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In dry areas, unconventional feeds are increasingly used for mitigating feed shortages
and rangeland degradation. We evaluated how feeding sheep diets containing olive
leaves, saltbush leaves and olive cake affects manure quality compared to a barley
straw based diet. Soil incubation and plant growth experiments were carried out to
measure soil nitrogen (N) mineralization and N uptake by barley plants and to calculate
N flow through the feed-animal-soil-plant system. Fresh feces, composts consisting of
feces, urine and straw, and ammonium sulfate fertilizer were mixed with soil at rate of
90 mg N kg-1 soil dry matter. Comparisons were made with non-amended soils
(control) and soils amended with fresh olive cake applied at 90 and 22.5 mg N kg—1
soil dry matter, respectively. The latter treatment enabled investigation of the effect of
passage of olive cake through the digestive tract of sheep on N availability and phenol
transformation.

Applying fresh olive cake and feces, except the saltbush leaf derived feces, resulted in
a net N immobilization. All composts resulted in net N mineralization, although not
significantly different from the ON control soil. Barley growing in soils with amendment
that caused N immobilization took up less N than barley growing on the ON treatment.
Reduction in N uptake was most pronounced after amendment with fresh-olive cake.
Treatments with net mineralization increased barley N uptake over the ON treatment
with 2 to 16% of N applied being taken up. Dietary composition had a minor effect on N
fertilizer value of either feces or compost, but feces N alone was not an efficient N
source.
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Abstract In dry areas, unconventional feeds are increasingly used for mitigating feed shortages and
rangeland degradation. We evaluated how feeding sheep diets containing olive leaves, saltbush leaves and
olive cake affects manure quality compared to a barley straw based diet. Soil incubation and plant growth
experiments were carried out to measure soil nitrogen (N) mineralization and N uptake by barley plants and
to calculate N flow through the feed-animal-soil-plant system. Fresh feces, composts consisting of feces,
urine and straw, and ammonium sulfate fertilizer were mixed with soil at rate of 90 mg N kg™ soil dry
matter. Comparisons were made with non-amended soils (control) and soils amended with fresh olive cake
applied at 90 and 22.5 mg N kg™ * soil dry matter, respectively. The latter treatment enabled investigation of
the effect of passage of olive cake through the digestive tract of sheep on N availability and phenol
transformation.

Applying fresh olive cake and feces, except the saltbush leaf derived feces, resulted in a net N
immobilization. All composts resulted in net N mineralization, although not significantly different from the
ON control soil. Barley growing in soils with amendment that caused N immobilization took up less N than
barley growing on the ON treatment. Reduction in N uptake was most pronounced after amendment with
fresh-olive cake. Treatments with net mineralization increased barley N uptake over the ON treatment with 2
to 16% of N applied being taken up. Dietary composition had a minor effect on N fertilizer value of either

feces or compost, but feces N alone was not an efficient N source.

Keywords Nitrogen efficiency - Manure - Compost - Saltbush - Olive by-product - Awassi sheep

Introduction

Under-utilized feeds like fodder shrubs and agro-industrial by-products are gaining attention in
Mediterranean countries. Their importance lies in their potential role in overcoming animal feed shortages,
mitigating rangeland degradation due to overgrazing, and in coping with increasing prices for traditional
concentrate feeds and opportunity costs for growing forage on arable land. In dry areas mixed crop-livestock
systems with ruminants are common. The main crops are cereals, olive trees (the Mediterranean countries
represent 98% of the global area planted with olive trees, Molina-Alcaide and Nefzaoui 1996), vegetables
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and cotton. In addition, in attempting to re-vegetate degraded and dry rangelands of the dry steppe areas,
different saltbush species have been planted because of their tolerance of drought and salinity (Louhaichi and
Tastad 2010). Previous studies showed that olive leaves and saltbush leaves constitute suitable forage
resources during periods of shortage (e.g., Molina-Alcaide and Yafiez-Ruiz 2008; El Shaer 2010; Abbeddou
etal. 2011a).

As a byproduct of the agro-food industry, 2.9 million tons per year of a ligno-cellulosic organic material
results from olive oil production (Sansoucy 1985; Sellami et al. 2008). This residue is called olive cake.
Studies have addressed its use as an energy source (Oktay 2006), as an animal feed (e.g. Molina-Alcaide and
Yéfez-Ruiz 2008; Abbeddou et al. 2011b) or investigated composting before applying it as a soil amendment
(e.g. Cayuela et al. 2004; Sellami et al. 2008). Still, it is mostly discarded as a waste and disposed in a non-
sustainable manner in the olive oil production areas, where it constitutes an environmental issue because of
its composition, large quantities and seasonality (Benitez et al. 2004; Roig et al. 2006).

Soil degradation is increasing in many Mediterranean countries (Benitez et al. 2004). Restoring soil
fertility is closely linked to increasing soil organic matter and managing nutrient cycling (Frossard et al.
2006; Sommer et al. 2011). Animal manure is a valuable nitrogen (N) source for crops, although with lower
immediate N use efficiency (NUE) by crops than water soluble mineral N (Langmeier et al. 2002; Bosshard
et al. 2009). However, organic matter (OM) content and microbial activity are higher in soils regularly
receiving animal manure than in soils receiving exclusively mineral fertilizers (Fliessbach et al. 2007;
Sommer et al. 2011). It is, however, unclear whether amendments resulting from different feeding options
affect soil microbial activity and the NUE by the crops. Previous research indicated that the type of feed
affects the availability of N contained in cow feces (e.g., dairy cow diets fed in the Midwest USA; Powell et
al. 2006), and the phosphorus (P) content of manure (e.g., sheep fed with bush straw and millet stover;
Sangaré et al. 2002) and subsequently, on nutrient uptake by plants from soils amended with these manures
(Sangaré et al. 2002; Powell et al. 2006). The availability of manure N to crops could even be more
dependent on feed type when feeds contain secondary plant metabolites like phenols. Phenols present in
certain feeds may inhibit N availability and nutrient utilization in the animal (Abbeddou et al. 2011b) as well
as N mineralization when the feed is applied directly to soils (Benitez et al. 2004; Cayuela et al. 2004).
Feeding animals with plants rich in phenols also affected nutrient cycling by reducing N content in urine
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(Powell et al. 1994). Phenols bind to proteins to form indigestible complexes, which result in less excretion
of N in urine and, additionally, a shift from soluble to insoluble N in the feces (Powell et al. 1994). In
contrast, Rufino et al. (2006) did not find a correlation between the phenolic content of the manure and N
mineralization.

The present study tested the following hypotheses: (i) Feeding sheep with certain unconventional feeds
(olive leaves, saltbush leaves and olive cake) or the conventionally used barley straw affects manure quality
in terms of content and availability of nutrients. (ii) Fresh feces, composts (prepared from these feces, urine
and barley straw), and fresh olive cake differ in their effect on soil N mineralization and N use by barley
plants. These hypotheses were tested in soil incubation and plant experiments in the greenhouse by

measuring N mineralization, N use by barley plants, and N flow through the feed-animal-soil-plant system.

Materials and methods

Feeding treatments and manure collection

Four groups of six growing Awassi lambs each were fed diets where large proportions of a traditional barley
straw based diet (control) were replaced either by sun-dried leaves (with small twigs) from olive trees (Olea
europaea L.), or from saltbush shrubs (Atriplex halimus), or air-dried olive cake from the first pressing
containing also hulls and kernels. The animals received 1.1 kg dry matter (DM) feed per day that covered
their maintenance requirements. The composition of the diets is shown in Table 1. The N contents of the four
complete diets were in the range of 24.9 + 0.9 g kg™ ' DM, with the barley straw, olive leaves, saltbush leaves
and olive cake contributing 5.0, 10.7, 18.5 and 6.2 g N kg~! DM, respectively. After a 15-day adaptation to
the diets, the animals were held in metabolic crates over 10 days during which all feces (separated from
urine) were collected, pooled per group and stored at — 20°C until use. Urine was collected for 2 days, also
pooled per group and stored for two weeks at +4°C until use. Further details about the sheep study are given

in Abbeddou et al. (20114, b).

Manure composting procedure
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A method of composting manure at a laboratory scale was adapted from Thomsen (2000) with slight
modifications. For the barley straw, olive leaves and olive cake diets, mixtures of feces, urine and barley
straw were prepared in a fresh weight ratio of 10:2:1. As the feces from the saltbush diet had higher moisture
content, more straw was added (fresh weight ratio of 10:2:2). These ratios resulted in moist mixtures
approaching the maximum urine holding capacity of straw bedding which has accumulated feces in barns
housing sheep. The excreta from the barley straw, olive leaves, saltbush leaves and olive cake diets mixed
with barley straw gave initial ratios of feces, urine and straw N of 10.6:2.5:1, 17.7:2.4:1, 3.2:0.4:1;
11.3:2.6:1, respectively. Each feces-urine-straw mixture was composted separately under aerobic conditions
by placing 52 kg of each mixture (56 kg for the saltbush diet) in a jute bag with open mesh. These bags were
placed on wooden pallets, in a room where the temperature was maintained between 20 to 25°C for 18
weeks. During the composting process, the temperature was recorded weekly. Likewise, the moisture content
was adjusted to 450-650 g kg~* DM after having determined the water content, and the mixture was turned
manually with a spade, before being placed back into the bags. A subsample of the each compost mixture
was collected weekly and stored at — 20°C until analysis. The bags were weighed at the end of the

composting.

Soil and preliminary plant experiment

Soil with a low mineral N content was sampled from the upper 20 cm of a field under a chickpea-cereal
rotation after chickpea harvesting at the International Center for Agricultural Research in the Dry Areas
(ICARDA), Syria. The soil (Table 2), classified as very fine, montmorillonitic, thermic, Chromic Calcixerert
(Ryan et al. 1997), was collected using a mechanical soil auger. It was sieved through a mesh (< 2 mm) to
obtain a homogenous soil, kept moist and stored at room temperature until the soil incubation and plant
growth experiments were established.

In a preliminary experiment, the amount of N amendment to be used for the incubation and the plant
experiments was determined. A plant NUE response curve to mineral N fertilization was measured from
applications of 0, 45, 90, 135, 270 and 405 mg N kg‘1 soil after 7 weeks of growth. Ammonium sulfate was

used as the mineral amendment, barley as the test crop and each dose was repeated in quadruplicate. The
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NUE (see equation 1, below) was plotted against the amount of ammonium sulfate applied. The maximal

NUE was found at a dose of 90 mg N kg™ * soil, which was then used in the following experiments.
Soil response to the different amendments

The experimental soil was mixed manually with N-free nutrient solutions in order to avoid macro- and
micronutrient deficiencies. Mineral compounds supplied to the soil were (mg kg™' soil DM): KCI (85.8),
KH,PQO, (395.4), CaCl, (55.1), MgSO, (162.2), ZnS0O, (4.4), Na,M0oQ, (0.20), Fe chelate (6.2), H;BO; (5.7),
MnSO;, (6.2), CuSO, (7.9) and CoSO, (0.48). The soil was mixed with amendment (feces from the four diets,
four composts and olive cake; 9 treatments), or ammonium sulfate fertilizer in quantities equivalent to 90 mg
N kg™ * dry soil. Fresh olive cake was also tested at 22.5 mg N kg™ soil. Control treatment (ON) soil received
only the N-free nutrient solutions but no amendment. The amendment, fertilizer and control soil mixtures
were transferred to a total of 288 plastic pots (12 treatments x 4 replicates x 6 sampling times) each with a
volume of 100 ml. The water content was brought to 350 g kg™* DM of the soil. The pots were stored at 25°C
in a growth chamber in the dark. Lost water was replaced with distilled water every second day by restoring
the initial weight of the pots. Four pots from each treatment were withdrawn at every sampling time, i.e.,

after 1 day, and 1, 2, 4, 7 and 12 weeks. Soils were analyzed immediately afterwards.
Plant response to the experimental amendments

The effect of the amendments on N uptake was assessed by using barley (Hordeum vulgare L., var. Harmal)
as a test plant. For this, 48 pots (12 treatments x 4 replicates) were filled with 900 g soil DM prepared and
amended as previously described for the soil incubation experiment, except that ammonium sulfate was split
in two doses, namely 30 mg N kg™* soil DM at sowing and 60 mg N kg™* soil DM at tillering. Barley seeds
treated with a fungizide (Vitavax 200 FF, Chemtura, Italy) were sown at a rate of 10 seeds pot™* with a
distance of 2 cm between seeds. The seeded pots were watered to 350 g kg™ DM soil and transferred to a
greenhouse set to 14 h daylight at 25°C and 10 h darkness at 15°C. The pots were watered every other day as
described for the soil incubation experiment. After 7 weeks of growth, which was at the end of the vegetative
stage, the shoots were cut at 1 cm above the soil surface and dried immediately at 65°C for 48 h. The pots

were emptied and the roots were washed from the soil under a water-jet, and then also dried at 65°C for 48 h.
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Chemical analyses

Feces, compost samples collected during the 18 week composting period, and olive cake were analyzed by
standard methods (AOAC 1997) for DM and OM (AOAC index no. 942.05), total N (AOAC 977.02) and,
total C with a C/N analyzer (AOAC index no. 977.02). Total phenols were measured in the fresh feces,
mature compost and fresh olive cake using the Folin Ciocalteu method (Makkar 2003). Feces and composts
were also analyzed for their mineral N content (NO5~ extracted by deionized water and NH," extracted with
2 M KCI, Bremner and Keeney 1965, and analyzed by titration with diluted H,SO,, Keeny and Nelson 1982)
as well as total P and K after wet digestion using nitric and perchloric acids (AOAC 935- 13) and analyzed
using a UV-Vis spectrophotometer (model U-2000, Hitachi, Tokyo, Japan; AOAC 965- 17) for P and a
digital flame analyzer (A. Gallenkamp and Co., London, UK; AOAC 969.23) for K. Compost samples were
mixed with water at a ratio of 1:5, and pH and electrical conductivity (EC) of the extract were measured
using a pH meter (pH M82, Radiometer, Copenhagen, Denmark) and a conductivity cell (CDM83,
Radiometer, Copenhagen, Denmark), respectively. At every sampling date, samples of the incubated soils
were analyzed for pH, EC and mineral N (NO;~ and NH," extracted as described by Bremner and Keeney
1965, and analyzed by sulfuric acid titration, Keeny and Nelson 1982). Only values recorded at the
beginning and the end of the experiment are shown in tables, except for the time course of mineral N. In
addition, soil samples collected at the end of the incubation experiment were analyzed for their OM (chromic
acid titration method, Walkley 1947), extractable P (sodium bicarbonate extraction, Olsen et al. 1954) and K
(ammonium acetate extraction, Richard 1954) contents. Barley shoots and roots were analyzed for DM and
total N content by NCS elemental analyzer (Flash EA 1112 Series NCS analyzer, Thermo Electron

Corporation, Waltham, USA).

Calculations and statistical analysis

From the incubation experiment, net N mineralization was calculated as the difference between the total
mineral N at the end of the incubation time (12 weeks) and that at the beginning of the experiment (day 1).
The net mineralization over the ON control is the net mineralization of the amendments tested minus the net

mineralization of the control (ON).
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The NUE by barley for each of the amendments was computed by the difference method (Harmsen 2003) as:
NUE (%) = 100 x (NP, — NPon)/Ny; (1)
where, NP, = total N uptake by amended plants (mg pot™ '), NPoy = total N uptake by unamended plants (mg
pot™ 1) and N,; = total amount of the amendment N applied (mg pot™%).
Selected data from the associated animal experiment (Abbeddou et al. 2011a, b), including N intake, N
excretion in feces and urine and the resulting N retention in the body were used in this study to estimate the
N flows through the feed-animal-soil-plant system. Nitrogen cycling efficiency was calculated for each diet
and was standardized to 1000 g N intake by the animals as follows.

The N excreted in feces and urine was expressed as a proportion of N intake:

Fecal N (g kg N intake) = 1000 x (N excreted in feces / N intake)
)

Urine N (g kg™ ! N intake) = 1000 x (N excreted in urine / N intake) (3)

Excreted N (g kg™ N intake) = Fecal N + Urine N (@)

Body N  retention (g kg N  intake) = 1000 -  Excreted N
(5)

N retained (fecal N and urine N in uncomposted mixture) from excretion collection, and unaccounted for
in composting (i.e. not included in our experimental design), respectively, was calculated according to the
formulas given by Rufino et al. (2006), except that they were all expressed based on 1000 g N intake:

Fecal N in uncomposted mixture (g kg™ ' N intake) = 1000 x (N feces used / N intake) (6)

Urine N in uncomposted mixture (g kg™' N intake) = 1000 x (N urine used / N intake)
()

Unaccounted N (g kg™' N intake) = Excreted N — (Fecal N in uncomposted mixture + Urine N in
uncomposted mixture) (8)
At the final stage of composting, N efficiency was calculated as the amount of N in compost as a proportion
of N contained in the fresh feces and urine used in the mixture for composting, and in relation to N intake:

N retained during composting (g kg~* N intake) = 1000 x ((N in compost / Fecal N and Urine N in

uncomposted mixture)) / N intake 9)
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N lost during composting (g kg~* N intake) = N in uncomposted mixture — N in compost
(10)
For plant N uptake, N flow was calculated as the amount of N in the plant as a proportion of the amount of N
applied to the soil with the amendment (feces or compost) again reported as g kg~ * N intake of the animal.
Plant N uptake (g kg™* N intake) = NUE (%)/100 x amendment N (g kg™ N intake)
(11)
where amendment N is either the fecal N (when feces are used as treatment) or N retained during composting
(result from equation 9 when compost is used as treatment).
The GLM procedure (SAS version 9.2, SAS Institute Inc., Cary, NC) was used for analysis of variance of the
data from the incubation and the plant experiments, with amendment as a fixed factor. Means were compared
with the Tukey test at P < 0.05. The tables give arithmetic means, standard errors of the means and P-values.

Changes in total mineral N in the incubation experiment were analyzed by repeated measurement analysis
using the GLM procedure of SAS. Treatment, time and the interaction between the two were

considered as fixed factors. Figure 1 gives least square means, standard errors and P-values.

Results

Composition of the amendments and changes during the composting process

The mean OM content of the amendments (feces, compost and fresh olive cake) ranged from 683 to 900 g
kg™ ' DM (Table 3), and was lowest for the saltbush leaf compost, and highest for olive cake derived feces,
uncomposted mixture and compost derived from this diet. The C/N ratio was on average 25 for fresh feces
and 13 for compost and as high as 39 for the fresh olive cake. Accordingly, feces from the olive cake
treatment also had a particularly high C/N ratio. Mineral N content (NH,-N and NO3-N) tended to be lower
in the composts than the corresponding fresh feces, except for compost from barley straw diet. The K content
was higher in the composts than in the fresh feces. Likewise P content was higher in the composts, except for
saltbush leave compost.. On average, total phenol content in the composts, ranging between 1 to 2 g kg™
DM, was lower than in the feces and the fresh olive cake. Total phenol content in the composts represented

on average only 33% of the content in feces from barley straw, olive leaf, saltbush leaf and olive cake diets.
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The temperature in the compost bags increased from an average of 7 to 55°C during the first three days
(data not shown). The differences in chemical composition between the uncomposted mixtures at the
beginning of the composting procedure were largely present at the end of the composting, except for pH and
EC. The initial weight of the uncomposted mixture of 52 kg (56 kg for the saltbush treatment) corresponded
to 16, 20, 13 and 23 kg on DM basis for composts prepared from the excreta of the sheep fed the barley
straw, olive leaf, saltbush leaf and olive cake diets, respectively. The corresponding DM losses during
composting were 687, 450, 461 and 565 g kg™ * initial DM (data not shown), with OM losses of 729, 507,
539 and 602 g kg ! initial OM, respectively. The decline in OM content was most pronounced with the
saltbush leaf and the barley straw treatments (Table 3). The decline in OM was lowest with compost from the
olive cake diet and intermediate with the compost from the olive leaf diet. Total N content per unit of DM
increased during composting, and the C/N ratio of the four composts decreased from a range of 20 to 32 to
between 12 and 17. Contents of both NH,-N and NOs-N decreased during the composting process except for
the barley straw treatment. While the pH did not change during composting of the excreta obtained from
olive leaf and olive cake fed sheep, it decreased for the barley straw diet and increased with the saltbush leaf

diet. In all composts, except that produced from feeding the saltbush leaf diet, EC decreased with time.

Soil response to the different amendments

In general, all feces and compost amendments increased the OM contents of the soils, which amounted to
greater than 1 g kg™ soil DM on average compared to ON soil at the end of the incubation period (Table 4).
This increase was about 5 times higher with the amendment with fresh olive cake when provided at the full
N dose level. The quantities of OM added per kg soil with the amendments were in the range of 3 to 5 g with
fresh feces, 2 to 3 g with composts and 8 or 2 g with fresh olive cake provided at the full or the 1/4 N dose.
Feces, except that from the saltbush leaf treatment, and fresh olive cake (at any dose) resulted in lower
mineral N levels than in the ON soil during the 12 week incubation time (amendment x week, P < 0.001),
i.e., caused immobilization of N (Figure 1). In contrast, composts and feces from the saltbush leaf treatment
increased mineral N content over the ON control, although for NH,-N not significantly (Figure 1, Table 4).
Mineral N (NH,-N and NO;-N) in the ON soil increased from 16 to 27 mg kg™ * soil DM from 1 day to 12
weeks incubation (Figure 1). Compared to this change, differences in mineralization caused by the
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application of the organic amendments were small (Table 4). Net mineralization in compost treatments was
not significantly different from the ON treatment while fresh feces amendments caused significant
immobilization, except for the saltbush leave treatment. Amendments of the saltbush leaf treatments (feces
and compost) and compost of barley straw treatment resulted in significant increases in extractable K
compared to the ON soil. Finally, only amendment with saltbush leaf feces significantly increased soil P
compared to the ON soil.

The non N amended soil had a pH of 8.4 at the start of the soil incubation experiment. Only few
amendments affected pH significantly, which were barley straw feces, olive cake compost and fresh olive
cake at any dose (Table 4). Changes in pH during the incubation period were small with only an increase or

decrease of up to 0.2 units. The EC was 0.16 mS cm™*

in the ON soil at the beginning, but increased to 0.27
mS cm™ ! at the end of the incubation period. Changes compared to the ON soil ranged between 0.02 and 0.15
mS cm™* directly upon amendment application, and between -0.06 and 0.27 mS cm™ ' at the end of the

incubation period. However, EC was significantly higher after incubation of soil amended with mineral

fertilizer N, feces and compost of the saltbush leaf and the barley straw treatments, and olive cake compost.

Plant response to the experimental amendments

Total (shoot plus root) barley DM vyield was 2.5 g for plants growing on the ON soil (Table 5). The addition
of mineral N fertilizer caused a 1.7-fold increase in yield. Likewise, N yields per pot in shoot and root
biomass were increased by mineral N addition. In contrast, the addition of the fresh feces of any origin did
not affect or even tended to decrease DM yield compared to ON, except for the saltbush leaf treatment, which
increased shoot and total DM vyields by 1.3 and 1.2-fold levels of ON, respectively. Composts prepared from
the barley straw and saltbush leaf treatment increased total DM vyields by 1.4- and 1.2-fold respectively. The
low and the high dose of fresh olive cake reduced total DM yield by 0.5- and 0.3-fold compared to ON. The
N uptake of barley followed the same trend as DM vyield, resulting in a negative NUE for three of the fresh
feces (i.e., those derived from the barley straw, olive leaf and olive cake diets) and fresh olive cake applied at
both doses. The NUE was positive with the composts but low, ranging from 2% (olive cake diet derived

compost) to 16% (barley straw diet derived compost).
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N flow in the feed-animal-soil-plant system

The tested feeds resulted in retention of between 158 and 239 g N kg™! N intake in the growing Awassi
lambs (Figure 2a). When compared to barley straw, fecal N excretion increased after feeding an olive leaf
diet, while intake of saltbush leaf diet tended to increase urinary N. Due to the small amount of urine
required for the compost mixtures, between 317 and 581 g urinary N kg™* N intake (32 to 58% of the total
excreted N) were unaccounted for in the analysis of N flows (Figure 2b). Composting resulted in very
variable N losses from less than 20% with the saltbush compost to more than half of the initial N available
with the barley straw compost (Figure 2c). Overall, compost amendment resulted in a positive but small
uptake of N by the barley plants (6 to 28 g kg™* N intake), with the majority remaining unused in the soil
(Figure 2d). In contrast, the direct application of fresh feces as an amendment resulted in negative N uptake
by the barley plants, leading to proportions of unused N ranging between 204 and 425 g kg™* N intake

(Figure 2e).

Discussion

In the farming systems typically practiced in dry areas, most of the feces and urine is excreted in the
rangelands with the rest deposited in barns where animals are kept during the night and when the weather
conditions are extreme (extreme heat at noon, rain or storms). In the study region, excreta deposited in the
barns are collected as a mixture of feces and straw bedding which has absorbed some of the urine. This
manure is collected usually four times a year, and composted on-farm in heaps. The compost is then used in
the cropping system either alone or in combination with a mineral fertilizer (urea) (personal information
from the farmers). The traditional forage, consisting of cereal straw, has been replaced occasionally by
locally available, low-cost forage alternatives especially during periods of shortage (Abbeddou et al., 2011a).
The different chemical composition of the alternative forages and concentrates affect the nutritive value and
N use efficiency at the animal level (Abbeddou et al. 2011a, b). No information however is available about

the implications of their use on overall N cycling in a mixed crop/livestock system.

Changes in amendment characteristics during composting as affected by the diet fed to sheep
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The rate of OM degradation during composting depends on the content of readily biodegradable compounds
present in the compost (Sellami et al. 2008). This suggests that the OM in the feces of the sheep fed the
saltbush leaf diet should be very degradable, as had been observed for most of the dietary OM in the
digestive tract (Abbeddou et al. 2011a). The compost derived from the olive cake diet was higher in OM than
other composts. Probably in particular lignin limited its degradation in the digestive tract as feces from olive
cake diet contained 630 g neutral detergent fiber kg~ * DM, of which 170 g kg™ DM were lignin (Abbeddou
et al. 2011b). Additionally, an adverse action on digestion due to the phenols present in this feed had been
assumed. The low degradability of OM in the compost derived from the olive cake was consistent with the
low OM digestibility of dietary olive cake in the animal. It therefore appears that the properties controlling
digestibility of feeds in the animal also control degradation of feces subsequent to excretion, such as during
composting (Rufino et al. 2006). The C/N ratios of most composts were in the recommended range of < 12
(Cayuela et al. 2004) for a stable OM of the compost, while it was higher for the compost from the olive
cake treatment. The NH,* concentration of all composts was less than 0.40 g kg™ as expected (Cayuela et al.
2004).

Nitrogen retention after composting was greater than the average of 54% reported by Thomsen (2000)
for all composts except the barley straw diet derived compost (46% of N in the uncomposted mixture
retained after composting compared to 75, 85 and 74% of N retained in olive leaf, saltbush leaf and olive

cake derived composts; data not shown), but was in the range of 30 to 87% reported by Rufino et al. (2006).

Soil response to the different amendments

Increase in soil EC results from an increase in the electrolytes Na and K (Mekki et al. 2006), and saltbush
leaves are reported to have high contents of these cations (Abbeddou et al. 2011a). An ingested excess of
electrolytes is mostly excreted in urine, which explains the elevated EC of both the compost and the soil of
the saltbush leaf treatment. Fresh feces from the saltbush leaf diet also had a high K content (Table 3).

Net N mineralization in compost amended soils was similar to net mineralization in the ON soil. The N
immobilization observed with all feces (except that from the saltbush leaves diet) agrees with

Wichern et al. (2004), where fresh sheep and goat feces from local farms in Oman resulted in microbial N

immobilization. Net N mineralization in soil treated with feces from the saltbush diet may have resulted from

13



342
343
344
345
346
347
348
349
350
351
352

353

354
355
356
357
358
359
360
361
362
363
364
365
366
367

relatively low C/N ratio and phenol content, and high mineral N content of this feces. Mineralization of N
was related to the C/N ratio of manures as found by Powell et al. (2006). Manures with C/N ratios greater
than 19 caused immobilization of soil N, as was observed here with most of the feces having C/N ratios
between 22 and 32, while manures with C/N ratio less than 16 caused N mineralization. Mineralization of N
might have been further reduced by the presence of polyphenols, especially after amendment by fresh olive
cake and feces from the olive cake and leaf diets. Although olive cake has a moderate total phenol content,
the special nature of the constitutive phenols (e.g., hydroxytyrosol, tyrosol, and their glucosides) makes it
highly antimicrobial (Benitez et al. 2004; Cayuela et al. 2004; Sampedro et al. 2004). Additionally, phenols
may bind proteins which are then protected from microbial degradation in the soil as for the rumen (van
Bruchem et al. 1999; Tiemann et al. 2009). A regression analysis of all amendments in this study showed

that N mineralization was negatively related to total amendment phenol input (r = - 0.75, P = 0.012).

Plant response to the experimental amendments

In the present study 77% of mineral fertilizer N was recovered in the barley roots and shoots, which is in the
range of a pot study with ryegrass (Langmeier et al. 2002) but higher than N recovery of a barley crop
growing in lysimeters (36% on coarse sand to 49% on sandy loam soil; Thomsen et al. 1997) and recoveries
in crops reported from field studies which usually are in the range of 20 to 50% (Crews and Peoples 2005).
The NUE for animal manure is usually lower than that of mineral N, because it is mainly composed by
organic N forms which are not readily available to plants. In a pot study six harvests of ryegrass recovered 25
to 30% of N applied with fresh cow feces (Langmeier et al. 2002), while wheat growing in microplots in the
field recovered 10% of N applied with sheep feces (Bosshard et al. 2009). Also in a microplot field study,
barley at maturity (grain and straw) recovered 6% of N-15 added with sheep feces (Jensen et al. 1999). In
this experiment, the application of fresh feces reduced plant productivity compared to the ON soil, resulting
in negative NUE except for the amendments from the saltbush leaf treatments. This could be explained by
the higher amounts of mineral N (NH;-N, NOs-N) found in the feces from the saltbush leaf treatment than
the other fecal amendments, and organic fecal N compounds that can be easily mineralized (Bosshard et al.

2011)
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In contrast to the feces, a positive NUE was observed for all composts resulting in N recoveries in barley
of 2 to 16% of the N applied. This is in the range found for fresh feces in other studies but much less than
that reported for slurry composed of all of the feces and urine excreted (Langmeier et al. 2002; Bosshard et
al. 2009). The NUE of both olive feed containing diets was lower than those from the barley straw and the
saltbush based diet. In their review, Rufino et al. (2006) reported that NUE from composted manure for
maize crops in Africa ranged between 3 and 49%, with NUE being higher when urine was included in the
composted manure. Nitrogen recovery from compost was higher than from fresh feces probably because soil
amended with compost had higher total mineral N than the soil amended with feces. Also, compost had
lower phenol contents than feces; the latter also because of dilution by urine and straw. Urine N mostly
consists of urea which is a readily available N source for plants (Bosshard et al. 2009). However, part of the
urea N gets hydrolyzed during composting (Thomsen 2000; Wichern et al. 2004) and lost in the form of
ammonia (Rufino et al. 2006). The high pH in composts and soils may further have intensified ammonia
volatilization. As no *°N-labeling was done in the present study, N derived from feces and urine, and their
respective contribution to barley N uptake (Bosshard et al. 2009), cannot be separated.

The NUE of fresh olive cake was negative, indicating that the N in olive cake was not directly available
for the plants and that olive cake amendment reduced the availability of soil N. The inhibitory effect on plant
productivity was less pronounced when less olive cake was added (1/4 of the N dose used in the other
treatments). This suggests that feeding olive cake may be relatively more advantageous than use of fresh
olive cake as an amendment. When olive cake passes through the rumen and the digestive track, phenols are
either metabolized or diluted when mixed with other feed ingredients resulting in excreta that might be less
inhibitory to plant growth.

Amendment N not taken up by the crops can remain in the soil (Powell et al. 2006) or be lost from the
soil-plant system. Studies using >N labeling show that with organic amendments often more N is recovered
in the soil than with mineral fertilizer N (Sgrensen and Thomsen 2005; Gardner and Drinkwater 2009). This
is also supported by the studies by Langmeier et al. (2002) and Bosshard et al. (2009), where about 60% of N
applied with fresh cattle or sheep feces remained in the soil. This N can become available to subsequent
crops (Schroder et al. 2005) although at low release rates. Accordingly, only around 3.3 and 1.5% of feces N
were recovered during the two following years in the study by Bosshard et al. (2009). The difference method
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used in this study does not allow measurement of amendment N recovery in the soil compared to the

background soil N.

Nitrogen flow in the feed-animal-soil-plant system as affected by unconventional feeds

The NUE of a mixed crop/livestock system is the result of N conversion at the animal level and the apparent
N recovery from soil amended by animal excreta (van Bruchem et al. 1999). The calculated N conversion
efficiency at the animal level for growth (body N retention, Figure 2a) was in the range of 150 to 250 g N
kg™ ' N intake reported by van Bruchem et al. (1999). All diets had similar N conversion efficiencies despite
the lowest N intake associated with the saltbush leaves and olive cake diets (data taken from Abbeddou et al.
2011a, b). Nitrogen not converted into animal products (milk or body weight gain) is excreted with urine and
feces, but also the allocation of excretory N to feces and urine clearly varied between treatments due to
phenol content in the diets. As stated above, proteins bound to phenols are indigestible complexes excreted in
feces where they constitute the insoluble N fraction (Powell et al. 1994). Based on the allocation of the
excretory N, the lowest feces N as a proportion of N intake was found with the saltbush diet (P < 0.001) and
the highest with diets containing olive-derived feeds. Not all N excreted by the animals was included in
manure N flow. Thus a large proportion of N excreted, i.e., urinary N with high plant availability, remained
unaccounted for (32 to 58% of the total excreted N; Figure 2b). Our experiment mimicked a situation where
all feces would be collected, but where the urine not absorbed by the straw would have been lost. Farming
systems with sheep in Syria are quite variable (Rischkwosky et al. 2004), and in turn the collection and use
of animals excreta differs between farms and production areas. Likewise, straw is a limited valuable
resource, and compost preparation and application may economically not always be viable as straw is in
demand as livestock fodder (Sommer et al. 2011). Thus its use as animal bedding in barn is not always
applied, especially in seasons with low barley straw yields.

In this study, the NUE of composts and of feces was tested when used as amendments for crop
production. As discussed above, NUE by barley of both forms was low or even negative and a large fraction
of applied N remained unused (Figures 2d and 2e). The question arises whether the feces and urine would be
better used on the rangelands than for crop production. We have no exact data on the proportion of N
deposited in the rangelands compared with in the barns. Rufino et al. (2006) estimated that less than 50% of
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total N excreted can be collected in typical mixed grazing-barn system by smallholders in the sub-Saharan
Africa. Based on experimental data of excreta collection and N loss during composting in central Kenya
(Lekasi et al. 2001), Rufino et al. (2006) assumed that less than 10% of N in the excreta would be efficiently
used in the mixed crop-livestock system in Kenya. Nitrogen deposited in the rangeland can be taken up by
plants, be retained in the soil or be lost. Plant N uptake is limited to the short (up to three months in the dry
areas of Syria) growing season when water availability sustains plant growth and nutrient uptake. During the
six month-long dry period, particularly urine N deposited on the alkaline soils of the study area may largely
be lost by ammonia volatilization. For instance, Vallis et al. (1985) reported a loss of 46% of urine N when
cattle urine was applied on pasture during the dry season in Australia. Under these conditions, N cycling
could be increased when a higher proportion of N is excreted with feces because feces N takes longer time to
be mineralized and therefore the risk of ammonia volatilization is lower (Powell et al. 1994; Rufino et al.
2006). Based on this, diets containing olive-derived feeds seemed more efficient than the other diets,
especially the saltbush leaf based diet which resulted in the highest proportion of N excreted in urine. Still it
has to be shown whether N from olive cake and olive cake derived feces will be available in subsequent

years or whether the compositional limitations prevent its release even longer.

Conclusions

Providing unconventional feeds to sheep only slightly affected the NUE by barley of N applied with feces or
composts produced from feces, urine and straw, with NUE being higher after treatments with composts than
with feces. The NUE obtained in the pot experiment was low or even negative, leaving most of the N applied
unused. Feeding olive cake was more efficient as some nutrients were supplied when fed to the sheep
increasing overall N cycling efficiency compared with its direct application as soil amendment. Labeling
studies with *°N to separate unused N into N retained in soil and N losses are needed, as well as long-term
plant experiments under field conditions to test residual amendment N effects. Although reflecting the
limited collection practiced on farm, an important proportion of urine N was not considered in the present
study. When the intention is to use amendments consisting of animal excreta strategically for crop production
and in the growing season, it seems worthwhile to capture as much urine as possible and, therefore, to
change excreta storage and application practices.

17



450
451
452
453
454

455

456

457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475

476

Acknowledgments This work was funded by the Swiss Development Cooperation, Berne, through the
North-South Center, ETH Zurich, Switzerland. We are grateful to Thomas Flura from the plant nutrition
group (ETH Zurich) for his help to set up the experiment and his technical advice during soil and plant
analysis. Our thanks go to George Estefan, Ahmed Sawass and their teams from ICARDA for their technical
help during the whole experiment and to Rolf Sommer (ICARDA) and the anonymous reviewers for the

helpful comments on our manuscript.

References

Abbeddou S, Rihawi S, Hess HD, Ifiiguez L, Mayer AC, Kreuzer M (2011a) Nutritional composition of
lentil straw, vetch hay, olive leaves and saltbush leaves, and their digestibility as measured in fat-tailed
sheep. Small Rum Res 96: 126-135

Abbeddou S, Rihawi S, Zaklouta M, Hess HD, Ifiiguez L, Kreuzer M (2011b) Ruminal degradability,
digestibility, energy content, and influence on N and mineral turnover of various Mediterranean by-
products in fat-tailed Awassi sheep. Anim Feed Sci Technol 163: 99-110

AOAC (1997) Official Methods of Analysis. Association of Official Analytical Chemists, Arlington, VA,
USA

Benitez E, Melgar R, Nogales R (2004) Estimating soil resilience to a toxic organic waste by measuring
enzyme activities. Soil Biol Biochem 36: 1615-1623

Bosshard C, Sgrensen P, Frossard E, Dubois D, Mader P, Nanzer S, Oberson A (2009) Nitrogen use
efficiency of **N-labelled sheep manure and mineral fertilizer applied to microplots in long-term organic
and conventional cropping systems. Nutr Cycl Agroecosyst 83: 271-287

Bosshard C, Oberson A, Leinweber P, Jandl G, Knicker H, Wettstein H-R, Kreuzer M Frossard E (2011)
Characterization of fecal nitrogen forms produced by a sheep fed with N labeled ryegrass. Nutr Cycl
Agroecosyst 90: 355-368

Bremner JM, Keeney DR (1965) Steam distillation methods for determination of ammonium, nitrate, and
nitrite. Anal Chim Acta 32: 485-495

Cayuela ML, Bernal MP, Roig A (2004) Composting olive mill waste and sheep manure for orchard use.
Compost Sci Util 12: 130-136

18



477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492

493
494
495
496
497
498
499
500
501
502
503

Crews TE, Peoples MB (2005) Can the synchrony of nitrogen supply and crop demand be improved in
legume and fertilizer-based agroecosystems? A review. Nutr Cycl Agroecosyst 72: 101-120

El Shaer HM (2010) Halophytes and salt-tolerant plants as potential forage for ruminants in the Near East
region. Small Rum Res 91: 3-12

Fliessbach A, Oberholzer HR, Gunst L, Mader P (2007) Soil organic matter and biological soil quality
indicators after 21 years of organic and conventional farming. Agric Ecosyst Environ 118: 273-284

Frossard E, Blinemann EK, Carsky R, Compaoré E, Diby LN, Kouamé VH, Oberson A, Taonda SJ-B (2006)
Integrated nutrient management as a tool to combat soil degradation in Sub Saharan Africa. In Afrika im
Wandel. Eds. Bearth T, Becker B, Kappel R, Kriiger G, Pfister R, vdf Hochschulverlag Zurich. pp 137—
146

Gardner JB, Drinkwater LE (2009) The fate of nitrogen in grain cropping systems: a meta-analysis of *°N
field experiments. Ecol Appl 19: 2167-2184

Harmsen K (2003) A comparison of the isotope-dilution and the difference method for estimating fertilizer
nitrogen recovery fractions in crops. I. Plant uptake and loss of nitrogen. Neth J Agr Sci 50: 321-347

Jensen B, Sorensen O, Thomsen IK, Jensen ES, Christensen BT (1999) Availability of nitrogen in N-15-
labeled ruminant manure components to successively grown crops. Soil Sci Soc Am J 63: 416-423

Keeney DR, Nelson DW (1982) Nitrogen-inorganic forms. In Page AL et al. (eds.) Methods of soil
analysis. Part 2, 2" ed. Agron. Monogr. 9, ASA and SSSA, Madison, W1, pp 643-698

Langmeier M, Frossard E, Kreuzer M, Méder P, Dubois D, Oberson A (2002) Nitrogen fertilizer value of
cattle manure applied on soils originating from organic and conventional farming systems. Agronomie
22: 789-800

Lekasi JK, Tanner JC, Kimani SK, Harris PJC (2001) Managing manure to sustain smallholder livelihoods in
the East African high-lands. HDRA, Coventry, UK

Louhaichi M, Tastad A (2010) The Syrian steppe: Past trends, current status, and future priorities.
Rangelands 32: 27

Makkar HPS (2003) Quantification of tannins in tree and shrub foliage, a laboratory manual. Kluwer

Academic Publishers, Dordrecht, the Netherlands

19



504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530

Mekki A, Dhouib A, Sayadi S (2006) Changes in microbial and soil properties following amendment with
treated and untreated olive mill wastewater. Microbiol Res 161: 93-101

Molina-Alcaide E, Nefzaoui A (1996) Recycling of olive oil by-products: possibilities of utilization in
animal nutrition. Int Biodeterior Biodegrad 38: 227-235

Molina-Alcaide E, Yéafiez-Ruiz DR (2008) Potential use of olive by-products in ruminant feeding: A review.
Anim Feed Sci Technol 147: 247-264

Mufioz GR, Kelling KA, Powell JM, Speth PE (2004) Comparison of estimates of first-year dairy manure
nitrogen availability or recovery using nitrogen— 15 and other techniques. J Environ Qual 33: 719-727

Oktay Z (2006) Olive cake as a biomass fuel for energy production. Energ Source Part A 29: 329-339

Olsen SR, Cole CV, Watanabe FS and Dean LA (1954) Estimation of available phosphorus in soils by
extraction with sodium bicarbonate. United States Department of Agriculture, Washington D.C.: 171-
188

Powell JM, Fernandez-Rivera S, Hofs S (1994) Effects of sheep diet on nutrient cycling in mixed farming
systems of semi-arid West Africa. Agric Ecosyst Environ 48: 263-271

Powell JM, Wattiaux MA, Broderick GA, Moreira VR, Casler MD (2006) Dairy diet impacts on fecal
chemical properties and nitrogen cycling in soils. Soil Sci Soc Am J 70: 786-794

Richards LA (1954) Diagnosis and improvement of saline and alkali soils. USDA Agric Handbook 60.
Washington, DC

Rischkowsky B, Thomson EF, Shnayien R, King JM (2004) Mixed farming systems in transition: the case of
five villages along a rainfall gradient in North-West Syria. Expl Agric 40: 109-126

Roig A, Cayuela ML, Sanchez-Monedero (2006) An overview on olive mill wastes and their valorisation
methods. Waste Manage 26: 960-969

Rufino MC, Rowe EC, Delve RJ, Giller KE (2006) Nitrogen cycling efficiencies through resource-poor
African crop-livestock systems. Agric Ecosyst Environ 112: 261-282

Ryan J, Masri S, Garabet S, Diekmann J, Habib H (1997) Soils of ICARDA’s agricultural experiment
stations and sites, Climate, chemical and physical properties, and land management. ICARDA, Aleppo,

Syria. Tech. Bull. 107 pp.

20



531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557

558

Sampedro I, Romero C, Ocampo JA, Brenes M, Garcia | (2004) Removal of monomeric phenols in dry mill
olive residue by saprobic fungi. J Agric Food Chem 52: 4487-4492

Sangaré M, Bationo A, Hiernaux P, Fernandez-Rivera S, Pandey V (2002) Effect of type and level of
roughage offered to sheep and urine addition on compost quality and millet growth and production in the
Sahel. Nutr Cycl Agroecosys 62: 203—208

Sansoucy R (1985) Olive by-products for animal feed. Online: FAO Animal Production and Health Paper
No. 43 (accessed 31.12.11) www.fao.org/docrep/003/X6545E/X6545E00.htm

Schréder JJ, Jansen AG, Hilhorst GJ (2005) Long-term nitrogen supply from cattle slurry. Soil Use Manage
21: 196-204

Sellami F, Jarboui R, Hachicha S, Medhioub K, Ammar E (2008) Co-composting of oil exhausted olive-
cake, poultry manure and industrial residues of agro-food activity for soil amendment. Bioresource
Technol 99: 1177-1188

Sommer R, Ryan J, Masri S, Singh M, Diekmann J (2011) Effect of shallow tillage, moldboard plowing,
straw management and compost addition on soil organic matter and nitrogen in a dryland barley/wheat-
vetch rotation. Soil Till Res 115- 116: 39-46

Sgrensen P, Thomsen IK (2005) Separation of pig slurry and plant utilization and loss of nitrogen— 15-
labeled slurry nitrogen. Soil Sci Soc Am J 69: 1644-1651

Thomsen IK (2000) C and N transformations in >N cross-labelled solid ruminant manure during anaerobic
and aerobic storage. Bioresource Technol 72: 267-274

Thomsen IK, Kjellerup V, Jensen B (1997) Crop uptake and leaching of N-15 applied in ruminant slurry
with selectively labelled faeces and urine fractions. Plant Soil 197: 233-239

Tiemann TT, Hincapie B, Frossard E, Kreuzer M, Hess HD (2009) Effect of supplementing tropical tannin-
free and tanniniferous legumes to grass-fed sheep on the utility of their manure as nitrogen fertilizer.
Livest Res Rural Dev 21 http://www.Irrd.org/Irrd21/3/tiem21041.htm

Vallis I, Peake DCI, Jones RK, McCown RL (1985) Fate of urea-nitrogen from cattle urine in a pasture-crop
sequence in a seasonally dry tropical environment. Aust J Agric Res 36: 809-817

van Bruchem J, Verhoeven F, Brussaard L, Tamminga S (1999) Diet and manure characteristics in relation
to nitrogen flows in a dairy farming system. In: van der Heide D, Huisman EA, Kanis E, Osse JWM,

21


http://www.fao.org/docrep/003/X6545E/X6545E00.htm
http://www.lrrd.org/lrrd21/3/tiem21041.htm

559
560
561
562
563
564
565
566

Verstegen MWA (eds) Regulation of feed intake. Proceedings of the 5™ Zodiac Symposium 22—24 April
1998, Wageningen, The Netherlands, pp 219-225

Walkley A (1947) A critical examination of a rapid method for determining organic carbon in soils: Effect of
variations in digestion conditions and of organic soil constituents. Soil Sci 63: 251-263

Wichern F, Miiller T, Joergensen RG, Buerkert A (2004) Effects of manure quality and application forms on
soil C and N turnover of a subtropical oasis soil under laboratory conditions. Biol Fertil Soils 39: 165—

171

22



567

568
569
570
571
572
573
574
575
576
S77
578

Legend of the figures

Figure 1 Changes in total mineral N (mg kg™ DM) of unamended soil (ON), soil amended with mineral N
(ammonium sulfate), soil amended with feces from sheep fed barley straw, olive leaves, saltbush leaves or
fresh olive cake (A); soil amended with compost made from the feces and urine of sheep fed these four diets
(B); and soil amended with fresh olive cake at 90 mg N kg™ and 22.5 mg N kg™ (C). Amendment, P < 0.001;

week, P < 0.001; amendment x week, P < 0.001, SEM at treatment level = 1.9

Figure 2 Nitrogen flows in a feed-animal-soil-plant system, where barley straw, olive leaf, saltbush leaf and
fresh olive cake diets are fed to Awassi sheep, and the feces and some urine are used to make compost to
grow barley plants. Nitrogen flows from the feces to soil is also compared, but most of the urine N is

unaccounted for in this experimental system.
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Table 1 Description of feeding trials and composition of the diets fed to fat-tailed Awassi sheep

Feeding trial Diet Feed component description Nutrients content in feed
(9 kg” DM)
Barley straw Barley straw 716 g barley straw, 176 g DM: 1100g

replaced with olive
leaves or saltbush
leaves.”)

cotton seed meal, 88 ¢
molasses, and 20 g mineral-
vitamin mix. 16 g urea kg™
DM.

CP:159 g kg™ DM
Metabolisable energy: 7.59 MJ kg DM

Olive leaf

716 g olive leaves, 44 ¢
barley grain, 44 g wheat bran,
88 g cotton seed meal, 88 ¢
molasses, and 20 g mineral-
vitamin mix. 11 g urea kg-1
DM.

DM: 1100 g
CP: 157 g kg™ DM
Metabolisable energy: 7.85MJ kg™ DM

Saltbush leaf

716 g saltbush leaves, 44 ¢
barley grain, 132 g wheat
bran, 88g molasses, and 20 g
mineral-vitamin mix. 2 g urea
kg DM.

DM: 1100 g
CP:159 g kg™ DM
Metabolisable energy: 7.59 MJ kg™ DM

Concentrate replaced Olive cake
with olive cake. g

490 g barley straw, 340 g
olive cake, 100 g cotton seed
meal, 50 g molasses, 20 ¢
mineral-vitamin mix.19g urea
kg DM.

DM: 1100 g
CP: 147 g kg™ DM
Metabolisable energy: 5.50 MJ kg™ DM

®For details see Abbeddou et al. (2011a)
Y For details see Abbeddou et al. (2011b)
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587  Table 2 Properties of the soil used in soil and plant growth experiments.

Soil classification ~ Texture (g kg™) Composition (g kg™ DM) pH Electrical
conductivity
Clay Silt Sand Organic Total Mineral Olsen- Extractable (mS cm™)
matter N N pY K
Montmorillonitic, 539 283 178 10.4 0.78 0.01 0.012 0.27 8.2 0.271
thermic, Chromic
Calcixerert

588  YExtraction with sodium bicarbonate (Olsen et al. 1954)
589  “Extraction with ammonium acetate (Richards 1954)
590
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591  Table 3 Physico-chemical characteristics of the amendments used for soil and pot experiments. The amendments consist of fresh feces
592  excreted by sheep fed barley straw, olive leaf, saltbush leaf or olive cake diets; uncomposted mixtures of feces (excreted by sheep fed the
593  four diets), urine and barley straw; compost made from the mixtures; and fresh olive cake. The mean and standard error of three analytical

594 replicates are given.

Organic  Kjeldahl NH;-N NO;-N  Total K Total P Total C/IN pH Electrical
matter N phenols conductivity
(g kg~ dry matter) (mS cm-)
Fresh feces
Barley straw 870+0.0 18+5.3 1.0+0.10 0.9+0.03 2.4+0.7 7.2£1.2 5.0#0.7 24474 nd nd
Olive leaves 841+0.5 24+0.3 0.7+0.03 0.6£0.03 1.8+0.6 8.7+15 6.1+0.3 21+0.2 nd nd
Saltbush leaves  762+6.6 21+0.2  1.7+0.09 2.0+0.05 10.1+3.8 12.2+1.7 3.2#0.2 22+0.2 nd nd
Olive cake 897+0.6 15+0.2  0.4+0.03 0.3+0.02 2.6+0.6 6.0+0.8 3.1+09 32+04 nd nd
Uncomposted mixture before composting
Barley straw 843+0.8 23+3.1 5.8+0.40 5.1+0.40 nd nd nd 20+2.2  8.740.10  4.6x0.07
Olive leaves 845+0.8 25+1.3 3.8+0.38 3.5+0.27 nd nd nd 20459  8.4+0.00 3.7+0.00
Saltbush leaves ~ 798+1.4 19+0.8  0.7+0.20 1.0+0.20 nd nd nd 25¢6.5 8.6+0.10 4.1+0.00
Olive cake 900+1.4 15+0.2 2.5+0.31 2.3+0.45 nd nd nd 32404  85+0.07 3.3+0.07
Compost after 18 weeks of composting
Barley straw 731+0.9 34+0.2 0.03+0.001 4.3+0.40 23.7+2.1 114405 1.9+0.2 12+0.1  8.1+0.07 4.3+0.10
Olive leaves 757425 35+0.4  0.00+0.001 0.4+0.02 15.3+1.1 13.0+¢0.8 1.84#0.2 12+0.1  8.4+0.10 3.1+0.10
Saltbush leaves  683+1.1 30+0.8 0.06+0.002 0.7+0.01 20.2+2.6 9.5+1.0 0.9+0.4 12+0.3  9.0+0.07 5.4+0.07
Olive cake 824+34 25+0.3 0.00+0.002 0.4+0.03 12.5+0.5 7.840.2 1.2#0.2 17+0.2 85+0.00 1.5+0.00
Fresh olive cake 864+0.2 13+1.8 Nd Nd 8.3+0.7 0.840.2 4.1+05 39+0.6 nd nd

595 nd = not determined
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Table 4 Mean organic matter, mineral N (NH4-N, NOs-N), calculated net N mineralization and net N mineralization over ON control, nutrient content (ammonium
acetate extractable K, sodium bicarbonate extractable “Olsen”-P), pH, and electrical conductivity of unamended soil (ON), soil amended with mineral N (ammonium
sulfate), soil amended with fresh feces excreted by sheep fed barley straw, olive leaf, saltbush leaf or fresh olive cake diets, soil amended with compost (90 mg N kg-1)
made with feces from sheep fed these diets or soil amended with fresh olive cake (90 or 22.5 mg N kg-1) at the beginning (Initial) and after 12 weeks (Final) of

incubation (n=4).

Organic NH,4-N NOs-N Net N Net N Extractable-  Olsen-P pH Electrical
matter (g (mg kg soil dry (mg kg~ soil n_'linte_ral mir:_eral- K (g kg™ (g kg™ conductivity
k -1 soil -lzation 1zation . . mS cm—l
Treatment N l\?l) matter (DM)) DM) over control 501l DM) soil DM) ( )
Final Initial  Final Initial Final Final Final Initial  Final Initial  Final
ON control 11 1.5° 0.1° 14 27° 11.0% 0.48" 0.04° 8.4®  82° 0.16°  0.27"
Mineral N 11¢ 78.9% 0.4% 224 104° 3.9« - 7.2 0.48" 0.04° 8.3  8.2° 0.25®  0.54°
Fresh feces - 90 mg N
kg™
Barley straw 12bc 20° 0.7% 19%% 18 —24%% _13.4%% 0.48" 0.04%® g2 83" 026" 033"
Olive leaves 12bc 2.1° 0.6% 15% 129 —4.4% - 15.4% 0.50® 0.05% 8.4° 8.3% 0.18%  0.240"
Saltbush leaves 12" 135> 0.3® 17%% 38 7.4%° - 3.6%¢ 0.54° 0.06 g4®  83*  025® (.40
Olive cake 12° 0.9° 0.8° 17%% g -8.8° -19.8° 0.49%® 0.05% 8.3  8.3* 0.24* 021"
Composts - 90 mg N
kg™
Barley straw 11°c 0.7°  04® 27% 45" 17.8° 6.8 0.54° 0.05%® 8.3 g2° 0.27*  0.34%
Olive leaves 12bc 0.7° 0.5% 19%%  30° 11.1%* 0.13* 0.50® 0.05% 8.3  83* 0.24"  0.29°
Saltbush leaves 12 0.8° 0.5% 23 40« 16.4° 5.4° 0.54° 0.05% 8.3 g83* 0.31*  0.39™
Olive cake 12° 0.8° 0.4% 318 47° 15.4° 4.4° 0.50® 0.04° 8.1° 8.2° 0.29®  0.36™
Fresh olive cake
90 mg N kg™ 15° 1.0 04® 4 1 -3.1%%  _14.1%% 0.52% 0.04° 8.1 8.3 024" 0.23"
22.5mg N kg™ 12 15°  04® 13° 5" -8.9° -11.6° 0.51% 0.04° g2 84 0.25®  0.23%"
SEM 0.2 3.16  0.04 1.1 39 1.5 15 0.004 0.001 011  0.01 001 001
P-value treatment <0.001 <0.001 0.100 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Means carrying no common superscript within each column are different at P < 0.05 (Tukey test).
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Table 5 Mean dry matter (DM), N yield and N use efficiency by barley grown on unamended soils (ON),
soil amended with mineral N (ammonium N), soils amended with fresh feces excreted by sheep consuming
barley leaves, olive leaves, saltbush leaves and fresh olive cake, soils amended with compost made using
feces from sheep fed these diets, or soils amended with fresh olive cake (n=4)

DM (g) N yield (mg pot™) N use efficiency (%)"

Treatment Shoot Root Total Shoot Root  Total Shoot Root Total
ON control 1.2¢ 139 25¢ 14° o°f 23°
Mineral N 250 16®  4.1° 62°  23° 85° 60° 17 77°
Fresh feces

Barley straw 0.7 10" 16 g ofe 17° -7t -1 - g

Olive leaves 05" 08 1.4 7% 7 14¢ —g® 3 _11¢

Saltbush leaves 1.6 1.4  3.0° 20° 13 3P 7° 4P 11°

Olive cake 0.7° 08" 157 8¢ 7% 15¢ -7 -3 —10°
Compost

Barley straw 1.7 1.8 34 21° 16" 36° g g 16"

Olive leaves 1.3 139 26 15° 11 26° 1° 20t 3°

Saltbush leaves 1.5° 1.4  3.0° 19° 13 33 7° 5o 12°

Olive cake 1.2¢  11% 23¢ 15°  10%®"  25° 1° i 2
Fresh olive cake

90 mg N kg™ 03 04 0.7° 3 3" 6° -13¢  -9¢ 22

225mgNkg? 05 07" 1.2 6 6 11° -40" -18" -58
SEM 009 006 0.14 2.2 0.8 2.9 35 13 4.7
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Means carrying no common superscript are different at P < 0.05 (Tukey test).
*N use efficiency relative to barley grown in the ON control soils.
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Abstract In dry areas, unconventional feeds are increasingly used for mitigating feed shortages and
rangeland degradation. We evaluated how feeding sheep diets containing olive leaves, saltbush leaves and
olive cake to-sheep-affects manure quality compared to a barley straw based diet. Soil incubation and plant
growth experiments were carried out to measure soil nitrogen (N) mineralization and N uptake by barley
plants and to calculate N flow through the feed-animal-soil-plant system. Fresh feces, composts consisting of
feces, urine and straw, and ammonium sulfate fertilizer were mixed with soil at rate of 90 mg N kg soil dry
matter. Comparisons were made with non-amended soils (control) and soils amended with fresh olive cake
applied at 90 and 22.5 mg N kg ! soil dry matter, respectively. The latter treatment aHowedenabled
investigating-investigation of the effect of passage of olive cake through the digestive tract of sheep on N
availability and phenolic transformation.

Applying fresh olive cake and feces, except the saltbush leaf derived feces, resulted in a net N
immobilization. All composts resulted in net N mineralization, although not significantly different from the

ON control soil. Barley growing ien soils with amendment- that caused N immobilization took up less N than

barley growing on the ON treatment. Reduction in N uptake was most pronounced after amendment with
fresh-olive cake-amendment. Treatments with net mineralization increased barley N uptake over the ON
treatment with 2 to 16% of N applied being taken up. ©verall,-dDietary composition shewed-had a minor

effect on N fertilizer value of either feces or compost, but feces N alone was not an efficient N source.

Keywords Nitrogen efficiency - Manure - Compost - Saltbush - Olive by-product - Awassi sheep

Introduction

Under-utilized feeds like fodder shrubs and agro-industrial by-products are gaining attention in
Mediterranean countries. Their importance lies in their potential role in overcoming animal feed shortages,
mitigating rangeland degradation due to overgrazing, and in coping with increasing prices for traditional
concentrate feeds and opportunity costs for growing forage on arable land. In dry areas mixed crop-livestock
systems with ruminants are common. The main crops are cereals, olive trees (the Mediterranean countries
represent 98% of the global area planted with olive trees, Molina-Alcaide and Nefzaoui 1996), vegetables
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and cotton. In addition, in attempting to re-vegetate degraded and dry rangelands of the dry steppe areas,
different saltbush species have been planted because of their tolerance of drought and salinity (Louhaichi and
Tastad 2010). Previous studies showed that olive leaves and saltbush leaves constitute suitable forage
resources during periods of shortage (e.g., Molina-Alcaide and Yéfiez-Ruiz 2008; El Shaer 2010; Abbeddou
etal. 2011a).

As a byproduct of the agro-food industry, 2.9 Mitier-million tons per year of a ligno-cellulosic organic
material results from olive oil production (Sansoucy 1985; Sellami et al. 2008). This residue is called olive
cake. Studies have addressed its use #-as an energy source (Oktay 2006), as an animal feed (e.g. Molina-
Alcaide and Yafiez-Ruiz 2008; Abbeddou et al. 2011b) or investigated composting before applying it as a
soil amendment (e.g. Cayuela et al. 2004; Sellami et al. 2008). Still, it is mostly discarded as a waste and
disposed in a non-sustainable manner in the olive oil production areas, where it constitutes an environmental
issue because of its composition, large quantities and seasonality (Benitez et al. 2004; Roig et al. 2006).

Soil degradation is increasing in many Mediterranean countries (Benitez et al. 2004). Restoring soil
fertility is closely linked to increasing soil organic matter and managing nutrient cycling (Frossard et al.
2006; Sommer et al. 2011). Animal manure is a valuable nitrogen (N) source for crops, although with lower
immediate N use efficiency (NUE) by crops than water soluble mineral N (Langmeier et al. 2002; Bosshard
et al. 2009). However, organic matter (OM) content and microbial activity are higher in soils regularly
receiving animal manure than in soils receiving exclusively mineral fertilizers (Fliessbach et al. 2007;
Sommer et al. 2011). It is, however, unclear whether amendments resulting from different feeding options
affect soil microbial activity and the NUE by the crops. Previous research indicated that the type of feed
affects the availability of N contained in cow feces (e.g., dairy cow diets fed in the Midwest USA; Powell et
al. 2006), and the phosphorus (P) content of manure (e.g., sheep fed with bush straw and millet stover;
Sangaré et al. 2002) and subsequently, on nutrient uptake by plants from soils amended with these manures
(Sangaré et al. 2002; Powell et al. 2006). The availability of manure N to crops could even be more
dependent on feed type when feeds contain secondary plant metabolites like phenols. Phenols present in
certain feeds may inhibit N availability and nutrient utilization in the animal- (Abbeddou et al. 2011b) as well
as N mineralization when the feed is applied directly to soils (Benitez et al. 2004; Cayuela et al. 2004).
Feeding animals with plants rich in phenols also affected nutrient cycling by reducing N content in urine

3
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(Powell et al. 1994). Phenols bind to proteins to form indigestible complexes, which result in less excretion
of N in urine and, additionally, a shift from soluble to insoluble N in the feces (Powell et al. 1994). In
contrast, Rufino et al. (2006) did not find a correlation between the phenolic content of the manure and N
mineralization.

The present study tested the following hypotheses: (i) Feeding sheep with certain unconventional feeds
(olive leaves, saltbush leaves and olive cake) or the conventionally used barley straw affects manure quality
in terms of content and availability of nutrients. (ii) Fresh feces, composts (prepared from these feces, urine
and barley straw), and fresh olive cake differ in their effect on soil N mineralization and N use by barley
plants. These hypotheses were tested in soil incubation and plant experiments in the greenhouse by

measuring N mineralization, N use by barley plants, and N flow through the feed-animal-soil-plant system.

Materials and methods

Feeding treatments and manure collection

Four groups of six growing Awassi lambs each were fed diets where large proportions of a traditional barley

straw based diet (control) were replaced either by sun-dried leaves (with small twigs) from olive trees (Olea
europaea L.), or from saltbush shrubs (Atriplex halimus), or air-dried olive cake from the first pressing
containing also hulls and kernels. The animals received 1.1 kg dry matter (DM) feed per day that covered
their maintenance requirements. The composition of the diets is shown in Table 1. The N contents of the four
complete diets were in the range of 24.9 + 0.9 g kg™! DM, with the- barley straw, olive leaves, saltbush
leaves and olive cake contributing 5.0, 10.7, 18.5 and 6.2 g N kg™ DM, respectively. After a 15-day
adaptation to the diets, the animals were held in metabolic crates over 10 days during which all feces
(separated from urine) were collected, pooled per group and stored at — 20°C until use. Urine was collected
for 2 days, also pooled per group and stored for two weeks at +4°C until use. Further details about the sheep

study are given in Abbeddou et al. (20113, b).

Manure composting procedure
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A method of composting manure at a laboratory scale was adepted-adapted from Thomsen (2000) with slight

modifications. For the barley straw, olive leaves and olive cake diets, mixtures of feces, urine and barley
straw were prepared in a fresh weight ratio of 10:2:1. As the feces from the saltbush diet had higher moisture
content, more straw was added (fresh weight ratio of 10:2:2). These ratios resulted in moist mixtures
approaching the maximum urine holding capacity of [straw bedding that-which has beer-accumulated with

feces in barns housing sheep. [The excreta from the barley straw, olive leaves, saltbush leaves and olive cake

diets mixed with barley straw gave initial ratios of feces, urine and straw N of 10.6:2.5:1, 17.7:2.4:1,
3.2:0.4:1; 11.3:2.6:1, respectively. Each feces-urine-straw mixture was composted separately under aerobic
conditions by placing 52 kg of each mixture (56 kg for the saltbush diet) in a jute bag with open mesh. These
bags were placed on wooden pallets, in a room where the temperature was maintained between 20 to 25°C
for 18 weeks. During the composting process, the temperature was recorded weekly. Likewise, the moisture

content was adjusted to 450-650 g kg, * DM after having determined the water content, and the mixture was

turned manually with a spade, before being placed back into the bags. A subsample of the each compost
mixture was collected weekly and stored at — 20°C until analysis. The bags were weighed at the end of the

composting.

Soil and preliminary plant experiment

Soil with a low mineral N content was sampled from the upper 20 cm of a field under a chickpea-cereal

rotation after chickpea harvesting at the International Center for Agricultural Research in the Dry Areas
(ICARDA), Syria. The soil (Table 2), classified as very fine, montmorillonitic, thermic, Chromic Calcixerert
(Ryan et al. 1997), was collected by-using a mechanical soil auger. It was sieved through a mesh (< 2 mm)
to obtain a homogenous soil, kept moist and stored at room temperature until the soil incubation and plant
growth experiments were established.

In a preliminary experiment, the amount of N amendment to be used for the incubation and the plant

experiments was determined. A plant NUE response curve to mineral N fertilization was measured from
applications of 0, 45, 90, 135, 270 and 405 mg N kg™ * soil after 7 weeks of growth. Ammonium sulfate was

used as the mineral amendment, barley as the test crop and each dose was repeated in quadruplicate. The
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NUE (see equation 1, below) was plotted against the amount of ammonium sulfate applied. The maximal

NUE was found at a dose of 90 mg N kg™* soil, which was then used in the following experiments.

Soil response to the different amendments

¥
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The experimental soil was mixed manually with N-free nutrient solutions in order to avoid macro- and

micronutrient deficiencies. Mineral compounds supplied to the soil were (mg kg™* soil DM): KCI (85.8),
KH,PO, (395.4), CaCl, (55.1), MgSO, (162.2), ZnSO, (4.4), Na,Mo0O, (0.20), Fe chelate (6.2), HsBOs (5.7),
MnSQ, (6.2), CuSQO, (7.9) and CoSO, (0.48). The soil was mixed with amendment (feces from the four diets,
four composts and olive cake; 9 treatments), or ammonium sulfate fertilizer in quantities equivalent to 90 mg
N kg™ * dry soil. Fresh olive cake was also tested at 22.5 mg N kg™ * soil. Control treatment (ON) soil received
only the N-free nutrient solutions but no amendment. The amendment, fertilizer and control soil mixtures
were transferred to a total of 288 plastic pots (12 treatments x 4 replicates x 6 sampling times) each with a
volume of 100 ml. The water content was brought to 350 g kg™* DM of the soil. The pots were stored at 25°C
in a growth chamber in the dark. Lost water was replaced with distilled water every second day by restoring
the initial weight of the pots. Four pots from each treatment were withdrawn at every sampling time, i.e.,

after 1 day, and 1, 2, 4, 7 and 12 weeks. Soils were analyzed immediately afterwards.

Plant response to the experimental amendments

¥

|

Formatted: Font: Not Bold, No underline, F
color: Auto

Formatted: Font: Not Bold, No underline, F
color: Auto

The effect of the amendments on N uptake was assessed by using barley (Hordeum vulgare L., var. Harmal)

as a test plant. For this, 48 pots (12 treatments x 4 replicates) were filled with 900 g soil DM prepared and
amended as previously described for the soil incubation experiment, except that ammonium sulfate was split
in two doses, namely 30 mg N kg~* soil DM at sowing and 60 mg N kg~ soil DM at tillering. Barley seeds
treated with a fungizide (Vitavax 200 FF, Chemtura, ltaly) were sown at a rate of 10 seeds pot™* with a
distance of 2 cm between seeds. The seeded pots were watered to 350 g kg~* DM soil and transferred to a
greenhouse set to 14 h daylight at 25°C and 10 h darkness at 15°C. The pots were watered every other day as
described for the soil incubation experiment. After 7 weeks of growth, which was at the end of the vegetative
stage, the shoots were cut at 1 cm above the soil surface and dried immediately at 65°C for 48 h. The pots

were emptied and the roots were washed from the soil under a water-jet, and then also dried at 65°C for 48 h.
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Chemical analyses

[Feces, compost samples collected during the 18 week composting period, and olive cake were analyzed by

standard methods (AOAC 1997) for DM and OM (AOAC index no. 942.05), total N (AOAC 977.02) and,
total C with a C/N analyzer (AOAC index no. 977.02). Total phenols were measured in the fresh feces,
mature compost and fresh olive cake using the Folin Ciocalteu method (Makkar 2003). Feces and composts
were also analyzed for their mineral N content (NO5™ extracted by deionized water and NH," extracted with

2 M KCI, Bremner and Keeney 1965, and analyzed by titration with diluted H,SO,-, Keeny and Nelson 1982)

as well as total P and K after wet digestion using nitric and perchloric acids (AOAC 935- 13) and analyzed
using a UV-Vis spectrophotometer (model U-2000, Hitachi, Tokyo, Japan; AOAC 965- 17) for P and a
digital flame analyzer (A. Gallenkamp and Co., London, UK; AOAC 969.23) for K. Compost samples were
mixed with water at a ratio of 1:5, and pH and electrical conductivity (EC) of the extract were measured
using a pH meter (pH M82, Radiometer, Copenhagen, Denmark) and a conductivity cell (CDM83,
Radiometer, Copenhagen, Denmark), respectively. At every sampling date, samples of the incubated soils

were analyzed for pH, EC and mineral N (NOs~ and NH," extracted as described by Bremner and Keeney

1965, and analyzed by sulfuric acid titration, Keeny and Nelson 1982). Only values recorded at the

beginning and the end of the experiment are shown in tables, except for the time course of mineral N. In
addition, soil samples collected at the end of the incubation experiment were analyzed for their OM (chromic

acid titration method, Walkley 1947), extractable P (sodium bicarbonate extraction, Olsen et al. 1954) and K

(ammonium acetate extraction, Richard 1954) contents. Barley shoots and roots were analyzed for DM and

total N content by NCS elemental analyzer (Flash EA 1112 Series NCS analyzer, Thermo Electron

Corporation, Waltham, USA).

Calculations and statistical analysis

JFrom the incubation experiment, net N mineralization was calculated as the difference between the total

Formatted: Font: Not Bold, No underline, F
color: Auto

mineral N at the end of the incubation time (12 weeks) and that at the beginning of the experiment (day 1).
The net mineralization over the ON control is the net mineralization of the amendments tested minus the net

mineralization of the control (ON).
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The NUE by barley for each of the amendments> NUE-by-barley-was computed by the difference method

(Harmsen 2003) as:

NUE (%) = 100 x (NP, — NPgy)/Nyi ()

where, NP, = total N uptake by amended plants (mg pot™"), NPy = total N uptake by unamended plants (mg

pot™ 1) and N,; = total amount of the amendment N applied (mg pot™%).

Selected data from the associated animal experiment_(Abbeddou et al. 2011a, b), including N intake, N

excretion in feces and urine and the resulting N retention in the body {Abbeddou-etal2011ab)-were used in

this study to estimate the N flows through the feed-animal-soil-plant system. Overal-Nitrogen cycling
efficiency was calculated for each diet and was standardized to 1000 g N intake by the animals as follows.

The N excreted in feces and urine was expressed as a proportion of N intake:

|
|
|
|
{
{ Formatted: Font: Not Bold, No underline, F
|
|
|
|
{

JFecal N (g kg™ ! N intake) = 1000 x (N excreted in feces / N intake) — - (23)
Urine N (g kg™* N intake) = 1000 x (N excreted in urine / N intake) — - (43)
Excreted N (g kg™ N intake) = Fecal N + Urine N — — - (59

Body N retention (g kg™* N intake) = 1000 — Excreted N

(65)

:N retained (fecal

N and urine N in uncomposted mixture) from excretion collection, and unaccounted for in composting (i.e.

not included in our experimental design), respectively, was calculated according to the formulas given by

Rufino et al. (2006), except that they were all expressed based on 1000 g N intake:

Fecal N in uncomposted mixture (g kg™ N intake) = 1000 x (N feces used /N intake) @)

— =

Urine N in uncomposted mixture (g kg™* N intake) = 1000 x (N urine used / N intake)

(87)
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Unaccounted Nj[(g kg™* N intake); i-e—net-included-in-ourexperimental-design= Excreted N — (Fecal N

in uncomposted mixture + Urine N in uncomposted mixture),

(98)

At the final stage of composting, N efficiency was calculated as the amount of N in compost as a proportion

Comment [A8]: Is this the ‘lost’ N from
excretion collection, or discarded as I describe
above? If so, then line 193 should read:

N retained (fecal N and urine N in uncomposted
mixture) from excretion collection and unaccount
for in composting (ie not included in our
experimental design) was calculated according to
formulas given by Rufino et al. (2006), except tha
they were all expressed based on 1000 g N intake

of N contained in the fresh feces and urine used in the mixture for composting, and in relation to N intake:

N retained during composting (g kg™ N intake) = 1000 x ((N in compost / Fecal N and Urine N in

uncomposted mixture)) / N intake _— (409

A

N lost during composting (g kg™* N intake) = N in uncomposted mixture — N in compost

A

(1110)

For plant N uptake, N flow was calculated as the amount of N in the plant as a proportion of the amount of N

applied to the soil with the amendment (feces or compost) again reported as g kg™* N intake of the animal.

Plant N uptake (g kg™ * N intake) = NUE (%)/100 x amendment N (g kg™ " N intake)

(#211)

Where-where amendment N is either the fecal N (when feces are used as treatment) or N retained during

composting (result from equation £6-9 when compost is used as treatment).

The GLM procedure (SAS version 9.2, SAS Institute Inc., Cary, NC) was used for analysis of variance of the

data from the incubation and the plant experiments, with amendment as a fixed factor, Means were compared

with the Tukey test at P < 0.05. The tables give arithmetic means, standard errors of the means and P-values.

Changes in total mineral N in the incubation experiment were analyzed by repeated measurement analysis

using the GLM procedure of SAS. Treatment, time and the interaction between the two were

considered as fixed factors. Figure 1 gives least square means, standard errors and P-values.

Results

Composition of the amendments and changes during the composting process

The mean OM content of the amendments (feces, compost and fresh olive cake) ranged from 683 to 900 g

kg~* DM (Table 3), and was lowest for the saltbush leaf compost, and highest for olive cake derived feces,

uncomposted mixture and compost derived from this diet. The C/N ratio was on average 25 for fresh feces
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and 13 for compost and as high as 39 for the fresh olive cake. Accordingly, feces from the olive cake
treatment also had a particularly high C/N ratio. Mineral N content (NH,-N and NOs-N) waslgenerallytended

to be lower iin the composts than the corresponding fresh feces, except for compost from barley straw diet.

The K content was higher in the composts than in the ffresh feces. Likewise P content was higher in the

composts, except for saltbush leave compost..—whereas—ho-consistenttrend-was—found—in-P—content. On

average, total phenol content in the composts, ranging between 1 to 2 g kg™, DM, was lower than in the feces

and the fresh olive cake. Total phenol content in the composts represented oin average only 33% of the
content in feces from barley straw, olive leaf, saltbush leaf and olive cake diets.

The temperature in the compost bags increased from an average of 7 to 55°C during the first three days

(data not shown). The differences in chemical composition between the uncomposted mixtures at the

beginning of the composting procedure were largely present at the end of the composting, except for pH and

EC| The initial weight of the uncomposted mixture of 52 kg (56 kg for the saltbush treatment) corresponded

to 16, 20, 13 and 23 kg on DM basis for composts prepared from the excreta of the sheep fed the barley
straw, olive leaf, saltbush leaf and olive cake diets, respectively. The corresponding DM losses during
composting were 687, 450, 461 and 565 g kg * initial DM (data not shown), with OM losses of 729, 507,

539 and 602 g kg, * initial OM, respectively. The decline in OM content was most pronounced with the

saltbush leaf and the barley straw treatments (Table 3). The decline in OM was lowest with compost from the
olive cake diet and intermediate with the compost from the olive leaf diet. Total N content per unit of DM
increased during composting, and the C/N ratio of the four composts decreased from a range of 20 to 32 to
between 12 and 17. Contents of both NH,;-N and NO3-N decreased during the compaosting process except for

the barley straw treatment. While the pH did not change during composting of the excreta obtained from

olive leaf and olive cake fed sheep, it tended-to-decreased for the barley straw diet and te-increased with the

saltbush leaf diet. In all composts, except that produced from feeding the saltbush leaf diet, EC decreased

with time.

Soil response to the different amendments
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In general, all feces and compost amendments increased the OM contents of the soils, which amounted to

greater than 1 g kg™ " soil DM on average compared to ON soil at the end of the incubation period (Table 4).
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This increase was about 5 times higher with the amendment with fresh olive cake when provided at the full
N dose level. The quantities of OM added per kg soil with the amendments were in the range of 3 to 5 g with
fresh feces, 2 to 3 g with composts and 8 or 2 g with fresh olive cake provided at the full or the 1/4 N dose.

Feces, except that from the saltbush leaf treatment, and fresh olive cake (at any dose) resulted in lower

mineral N levels {amendment-x-weekP-<0.001)-than in the ON soil during the 12 week incubation time

(amendment x week, P < 0.001), i.e., caused immobilization of N_(Figure 1)—{amenementx—week—P<

6-801). In contrast, composts and feces from the saltbush leawve-leaf treatment increased mineral N content

over the ON control, although for NH,-N eften-not significantly (Figure 1, Table 4). Mineral N (NH,-N and

NO;-N) in the ON soil increased from 16 to 27 mg kg™ * soil DM from 1 day to 12 weeks incubation (Figure
1). Compared to this change, differences in mineralization caused by the application of the brganic

amendments were small (Table 4). Net mineralization in compost treatments was not significantly different

from the ON treatment while fresh feces amendments caused significant immobilization, except for the

saltbush leave treatment. /Amendments of the saltbush leaf treatments (feces and compost) and compost of

barley straw treatment resulted in significant increases in extractable K compared to the ON soil. Finally,
only amendment with saltbush leaf feces significantly increased soil P compared to the ON soil.

The non N amended soil had a pH of 8.4 at the start of the soil incubation experiment. Only few
amendments affected pH significantly, which were barley straw feces, olive cake compost and fresh olive
cake at any dose (Table 4).- Changes in pH during the incubation period were small with only an increase or

decrease of up to 0.2 units. The EC was 0.16/{=0-2)-mS cm™* in the ON soil at the beginning, but increased

t0 0.27 {=0-3) mS cm™ " at the end of the incubation period. Changes compared to the ON soil ranged between

0.02 and 0.15 mS cm™* directly upon amendment application, and between -0.06 and 0.£3-27 mS cm™* at the
end of the incubation period. However, EC was significantly higher after incubation of soil amended with
mineral fertilizer N, feces and compost of the saltbush leaf and the barley straw treatments, and olive cake

compost.

Plant response to the experimental amendments

Total (shoot plus root) barley DM yield was 2.5 g for plants growing on the ON soil (Table 5). The addition
of mineral N fertilizer caused a 1.7-fold increase in yield. Likewise, N yields per pot in shoot and root
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biomass were increased by mineral N addition. In contrast, the addition of the fresh feces of any origin did
not affect or even tended to decrease DM yield compared to ON, except for the saltbush leaf treatment, which
increased shoot and total DM vyields by 1.3 and 1.2-fold levels of ON, respectively. Composts prepared from
the barley straw and saltbush leaf treatment increased total DM yields by 1.4- and 1.2-fold respectively. The
low and the high dose of fresh olive cake reduced total DM vyield by 0.5- and 0.3-fold compared to ON. The
N uptake of barley followed the same trend as DM yield, resulting in a negative NUE for three of the fresh
feces (i.e., those derived from the barley straw, olive leaf and olive cake diets) and fresh olive cake applied at

both doses. The NUE was positive with the composts but low, ranging from 2% (olive cake diet derived

compost) to 16% (barley straw diet derived compostb. In-turn,-the-mineral fertilizer-equivalency-of fresh

N flow in the feed-animal-soil-plant system

The tested feeds resulted in retention of between 158 and 239 g N kg™* N intake in the growing Awassi

lambs GFiguﬁr& 2a). When compared to barley straw, fecal N excretion increased after feeding an olive leaf ;

diet, while intake of saltbush leaf diet resulted-in-relatively greatertended to increase Jurinary N. Due to the

small amount of urine required for the compost mixtures, between 317 and 581 g urinary N kg™ * N intake

(32 to 58% of the total excreted N) were unaccounted for in the analysis of N flows_(Figure: 2b)(32-te-58%

of the-total-exereted-N}. -Composting resulted in very variable N losses from less than 20% with the saltbush
compost to more than half of the initial N available with the barley straw compost_(Figure 2c). Overall,
compost amendment resulted in a positive but small uptake of N by the barley plants (6 to 28 g kg™* N

intake), with the majority remaining unused in the soil_(Figure 2d). In contrast?, Fthe direct application of

fresh feces as an amendment resulted in negative N uptake by the barley plants, leading to proportions of

unused N ranging between 204 and 425 g kg™ ! N intake (Figure 2e).

Discussion

In the farming systems typically practiced in dry areas, most of the feces and urine is excreted in the

rangelands with the rest deposited in barns where animals are kept during the night and when the weather
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conditions are extreme (extreme heat at noon, rain or storms). In the study region, excreta deposited in the
barns are collected as a mixture of feces and straw bedding which has absorbed some of the urine. This
manure is collected—at-some—intervals; usually four times a year, and composted on-farm in heaps. The
compost is then used in the cropping system either alone or in combination with a mineral fertilizer (urea)
(personal information from the farmers).- The traditional forage, eonstituted-consisting ofby cereal straw, has
been replaced occasionally by locally available, low-cost forage alternatives especially during periods of
shortage (Abbeddou et al., 2011a). The different chemical composition of the alternative forages and
concentrates affect the nutritive value and the-N use? efficiency at the animal level (Abbeddou et al. 20113,
b). No information however was-is available about their implications of their use on the-overall N cycling in

the-a mixed crop/livestock system.
Changes of-in amendment characteristics during composting as depending-affected by theen diet fed to sheep

The rate of OM degradation during composting depends on the content of readily biodegradable compounds
present in the compost (Sellami et al. 2008). This suggests that the less-digested-OM in the feces of the sheep
ffed the saltbush leaf diet was-should be very degradable, as had been the-easeobserved for most of the kiietary
OM in the digestive tract (Abbeddou et al. 2011a). The compost derived from the olive cake diet was higher

in OM than other composts. H-was—assumed—thatProbably in particular lignin in—particular|limited ths

degradation in the digestive tract as feces from olive cake diet contained 630 g neutral detergent fiber kg™*
DM, of which 170 g kg™* DM were lignin (Abbeddou et al. 2011b). Additionally, an adverse action on
digestion ef-due to the phenols present in this feed had been assumed. The low degradability of OM in the
compost derived from the olive cake was consistent with the low OM digestibility of dietary olive cake in the
animal. It therefore appears that the properties controlling digestibility of feeds in the animal also control

degradation of feces 'subsequent to excretion, such as during composting (Rufino et al. 2006). The C/N ratios

of most composts were in the recommended range of < 12 (Cayuela et al. 2004) for a stable OM of the

compost, while it was shightly higher for the compost from the olive cake treatment. The NH," concentration

of all composts was less than- 0.40 g kg™ as expected (Cayuela et al. 2004).
Nitrogen retention after composting was higher-greater than the average of 54% reported by Thomsen
(2000) for all composts except the barley straw diet derived compost (46% of N in the uncomposted mixture
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retained after composting compared to 75, 85 and 74% of N retained in olive leaf, atriplex saltbush leaf and

olive cake derived composts]; data not shown), but was in the range of 30 to 87% reported by Rufino et al.
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Soil response to the different amendments
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in the electrolytes Na and K_(Mekki et al. 2006), with-and saltbush leaves having-are reported to have high )

contents of these cations (Abbeddou et al. 2011a). An ingested excess of electrolytes is mostly excreted in
urine, which explains the elevated EC of both the compost and the soil of the saltbush leaf treatment. But

alse-fFresh feces from the saltbush leaf diet also had a high K content (Table 3).

]Net N mineralization i]n compost amended soils was similar to net mineralization in the ON soil. The N
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immobilization observed with all feces (except that from the saltbush leaves diet) agrees |Addition-of

aceordance with Wichern et al. (2004), where fresh sheep and goat feces from local farms in Oman resulted

in microbial N immobilization. Net N mineralization in soil treated with feces from the saltbush diet may

have resulted from relatively low C/N ratio and phenol content, and high mineral N content of this feces.

Mineralization of N was related to the C/N ratio of manures as found by Powell et al. (2006). Manures with
CIN ratios greater than 19 caused immobilization of soil N, as was observed here with most of the feces
having C/N ratios between 22 and 32, while manures with C/N ratio less than 16 caused N mineralization,
Mineralization of N might have been further reduced by the presence of polyphenols, especially after
amendment by fresh olive cake and feces from the olive cake and leaf diets. Although olive cake has a
moderate total phenol content, the special nature of the constitutive phenols (e.g., hydroxytyrosol, tyrosol,
and their glucosides) makes it highly antimicrobial (Benitez et al. 2004; Cayuela et al. 2004; Sampedro et al.
2004). Additionally, phenols may bind proteins which are then protected from microbial degradation in the

soil as for the rumen (van Bruchem et al. 1999; Tiemann et al. 2009). A regression analysis of all
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amendments in this study showed that N mineralization was negatively related to total amendment phenol

input (r =-0.75, P = 0.012).
Plant response to the experimental amendments

In the present study 77% of mineral fertilizer N was recovered in the barley roots and shoots, which is in the
range of a pot study with ryegrass (Langmeier et al. 2002) but higher than N recovery of a barley crop
growing in lysimeters (36% on coarse sand to 49% on sandy loam soil; Thomsen et al. 1997) and recoveries
in crops reported from field studies which usually are in the range of 20 to 50% (Crews and Peoples 2005).
The NUE for animal manure is usually lower than that of mineral N, because it is mainly composed by
organic N forms which are not readily available to plants. In a pot study six harvests of ryegrass recovered 25
to 30% of N applied with fresh cow feces (Langmeier et al. 2002), while wheat growing in microplots in the
field recovered 10% of N applied with sheep feces (Bosshard et al. 2009). Also in a microplot field study,
barley at maturity (grain and straw) recovered 6% of N-15 added with sheep feces (Jensen et al. 1999). In

eontrast—in-In this experiment, the application of fresh feces reduced plant productivity compared to the ON

soil, resulting in negative NUE except for the amendments from the saltbush leaf treatments. This could be

explained by the higher amounts of mineral N (NH,;-N, NO;-N) found in the feces from the saltbush leaf
treatment than the other fecal amendments, and organic fecal N compounds that can be easily mineralized
(Bosshard et al. 2011)

In contrast to the feces, a positive NUE was observed for all composts resulting in N recoveries in barley
of 2 to 16% of the N applied. This is in the range found for fresh feces in other studies but much less than
that reported for- slurry composed of all of the feces and urine excreted (Langmeier et al. 2002; Bosshard et
al. 2009). The NUE of both olive feed containing diets was lower than those from the barley straw and the
saltbush based diet. In their review, Rufino et al. (2006) reported that NUE from composted manure for
maize crops in Africa ranged between 3 and 49%, with NUE being higher when urine was included in the
composted manure. Nitrogen recovery from compost was higher than from fresh feces probably because soil
amended with compost had higher total mineral N than the soil amended with feces. Also, compost had
lower phenol contents than feces; the latter also because of dilution by urine and straw. Urine N mostly
consists of urea which is a readily available N source for plants (Bosshard et al. 2009). However, part of the

15

Comment [A50]: In this and the subsequent
sentence you are discussing plant production rela
to ON soil and state that this is in contrast [to the
literature], although in the literature cited previou:
you describe production from feces not relative to
ON soils. In other words, if these sentences are nc
‘in contrast’ to the literature presented previously.
don’t start the sentence with ‘In contrast’. It is
confusing for the reader who is trying to relate thi
information with what was presented previously.

Comment [A51]: Authors: The “in contrast
may be somewhat confusing, and we have
removed it. Still, to improve clarity, we inserte
the “resulting in negative NUE. This also bette:
links with the next paragraph.




397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415

416

417

418
419
420
421
422

423

urea N gets hydrolyzed during composting (Thomsen 2000; Wichern et al. 2004) and lost in the form of
ammonia (Rufino et al. 2006). The high pH in composts and soils may further have intensified ammonia
volatilization. As no **N-labeling was done in the present study, N derived from feces and urine, and their
respective contribution to barley N uptake (Bosshard et al. 2009), cannot be separated.

The NUE of fresh olive cake was negative, shewing-indicating that the N in olive cake was not directly
available for the plants and that olive cake amendment reduced the availability of soil N. The inhibitory
effect on plant productivity was less pronounced when less olive cake was added (1/4 of the N dose used in
the other treatments). This suggests that feeding olive cake may be relatively more advantageous in-terms-of

faterthan use of fresh olive cake as an amendment. When olive cake passes through the rumen and the

digestive track, phenols are either metabolized or diluted when mixed te-with other feed ingredients resulting

in excreta that might be less texieinhibitory to plant growth.

Amendment N not taken up by the crops can remain in the soil (Powell et al. 2006) or be lost from the
soil-plant system. Studies using **N labeling show that with organic amendments often more N is recovered
in the soil than with mineral fertilizer N (Sgrensen and Thomsen 2005; Gardner and Drinkwater 2009). This
is also supported by the studies by Langmeier et al. (2002) and Bosshard et al. (2009), where about 60% of N
applied with fresh cattle or sheep feces remained in the soil. This N can become available to subsequent
crops (Schroder et al. 2005) although at low release rates. Accordingly, only around 3.3 and 1.5% of feces N
were recovered during the two following years in the study by Bosshard et al. (2009). The difference method
used in this study does not allow measurement of amendment N recovery in the soil compared to the

background soil N.

Nitrogen flow in the feed-animal-soil-plant system as affected by unconventional feeds

The NUE of a mixed crop/livestock system is the resultant of N conversion at the animal level and the
apparent N recovery from the-soil amended by animal excreta (van Bruchem et al. 1999). The calculated N
conversion efficiency at the animal level for growth (body N retention, Figure 2a) was in the range of 150 to

250 g N kg™* N intake reported by van Bruchem et al. (1999). |All diets had similar N conversion efficiencies

despite the lowest N intake associated with the saltbush leaves and olive cake diets TFhe-olive-cake-based-diet
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intake-on-this-diet{(data taken from Abbeddou et al. 2011a, b). Nitrogen not converted into animal products

(milk or body weight gain) is excreted with urine and feces, but also the allocation of excretory N to feces

and urine clearly varied ameng-between treatments due to phenol content in the diets. Asl—l-asforthe

reasens— stated above, proteins bound to phenols are indigestible complexes excreted in feces where they

constitute the insoluble N fraction (Powell et al. 1994). [Fhe-different-other-diets(barley-strawoliveleaves;

bBased on the allocation

of the excretory N, the lowest feces N as a proportion of N intake was found with the saltbush diet (P <

0.001) and the highest with diets containing olive-derived feeds. In-this-study,the- NUE-of composts-and-of

excreted by the animals was included in manure N flow. Thus a large proportion of N excreted, i.e., urinary

N with high plant availability, remained unaccounted for (32 to 58% of the total excreted N; Figure 2b). Our
experiment mimicked a situation where all feces would be collected, but where the urine not absorbed by the
straw would have been lost. Farming systems with sheep in Syria are quite variable (Rischkwosky et al.
2004), and in turn the collection and use of animals excreta differs between farms and production areas.
Likewise, straw is a limited valuable resource, and compost preparation and application may economically
not always be viable as straw is in demand as livestock fodder (Sommer et al. 2011). Thus its use as animal
bedding in barn is not always applied, especially in seasons with low barley straw yields.

In this study, the NUE of composts and of feces was tested when used as amendments for crop

production. As discussed above, NUE by barley of both forms was low or even negative and a large fraction

of applied N remained unused (Figures 2d and 2e). The question arises whether the feces and urine would be

better used on the rangelands than for crop production. We have no exact data on the proportion of N
deposited in the rangelands and-compared with in the barns. Rufino et al. (2006) estimated that less than 50%
of total N excreted can be collected in typical mixed grazing-barn system by smallholders in the sub-Saharan
Africa. Based on experimental data of excreta collection and N loss during composting in central Kenya
(Lekasi et al. 2001), Rufino et al. (2006) assumed that less than 10% of N in the excreta would be efficiently
used in the mixed crop-livestock system in Kenya. Nitrogen deposited in the rangeland can be taken up by
plants, be retained in the soil or be lost. Plant N uptake is limited to the short (up to three months in the dry
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areas of Syria) growing season when water availability sustains plant growth and nutrient uptake. During the
six month-long dry period, particularly urine N deposited on the alkaline soils of the study area may largely
be lost by ammonia volatilization. For instance, Vallis et al. (1985) reported a loss of 46% of urine N when
cattle urine was applied on pasture during the dry season in Australia. Under these conditions, N cycling
could be increased when a higher proportion of N is excreted with feces because feces N takes longer time to
be mineralized and therefore the risk of ammonia volatilization is lower (Powell et al. 1994; Rufino et al.
2006). Based on this, diets containing olive-derived feeds seemed more efficient than the other diets,
especially the saltbush leaf based diet which resulted in the highest proportion of N excreted in urine. Still it
has to be shown whether N from olive cake and olive cake derived feces will be available in subsequent

years or whether the compositional limitations prevent its release even longer.

Conclusions

sentences as follows.

o [ Comment [A57]: For flow | would rearrange

Providing unconventional feeds to sheep pnly slightly affected the NUE by barley of N applied with feces or

composts produced from feces, urine and straw, with NUE being- higher after treatments with composts than

with feces. Refle

considered-in-the-present-study—The NUE obtained in the pot experiment was low or even negative, leaving

most of the N applied unused. Feeding olive cake was more efficient as some nutrients were supplied when

fed to the sheep increasing overall N cycling efficiency compared with its direct application as soil

amendment. Labeling studies with "N labeling-studies-are-needed-to separate unused N into N retained in

soil and N losses_are needed, and-as well as long-term plant experiments under field conditions to test

residual amendment N effects.

amendment—Although reflecting the limited collection practiced on farm, an important proportion of urine N

was not considered in the present study. When the intention is to use amendments consisting of animal

excreta strategically for crop production and in the growing season, it seems worthwhile to capture as much

urine as possible and, therefore, to change excreta storage and application practices.
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Legend of the figures

Figure 1 Changes in total mineral N (mg kg™ DM) of unamended soil (ON), soil amended with mineral N
(ammonium sulfate), soil amended with feces from sheep fed barley straw, olive leaves, saltbush leaves or
fresh olive cake; (A);; soil amended with compost made from the feces and urine of sheep fed by-these four
diets: (B):-); and soil amended with fresh olive cake at 90 mg N kg™ and 22.5 mg N kg™ (C). Amendment, P

< 0.001; week, P < 0.001; amendment x week, P < 0.001, SEM at treatment level = 1.9

Figure 2 Nitrogen flows in a feed-animal-soil-plant system, where barley straw, olive leaf, saltbush leaf and
fresh olive cake diets are fed to Awassi sheep, and the feces and some urine are used to make compost to
grow barley plants. Nitrogen flows from the feces to soil is also compared, but most of the urine N is

unaccounted for in this experimental system.
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Table 1 Feeding-trials-description-Description of feeding trials and composition of the diets fed to

fat-tailed Awassi sheep

Comment [A75]: Authors agree with review
changes; some further minor modifications we

added .

Feeding trial Diet Feed component description Nutrients content in feed
(g kg™ DM)

Replacing—bBarley Barleystraw 716 g barley straw, 176 g DM: 11009

straw replaced cotton seed meal, 88 g cp:159 gkg! DM

withby olive leaves
and—or  saltbush

molasses, and 20 g mineral-
vitamin mix. 16 g urea kg™’
DM.

Metabolisable energy: 7.59 MJ kg™ DM

leaves—in—fat-tailed
Awassi—sheep
{.*Abbeddou—et—ak
2011a)

Olive leaf

716 g olive leaves, 44 g
barley grain, 44 g wheat bran,
88 g cotton seed meal, 88 g
molasses, and 20 g mineral-
vitamin mix. 11 g urea kg-1
DM.

DM: 1100 g
CP: 157 g kg DM
Metabolisable energy: 7.85MJ kg™ DM

Saltbush leaf

716 g saltbush leaves, 44 g
barley grain, 132 g wheat
bran, 88g molasses, and 20 g
mineral-vitamin mix. 2 g urea
kg DM.

DM: 1100 g
CP:159 g kg™ DM
Metabolisable energy: 7.59 MJ kg DM

Concentrate replaced
withReplacing—the
concentrate by
Mediterranean—by-
products—ie—olive
cake. y—infat-tailed
Awasst——sheep
{(Abbeddou——et—al

Olive cake

490 g barley straw, 340 g
olive cake, 100 g cotton seed
meal, 50 g molasses, 20 ¢
mineral-vitamin mix.19g urea
kg™ DM.

DM: 1100 g
CP: 147 g kg™ DM
Metabolisable energy: 5.50 MJ kg DM

®For details see Abbeddou et al. (2011a)

Y For details see Abbeddou et al. (2011b)
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Table 2 Properties of the soil used in soil and plant growth experiments.

Soil classification  Texture (g kg™) Composition (g kg? DM) pH Electrical
conductivity
Clay Silt Sand Organic Total Mineral Olsen- Extractable (mS cm™)
matter N N p¥ K®
Montmorillonitic, 539 283 178 10.4 0.78 0.01 0.012 0.27 8.2 0.271
thermic, Chromic
Calcixerert

YExtraction with sodium bicarbonate (Olsen et al.; 1954)
“Extraction with ammonium acetate (Richards 1954)
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619  Table 3 Physico-chemical characteristics of the amendments used for soil and pot experiments. The amendments consist of fresh feces
620 | excreted by sheep fed barley straw, olive leaf, saltbush leaf or olive cake diets;; uncomposted mixtures of feces (excreted by sheep fed the
621 | four diets), urine and barley straw;; the-compost made from the mixtures; and fresh olive cake. Mean-The mean and standard error of 3-three
622 | analytical replicates are given.

Organic  Kjeldahl NH4-N NOs;-N TotalK  TotalP Total C/N pH Electrical
matter N phenols conductivity
(g kg~ dry matter) (mS cm-)
Fresh feces
Barley straw 870+0.0 18+#5.3 1.0+0.10 0.9+0.03 2.4+0.7 7.2+1.2 50+0.7 24+74 nd nd
Olive leaves 841405 24403 0.7+£0.03 0.6+0.03 1.8+0.6 8.7+15 6.1+0.3 21+0.2 nd nd
Saltbush leaves  762+6.6 21+0.2  1.7+0.09 2.040.05 10.1+3.8 12.2+1.7 3.2+0.2 22+0.2 nd nd
Olive cake 89740.6 15#0.2  0.4+0.03 0.3+0.02 2.6+06 6.0+0.8 3.1+0.9 32+04 nd nd
Uncomposted mixture before composting
Barley straw 843408 23+3.1 5.8+0.40 5.1+0.40 nd nd nd 2042.2 8.710.10  4.60.07
Olive leaves 845+0.8 25+1.3 3.8+0.38 3.5+0.27 nd nd nd 2045.9 8.4+0.00 3.740.00
Saltbush leaves  798+1.4 19+0.8 0.7+0.20 1.0+0.20 nd nd nd 25+6.5 8.6£0.10 4.1+0.00
Olive cake 900+1.4 15#0.2 2.5+0.31 2.3+0.45 nd nd nd 32404 8.5+0.07 3.3%0.07

Compost after 18 weeks of composting
Barley straw 731409 34+0.2 0.03+0.001 4.3+0.40 23.7+2.1 11.4+0.5 1.9+0.2 12+0.1 8.1+0.07 4.31#0.10
Olive leaves 757425 35104 0.00+0.001 0.4+0.02 15.3+1.1 13.0+0.8 1.8+0.2 1240.1 8.4+0.10  3.1+0.10
Saltbush leaves  683+1.1 30+0.8 0.06+0.002 0.740.01 20.2+2.6 95+1.0 09404 12+03  9.0+0.07 5.440.07
Olive cake 824+34 25+0.3 0.00+0.002 0.4+0.03 125405 7.8+0.2 12+0.2 17402 8.5+0.00 1.5+0.00
Fresh olive cake 864+0.2 13+18 nd Nd 8.3+0.7 0.8+0.2 4.1+05 39406 nd nd
623 nd = not determined
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Table 4 | Mean organic matter, mineral N (NH,-N, NO3-N), calculated net N mineralization and net N mineralization over ON control nutrrent content (ammonrum

acetate extractable K, sodium bicarbonate extractable “Olsen”-P), pH, and electrical conductivity and

mi unamended soil (ON), soil amended with mineral N (ammonium sulfate), soil amended with fresh feces excreted by sheep fed barley straw oI|ve leaf,
saltbush leaf or fresh olive cake diets, soil amended with compost (90 mg N kg-1) made with feces from sheep fed these diets or soil amended with fresh olive cake (90
or 22.5 nig N kg-1) at the beginning (Initial) and after 12 weeks (Final) of incubation (Finah)-(n=4).

Organic NH4-N NO;-N Net N Net N Extractable-  Olsen-P pH Electrical
matter (g (mg kg~ soil dry (mg kg~ soil rr_rine_ral rnin_eral- K (g kg™t (g kg conductivity
kg soil  matter (DM)) DM) -ization - ization soil DM)  soil DM) (mS cm™)
Treatment DM) over control
Final Initial  Final Initial Final Final Final Initial  Final Initial ~ Final
ON control 11 15° 0.1° 145 27° 11.0% 0.48° 0.04 8.4  82° 0.16° 027"
Mineral N 11¢ 78.9% 04*® 22 104° 3.9 - 7.2 0.48° 0.04° 8.3* 82° 0.25® 0.54°
Fresh feces - 90 mg N
kg™
Barley straw 120 200 07® 19% 18" —24%  _134% 0.48° 0.04® 82 83®  026® 033"
Olive leaves 120 2.1° 0.6® 15%  12¢ —4.4%® -15.4% 0.50% 0.05® 8.4° 8.3® 0.18  0.24""
Saltl#ush leaves 120 135° 0.3% 17%%  3g¢ 7Mabq :H3.63bc 0.54% 0.06° 8.4% 8.3 0.25%® q Comment [A77]: Authors: corrected
Olive cake 12° 09° 08 177 8"  -88° -19.8° 0.49° 0.05* 83" 83 024" 0 Comment [A78]: Why is this negative sign
m - ma N different?
E(;'l posts - 90 mg
Barley straw 11° 07°  04® 27 45" 17.8° 6.8 0.54 0.05* 8.3 8.2° 027* O==
Olive leaves 120« 0.7° 0.5%* 19%  30° 11.1* 0.13* 0.50% 0.05* 8.3* 83*® 0.24*  0.29%
Saltbush leaves 12 08°  05% 23° 40  164° 5.4° 0.54° 0.05* 83 83®  031° 0.39%
Olive cake 12° 0.8° 04*® 317 47° 15.4 4.4° 0.50% 0.04° 8.1° 8.2° 0.29*  0.36™
Fresh olive cake
90 mg N kg™ 15° 1.0° 04® 4 1 -3.1%  _141% 0.52% 0.04° 8.1° 8.3 024" 0.23%
225 mg N kg™ 12" 15° 04® 13° 5" -8.9° -11.6% 0.51%* 0.04° 8.2  84° 025 023"
SEM 0.2 316 0.04 11 39 15 15 0.004 0.001 011 001 001 001
P-value treatment <0.001 <0.001 0.100 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Means carrying no common superscript within each column are different at P < 0.05 (Tukey test).
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Table 5 Mean dry matter (DM), N yield and N use efficiency by barley grown on unamended soils (ON), soil amended with mineral N
(ammonium N), soils amended with fresh feces excreted by sheep consuming barley leaves, olive leaves, saltbush leaves and fresh olive

cake, soils amended with compost made using feces from sheep fed these diets, or soils amended with fresh olive cake (n=4)

DM (g) N yield (mg pot™ ) N use efficiency (%)" biper et zercanhalend Comment [A79]: The MFE is not discussed. It is
Treatment (_g@)J glso not mentioned in the caption. Should it be
Shoot Root  Total  Shoot Root  Total  Shoot Root Total Sheot Reet  Fotal ineluded? -

ON contol 1 13 25 1 o 2% i T A P A
Mineral N 2.5° 16*  4.1° 62° 23? 85% 60* 172 77° compute it is shown.
Fresh feces

Barley straw 07° 10" 16° 8¢ 9t 17° -7 -1 -8 —12° —4% 40°

Olive leaves 05" 08 147 7% 70 14° -9® _3"  _11 —14° 167 5

Saltbush leaves  1.6™ 1.4™ 3.0° 20° 13 32° 7° 40 11° 120 24° 14°

Olive cake 07¢ 08" 157 8° 7% 15° -7 -3 —10° -2 47
Compost

Barley straw 17" 1.8 34 21° 16" 36° 8° 8° 16° 14 45° 21°

Olive leaves 137 13 26" 15° 11 26° 1° 200 3¢ 2° 11 4°

Saltbush leaves  1.5°  1.4™ 3.0° 19° 13 33 7° 5o 12° 130 29 15°

Olive cake 12¢  11%® 23° 15° 100%™  25° 1° 1% 2° 2 4° 3
Fresh olive cake

90 mg N kg* 0.3° 0.4° 0.79 3° 3" 6° -13* -9 -22° —22¢  _5p° _28°

225mgNkg? 05 0.7' 1.2 6" 6° 11¢ -40" -18" - 58 —67° —106' 76
SEM 0.09 0.06 0.14 2.2 0.8 2.9 35 13 4.7 35 6.4 41
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001<0.001 <0.001 <0.001 <0.001 <0.001

Means carrying no common superscript are different at P < 0.05 (Tukey test).
*N use efficiency relative to barley grown in the ON control soils.

| ®
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manure nitrogen flow in the soil-plant system
General reply:
The authors thank the reviewers for their very pertinent comments and corrections.

Reviewer 1: The authors have responded to previous reviewer comments and
suggestions and made very commendable improvements to their manuscript. There
are some minor typographical and editorial changes that need to be made in the
Abstract, Introduction Materials and methods sections. In the latter section, the
calculations are a little confusing to follow and | have taken the liberty of inserting
paragraph breaks to clarify the sections to which the equations belong. If these
paragraph breaks are not in the correct places them rearrange as required.

Authors: all the comments and suggestions given were considered and included in the

text.

Reviewer 1: The reporting of the results has improved. However there are still a
number of instances when the authors refer to differences (eg lines 225, 255, 287,
319) or similarities (line 258) that do not exist based on the statistical results shown.
Please fix these errors (noted in track changes in the text) as the interpretation of the
data is in question. Also inconsistencies occur between the data reported in the text

and that in the tables and figures on a number of occasions.

Authors: all the inconsistencies in the results were corrected and checked thoroughly
with the data reported in the table. Please find the answers to the different raised

questions in the comments (track changes).

Reviewer 1: In the Discussion section, the authors often repeat results, usually as an
introductory sentence for a paragraph. The text needs to be re-written so that it does
not read as the Results section. Again the authors report results as different or similar

that aren’t based on the statistical analyses.

Authors: All the small introductions in the discussion part that they are results have
been deleted. The different paragraphs in the discussion part have been reformulated

accordingly.
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Reviewer 1: This is particularly so with the first sentence of the Conclusions, which
calls into question the conclusions that are being drawn. | have also rearranged the

Conclusions to improve the flow and connectedness of the sentences.

Authors: thank you for the correcting the conclusion. The authors explained in the
comment the first sentence of the conclusion. The NUE in there was related to the

plant experiment (NUE of barley plant).

Reviewer 1: A number of references in the bibliography haven’t been abbreviated.
Please check that these meet the Journal’s guidelines. Also I couldn’t find one

reference in the text. However | may have missed it, so please confirm.

Authors: Some of the references were indeed not abbreviated but some others did not
have an abbreviation. E.g. Agronomie, Rangelands, they do not have an official

abbreviation.

Reviewer 1: Figures and Tables:

Figure 1 looks good. The legends are clear and the graphs are easy to read.
Authors: Thank you.

Reviewer 1: Figure 2 is much improved and easier to read and understand. | would
suggest numbering each graph so that they can be referred to in the text individually
rather than the reader having to figure out which graph is being referred to. The
Legend is only required once, particularly as it did not print fully above all graphs.
Above Figure 2 a is fine. Delete the legend above the other graphs. Rearrange the
columns in graphs 2a and 2b so that fecal N is between N retention and Urine N and
between Unaccounted N and Urine N respectively. This is to make the arrows to the
feces amended N box easier to read. | have made some additional changes to the
figure. Note that the x-axis labels for Figures 2b and 2c did not print out on my copy,
which made understanding the ‘Unaccounted’ and the ‘Lost’ and ‘Retained’ data

difficult. Make sure that the whole figure fits on a page.

Authors: All the suggested modifications were taken into consideration in order to

improve the figure.

Reviewer 1: The captions to the tables are much clearer now. Some typographical

changes have been made to the tables to improve readability.

Authors: Thank you.



Reviewer 1: The manuscript has improved vastly. However the authors have to
ensure that their reporting of results takes into consideration the statistical output
rather than whether or not the data looks different. The research and results are

worthwhile, the interpretation needs to be improved.

My comments and suggestions are included in the Word document, using Track
Changes or by inserting comments throughout the text.

Authors: Thank you for all your efforts to help us improving our manuscript. All your
suggestions were considered and most of them included in the text, tables and figures.
Please find them in the attached file, the manuscript with track changes.



