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ABSTRACT

We evaluated the effect of NaCl-induced salinity and successive urine fertilization on changes in cultivation sub-
strate chemical properties in a greenhouse study. The substrate was composed of an equal volume ratio mixture
of bio-waste compost, quartz sand and silty loam soil. Salinity was imitated by adding NaCl solutions to a known
substrate weight achieving three target salinity treatments of EC, 1.3 (S0—no NaCl), 4.6 (S1) and 7.6 (S2) dS'm™.
Cultivation substrate had been cropped with two cycles of maize (Zea mays L.) (crop cycles | and 11) and fertil-
ized with human urine at N amounts of 0 (U0—no urine), 180 (U1) and 360 (U2) mg-kg* substrate in the first
cycle and half of the urine-N dosages in cycle 1. Substrate samples collected at the end of each cycle were ana-
lyzed for pHkc), EC., exchangeable and water extractable cations (Na*, K*, Ca?*, Mg?"), cation exchange capacity,

water extractable anions (CI", NOj;, SO, PO2") and exchangeable sodium percentage (ESP). Exchangeable
Na*, K* and Ca®" were significantly (p < 0.05) affected by salinity x urine interaction. EC, significantly increased
by 7.3,5.3 and 7.6 dS‘m* in the S0, S1 and S2 treatments following an increase in urine from U0 to U2. In the SO
treatment, ESP increased in the order U0 < Ul < U2. Extractable NO; and CI™ were significantly affected by

crop cycle, salinity and urine interactions (p < 0.05) whereas the effect of urine fertilizer on extractable SO

and PO}~ depended on crop cycle alone. There was a tendency towards increasing soil sodicity with mounting

urine fertilization. The level of NaCl salinity and the amount of urine applied are important determinants of
substrate chemical properties. Adoption of appropriate management techniques to avoid salinity/sodicity build
up should be included in urine fertilization planning.
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1. Introduction man urine as an alternative plant fertilizer due to its rich
content in readily available plant nutrients [4]. Human
urine is a multi-component fertilizer containing N, P, K,
S, Ca*, Mg®, Na', ClI" and other micronutrients in
amounts that vary depending on the diet [5].

Research has shown that by applying human urine as a

fertilizer, plant growth and crop yields were improved

Soil salt accumulation constitutes a major problem in
agricultural production worldwide [1]. Salt affected soils
are generally low in available plant nutrients and would
require adequate fertilizer application and management
to achieve optimal yields [2]. However, for farmers in

low income countries, commercial inorganic fertilizers
are too expensive and unaffordable [3]. The ecological
sanitation (ECOSAN) concept promotes the use of hu-
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[6-8]. Concerns regarding hygienic safety, pharmaceuti-
cal residues and hormones have been addressed and
guidelines for a safe use of urine in agriculture are well
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documented [9,10]. Na*, CI” and SO’  are among the
most salt-bearing ions in fresh urine and after storage
urine salinity can rise three-fold due to urea degradation
[11]. For this reason, restrictive use of human urine as a
fertilizer under saline conditions has been recommended
[10].

Indeed, some researchers have reported an increase in
soil salinity resulting from human urine fertilization and
have related a decline in crop growth to urine-induced
salinity [8,12]. In these studies, soil EC, as an index of
salinity and pH were among the main investigated soil
parameters. So far, very little attention has been accorded
the effect of human urine fertilizer application on soil
chemical properties and it is not clear how NaCl salinity
and urine fertilizer application interaction will affect soil
chemical properties. While salinity is commonly thought
of as the problem, Na* applied with urine can increase
the risk of soil sodicity especially under NaCl saline
conditions.

The objective of this study was to assess the effect of
NaCl-induced salinity and fertilization using urine on
cultivation substrate cation exchange capacity (CECy),
electrical conductivity (EC,), exchangeable cations, wa-
ter soluble cations and anions, pHyc and exchangeable
sodium percentage (ESP). We hypothesized that 1) due
to their contents in urine, water extractable anions and
cations and substrate exchangeable cations will increase
with mounting dosages of urine and 2) urine fertilization
imposes a risk on soil sodicity which might increase un-
der NaCl-induced saline conditions. Results from this
study should enhance urine fertilizer management to im-
prove crop yields while being conscious of the risk of
soil degradation.

2. Materials and Methods

We conducted our investigations on cultivation sub-
strates from two pot experiments carried out in a green-
house at the University of Hohenheim, Stuttgart-Ger-
many (48.7114°N 9.2095°E). Cultivation substrates had
been sown twice with maize (Zea mays L.) and fertilized
with human urine in 2010 and 2011, hereafter, referred to
as crop cycle I and crop cycle Il, respectively. The sub-
strate constituted of bio-waste compost, quartz sand and
silty loam soil, homogeneously mixed in a 1:1:1 volume
ratio to improve organic matter content and to enhance
nutrients availability [8]. Substrate samples from the
homogenous mixture were taken and analyzed for chem-
ical properties (Table 1). For both crop cycles, the expe-
rimental factors were salinity and nitrogen applied as
urine. Salinity was imitated by adding NaCl solutions to
the cultivation substrate. The amount of salt solution to
be added was determined in a calibration study whereby
different volumes of NaCl solution were added to known
weights of cultivation substrate, incubated for 72 hours
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Table 1. Chemical composition of untreated substrate at the
beginning of the experiment.

Element Soil substrate
Total N (%) 0.1+ 0.0°
Total Corg (%) 1.6+0.1
Exchangeable Ca*" (cmol.-kg™) 13.7+0.6
Exchangeable Mg?* (cmolckg™) 1.9+0.0
Exchangeable K* (cmolkg™) 0.9+0.0
Exchangeable Na* (cmol.-kg™) 05+0.0
CEC, (cmol-kg™) 141+13
ESP (%) 0.1+0.0
Water extractable SO> (mg-kg™?) 1123+95
CI™ (mg-kg™) 25.2+3.0
Bray 1I-P (mg-kg™) 58.6 +1.3
EC. (dS'm™) 1304
pHkal 72+03

Svalues are means + standard deviation (n = 4).

and their electrical conductivities measured from a satu-
rated paste extract (EC.) according to Richards [13].
Targeted NaCl-salinity treatments achieved were EC, 1.3
(S0—no NaCl added), 4.6 (S1) and 7.6 (S2) dS'm™.

Urine was collected from a student hostel at the Uni-
versity of Hohenheim, Stuttgart in April 2009 and stored
in an air-tight container at mean daily temperatures of
25°C + 2°C for 12 months before usage. This duration
and temperature were according to Vineras et al. [14]
sufficient for inactivation of bacteria and viruses. Prior to
application, the urine container was thoroughly shaken
and samples taken for chemical analyses. At first crop
fertilization (crop cycle 1), urine contained 8.4 g total N
(mainly NH, and NHs), 1.42 g K (as K;0), 0.49 g P
(as P,0s), 0.35 g Ca®*, 0.53 g Mg®*, 2.70 g Na', 3.37 g
Cl and 2.3 g S (as SO,) I'*. Total nitrogen content in
urine decreased by 29% before the start of crop cycle Il
in 2011 assumingly due to volatilization losses.

For crop cycle I, 12 kg of the prepared soil substrate
was filled into 10 | Mitscherlich pots, sown with maize
(cv. Okomasa) seeds and fertilized with urine. Urine
treatments were 0 (U0) 180 (Ul) and 360 (U2) mg
urine-N kg™ substrate. P and K in the substrate were
augmented by adding mono potassium phosphate in
amounts equivalent to 88 mg PO% and 57 mg K,O
kg substrate. Eight replications of the 3 x 3 salinity
urine-N factorial combinations were arranged in a com-
pletely randomized block design. This experiment was
terminated at the onset of tasseling. Plant biomass (root
and shoot) was harvested, substrate from each pot was
hand-crushed and samples collected for chemical analy-
Ses.
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Eleven kilograms of the homogenized cultivation sub-
strate was refilled into the Mitscherlich pots for the sec-
ond crop (crop cycle I1). Cultivation substrates were not
treated with NaCl any further and salinity remained at
levels induced initially or as influenced by urine fertiliza-
tion at the end of crop cycle I. Maize was sown as a sec-
ond crop and substrates fertilized with half as much
urine-N as used in crop cycle I. Urine dosages were 0
(U0), 90 (U1) and 180 (U2) mg N-kg* substrate. Ex-
perimental design was the same as in crop cycle | except
that there were 4 replications per treatment. Whole plant
(root and shoot) biomass was harvested at tasseling and
substrates from each pot was hand-crushed, homogene-
ously mixed and samples also taken for chemical analy-
Ses.

Substrate samples collected at the end of both trials
were air-dried and sieved through a 2 mm merge. Water
soluble cations (Na*, K*, Ca**, Mg®") and anions (CI,
NO;, SO, PO} ) were measured from a 1:5 sub-
strate:water extract after shaking 4 g of air-dried soil
substrate end-over-end in 20 ml deionized water for 1
hour and centrifuged for 10 minutes at 2500 rpm. The
concentrations of soluble Na*, K* and Ca* in the extract
were measured by flame photometry while Mg®* was
measured by atomic absorption spectrophotometry (AAS).
Water soluble anions were measured by ion chromatog-
raphy [861 Advanced Compact IC with Metrohm Sup-
pressor Module Il (MSM I1I) and 853 Metrohm CO,
Suppressor (MCS), Metrohm Ltd, Switzerland]. Sub-
strate pH was measured in 1 M KCI with a glass elec-
trode using a 1:5 substrate:solution suspension according
to standard procedure. Electrical conductivity (EC,) was
measured by same method as mentioned above.

2.1. Exchangeable Cations and Cation Exchange
Capacity (CECp)

Exchangeable cations and potential cation exchange ca-
pacity (CEC,) were measured using a modified BaCl,
and MgCl, method described in Hendershot and Du-
quette [15]. Five grams of air-dried substrate samples
were weighed into 50 ml centrifuge tubes. Three centri-
fuge-washing steps were carried out as follows: 25 ml of
0.1 M BaCl,-triethanolamine solution was added to the
substrate in the centrifuge and tubes were shaken on an
orbital shaker for 10 min and centrifuged at 2500 rpm for
10 min. The clear supernatant solution was filled into
100 ml volumetric flask after each washing step. After
the last washing, the volumetric flask was filled to ex-
actly 100 ml with deionised water, hand-shaken and fil-
tered through ash-free Whatman filter paper No. 42 (Ma-
cherey-Nagel GmbH & Co., Germany). The solution was
collected in PE-bottles for measurement of exchangeable
Na*, K*, Ca** and Mg?*.

Substrates were washed twice with deionised water
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and decant discarded. Three centrifuge-washing steps
with 25 ml of 0.15 M MgCl, solution was carried out
following the same procedure as described for BaCl,
above. At the end, the filtrate was collected in PE-bottles
for measurement of exchangeable Ba**. CEC, was calcu-
lated after accounting for the dilution caused by en-
trained BaCl, solution using the formula:

[C(Ba2+ ) *Z % Vextr.}
v (ee)]

CEC, =

where, CEC, is potential cation exchange capacity
(mmolgkg ), C(Ba®") is Ba** concentration in the extract
(mgI™Y), z is the valence of Ba®* (2), Ve is the volume
of the extraction solution (ml), W is the weight of the soil
and M(Ba) is the molar mass of Ba** (g-mol 7).
Exchangeable Na*, K*, Ca?* and Ba®* were measured
by flame photometry and Mg by AAS. As an index of
sodicity, exchangeable sodium percentage (ESP) was
calculated according to Seilsepour et al. [16] using the

formula:
Esp=| N2 4100
CECp

where, Na* is the measured exchangeable sodium in
cmol-kg ™ and CEC, is cation exchange capacity in
cmolg-kg ™.

2.2. Data Analyses

Data were analysed using the SAS statistical software
(SAS Institute version 9.3). The effect of crop cycle,
salinity and urine fertilization on pHyc), EC,, water ex-
tractable and exchangeable Na®, K*, Ca?** and Mg*,
water soluble anions, CEC, and ESP were assessed using
the GLM procedure for analysis of variance (ANOVA).
The three main factors crop cycle, salinity, urine fertili-
zation and their interactions were considered statistically
significant at p < 0.05 level of probability. When the
three-way interactions were not statistically significant,
data were pooled for two- or one-way ANOVA. The data
for water extractable cations, anions and CEC, were
log-transformed while the data for exchangeable Na* was
square root-transformed for statistical calculations. Where
ANOVA indicated significant differences, mean differ-
ences between treatments were compared using the adjusted
Tukey-Kramer post-hoc test.

3. Results

3.1. Effect of Crop Cycle, Salinity and Urine
Treatment on Substrate pHyc

Substrate pHkc was significantly affected by crop cycle
x salinity (F = 3.54; p = 0.034), crop cycle x urine fer-
tilization (F = 8.47; p = 0.0005) and salinity x urine fer-
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tilization (F = 12.28; p < 0.0001) interactions. Though
substrate pHkc was generally higher at the end of the
crop cycle Il, there was no significant salinity or urine
application effect. At the end of crop cycle I, substrate
pHkcr units significantly decreased from 6.8 (UQ) to 6.6
(U2) in the S1 and from 6.8 (UQ) to 6.4 (U2) in the S2
treatments (Table 2).

3.2. Effect of Crop Cycle, Salinity and Urine
Fertilization on Exchangeable Cations EC,,
CEC, and ESP

There was no significant crop cycle, salinity and urine
interaction effect on exchangeable cations, CEC, and
ESP (p > 0.05). Exchangeable Na', K* and Ca®* were
significantly affected by urine x salinity interactions
(Figures 1(a)-(c)). Compared to the unfertilized treat-
ment (UO), average substrate exchangeable Na* in-
creased by 33.6 (U1) and 76.6% (U2) in the SO treatment
(Figure 1(a)). Furthermore, a 62% increase in average
exchangeable Na® was measured as urine fertilization
amount was raised from U1 to U2. In the S1 treatment,
an 11.3% significant increase in mean exchangeable Na*
content was measured following the application of U2

compared to UO. Though there was a tendency towards
an increase in mean exchangeable Na* in the S2 treat-
ment as the amount of applied urine rose, the effect was
not statistically significant.

Average exchangeable K* content was not affected by
urine fertilization in the SO treatment whereas in the S1
treatment it increased by 0.18 cmol.-kg ™ (30%) as urine
fertilization was raised from U0 to U2 (Figure 1(b)). The
effect of urine application was strongest under S2 treat-
ment where mean substrate exchangeable K" increased
by 16.9% from UO to U1 and 18.1% from U1 to U2.

Compared to UO, Ul-treated substrates had no signifi-
cant effect on average exchangeable Ca*" concentrations
at all salinity levels (p > 0.05) (Figure 1(c)). Meanwhile,
in the SO and S2 treatments, the mean concentration of
exchangeable Ca?* significantly increased by 0.76 and
1.13 cmol.kg™* following an increase in urine applica-
tion from UO to U2, respectively.

Under all salinity treatments, U1 had no significant
effect on exchangeable Mg?* concentration compared to
the unfertilized treatment (UO) (Figure 1(d)). Exchange-
able Mg?* significantly increased by 0.14 cmolskg ™ as
urine application rose from U1 to U2 in the SO treatment

Table 2. Effect of crop cycle (cycle I and I1), salinity treatment (SO, S1 and S2) and urine fertilization (U0, U1 and U2) on

selected water extractable ions.

Water extractable ions

Crop cycle trseiltir:]igt treli{msm logk* logMg®* logCa® logCI” log NO,
(mg-kg ) (mg-kg ™) (mg-kg ™) (mg-kg™) (mg-kg ™) PRke
S0 uo 34+005de  32+004fg  48+014hij  23+010)  27+0.13h  6.7efg
u1 33+002de  34+006ef  50+014fgh  37+007h  51+014f  6.8cg
U2 34+004de  38:003cd  540+12de  48+006g 64+008c 679
s1 uo 33+004de  3.3+0.03f 50+012hi  61+003f 420093  6.8b-e
Cycle | u1 35+006de  3.6+006de  52+017efy  63+0.05de 57+018de  6.8¢c-g
U2 39+003b  40+004ab  58:0.14bc  65+003cd 68+007ab  6.6g
s2 uo 35+006dc  36+005d  53+02lde  7.0+006ab  53+01lef  6.8b-f
u1 38+003bc  39+006bc  56+018cd  7.0+005b  62+012cd  6.7d-g
u2 4.2+0.06a 43+007a 6.0 +0.152 72+006a  72+010a  6.4h
S0 uo 31+01lef  30+00lgh  47+003hj  29+010i  24+007h  69ad
u1 2.7+0.05g 2.9+0.02h 4.7 +0.06] 31+006i  23+0.0%h  6.9abc
U2 29+000fg  29+008h  49+007hij  44+01lg  48+004fg  7.0ab
Cycle II s1 uo 28+000fg  29+007gh  4.6+0.11j 58+003f  25+021h 7.0a
u1 28+006fg  30+003gh  47+00%ij  61+003f  23+0.00h 7.1a
U2 29+000fg  31+005fgh  50+0.10fgh  6.1+0.02def  2.5+0.06h 7.1a
s2 uo 28+011fg  33:00lfg  50+0.03ghi  69+00lab  23+0.00h 7.1a
u1 27+0129  31+006gh  48+018hij  67+0.10bc  2.1+0.14h 7.1a
u2 40+007ab  41+010abc  6.0+023b  7.0+005ab 7.0+013ab  6.8b-g

Different lowercase letters within the same column indicate significant differences at p <0.05, according to Tukey-Kramer adjusted test.
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Figure 1. Interactive effect of salinity (SO, S1 and S2) and urine fertilization (U0, U1 and U2) on substrate exchangeable Na* (a),
K* (b), Ca?* (c) and Mg?" (d). Data are means of two crop cycles + S.E. (n = 12).

meanwhile in the S2 treatment, average exchangeable
Mg?®* concentration was by 0.21 cmol.-kg™ significantly
higher in U2 compared to UO treatment.

Crop cycle did not have a significant effect of sub-
strate EC, (p > 0.05) whereas statistical analyses showed
that EC, was significantly affected by a salinity x urine
interaction. Substrate EC, significantly increased by 7.3
(83%), 5.3 (52%) and 7.6 (49%) dS'm " as urine fertili-
zation rose from UO to U2 in the SO, S1 and S2 salinity
levels, respectively (Table 3).

There was a tendency towards an increase in CEC,
with mounting urine application at all NaCl treatment
levels (Figure 2(a)). However, the effect of urine fer-
tilization was only significant with the application of U2
which resulted in an increase in CEC, from 15.9 (U0) to
17.8 (U2) cmolgskg ™ in the SO and from 18.6 (UO) to
20.6 (U2) cmol-kg* in the S2 treatment. Additionally,
CEC, was by 1.4 cmolckg ™ significantly higher in the
U2 compared to Ul-fertilized soils in the S2 treatment.

As expected, ESP increased as salinity level rose but
the effect of urine fertilization on ESP was significant
only in the untreated substrate (Figure 2(b)). Compared
to the unfertilized treatment (UO) in the SO treatment,
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ESP rose by 1.6 (U1) and 6.9 (U2) representing a 46 and
78% increase.

3.3. Effect of Crop Cycle, Salinity and Urine
Fertilization on Water Extractable Cations

There was no significant interaction effect of crop cycle
x salinity treatment x urine fertilization on water extract-
able Na*. Meanwhile, the interaction effect of NaCl treat-
ment and urine application on mean water extractable
Na* was significant (Figure 2(c)) (p < 0.05). Our data
showed that the effect of urine fertilization was strongest
in the SO treatment where extractable Na* rose by 59.3
(U1) and 66.8% (U2) compared to UO treatment. In the
S1 and S2 treatments, the application of U2 increased
mean extractable Na* by 25.7 and 19.2% compared to the
U0 treatment.

ANOVA results showed that water extractable K,
Mg®* and Ca®* were significantly affected by crop cycle,
salinity treatment and urine fertilization interactions (p <
0.05) (Table 2). With the exception of SO:U0 and S2:U2
treatment variants extractable K* was higher in cycle |
than in cycle 1l (Table 2). In cycle I, urine application
significantly raised extractable K* from 26.2 mgkg™
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Table 3. Interactive effect of salinity treatment (SO, S1, S2)
and urine fertilizer treatment (U0, U1, U2) on substrate elec-
trical conductivity (EC,).

Salinity treatment Urine treatment EC. (dS'm™)
uo 1.5+0.2f
SO U1l 49+0.3e
u2 8.8 +0.5hc
uo 48+0.1e
S1 Ul 7.9+0.1cd
U2 10.1+0.2b
uo 7.8 +0.3cd
S2 Ul 9.8+0.1b
U2 15.4+0.7a

Values are means + S.E. (n = 12). Different lowercase letters indicate signi-
ficant differences at p < 0.05 (Tukey-Kramer adjusted test).

(UO) to 47.5 mg-kg * substrate (U2) and from 33.8 (U0)
to 66.6 mg-kg ' substrate (U2) in the S1 and S2 treat-
ments, respectively. Meanwhile, in cycle Il average ex-
tractable K* decreased by 22.9% from 23.1 (UO) to 17.8
mg-kg * substrate (U1) in the SO treatment. At the end of
cycle Il, there was no significant urine fertilization effect
on extractable K* content in S1 whereas in the S2
treatment it was higher by 69.9% in UO compared to U2
treatment.

Average water extractable Mg content was signi-
ficantly affected by crop cycle x salinity treatment x
urine interaction (F = 3.41; p = 0.0123). Extractable
Mg®* was generally higher at the end of crop cycle |
compared to cycle Il and increased with mounting urine
application at all salinity levels (Table 2). In cycle I,
compared to U0 mean extractable Mg?* content under U2
fertilization rose by more than 45% in the SO, S1 and S2
treatments. In cycle Il, whereas urine fertilization did not
affect extractable Mg?* concentration in the SO and S2
treatments, extractable Mg?* concentration more than
doubled in the S2 treatment as urine fertilization was
raised from UO to U2 and U1 to U2.

Similarly, water extractable Ca®* increased as urine
application amount rose in crop cycle | with significantly
higher mean values for U2 compared to UO under all
salinity treatments (Table 2). Mean extractable Ca®* was
by 107.6, 176.8 and 220.3 mg-kg * substrate higher in U2
than UO in the SO, S1 and S2 treatments, respectively.
Meanwhile, at the end of cycle Il the effect of urine
fertilization was only significant with U2 application in
the S2 treatment.

3.4. Effect of Crop Cycle, Salinity and Urine
Fertilization on Water Extractable Anions

Our data further showed that water extractable CI™ and
NO; were significantly affected by crop cycle, salinity
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Figure 2. Interactive effect of salinity (S0, S1 and S2) and
urine fertilization (U0, Ul and U2) on substrate (a) cation
exchange capacity; (b) Exchangeable sodium percentage
and (c) water extractable Na*. Data are means of two crop
cycle £ S.E. (n=12).

and urine interactions (p < 0.05). At the end of cycle I,
water extractable CI™ increased by 87.9 and 28.9% as
urine application rose from U0 to U2 in the SO and S1
treatments, respectively. Extractable CI™ also increased
from 17.6 (UO) to 86.1 mg-kg " of substrate (U2) in the
SO treatment at the end of crop cycle Il. No significant
changes due to urine application were observed in the S1
and S2 treatments at the end of cycle I1.

There was a significant crop cycle x salinity x urine
interaction effect on water extractable NO, (F = 6.35;
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p = 0.0002). Soil nitrate was generally lower at the end of
cycle Il compared to cycle | and the effect of urine
application on extractable NO, was stronger at the end
of cycle | compared to cycle Il (Table 2). At the end of
cycle |, extractable NO; increased in the order of U0 <
U1 < U2 regardless of salinity level. Meanwhile in cycle
I1, the effect of urine application was significant only at
highest urine application (U2) in the SO and S2 treat-
ments.

As shown by our data in Figure 3(a), mean water
extractable SO?" was not affected by any interactions
but the main factors (crop cycle and urine application)
were significant. Compared to the unfertilized treatments
(U0), SO% content increased by 19.5 (U1) and 32.5%
(U2) in cycle I. Like in cycle I, SO content tended to
increase with mounting urine application in cycle Il
though the effect became significant (19.9% increase)
only with the application of U2 compared to the un-
fertilized treatment.

A significant crop cycle x urine fertilizer interaction
affected average water extractable PO; content (Figure
3(b)). In cycle I, water extractable PO} significantly
increased from 48.9 (UO) to 53.0 mg-kg* substrate (U1)
but a higher dose of urine did not have a significant
effect on POJ . In contrast, PO was not affected by
urine rates in the cycle I.

4. Discussion

This paper reports the interactive effect of urine fertiliza-
tion and NaCl-induced salinity on changes in substrate
chemical properties under controlled greenhouse condi-
tions. Of the changes that affect soil chemical properties,
pH is considered very important as it influences the
availability of plant nutrients [17]. At the end of cycle I,
a slight decrease in substrate pHc, at higher urine appli-

cation in S1 and S2 treatments can be associated with
nitrification and the release of H*. This effect was only
temporal and by the end of cycle Il substrate pHyc in-
creased and the effect of urine fertilization was no longer
significant. Fluctuating pH resulting from urine deposi-
tion in pasture lands has also been reported by Haynes
and William [18] while Hoglund [19] has argued that the
net effect of urine fertilizer on soil pH is small due to the
release of hydroxides when plants take up the supplied N
in the form of nitrate ions.

Our results showed that substrate EC, rose as urine
fertilizer amount increased in agreement with earlier
research findings [8,11,12]. As urine is inherently saline,
high dosages of urine entailed higher amount of salts
added to the cultivation substrate. Although under field
conditions leaching of salts from the soil may occur due
to precipitation, the high electrical conductivities result-
ing from the application of urine in our experiments
suggests that in the long term salt build up may occur
even in fields. To prevent soils degradation due to urine-
induced salinity, salinity management measures should
be included in urine fertilization programs. Mnkeni et al.
[12] have suggested that a well-adapted crop rotation
system with salt-tolerant varieties and halophytic vege-
tables might reduce the potential risk of an eventual salt
build resulting from urine fertilization.

The application of ammoniacal N fertilizer has been
shown to cause a decrease in soil exchangeable Ca®,
Mg?* and cation exchange capacity due to leaching losses
[20]. Increased exchangeable Ca**, Mg® and K* ob-
served in our study resulted from their addition through
urine and were expected as leachate was returned to the
substrate throughout the experiments. An increase in soil
cations due to urine fertilization has also been reported in
field trials [21,22]. The high content of water extractable

56 4.5
a
() I T (b)

- df=2; F=7.46; p=0.0010 a df = 2: F = 529 p = 0.0066 L a4 -
2 54- a 2 2
= a r43 2
£
E = U0 b | T E
& —ut &
3 s52{==u2 L4z O
[=2] (=]
8 c 8
< F 4.1 L
8 b 8
O 50 A |3}
g cd be L 40 g
o) d o
- 5 i
g L3o £
S a8 =

38

0.0 I I I | 00

Cycle | Cycle ll Cycle | Cycle |l

Figure 3. Effect of crop cycle (cycle I, 11) and urine fertilization (U0, U1 and U2) on substrate extractable (a) SO and (b)

PO?% . Data are means = S.E. (n = 12: cycle I; n = 24: cycle 11). Significant differences (p < 0.05) between treatments are

indicated by small case letters.
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Ca®* and Mg?" in the substrate at the end of crop cycle |
due to urine fertilization represent the portion of these
cations that can potentially be leached from the soil
profile. However, if they are not leached as was the case
in our experiments these nutrient cations can become
available to the second crop or next season. Reduction in
water soluble Ca** and Mg?* at the end of crop cycle I
can partly be explained by their precipitation in the soil
solution in agreement with Miyazawa et al. [23].

Generally, the concentration of Na* in urine is mani-
fold higher than that of Ca** and Mg*" and therefore,
requires attention in urine fertilizer planning especially
under saline conditions. Although Na® is noted for its
functional role as a plant nutrient, high concentrations in
the growing medium promotes competition with K*, Ca**
and Mg?* that can result in toxic concentrations in plant
tissue [24-26]. The N to Na* mass-ratio of the urine used
in this study was 3.1:1 but decreased to 2.2:1 following
N losses from urine prior to the start of crop cycle Il. The
risk of raising Na* supply through urine application in-
creases with N losses and should be prevented. This is
because more urine will have to be applied if the N
content is lowered. Lower N to NaCl mass ratio for urine
collected in Ghana has been reported by Germer et al.
[21]. Therefore, the increase in exchangeable and water
extractable Na® with mounting urine application was
expected. Haynes and Williams [18] reported an increase
in the concentrations of exchangeable K* and Na* in pas-
ture land due to sheep urine application. It was notable
that in the S2 treatment, the effect of urine fertilization
on exchangeable Na" concentration was masked by the
high content of Na" in the soil substrate solution which is
related to the use of NaCl to induce salinity. This
suggests that there is a critical limit to the effect of Na*
supplied through urine on the concentration of exchange-
able Na* in a NaCl-dominated soil substrate. However,
this critical limit cannot be determined from our study
and would require further investigation.

In this study, it was also expected that due to the high
concentration of Na* compared to Ca** and Mg, urine
fertilization will increase sodicity with a more severe
effect in the NaCl-treated substrates. According to Abrol
et al. [27] an ESP of 15% and a pH greater than 8.5 are
critical for soils to be classified as sodic or saline-sodic if
in addition EC, is greater than 4 dS‘m™. Our results
showed that though in the SO treatment ESP increased as
the amount of urine fertilizer rose, the effect of urine
fertilization became less important in the S1 (EC. 4.6
dS'm™) and S2 (EC. 7.6 dS'm %) treatments due to the
dominating effect of Na* added through NaCl. Besides,
as noted above, overall substrate pHkc) remained below
8.5. In spite of the amount of Na" added through urine it
is clear from our results that salinity is of greater concern
than sodicity.

OPEN ACCESS

Results of this study suggest that CI”~ content of urine
fertilizer is an important factor in determining the con-
centration of CI™ in the soil. Chloride is generally con-
sidered as an essential micronutrient; however, excessive
supply of CI™ can have a toxic effect on plant growth [28].
Therefore regulations for the application of urine ferti-
lizers should consider the risk of elevated chloride levels
that may cause toxicity in plants [29].

The increase in substrate SO2~ with mounting urine
application was expected due to the high concentration of
SO in urine. Of the secondary nutrients contained in
urine, SO;  had the highest concentration and can
therefore be used to correct S deficiency. However, in
areas where precipitation is high, the leaching of SO%
supplied through urine can become an important concern
and should be considered in urine fertilization planning.

Phosphate concentration was not affected by urine
application in crop cycle | probably due to the basal
application. The significant decrease in substrate PO3
at the end of crop cycle Il is due to plant uptake and pre-
cipitation [30]. Meanwhile, higher concentration of
PO in urine treated substrate is related to addition
through urine.

Our results showed an increase in substrate NO; as
urine application amount rose which is in agreement with
the findings of Decau et al. [31] and Williams et al. [32]
who measured high concentrations of soil NO; in
grasslands following urine deposition from cattle. Once
applied to the soil urine-N undergoes different changes.
Ammonium which is the major form of N in stored urine
is either taken up directly by plants or nitrified to NO,
which is also an available form for plant uptake. Some of
the NO, can be taken up by microorganisms (im-
mobilization) or microbially reduced (de-nitrification) to
produce gaseous nitrogen that is eventually lost from the
soil through volatilization. In a lysimeter study, Di and
Cameron [33] measured significant NO; -N leaching
losses as the amount of urine-N application increased. No
N losses in our experiment can be attributed to leaching
as leachate was returned to the respective pots. Therefore,
lower substrate NO, concentration measured in our
substrates at the end of the cycle Il can be explained by
immobilization or volatilization losses. The significantly
high substrate NO; concentration in the S2:U2 treat-
ment variant in both cropping cycles can be attributed to
the plant’s inability to take up supplied nitrogen due to
high salinity [34,35].

As pot sizes and the artificial environment under
which these investigations were carried out are limiting,
our results are meant to present a snapshot of the changes
in soil chemical properties that may result from urine
fertilization at different level of NaCl salinity. An under-
standing of the changes imposed by urine fertilization on
soil chemical properties under saline conditions is impor-
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tant for urine fertilization planning and management.

5. Conclusion

The potential of urine to cause an increase in exchange-
able Ca®* and Mg*" depends on the amount of urine
applied regardless of NaCl concentration level. An ave-
rage urine dosage of 270 mg-kg " substrate over two crop
cycles can increase soil EC, by up to 3.5-folds represent-
ing a severe salinity risk if urine is used to fertilize potted
plants. In confirmation with our hypothesis, urine fertili-
zation induced an increase in substrate exchangeable Na*
content and ESP under non-saline conditions (EC. 1.3
dS'm™) but the perceived effect under NaCl treatments
was minimal. However, regularly monitoring salinity
and/or sodicity build up and adopting appropriate mana-
gement strategies must also be thought of during urine
fertilizer planning. To develop a guideline for urine use
under saline conditions, a long term investigation on
urine x salinity interaction under field conditions would
be necessary.
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