% human urine led to significant improvements in ear length and thousand kernel weights (TKW) compared with the control. Indeed, ear length outperformed that of the control by 1.7 cm, with an LSD value greater than 1.4. In addition, the TKW also showed a significant increase, exceeding the control by 32.5 grams, with an LSD greater than 16.4. These results underline the positive impact of this urine concentration on certain morphological and yield characteristics of maize, indicating its potential as an effective fertilizer.


Table 3. Yield components during the C season
	Conc. of urine
	Grain yield structure during the season C

	
	N Rows
	Difference.
	Gr; per row
	Difference.
	Ear diameter
	Difference
	Ear Length
	Difference.
	 TKW
	Difference

	0% of urine (Control)
	12.2
	0.0
	42.7
	0.0
	5.2
	0.0
	21.3
	0.0
	296.1
	0.0

	25% of urine
	12.4
	0.2
	37.7
	-5.0
	5.2
	0.0
	21.4
	0.1
	316.6
	20.5

	50% of urine
	12.4
	0.2
	39.2
	-3.5
	5.0
	-0.2
	21.1
	-0.2
	317.6
	21.5

	75% of urine
	12.3
	0.1
	44.1
	1.4
	5.2
	-0.1
	21.5
	0.2
	324.7
	28.6

	100% of urine
	12.3
	0.1
	39.6
	-3.1
	5.3
	0.1
	21.1
	-0.2
	277.1
	-19.0

	LSD (0.05)
	6.7
	3.7
	0.3
	1.3
	58.8



In the C off-season, the results indicate that the values obtained for ear length and TKW is higher than that of the control. Indeed, the data presented in Table 3 show that the ear length exceeds that of the control by 0.2 cm, while the TKW is 28.6 grams higher. However, it is important to note that these results are not significantly different from those observed for the control. This indicates that, although improvements have been observed, they are not sufficiently marked to be considered significant in the context of this study.


3.3	GRAIN YIELD
In growing season, A, yields varied from 3.92 to 4.36 T/ha. The high yield of 4.36 T/ha was obtained with a urine concentration of 75%. The yield obtained with this concentration surpassed the control by 0.41 T/ha. For season B, grain yields varied from 2.9 to 4.7 T/ha. The high yield was also obtained with a concentration of 75%, and exceeded that of the control by 1.2 T/ha. Nevertheless, this yield was not significantly different from the control (0%). The results for season C show lower yields than in previous seasons.  Indeed, this season was characterized by drought conditions, which did not allow good grain yields to be achieved. Yields for this season ranged from 1.7 to 2.7 T/ha. However, the highest yield of 2.7 T/ha was observed for the 75% urine concentration. Although this treatment did not give a significantly different yield from the unfertilized control, the yield obtained was 0.4 T/ha higher than the control. 

Table 4. Grain yield for the three experimental seasons
	Season A

	Concentration 
	Grain yield, T/ha
	Difference with the control

	0% of urine (Control)
	3.95
	0

	25% of urine
	3.97
	0.02

	50% of urine
	4
	0.05

	75% of urine
	4.36
	0.41

	100% of urine
	4.08
	0.13

	LSD (0.05)
	
	1.4

	Season B

	0% of urine (Control)
	3.5
	0

	25% of urine
	2.9
	-0.6

	50% of urine
	3.8
	0.3

	75% of urine
	4.7
	1.2

	100% of urine
	3.1
	-0.4

	LSD (0.05)
	                                              
	  2.3

	Season C

	0% of urine (Control)
	2.3
	0

	25% of urine
	1.7
	-0.6

	50% of urine
	2
	-0.3

	75% of urine
	2.7
	0.4

	100% of urine
	2.2
	-0.2

	LSD (0.05)
	
	1.4



The results presented in Table 3 clearly show that the application of a 75% concentration of human urine contributes to an increase in corn grain yield. This improvement is significant and underlines the effectiveness of this fertilization method. In addition, the data collected over the three seasons of experimentation made it possible to calculate the average yield for each treatment, as shown in Table 4. These results reinforce the idea that the use of human urine at this concentration can be a viable solution for optimizing maize production, while offering a sustainable alternative to chemical fertilizers.


Table 5. Average yield for the three experimental seasons
	Concentration
	Grain yield, T/ha
	Difference with the control

	0% of urine (Control)
	3.25
	0

	25% of urine
	2.84
	-0.41

	50% of urine
	3.27
	0.02

	75% of urine
	3.92
	0.67

	100% of urine
	3.13
	-0.12

	LSD (0.05)
	                                              0.59




The results in Table 4 shows that the average yield for the three seasons varied from 2.84 T/ha to 3.92 T/ha.  Compared with the other concentrations used in our trials, the 75% urine concentration resulted in a high average yield of 3.92 T/ha. The figure shows the variation in yield according to concentration and experimental season.

[image: ]

Fig. 5. Interaction plot for grain yield

Note: C1: 0 % of urine; C2: 25 % of urine; C3: 50 % of urine; C4: 75 % of urine; C5: 100 % of urine 
The results presented on the figure 4 show that the average maize yield for the three experimental seasons fluctuated between 2.84 T/ha and 3.92 T/ha. Among the different concentrations tested, the 75% human urine concentration stood out, offering a particularly high average yield of 3.92 T/ha. This performance underlines the effectiveness of this concentration as a fertilizer. Furthermore, the associated figure illustrates the variation in yield as a function of different concentrations and experimental seasons, highlighting the significant impact of fertilization on corn production. These results reinforce the idea that the use of 75% human urine can be a promising strategy for optimizing agricultural yields.
3.4 DISCUSSION
The use of human urine as a fertilizer is of particular interest in the field of sustainable agriculture. The results of the present study show that a concentration of 75% human urine results in better growth and, consequently, higher yields of maize. This approach could offer a viable solution for improving agricultural productivity while reducing dependence on chemical fertilizers.
Young et al (2014) point out that urine can be applied in a variety of ways to rapidly stimulate plant growth. Indeed, human urine is rich in essential nutrients, including nitrogen, phosphorus and potassium, which are crucial for crop development. These nutrients not only promote plant growth, but also improve resistance to disease and environmental stress. Marorwa (2021) asserts that human urine positively influences crop growth rates and productivity, a claim corroborated by the research of Jonsson et al. (2004), who demonstrated that urine is an excellent source of nutrients for plant growth.
It is therefore clear that human urine can play a key role in modern agriculture, offering a sustainable alternative to chemical fertilizers. According to Kinfe et al (2018), the response of maize to urine application is well expressed, with significantly different results observed at an application rate of 0.5 L. However, it is important to note that there was no significant difference between the 0.5 L and other application rates, suggesting that an optimum concentration could be achieved without requiring excessive quantities. The Nitrogen, in particular, plays a crucial role in the overall improvement of crop growth. As Pearson (2008) explains, nitrogen enables the plant to absorb more nutrients, thereby promoting the synthesis of photosynthates. These photosynthates are then accumulated in the reproductive parts of the plant, resulting in higher yields. The use of human urine as a fertilizer could therefore not only improve maize growth, but also optimize food production in a context of growing demand.

CONCLUSION
The present study on the use of human urine as a fertilizer for maize in Burundi shows that it can be a solution to the country's agricultural challenges. With 95% of food supply dependent on agriculture, optimizing yields is crucial. Results show that the concentration of 75% human urine significantly improved yields, reaching up to 3.92 T/ha, compared with unfertilized treatments. This approach not only valorizes an often-neglected waste product, but also offers a sustainable alternative to chemical fertilizers, making agricultural inputs more accessible at low cost. By integrating human urine into farming practices, Burundian farmers could contribute to food security while preserving natural resources. This study opens up the possibility of more sustainable and resilient agricultural practices, essential for coping with population growth and environmental pressures.	Comment by Skariyappa college: Small letter (t)
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Plant height,cm
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Plant height, cm
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