Use of human urine has demonstrated significant increase in biomass
production compared to no fertilizer application In various plants, such
as cabbage, tomatoes and beelsiissonStintzinget al. 2004 Guzha
Nhapiet al. 2005;TidakeyMattssonet al. 2005Mnkeni, Kutuet al.
2008;PradhanHolopainenet al. 2010). Promoting its use couldlp
alleviate 2 global crises by:

1. Providing access to affordable fertilizer to sustain the increaAsing
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Providing adequate sanitation to the 2.6 billion people who lack

access to proper sanitation

2.

There Is a limited understanding of the letegm impacts on the
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developed to simulate nine years of continuous use of human urine as

a fertilizer with spinach. The data presented In this poster is on the
biomass and does not included the soil analysis.

Experimental design

The experiment was located Arla, Himachal Pradesh, India and
conducted from June to October, 2011.

Human urine collection

A Undiluted human urine was collected from 14 volunteers and stored

iIn 10 L containers for 34 days at%5
A During storage the human urine stabilised at a pH of 9
A The human urine was assumed to contain 6 g of nitrogen per liter

Field setup

A Three fertilizer treatments and a control (no fertilizer) simulated nine
years of continuous fertilizer application (years 1, 3, 5, 7, and 9)

A Replicated 3 times in space (blocks) for a duration of 32 days

Statistical analysis
A Randomized complete block design (RCBD)
A Performed with SAS software using Dunpairwiseprocedure.

Figure 117 The experimental field set-up. The left on shows the surrounding area and the raised
beds. The right shows the bed nets used protect the spinach plants from insects, such as
grasshoppers. The blue tarp in the background was used to control the rainfall on the plants.
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Table 21 Constituents present in male
human urine (Putnam 1971)
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Null hypothesis:
Human urine, mineral fertilizer and combination
treatments will have equivaleriiomass productionn
each simulated year

Fertilizer Application rates

treatments

Plants

Simulatedyear 1

Simulated year 3

Simulated year 5

Simulated year 7

f

Human urine

Simulated year 9
Simulated year 1

Mineral
fertilizer

Simulated year 3
Simulated year 5
Simulated year 7

Simulatedyear 9

Combination

l
Spinach ‘
\

Simulatedyear 1

Simulated year 3

Simulated year 5

Simulated year 7

Simulated year 9

Control No fertilizer

o
Figure 217 Flow chart of the experimental design. Three fertilizer treatments and the control. "
Each fertilizer treatment is simulated for 9 years. Spinach was selected because of its moderate %
salt tolerance (Mufwanzala and Dikinya 2010), short growth cycle and availability. c
O
=
-
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Table 17 The fertilizer application rates for each level of the 3 fertilizer treatments: 1-human urine, 2-
mineral fertilizer and 3-combination (human urine and mineral fertilizer). Human urine is high in nitrogen
and lower in phosphate and potassium i to insure plants receive adequate nutrients, human urine can
be used in combination with other fertilizer sources, such as mineral fertilizer.
Human . - L
. Mineral fertilizer Combination o
Urine X
Simulationyear Uring/ 46-0-00  0-52-34 0-0-60¢ Uriney  0-52-34*  0-0-60* 2
1 (120 kg N/ha)  19.8 260.9  365.4 192.9 19.8 354.5 152.3 S
3 (360 kg N/ha) 59.3 782.6 1096.2 578.8 59.3 1063.6 4156.9 §
5 (600 kg N/ha)  98.8 1304.3 1827.0  964.7 98.8 1772.6 761.4 c
7 (840 kg N/ha)  138.3 1826.1 25579 1350.5 138.3 24816  1066.0 -
9 (1080 kg N/ha  177.9 2347.8  3288.7 1736.4 177.9 3190.7 1370.6 S
21 kg/ha =1 mg/0.01 Aand 1 n¥/ha = 1 ml/0.0Im? <
Yunits: mf/ha  *units: kg/ha W suggestedertilizer application rate GRRAQ 2010)
fs)
=<
=2
c
O
G
g
AThe nitrogen, phosphate and potassium®N) in human O

urine, by mass, accounts for 80%, 50%, and 60%, respectively,3
In domestic waste wateKirchmannand Petterssonl 995;

Na

Range (mg/L) Vinneras2002)

9300 23300

1170 4390 AFaeces contain pathogens, while human urine from a healthy
750 2610 individual is sterileH6glund2001)
410 1070
200 730 AThere is a risk of cros®ntamination with human urine and

adeguate storage time recommended to for the adverse
conditions from the high pH to kill pathogen$dglund2001)

Simulated year 1 Simulated year 5 Simulated year 9

Figure 31 The plant
density on day of
harvest (32 days after
planting) for simulated
years 1, 5 and 9 for the
three fertilizer
treatments (human
urine, mineral fertilizer
. and combination.
Human urine 9
Emergence was low for
the mineral fertilizer
treatment for years 5
and 9. The control
treatment (no fertilizer
applied) is below i the
plants were small and
are difficult to see.

Human urine 1 Human urine 5

Mineral Fert. 9 I Control
|

Mineral Fert. 1 Mineral Fert. 5

Combination 1 Combination 5 * Combination 9 Control
0-5 A Drybiomass produced per plantigure 3 and-A) from the human urine
0.4 - treatment was:
0a A Significantly higher to the control for simulation years 5, 7 and 9
| ANot significantly different to the mineral fertilizer treatment, except for
0.2 1 simulation year 9 where the average mass from the human urine
01 treatment was significantly higher.
. ® A Significantly lower to the combination treatment at simulation years 3
| 1 3 5 7 9 and 5
40 - B Concentrations of nitrogemn the spinach tissue (FigureBjwere not
35 | : ;}:&f‘ significant different between the three treatments (human urine, mineral
30 - and combination) at increasing simulated year indicating the assumption c
25 6 g of nitrogen per liter was correct. All treatments had significantly highe
20 ¢ tissue nitrogen concentrations than the control.
i Concentrations of sodium in the spinach tiss(ieigure 4C) from the
| human urine treatment was:
A Significantly higher than all the mineral fertilizer treatments
1 3 5 7 9 A Significantly higher than the combination treatment excepts for
35 C simulation years 3 and 9
30 - A Significantly higher than the control, except for simulation years 3 and °
25 -
20 -
15 - ¢
10 - ‘—‘/A\‘/_‘ Farmers, especially those with out access to fertilizer, would benefit from
5 using human urine as a fertilizer. Spinach grown with human urine
0 oroduced a greater biomass than no fertilizer and produced equivalent
1 3 5 7 9 niomass to synthetic fertilizer. Human urine is combination with additional
| nhosphate and potassium overall produced the highest spinach biomass.
Simulated year . . : : . :
With continuous use, the survival rate of the spinach with the human urine
<-Control “*Human urine <=*Mineral fertilizer =¢=Combination treatment was higher than with the mineral fertilizer. Salt sensitive plants

Figure 41 Ais the average dry biomass per plant; B is the average concentration of nitrogen (N) in may grow poorly In comparison.

spinach tissue; and C is the average concentration of sodium (Na) in spinach tissue. Each graph
shows the changes over the 9 simulate years for the 3 fertilizer treatments and the control.



