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Chapter 1

General introduction

1.1  Soil Organic Matter

1.1.1 Definition, composition, significance

The soil organic matter (SOM) is a heterogeneous mixture of materials ranging
from fresh plant and microbial residues to relatively inert compounds (Haynes, 2008).
Although it includes a continuum of materials ranging from highly decomposable to very
recalcitrant, it is generally considered as constituted by two major pools: a labile and a
stabilized fraction. Labile pools of organic matter (OM) are more sensitive to changes
with soil management or environmental conditions than total SOM. In fact, due to the
generally high background levels and also natural soil variability on total SOM it is often
difficult to detect changes in total OM in response to soil management (Haynes and Beare,
1996). Changes in labile fractions provide an indication of changes in total SOM content
that may become evident in the long-term (Haynes, 2008).

The labile fraction of SOM consists mainly on materials in transition between fresh
plant residues and stabilized OM and is characterized by a short turnover time (less than
ten years). Within the labile pool of SOM, different fractions have been identified,
including: particulate OM, soluble C, extractable C, microbial biomass C, potentially
mineralizable-C, and enzymes present in soluble and sorbed forms. (Haynes, 2008).
Nature, significance and typical quantities of these labile fractions are listed in Table 1.1.

Stabilized OM consists mainly on humic substances (humic and fulvic acids,
humine) which are complex systems of high molecular weight organic molecules made up

of phenolic polymers produced from the products of biological degradation of



Table 1.1. Typical quantities, nature and significance of organic matter pools present in soil (modified from Haynes, 2008)

Organic fraction

Typical quantities

Nature and significance

Total organic C and N

Particulate organic
matter

Microbial biomass

Soluble organic matter

Extractable organic C
and N

Potentially
mineralizable C and N

Organic C = 7-60 g kg™
Organic N = 0.6-5 g kg™

LF=2-18% of organic C,
1-16% of total N
SSF=20-45% of organic C

13 - 40% of total N

1-5 % of organic C
1-6 % of total N

About 0.05-0.40 % organic
C and total N

Variable amount of organic
C (1-40 %) depending on
the extractant

About 1-5 % of organic C
and total N

Sum of organic materials (both living and dead) present in soil excluding living plant
material. Single most important factor involved in soil productivity. It has mass effects on
chemical, physical, and biological properties and processes in soils.

Partially decomposed plant litter isolated by density fractionation (LF) or sieving (SSF).
Substrate and center for soil microbial activity, short term reservoir for nutrients, food
source for earthworms for formation of water stable aggregates

Organic matter associated with cells of living soil microorganisms. Agent for
transformation and cycling of organic matter and nutrients, formation and decay of humic
materials, dynamic source or sink of plant nutrients, and an agent involved in formation
and stabilization of aggregates.

Water soluble organic compounds present in soil solution, including simple compounds of
plant and microbial origin as well as humic material.

Available substrate for microbial activity, primary source of mineralizable N, S and P, its
leaching greatly influences nutrient and organic matter status and pH of groundwater.

Organic C and N solubilized /hydrolyzed/oxidized by various chemical reagents.

Organic C and N released by indigenous soil microflora during a laboratory incubation.
Values are the result of an integration of physical, chemical and microbiological
properties of the soil. Indicator of the N fertility of soils and their ability to supply N to
crops




plant and animal residues and the synthetic activity of microorganisms (Stevenson, 1994;
Baldock and Nelson, 2000). They are long lasting critical components of natural soil
systems, persisting for hundred of even thousands of years (Mayhew, 2004). These
materials make up 70-80 % of the SOM content of most soils, they are highly resistant to
microbial decomposition because of their chemical structure and/or their association with
soil minerals.

Soil organic matter is considered an extremely important attribute of soil quality
(Haynes, 2008) that affects productivity and physical well-being of soils (Lal, 2006;
Komatsuzaki and Ohata, 2007) and is now recognized as a key factor in the evaluation of
the sustainability of soil management practices (Gregorich et al., 1994, 1997). Indeed,
SOM profoundly affects the physical, chemical and biological properties and processes of
soil.

The main physical properties influenced by SOM are: aggregate formation and
stabilization, water retention, resistance and reliance to compaction and thermal
properties.

The main chemical properties affected by SOM are charge characteristics, cation
exchange capacity, buffering capacity, formation of soluble and insoluble complexes with
metals and interactions with xenobiotics such as pesticides.

The most important biological properties of OM deals with its role as a reservoir of
metabolizable energy for microbial and faunal activity, its effect in stabilizing enzyme
activity and its value as a source of plant-available N, S and P via mineralization.

In European semi-arid Mediterranean regions, the decrease in OM content of many
soils is becoming a major process of soil degradation (Diacono and Montemurro, 2010).
Addition of exogenous organic materials to soil can be an excellent means to replace
SOM, thus improving soil physical, chemical and biological conditions (Powlson et al.,
2011) and it is almost always desirable (Johnston et al., 2009).

Different kind of exogenous organic material can be used in this sense, including:
crop residues and organic wastes such as by-product of farming, animal manures,
compost, food processing wastes and municipal biosolids, waste from agri-food industries.
The application of these organic materials provides a means of recycling nutrients via their

mineralization.



1.1.2 Soil organic matter mineralization

The term mineralization indicates the conversion of an element from an organic to
an inorganic form (Alexander, 1977; Paul and Clark, 1989; White, 1997) available to
plants. Applied specifically to C, mineralization may be defined as the release of carbon
dioxide (CO;) from metabolizing organisms (Zibilske, 1994); this concept is comparable
to soil microbial respiration which is the most popular method to estimate microbial
activity and substrate decomposition in soils.

In the specific case of nitrogen (N), the process of mineralization can be defined as
the conversion of organic N into inorganic form of N as ammonium-N (NH4") and is
performed exclusively by heterotrophic microorganisms, able to operate in both aerobic
and anaerobic conditions and to produce a wide variety of extracellular enzymes capable
to degrade proteinaceous (proteinases, peptidases) and nonproteinaceous substrate
(chitanase, kinases) into NH4" (Pierzynski et al., 2000).

Mineralization is driven by the soil microbial biomass which can be defined as the
part of SOM that constitutes living organisms smaller than 5-10 um?® (Alef and Nannipieri,
1995). It includes mainly bacteria and fungi, but also actinomycetes and microalgae and
excludes soil animals and plant roots. Although the soil microbial biomass represents only
1-5% of total organic C and 1-6% of total N (Sparling, 1997) it performs critical functions
in the soil system as it contributes to its structure and, above all, regulates energy and
nutrient cycling that take place in the soil (Haynes, 2008; Murphy et al., 2007).

During mineralization, the soil microbial biomass assimilates complex organic
substrates for energy and biomass C with excess inorganic nutrients being released to the
soil solution. The fate of C utilized by these decomposer microorganisms is to be either
assimilated into their tissues, released as metabolic products, or respired as carbon dioxide
(CO,) (Diacono and Montemurro, 2010). The inorganic ions of N (NH,"), P (PO,%), S
(SO4%), and metals produced during this process can be taken up by plants, adsorbed (to
colloidal surfaces), precipitated (e.g. as insoluble salts like Ca, Fe, Al-phosphate) or
leached from the system (Figure 1.1) (Smith, 1994). In most cultivated, well aerated soils,
NH," is rapidly converted into NOs™ (nitrification) mainly through the activity of two
groups of autotrophic aerobic bacteria Nitrosomonas (responsable of the conversion of
NH,;" to NO,) and Nitrobacter (responsable of the conversion of NO; into NO3z). In this

conditions NOg represents the predominant available mineral form of the element. On the



other hand, if low O, concentration is present (i.e. waterlogged conditions), nitrification

cannot take place and inorganic N accumulates as NH,".

Plant residue SOM
L) Microbial J
Biomass N-O, N-,
———>CO, NO,

NH,Y = —— NO;, —— NO;

. PO, S0

Plant uptake

Sorbed, ppt

Leached

Figure 1.1. Schematical representation of production and fate of inorganic ions released by
microbial mineralization of plant residue and SOM. Modified from Smith, 1994.

Nearly always, the mineralization process is accompanied by the immobilization of
N, due to activities of the soil living biomass and, since the two processes of
mineralization and immobilization take place simultaneously, the increase of mineral N
concentration at a defined time indicates the net mineralization (Canali and Benedetti,
2006 and literature cited).

In the absence of plant assimilation, leaching, gaseous losses, net rates of
mineralization are determined from the change in the soil inorganic-N pool size over time
(1)

Net N mineralization = ANH;" + ANO3™ = (NH;"-N + NO3-N)w1 — (NH;-N + NO3™-N),
A negative value indicates net immobilization.

The determination of net N mineralization is considered a way to evaluate the
capacity of a soil to supply N for crop growth and potential risk of water and atmospheric
pollution. Thus, N mineralization is often included in minimum data sets, arranged to

evaluate the capacity of a soil to operate within the boundaries of the ecosystem: promote
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biological productivity, maintain environmental quality and safeguard the health of plants
and animals (Canali and Benedetti, 2006).

All environmental factors affecting the microbial activity can affect the
mineralization rate of SOM. Among these factors, the most important are soil temperature,
moisture, oxygen concentrations, pH and nutrient availability (Canali and Benedetti, 2006;
Pierzynski et al., 2000). Because of a wide variety of microorganisms participate in the
process of mineralization, the optimum condition for it can be of large extent. For
example, the optimum conditions for mineralization-immobilization are a temperature
range of 40-60 °C, with a Qi (change in reaction rate when temperature increases 10 °C)
of about 2.0. The optimum soil moisture content varies with soil texture, but generally
ranges between 50-70 % of soil water-holding capacity. Moreover, aerobic conditions
promote mineralization, but this process can proceed also under anaerobic conditions.

Actually, other factors such as tillage, clay content, cycles of drying and rewetting
can also influence the mineralization of SOM. Moreover, the addition of exogenous
organic materials to the soil can affect the mineralization rate of the native soil organic
matter, a phenomen called: priming effect (Kuzyakov, 2010) (§ Paragraph 1.2).

In addition, the biochemical characteristics and physical nature, named ‘quality’
(Swift et al., 1979), of the exogenous OM largely affects its rate of mineralization.
Numerous studies have attempted to relate biochemical quality to decomposition and
mineralization, and a wide range of components have been found to control these
processes (Bending and Turner, 1999). In the 20 some studies demonstrated that the
carbon to nitrogen ratio (C/N) of the organic materials can predict their mineralization in
soils (Waksman, 1924; Jensen, 1929) and thereafter numerous experiments conducted to
the same conclusions (Giller and Cadisch, 1997; Nicolardot et al., 2001). It is generally
proven that the addition of OM with differing C:N ratios to the soils can cause significant,
but reasonably predictable, changes in the amount of plant-available inorganic soil N
(Pierzinsky et al., 2000). A C:N ratio of ~25:1 is commonly used as the ratio where
mineralization and immobilization are in balance. Adding materials with high (>30:1) C:N
ratios can cause a rapid increase in microbial biomass and a depletion of available soil N
to the point where N deficiency can occur in many plants. Conversely, some organic
amendments with very low C:N ratios can produce large excess of soluble N and must be
managed carefully to avoid N losses to sensitive parts of the environment. The C:N ratio
of added organic material does not remain constant during the decomposition process as C

from microbial respiration is evolved from the soil as CO,. With time, therefore, the C:N
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ratio will decrease into the range where mineralization, not immobilization, predominates
and the soil once again provides some available N for plant uptake. However, the use of
C:N ratio to predict N mineralization has been later criticised as this parameter do not take
into consideration the C and N availability for decomposer microorganisms, often
essential to describe the decomposition kinetics (Recous et al., 1995).

Another biochemical characteristics of exogenous OM, generally plant residues,
that in many studies, has been found to be related to the dynamic of mineralization is the
initial N content (Frankenberger and Abidelmagid, 1985; Tian et al., 1992, 1995; Vigil
and Kissel, 1991). This finding has later been attributed to the experimental condition of
limited N availability for decomposer; when the N requirements of the soil decomposers
are not fulfilled by the soil N content (N availability is a limiting factor of decomposition),
the kinetic of decomposition or C mineralization observed does not allow the effect of
biochemical quality to be assessed or distinguished from the effects of N availability on C
decomposition (Trinsoutrot et al., 2000).

Actually, other quality factors that have been found to be correlated with N release
are: lignin content (De Neve et al., 1994; Muller et al., 1988), lignin-to-N (Vigil and
Kissel, 1991), polyphenol-to-N (Palm and Sanchez, 1991). Moreover, Bending et al.
(1998) found that the quality components controlling net N mineralization changed during
decomposition, with water-soluble phenolic content significantly correlated with net N
mineralization at early stages, and water-soluble N, followed by cellulose at later stages.
They also found that C-to-N and total N were correlated with net N mineralization
towards the end of the incubation only.

Hence, a general relationship between biochemical composition and dynamic of C

and N mineralization that can be validated for a wide range of residues is still missing.

1.2 The Priming effect

1.2.1 Definition

The definition most frequently used for priming effect (PE) is ‘strong short-term
changes in the turnover of SOM caused by comparatively moderate treatments of the soil’

given by Kuzyakov et al. (2000) in his review.
11



But the first definition is attributed to Bingeman and co-workers which, in 1953,
defined PE as ‘the extra decomposition of native SOM in a soil receiving an organic
amendment’.

This phenomenon was discovered first by Lohnis, in 1926, who found intensified
mineralization of native N by the addition of fresh residues (green manure of legume
plants) in soil. Although Lohnis outlined the central role of PE in the long-term SOM
dynamics, in the following twenty years the phenomenon was not considered. Then, in the
middle of *40-’50, PEs were studied again thanks to isotopic facilities (Kuzyakov et al.,
2010). In the meantime, some synonyms of PE were used in the literature, for example
‘priming action’ and ‘added nitrogen interaction” (ANI), introduced by Jenkinson et al. in
1985.

In their review, Kuzyakov et al. (2000) classified PEs in positive and negative. A
positive PE occurs when the added substrate cause an acceleration of SOM
decomposition, with an extra release of CO; or mineral N (or other nutrients) from the
native soil compared to the unamended soil. On the contrary, a negative priming effect
occurs when the addition of the substance to the soil causes a retardation of native SOM

decomposition (Figure 1.2).

- CO, or mineral N produced by soil
- CO, or mineral N coming from added substrate

Soil Soil Soil
without + substrate + substrate
SUbStlate Positive PE (a) Negative PE (b)

Figure 1.2 Schematic representation of positive and negative priming effect (PE).
Modified from Kuzyakov et al., 2000.
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The ‘treatments’ of the soil that can induce PEs are:
- addition of mineral fertilizers to the soil (Kuzyakov et al., 2000 and literature cited),
- addition of organic substances as carbohydrate, aminoacids, root extracts etc. (De Nobili
et al., 2001; Dilly and Zyakun, 2008; Fontaine et al., 2004a; Fontaine et al., 2004b; Hamer
and Marschner 2002; Hamer and Marschner, 2005; Kuzyakov and Bol, 2006; Mary et al.,
1993; Nottingham et al., 2009; Shen and Bartha, 1997),
- incorporation of plant residues (Azam et al., 1993; Bending and Turner, 2009; Bending
et al., 1998; Breland and Hansen, 1998; Paré and Gregorich, 1999),
- the presence of earthworms (Postma-Blaauw et al., 2006)
- the presence of roots (rhizosphere PE) (Bader and Cheng, 2007; Cheng, 1996, 2009;
Cheng et al., 2003; Cheng and Kuzyakov, 2005; Dijkstra and Cheng, 2007; Dijkstra et al.,
2006, 2009, 2010; Fu and Cheng, 2002; Fu et al., 2002; Kuzyakov, 2002; Kuzyakov and
Cheng, 2001; Kuzyakov and Cheng, 2004; Kuzyakov et al., 2001).

Priming effects are usually quantified by comparing the native soil element/nutrient
release in amended and unamended soil, the most studied elements being C and N,
although nutrient as sulphur (S) and phosphorous (P) can be monitored too.

Research in which PE induced by the incorporation of plant materials were studied
in term of N release are limited. In this case the first step in the quantification of PE is the
separation, in the amended soil, of the amount of N released by the residue from that
released by soil and this can be done with isotope techniques. Then the native soil
mineral-N released by the amended soil is compared to that of the unamended soil to find
the amount of primed N (Figure 1.3).

[ Soil + residue |
j 1 step \

CO, CO,

Niin Nmin

~
(@]
e
3

27 step

Z 0

min

Figure 1.3. Schematic representation of the steps for the quantification of primed-C and -
N.
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Using this approach, Azam and co-workers (1993) studied the N mineralization of
N from *°N-labelled soybean (Glycine max L.) tops, vetch (Vicia villosa Roth.) tops and
corn (Zea mays L.) stover in six Mollisols from Illinois and they found that from 13 to
41% of the applied N was mineralized during the 4-week incubation (25°C), the
proportion decreasing in the order, vetch » corn » soybean. They also found that the three
plant materials had different effects on the mineralization of soil N, depending on soil type
and resulting in either a positive or negative added N interaction that ranged between -31.8
mg N kg™ observed after the application of 15 g kg™ of soybean tops in the Flanagan soil
and +25.3 mg N kg™ after the application of 15 g kg™ of vetch in the Drummer soil.

In another laboratory incubation experiment, three different plant residues (mais,
soybean and alfalfa) were added to 3 different types of soil (clay, loam, sandy), with the
result that alfalfa residue stimulated native soil N mineralization in the sandy soil, whereas
soybean and maize residue led to negative ANI in all soils (Paré and Gregorich, 1999).

Even if the use of isotopes is necessary to have precise quantification of PE, in
some cases the ‘difference method’ has permitted to identify PE (Bending et al., 1998).
For example, the incorporation of 5 g of fresh different plant materials as mature leaves
and petioles of brussels sprouts (Brassica oleracea cv. Peer Gynt), ryegrass (Lolium
perenne L. cv. Parcour), sugar beet (Beta vulgaris L. cv. Saxon), french bean (Phaseolus
vulgaris L. cv. Double White) and patato (Solanum tuberosum L. cv. Wilja) into 100 g of
a sandy —loam soil induced a fast mineral N release following the incorporation of the
shoot materials. In addition, within the first 14-84 days, for all shoot residues, net N
mineralization exceeded the quantity of residue-N added, demonstrating that additional N
was mineralized from SOM. In particular, the mineral-N pool in excess of N added ranged
from above 90 pg g™ dw soil for sugar beet and patato to 50 ug g dw soil for the other

shoot materials.
1.2.2 Duration of PE

Many early studies on PE stated, as also suggested by the definition of Kuzyakov et
al. (2000), that PEs arise immediately after substrate addition, actually, it has now been
accepted that real PE may be delayed for days or even weeks, and that it can last at high
levels, even after exhaustion of the initial priming substrate (Kuzyakov et al., 2010 and

literature cited).
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1.2.3 Real and apparent PE

Priming effect have also been divided into real and apparent. A real PE occurs
when the extra CO; released by priming is originated by the extra-mineralization of native
SOM, whereas an apparent PE occurs when the extra CO, released is originated from
increased microbial biomass turnover, thus becoming an artefact (Blagodatskaya and
Kuzyakov, 2008; Fontaine et al., 2004b; Kuzyakov, 2010; Nottingham et al., 2009).

According to Kuzyakov (2010), the extra CO; release occurring in the first 0-3
days is mainly due to accelerated turnover or pool substitution in microbial biomass
(apparent PE) and, at that time, real PE is small. However, real PE increases with time and
completely replace apparent PE after several days (Kuzyakov et al., 2010).

Moreover, Fontaine et al. (2011) suggested that the developing of real, instead of
apparent, PE is determined by the nature of incorporated fresh C (soluble or polymerized)
which determine the type of substrate utilization by microbes (microbial turnover or
production of SOM degrading enzymes). These authors support the hypothesis that
apparent PE is generally observed with the supply of soluble C (sugars) with mineral
nutrients. In this situation, in fact, soluble C and nutrients diffuse in the soil so that many
dormant soil microbes may be activated, with a release of unlabeled C of their own
biomass as CO,, leading to the apparent PE. In contrast, the addition of polymerized fresh
C induces local activation and growth of microbes around the pieces of organic matter
limiting in space, the apparent PE; moreover these polymerised organic compounds
stimulate slow-growing K-strategists microbes that co-mineralize fresh C and recalcitrant
SOM (Fontaine et al., 2003, 2011).

1.2.4 Mechanisms behind PE

The mechanisms behind PEs are still not fully understood. Priming effects were
first attributed to the following two main mechanisms: (i) increased microbial activity or
enzyme production of the whole microbial community following the addition of energy to
the soil and (i) increased microbial biomass induced by the input of fresh OM to soil, the
newly formed microbes being able to decompose the SOM especially when the fresh
organic matter (FOM) is exhausted (Fontaine et al, 2004a and literature cited).

However, the findings of Wu et al., (1993) who observed PE after soil addition of

ryegrass but not after soil addition of glucose, which highly stimulates growth and activity
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of microbial biomass led to the conclusion that neither increased microbial biomass or
activity were involved in PE.

Fontaine et al. (2003) formulated the following two hypothesis to describe the
mechanisms responsible of PE: given that in soil, even if a huge range of microorganisms
are present, only a few of them are adapted to the dominant soil organic source, the other
being dormant. After the supply of fresh organic matter (FOM) to soils, many dormant
microorganisms are triggeredd into activity; these FOM specialized microorganisms,
commonly classified as r-strategists, are adapted to intervals of rapid growth, depending
on availability of their substrate. In contrast, SOM feeding microorganisms, classified as
K-strategists, are continuously active because they use the almost inexaustible SOM. They
grow slowly and dominate only in the last stages of FOM decomposition. When FOM is
added to a soil r-strategists microorganisms produce enzymes in order to decompose this
FOM. These enzymes are supposed to be partly efficient for degrading SOM (Mechanism
1) (Figure 1.4).

Mechanism 2
——

. CllZ:\‘l'l'lCS\‘
Mechanism 1

— | (V]

enZymes

r-strategist

i ; —— |FOM | —— |Catabolites
microorganisms enzymes

Figure 1.4. Mechanisms behind priming effect (PE). Modified from Fontaine et al., 2003.

This mechanism depends on biochemical similarities between FOM and SOM. The
second mechanism deals with the FOM availability for r-strategists (Fontaine et al., 2003).
Some types of r-strategist grow very quickly on simple and soluble substrates, which are
exausted in some hours. In this condition, supplies of soluble and quickly assimilable

carbon generally have no effect on the activities of K-strategists. In fact, most available
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substrates are taken up by r-strategists before the slow K-strategists can increase their
populations. In contrast, polymerised compounds of plant litter persist in soils longer than
simple substrate (for example cellulose decomposition takes several weeks), and K-
strategists mineralizing SOM, with slow growth rates, may benefit from these polymerised
substrates which have a long residence time in soil. In these conditions, K-strategists
populations increase the amount of SOM decomposing enzymes released in soil, since
these microorganisms apparently do not adjust their enzyme production according to
exogenous substrate at individual level. The sur-production of SOM-decomposing
enzymes leads to the priming effect (Mechanism 2). The intensity of the mechanism relies
on the competition for FOM between r- and K-strategists (Figure 1.4).

Later, Fontaine et al. (2004b) quantified the PE in a Savannah soil amended with
BC-cellulose at a rate of 495 mg C kg™. Cellulase was applied to the soil at a rate of
30000 units kg™ soil to quantify the contribution of cellulase to the PE of cellulose. The
rate of soil C decomposition increased by 55% with cellulose addition leading to PE of
234 mg C kg™. Cellulase released 32 mg C-glucose from soil cellulose, representing only
14% of the PE. According to the authors this indicated that the decomposition of soil C
required the production of specific enzymes, and that the PE resulted from the stimulation
of microbes able to provide soil C decomposing enzymes. This results also showed that
cellulose stimulated at least two types of microbes: soil C decomposing microbes that may
also use cellulose and cellulose specialized microbes that exclusively decompose
cellulose. So they concluded that PE depends on microbial competition (Mechanism 2).

The same authors (Fontaine et al., 2011) validated the ‘bank’ mechanism, based on
the assumption that microbial degradation of recalcitrant SOM (PE) is modulated by the
concentration of nutrients in soil solution (Fontaine et al., 2003, 2004b) (Figure 1.5).
According to these mechanism, in conditions of low nutrient availability, for example
when high nutrient uptake by plants occurs, the microbial mining of SOM could be intense
and eventually exceed the formation of new SOM trough humification of fresh C, causing
net destruction of SOM and release of mineral nutrients.

On the contrary, with high nutrient availability, microbial immobilization of N
increases while mining of SOM decreases, leading to a greater sequestration of mineral

nutrients (Fontaine et al., 2011).
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Litter and exudates Litter and exudates
Energy-rich 1) High plant uptake Energy-rich 1) Low plant uptake
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4)High N mining - ? 4)Low N mining
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Soilas a bank Soil aga bank

Figure 1.5. The bank mechanism. Modified from Fontaine et al., 2011.

1.2.5 Microorganisms responsible of PE

No clear information on the microorganisms responsible of PE is available yet.
According to Fontaine et al. (2011), fungi are the main actors of real PE occurring after
addition of cellulose, but when more complex substances than cellulose are used (i.e. plant
litter), microbial population controlling the PE could be different. For example,
Nottingham et al. (2009) found by *3C-PLFA, that Gram-negative bacteria may also
contribute to real PE. Moreover the implication of microbial groups as actinomycetes,
protozoa and archea have not yet been investigated in priming experiments. As a
consequence, little is known on the microbial groups involved in the different stages of PE
(Kuzyakov, 2010).

1.2.6 Important implications of PE

In the course of priming, large amounts of C, N and other nutrients can be released
in soil very quickly (Blagodatsky et al., 2010 and literature cited). If, into one hand this
means a higher availability of nutrients, for example for plants, on the other hand, this
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implies a decrease of soil C content (Fontaine et al., 2004a and 2011) thus inducing a
negative carbon balance.

The importance of a better understanding of mechanisms involved in PE is lined
out by very recent works in wich it is emphatized that models describing SOM dynamics,
generally based on first-order kinetics, should be re-elaborate considering PE and thus the
interactions between microbial biomass and SOM (Blagodatsky et al., 2010; Neill and
Gignoux, 2006; Neill and Guenet, 2010).

1.3 Meliaceae derivatives

Plant derivatives of trees of some species of the familily of Meliaceae (ord.
Sapindales) have been studied because of their insecticide and antimicrobial properties,
thus attracting the interest of entomologists and phytochemists all over the world
(Schmuetterer, 1990). Azadiractha indica A. Juss and Melia azedarach L. are the two
plants belonging to this family that have been most studied in the last years. The term
Meliaceae derivatives will be hereafter used to designate all products originated from

different organs of plant belonging to this family.

1.3.1 Azadiractha indica A. Juss

The tree Azadiractha indica A. Juss (syn. Antelaesa azadirachta, Melia
azedirachta), also named neem tree, morgosa tree or Indian lilac, has its origin in southern
and southeastern Asia, but grows also in tropical and subtropical areas of Africa, America
and Australia (Schmuetterer, 1990). It is an evergreen, fast-growing tree which may reach
a height of 25 meters. The fruits are oval, 1.4-2.4 cm long and have, when ripe, a
yellowish sweet pulp that encloses a brown seed kernel, embedded in a hard white shell.
They are produced in drooping panicles and are considered the most important source of
compounds with insecticidal effects. The leaves, unpaired pinnate, that may reach a length

of 30 cm, may also be used to produce extracts for pest control.
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The main active component present in neem seed kernel is azadirachtin (AZ), a
steroid-like tetranortriterpenoid (limonoid), but also other active compounds as salannin,
salannol, salannolacetate, 3-deacetylsalannin, azadiradon, 14-epoxyazaradion, gedunin,
nimbinen and deacetylnimbinen have been isolated from neem seed Kkernels
(Schmuetterer, 1990 and literature cited). Some of these compounds have also been
isolated from other parts of the plant, such as leaves, flowers, bark and roots (Mordue and
Nisbet, 2000). These compounds, particularly AZ, are effective in controlling many
economically important insects (Amadioha, 2000; Charleston et al., 2005, 2006) such as
Aphis gossypii, Bemisia tabaci, Plutella xylostella and nematodes (Akhtar, 1999; Gopal et
al., 2007 and literatue cited).

The most important product derived from neem trees is neem oil (Isman, 2006),
generally obtained by cold-pressing seeds eventually followed by extraction with organic
solvents (Nicoletti et al., 2012). Neem oil is mainly used for medical devices, production
of cosmetics and soap, and as insecticide (Nicoletti et al., 2012). Quality and composition
of neem oil can vary according to the origin of the raw material and the different oil
extraction processes. For example, the presence of limonoids in neem oil change with the
geographical area and the season in which seed are harvested (Nicoletti et al., 2012 and
literature cited).

Neem cake is the final by-product of oil extractions from neem kernels. As for
neem oil, its composition changes with the raw material used for the oil extraction. It is a
product of low cost and widely available on the world market, already used as fertilizer
and livestock feed supplement (Nicoletti et al., 2012 and literature cited). India produces,
alone, 80,000 tons of oil and 330,000 tons of neem cake from 14 million of naturally
growing trees (Nicoletti et al., 2012).

Besides their effect on insects and nematodes, neem extracts have been found to
have antimicrobial activity (Méndez-Bautista et al., 2009) with notable effects on some
fungal phytopathogens (Coventry and Allan, 2001).

In addition, neem cake, neem bitter and seed kernel powder have been reported to
inhibits nitrification (Mohanty et al., 2008; Patra et al., 2002 and literature cited), although

this effect has not been always confirmed (Toselli et al., 2010).
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1.3.2 Melia azedarach L.

Melia azedarach L., also known as chinaberry, Persian lilac tree or melia, is a
deciduous tree, very similar to neem in habitat and gross morphology (Safaei-Ghomi et
al., 2010). It is native of India and China, but grows in different warm regions of America,
Australia, Europe (Spain, Greece, Italy and southern France), where it is used as
ornamental tree (Abou-Fakhr Hammat et al., 2001; Banfi and Consolino, 1996).

Similar active component to those found in neem tree have been reported for M.
azedarch (Carpinella et al., 2002; Isman, 2006) and numerous studies have shown toxic
effects of melia extracts for a variety of insects, mainly Lepidoptera, Coleoptera, Diptera
and Heteroptera (Banchio et al., 2003; Defago et al., 2011 and literature cited).

Moreover, leaves and seeds of M. azedarach contain meliacarpins, triterpenoids
that are similar to the azadirachtins, with insecticidal and growth disrupting activities
(Bohnenstengel et al., 1999; Isman, 2006). Conversely, development of melia commercial
insecticides has not paralleled that of neem insecticides. The main reason is the presence
in chinaberry seeds of additional triterpenoids, the meliatoxins that have demonstrated
toxicity to mammals. However the chemistry of chinaberry varies considerably across its
natural and introduced range, so that meliatoxins are not always present in melia seeds
(Isman, 2006).

The interest for melia extracts is not limited to their effect on insects. A number of
studies investigated the antimicrobial properties of melia extracts. For example, water and
organic solvent extracts of M. azedarach leaves have been found to exhibit antifungal
activity against Ascochyta rabiei, responsible for chickpea blight (Jabeen and Javaid,
2008; Jabeen et al., 2011). An in vitro study on ‘MRS 2/5° shoot cultures, showed a
bactericidal effect of melia leaf extracts against Sphingomonas paucimobilis and Bacillus
circulans (Marino et al., 2009). In contrast, Spyrou et al. (2009) found, in a laboratory
study, that soil application of 30 g kg™ of pulverized melia fruit stimulates the soil
microbial community, probably as a consequence of the increased availability of organic
substrates and nutrients after the amendment application.

Finally, soil incorporation of M. azedarach derivatives has also been studied as a
tool to increase soil fertility. In particular, fresh leaf litter of melia have been used as plant
material containing high amounts of ash alkalinity to increase the pH of acid soils
(Marschner and Noble, 2000). The addition of 5 g kg™ of melia ground leaves improved

acclimatization of micro propagated ‘MRS 2/5” plantlets by improving their growth and
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mineral uptake (Marino et al., 2009a e b). Moreover, soil application of 20 g kg™ and 40 g
kg™ of fresh ground melia fruits increased N uptake of peach trees (Baldi et al., 2009;
Toselli et al., 2010), leaf green colour and plant biomass compared to control plants
(Toselli et al., 2010).

1.4 Aim of the research

Soil addition of organic materials can be useful to replace organic matter losses,
hence improving soil fertility. However, some aspects of this agricultural practice still
need to be assessed, in particular: i) the dynamic of nutrient release, and ii) the effect on
the mineralization rate of native SOM, the so called ‘priming effect’.

The aim of the research was to evaluate the effect of soil incorporation of some
Meliaceae derivatives (6 commercial neem cakes and fresh melia leaves) on C and N
dynamics, and nutrient availability in the soil-plant system. For this purpose 4 experiments
were conducted.

In the first experiment (described in Chapter 2) the C and N mineralization process
of the seven derivatives was compared in controlled conditions, in the absence of plant.

In the second experiment, we evaluate the effect of Meliaceae derivative-soil
addition on nutrient uptake by micropropagated plants of GF677. In addition, to
distinguish the source of N uptaken by plants (soil- or derivative-derived), the *°N isotope
technique was used in a third experiment in which GF677 one-year old plants were
supplied with uniformly labelled melia leaves. Second and third experiment are described
in Chapter 3.

Finally, in a laboratory incubation experiment, a natural **C abundance method was
used to quantify the PE induced by the addition of 3 of the Meliaceae derivatives that, in
the previous experiment, showed different N mineralization kinetics. This experiment is
described in Chapter 4.

The conclusions of the research are reported in Chapter 5.
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Chapter 2

Nitrogen and carbon mineralization of different Meliaceae

derivatives incorporated into the soil

2.1 Introduction

In the last decades concern about environment preservation increased interest on
sustainable agricultural practices such as the use of natural product in pest control or the
use of organic matter (OM) in soil fertility and plant nutrition management. In sustainable
orchard management, for example, the use of organic materials such as crop residue,
animal manure, compost or agro-industrial by-products are encouraged as they can
improve soil physical characteristics and replace soil OM losses (Johnston et al., 2009).
Moreover, they can represent a source of nutrient for plants (Powlson et al., 2011): their
decomposition is responsible for nutrient release and fluxes in agrosystems and this
process is being investigated to optimize the induced soil nutrient availability to tree
demand (Ha et al., 2008; Jacob et al., 2009; Singh and Sharma, 2007; Tognetti et al.,
2008).

The process of decomposition of plant materials is the result of complex microbial
activities controlled by numerous factors. Among these, the biochemical composition of
the material has been recognised to exert an important influence (Swift et al., 1979) and
many studies have been aimed at finding quality components that control the rate of
decomposition and mineralisation of nutrients with contrasting results. For example, a
wide range of quality factors have been found to be correlated with N release, these
include the C to N ratio, N content, lignin content, lignin/N, polyphenol/N and polyphenol
plus lignin/N ratios (Bending et al., 1998), soluble C concentrations. Moreover the quality
factors controlling mineralization are likely to change over time as the nature of the
remaining substrate changes (Killham, 1994).

Meliaceae are a family of plants including the tree Azadiractha indica A. Juss that
grows wild in tropical and sub-tropical areas and whose derivatives are worldwide used
for their antifungal and antibacterial properties. The most commercially important product

obtained from A. indica is neem oil used as an insecticide. Neem cake, a by-product of oil
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extraction of neem fruits, was found to act as a natural inhibitor of nitrification (Rao and
Prasad, 1980; Joseph and Prasad, 1993), but was also found to increase soil concentration
of nitrate N (NO3-N) and ammonium N (NH;"-N), and consequently N root uptake of
peach trees (Toselli et al., 2010). The quality of the oil, as well as the chemical
composition of the cake, strictly depends on the origin and quality of the seeds and on
extraction process (Nicoletti et al., 2012).

Melia azedarach L. is taxonomically related to Azadiractha indica and it is native
to India and China, grows in temperate areas of Europe, America and Australia where it is
used as ornamental plant. Similar active components (limonoids) as those reported for A.
indica were obtained from different organs of M. azedarach.

The aim of the research was to compare the carbon (C) and nitrogen (N)
mineralization process of different Meliaceae derivatives incorporated into the soil and

evaluate the possibility to use them in tree fertilizer and agronomical management.

2.2 Materials and Methods

Meliaceae derivatives

The following six commercial neem cakes (Nicoletti et al., 2012) were used in the
experiments:
1 - Green neem, from Virdhunagar, India, (neem cake 1),
2 - Neem ltalia, from Brescia, Italy, N content reported 3%, pelletted, (neem cake 2)
3 - Neem ltalia, from Brescia, Italy, (neem cake 3),
4 - Deoiled neem cake, from Medors Biotech P. Ltd, Delhi, India, (neem cake 4)
5 - Oiled neem cake, from Medors Biotech P. Ltd, Delhi, India, (neem cake 5)
6 - Green neem, from Virudhunagar, India, (neem cake 6)
7 - In addition, plant derivative of Melia azedarach L. were used, specifically leaves
harvested in June 2010 from seedlings grown in pots and frozen at -20°C prior to use. This
treatment is named melia.

The derivatives were oven-dried at 65° and ball-milled prior to analysis. Total C
and N concentration were determined with a CHN elementar analyser (Thermo Fisher,
mod. EA 1110) on two replicates.
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Incubation study

A clay loam Bathicalci Eutric Cambisols soil (FAO, 1990) was collected from the
field of the Experimental Station of the University of Bologna, in Cadriano (44°35°N,
11°27°E), mixed with sand at a ratio soil:sand of 3:1, sieved at 2 mm, air-dried, moistened
with distilled water to reach a water content of 14% and incubated at 20°C at constant soil
humidity for one week prior to use. Neem cakes were pulverized and incorporated into the
soil at a rate of 8 g fresh weight (fw) kg™ dry weight (dw) soil. Melia leaves were chopped
in little pieces and incorporated at a rate of 16 g fw kg™ dw. A control treatment consisting
of unamended soil and a mineral treatment containing 0.5 g of urea kg™ dw were also
included.

For each treatment, 50 g soil sub-samples were placed in 250 ml glass jars that
were covered with perforated black polyethilene bags to allow aeration and incubated in a
growth chamber with a costant temperature of 23°C * 2 and relative air humidity of 85%.
Throughout the incubation period soil moisture was maintained to the initial level by
weighing and corrected, if necessary, by adding distilled water.

At days 0 (2 hours after the start of the experiment), 1, 2, 6, 12, 26, 54 and 118,
four jars per treatment were destructively sampled for soil total-N, mineral-N and
microbial C and N determinations. Total N concentrations were determined by Kjeldhal
method (Schuman et al., 1973) by mineralizing 1.5-2 g of ground soil with 18 ml of a 95:5
(v/v) H2SO4:H3PO3 mixture, at 420°C, for 180 min, distillation with 32 % (v/v) NaOH and
titration with 0.2 M HCI. Nitrate- (NOs™-), nitrite- (NO,™-), and ammonium— (NH;"-) N
fractions were extracted by shaking 10 g of soil in 100 ml of a solution of 2 M KCI for 1
h. After sedimentation, soil extracts were stored at -20°C until analysis that were
performed by autoanalyzer (Auto Analyzer AA-3; Bran + Luebbe, Norderstadt, Germany).
Ammonium-N was determined after reaction of the sample solution with sodium silicate
and dichloroisocyanuric acid with sodium nitroprusside as catalyzer, to develop a blue
indophenol colour, whose intensity was spectrophotometrically measured at 660 nm.
Nitrate-N was first reduced, in an alkaline hydrazine enriched environment, to nitrite to
react with sulphanilamide and N(-1-naphthyl)ethylenediammine chlorohydrate and
develop a purple colour measured at 520 nm. Because nitrate-N determination includes
also the nitrite-N fraction and because, only a minimal presence of nitrite-N, compared to
nitrate-N, was expected in most soils, the term NO3-Nwill be used hereafter to indicate

total amount of nitrate- and nitrite- N.
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Microbial C and N were determined by the fumigation extraction method (Vance et
al, 1987) as follows: 5 g fw soil were extracted with 20 ml of 0.5 M K,SO, and filtered
through filter paper S&S 595 (Ahlstrom, Helsinki, Finland), another sample of 5 g of soil
fw was firstly fumigated with chloroform for 24 h and then extracted in the same way. The
extracts were frozen at -20°C until analysis for total organic C and total N concentrations
using a total organic C and total N measuring unit (TOC-Vcpn TNM-1, Shimadzu, Kyoto,
Japan). The total amount of extractable microbial C and N were determined by the
difference between K,SQO, extractable C and N in fumigated and non-fumigated soils. No
correction factor, that is usually applied to correct for the incomplete recovery of
microbial constituents extracted from soil after fumigation was used, since the values of
microbial C are used here to reveal relatives differences between derivatives. The amount
of C extracted with K,SO,4 0.5 M from non-fumigated soil was considered as extractable
organic-C (EOC).

To quantify C mineralization, CO, fluxes were periodically measured during all
incubation period. Four glass jars per treatment were sealed for approximetively 3 hours,
and the CO, accumulated in the headspace of the jar was measured with an infrared gas
analyzer (EGM-4, PP system; Hitchin, UK). Data of hourly CO,-C production were used
to obtain cumulative CO,-C fluxes over the incubation period by assuming a linear
increase of CO, concentration over time during the enclosure period as well as linear
changes between subsequent flux measurements.

The rate of C and N applied to soil differed (Table 2.1) according to the derivative
C and N concentration. To compare the mineralization of the different Meliaceae
derivatives, apparent net N mineralization (N derived from the derivative) was calculated
as the difference between the mineral N present in the amended soil and that present in the
control soil and was expressed as % of added-N. Similarly, apparent C mineralization was
calculated as the difference between CO,-C produced by the amended soil and that
produced over the same period by the control soil and was expressed as % of added C. By
doing that, it was assumed that the addition of the derivatives did not modify the
mineralisation of native soil organic matter (no priming effect occured).

Data were analyzed as in a factorial design with two factors: treatments (9 levels:
control, urea, neem 1, neem 2, neem 3, neem 4, neem 5, neem 6, melia leaves) and time (8
levels: day O, 1, 2, 6, 12, 26, 54, 118). When analysis of variance showed statistical
significance at P<0.05, means were separated by Student Newman Keuls test. When

interaction between factors was significant, 2 standard error of means (SEM) was used as
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minimum difference between statistically different values. Pearson correlation coefficient
(r) was determined to evaluate the relationship between C %, N % and C:N ratio of the

Meliaceae derivatives and total C and N mineralized.

2.3 Results

Meliaceae derivatives

The Meliaceae derivatives used in the experiments resulted different in term of
mineral composition and dry matter content (Table 2.1). Carbon concentration ranged
from 35 (neem 3) to 50 % (neem 2) and N concentration from 1.6 % (neem 5) to 4.4 %
(neem 6). As a consequence, the C:N ratio of the derivatives ranged between 9 (neem 3)
and 27 (neem 5). Melia leaves presented the highest water content (71 %) while in neem

cakes water was lower than 11%.

Table 2.1. Chemical characteristics of Meliaceae derivatives and amounts of C and N

added to soil.
Derivative characteristics Amount of C and N added
mgtré . C N C:N c N

(%) (%) (%) mg kg soil mg kg soil
Neem cake 1 89 47 2.2 21 3364 159
Neem cake 2 94 50 3.1 16 3770 234
Neem cake 3 92 35 3.7 9 2592 275
Neem cake 4 96 41 1.7 24 3126 128
Neem cake 5 91 44 1.6 27 3192 119
Neem cake 6 94 49 4.4 11 3692 329
Melia leaves 29 42 2.4 17 1982 114
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Incubation study

During the incubation period, the average total N concentration (N determined by
Kjeldhal method + nitrate-N fraction) of control soils resulted of 957 mg kg™ dw (data not
tabulated). In all the treated soils this parameter reflected the amount of N added (Table
2.1) with the fertilizers and resulted of 1167, 1042, 1193, 1217, 1232, 1114, 1031 and
1287 mg N kg™ respectively for urea, melia and neem 1 to 6 treatment (data not
tabulated).

Ammonium-N was released immediately after incorporation of urea and neem 3
(Figure 2.1), maximum concentrations resulted of 135 and 96 mg kg™ dw at day 2 and 1,
respectively. Also neem 2 and 6 had a peak of release of ammonium-N, but it was delayed
of a few days and with maximum values of 22 and 54 mg kg™ dw respectively. In all the
other treatments NH4*-N was present at very low concentrations and after 26 days, small
amounts of ammonium-N were detected in soil for all treatments.

Nitrate-N concentration in control soils ranged between 30 and 70 mg kg™ dw at
day 1 and 118, respectively (Figure 2.2). After incorporation of urea, neem 2 and neem 3,
NOg3™-N increased with time until day 54, and reached maximum values of 159, 120 and
137 mg kg™ dw, respectively. On the contrary, after incorporation of neem 4 and 5, NO3-
N decreased and resulted lower compared to the control soil for most of the incubation
period. A rapid decrease of nitrate-N was detected also in neem 1 treated soil from day 12
to 52 and in neem 6 at day 6, then, in the latter case, it increased and resulted higher than
control soils from day 26 until the end of the incubation. In melia treated soils NO3-N
concentration was slightly lower compared to control until day 54, but did not resulted
significantly different.

The derivates showed a different net apparent N mineralisation (Figure 2.3). It was
always positive for neem 3 (C:N=9) which showed the maximum N mineralised (34.5 %
added-N) at day 2. The behaviour was similar to urea, which caused a rapid increase of
mineral-N, in this case the surplus of mineral-N compared to the control soils represented
60-62 % of added N after 2-6 days, then it decreased and resulted steady around 40 % of
added-N from day 26 until the end of the experiment. The incorporation into the soil of all
the other derivatives initially caused a net N immobilization although the amount of N
immobilized varied with the derivative. In particular, neem 2 and neem 6 (C:N=11 and 16,
respectively) caused a short period of immobilization (2 days), after which the amount of
N mineralised increased and reached values around 20 % of added-N at day 54. Net N

mineralization was always negative (net immobilization) for neem 4 and neem 5 (C:N
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Figure 2.1. Effect of soil addition of plant derivatives on ammonium-N evolution during
the incubation. Interaction time*treatment significant at P <0.001. Minimum difference
between statistically different values (2SEM) = 4 (n=4).
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Figure 2.2. Effect of soil addition of Meliaceae derivatives and urea on nitrate—N
evolution during the incubation. Interaction time*treatment significant at P <0.001.

Minimum difference between statistically different values (2SEM) = 13 (n=4).
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>24) which showed a similar dynamic of N mineralization. Melia leaves (C:N =22), and
similarly neem 1 (C:N =21) showed a net N immobilization during the first 50 days of
incubation, followed by a positive net mineralization

Nitrogen mineralized resulted positively correlated with the N concentration of the
derivative and negatively correlated with the C:N ratio of the derivatives after day 1 (r=-
0.81, p<0.001) (Table 2.2). It was negatively correlated to C concentration only
immediately after the incorporation of the derivatives (t0: r=-0.78, P<0.001).

After 118 days of incubation, the amount of C mineralized in the control soil was
224 mg kg dw (Figure 2.4). The addition of the derivatives rapidly increased C
mineralization, which resulted higher by 3-5 time at day 118. The amount of C
mineralized by the end of the incubation, expressed as a proportion of derivative C, ranged
from 25 % for neem 1 and neem 2 to 15 % for neem 3 (Figure 2.5). The observed
differences at day 118 resulted mainly from differences in C mineralization during the first
40 days.

The C mineralized was only slightly dependent on the chemical composition of the
residue, being positively correlated to the C:N ratio in the first 6 days and to the C
concentration of the residue from day 26 (r=0.61, p<0.001) to the end of the experiment
and slightly negatively correlated to the derivative N % in the first 6 days (Table 2.2).
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Figure 2.5. Apparent C mineralization of Meliaceae derivatives. Interaction
time*treatment not significant. Minimum difference between statistically different values
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Table 2.2 Pearson correlation coefficient (r) and significance between N and C

mineralized and derivative concentration of C, N and C:N ratio during the incubation

period.
N mineralized (% added-N)
Day
0 1 2 6 12 26 54 118
C % -0.78  -0.53 -0.55 ns ns ns ns ns
**k*k * **
N % ns 066 064 083 092 094 087 0.72
**%k ** **%k **k*k **k*k **%k **%k
C:N ns -081 -0.82 -093 -096 -096 -092 -0.82
**%k **%k **%k **k*k **k*k **%k **%
C mineralized (% added-C)
Day
0 1 2 6 12 26 54 118
C% ) ns ns ns ns 061 0.65 0.65
**k*k **%k **%k
N% i -043 -0.70 -0.46 ns ns ns ns
* **%k *
C:N i 044 077  0.50 ns ns ns ns
* **%k **%k

ns, *, ** and ***= not significant or significant at P<0.05, 0.01, 0.001, respectively.

Microbial biomass C peaked during the first 6 days after incorporation of all
derivatives (Figure 2.6), with untreated control and urea fertilized soil that showed the
lowest amount of microbial C. Then it declined to low amounts for all treatments. As for
biomass C, microbial biomass N peaked in the first 6 days of the incubation period except
in control soil which showed the lowest microbial N (Figure 2.7).

For almost all the incubation period K,SO4-extractable organic C (Figure 2.8) was
lower in untreated control and mineral-treated soil compared to the amended soils which
showed a peak between day 6 and 12. Among these, melia-treated soil always showed the
lowest EOC concentration (maximum 236 mg C kg™ dw) and neem 5 the highest (343 mg
C kg™ dw at day 2). After day 12, EOC decreased with time in all treatments.
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Figure 2.6. Effect of soil addition of Meliaceae derivatives and urea on microbial biomass

C evolution during the incubation study. Interaction time*treatment significant at P

<0.001. Minimum difference between statistically different values (2SEM) =29.3(n=4).
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N evolution during the incubation study. Interaction time*treatment significant at P <0.05.
Minimum difference between statistically different values (2SEM) = 6.45 (n=4).
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Figure 2.8. Effect of soil addition of Meliaceae derivatives and urea on K,SO4-extractable
organic C evolution during the incubation study. Interaction time*treatment significant at
P <0.05. Minimum difference between statistically different values (2SEM) = 18 (n=4).

2.4 Discussion

The derivatives had different origin in term of species (i.e. Azadiractha indica for
neem cake and Melia azedarch for melia leaves) and organ (neem kernels for neem cake
and leaves for melia). Moreover, the commercial neem cakes employed in the experiment
are produced by different companies and are the by-products of different oil extraction
processes, resulting in different C and N composition. A similar variability was also found
in terms of limonoids composition through complementary use of High Performance Thin
Layer Chromatography (HPTLC), Nuclear Magnetic Resonance (NMR) analysis and High
Performance Liquid Chromatography (HPLC) (Nicoletti et al., 2012). In particular, the
concentration of salannin, the main limonoid, and azadiracthin A changed with the
Meliaceae derivative.

In our investigation the two variables best related to N release were derivative-N
concentration and C:N ratio, which is the criterion most used to predict N mineralization
during crop residue decomposition (Vanlauwe et al., 1996). On contrast, C % was not a
good indicator of N release of Meliaceae derivatives with the exception of the beginning

of the essay. The explanation of these results may be the behavior of microbial biomass
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that at the beginning of the incubation attacked the new C pool to find energy source;
making this, N was immediately immobilized (negative correlation). Later, the presence of
C did not control N mineralization as probably the availability of N became the limiting
factor of N mineralization.

To define the biochemical quality that best control the dynamics of C and N
released by residues (especially those with high C/N ratio), mineral N is usually added at
the beginning of the study to prevent decomposition being limited by low mineral N
availability (Recous et al., 1995; Trinsoutrot et al., 2000). In this experiment no mineral N
was applied because the main purpose was to evaluate the possibility to use the different
derivatives in N nutrient management and thus study the effect of incorporation of the
different derivatives on N dynamics and its subsequent availability for plant growth
without any other N supply. The initial mineral N content of the unamended soil was 35
mg kg™ dw which probably was not sufficient to fulfill the N requirements of the soil
decomposers (especially during the decomposition of derivatives with high C:N ratio),
but, on the other hand, it is more than sufficient for tree demand.

Neem 3, the derivative with the lowest C:N ratio, had a similar behavior to urea.
Both urea hydrolysis and neem 3 apparent mineralization were immediate, then the
mineral-N decreased similarly from day 2 to day 12, probably because of N volatilization
losses that occurred after urea and neem 3 application. It is known, in fact, that in soil,
urea is hydrolyzed by urease to NH3; and CO, with a rise in pH and an accumulation of
NH,". Surface application of urea can promote gaseous losses of NH3 equal to 50 % of the
fertilizer N applied (Terman, 1979). Nitrogen losses by NH; volatilization are frequent
also after surface application of ammoniacal fertilizers or readily decomposable organic
wastes, particularly if the soil (or organic waste) is alkaline in nature (Pierzynski et al.,
2000). In this experiment the fertilizers were not surface applied but incorporated into the
soil, however, the soil was mixed with sand that can have promoted N volatilization losses
for both urea and neem 3.

Neem 2 and neem 6 (C:N of 11 and 16, respectively) showed a slower release of
mineral-N, but at the end of the incubation, they mineralized in the same proportion as
neem 3. Melia leaves seemed to have no effect on mineral-N concentration except at the
end of the incubation. Neem 1, but especially neem 4 and 5 (C:N of 24 and 27,
respectively) caused a long period of immobilization. Thus, the use of neem cakes as
‘fertilizer’ for improving N management should be defined after their characterization.

The use of neem cake 3, 2 and 6 can be suggested when a rapid N supply to plants is
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required, on the contrary cakes as neem 4 and neem 5 could be potentially used in N
management strategies to temporary reduce soil nitrate concentration, helping to prevent
nitrate from leaching, as hypothesized for other organic amendments (Chaves et al., 2008;
Jin et al., 2008; Rhan et al., 2003). However, as suggested by Jin et al., (2008), care should
be paid to the extrapolation to field conditions because differences in conditions of
decomposition may occur.

In previous experiments, neem cake was found responsible for nitrification
inhibition (Sahrawat, 1989). Nimin, a tetranortriterpinoid obtained after alcohol extraction
of Azadirachta indica oil, showed some regulatory effect on urea hydrolysis (Patra et al.,
2002). Also neem seed kernel powder was found to have potential to retard the urease
activity in acid soil, and nitrification in all the soil tested (Mohanty et al., 2008). Montes-
Molina et al. (2008) firstly found that neem leaf extracts strongly inhibited the release of
NO3 but, in another experiment, Méndez-Bautista et al. (2009) found that the dynamics of
NH,", NO,” and NOs™ were not affected by neem leaf extract, when soil was amended with
or without urea and incubated at 40% and 100% water holding capacity. The authors
explained the contrasting results mentioning that possible effects will depend on
characteristics of the soil and/or neem leaf extracts, i.e. the concentration of the active
components. In our conditions no indication of this kind of effect was detected for none of
the neemcakes as high NH4" concentrations never have been maintained constant by time;
rather, peaks of NH;-N were always followed by immediate increase on NOs™-N
concentrations. These findings are partially in agreement with previous studies in which
soil-applied commercial neem cake (10 g kg™) was ineffective in decreasing the level of
NOg3-N after soil application of urea-N, rather it increased soil concentration of NO3-N
and NH;"-N (Toselli et al., 2010).

We used the amount of C extracted with 0.5 M K;SO, as a measure of labile C and
defined it as EOC, aware that it may differ significantly from that measured by water
extraction, generally used for dissolved organic carbon (DOC) determinations (Haynes,
2005) and considered labile substrate for soil microbial activity. With the incorporation of
the derivatives, the EOC immediately increased, then progressively decreased reaching
amount similar to control and mineral soils, indicating a relationship between EOC and
respired CO; that resulted enhanced immediately after incorporation of the derivatives,
and similar to control and mineral soils at the end of the incubation. These findings are in
agreement with the laboratory study of Spyrou et al. (2009) who found that the application

of pulverized melia fruits (PMF) resulted in significant increase in the soil microbial
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community and this response was attributed to the release of copious amount of organic C
and nutrients in the soil by the PMF; on the contrary, in the same experiment, azadirachtin

did not modify the soil microbial community.
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Chapter 3

Nutrient uptake by GF677 micropropagated plants grown in

soil treated with different Meliaceae derivatives

3.1 Introduction

In the previous chapter we investigated the dynamic of N release from different
Meliaceae derivatives in a laboratory incubation experiment, without the presence of
plant. However, plant roots play a central role in organic matter (OM) mineralization by
two opposite effects (Wang and Bakken, 1989). Roots represent an important source of C
and energy for the soil microflora, hence sustaining a substantial microbial population in
rhizosphere with consequent considerable amounts of N immobilized. On the other hand,
plant roots compete for the same available N with microorganisms in soil by reducing N
re-immobilization, thus limiting the supply of mineral N to the microflora (Wang and
Bakken, 1989 and 1997).

In addition, as suggested by Dijkstra et al. (2009), ‘soil N availability’ and ‘soil
fertility’ are relative terms, and N availability cannot be determined by soil properties
alone, but it is strongly affected by root-soil interactions. Thus, to assess the possibility to
use these organic materials as a source of nutrient for plants, experiments in which plant
nutrient uptake is monitored should be performed. The research on plant N uptake from
organic residues presents methodological difficulties (Hood et al., 2000). Non isotopic
methods used to evaluate the amount of N mineralised from the residue uptaken by root as
the difference between N uptake in the presence and in the absence of added residues can
provide useful agronomic information on the quantity of N becoming available to a crop.
However, with this method it is not possible to trace the flow of residue-derived N through
soil pools. On the contrary, if a residue of interest can be uniformly labelled with *°N, this
provides an unambiguous method of tracing the fate of N from the residue and measuring
the amount taken up by plants (Ladd et al., 1981).

Among the Meliaceae derivatives considered, we had the possibility to uniformly

label only Melia azedarach leaves.
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The aims of the present study were to (i) compare Meliaceae derivative ability to
supply nutrients to plants and (ii) estimate plant uptake of melia derived-N by the use of
N technique. For the first aim experiment A was performed, while for the second aim,

the experiment B was conducted.

3.2 Material and Methods

3.2.1 Experiment A

Meliaceae derivatives

The same Meliaceae derivatives as for the experiment described in Chapter 2 were
used:
1 - Green neem, from Virdhunagar, India (neem cake 1),
2 - Neem ltalia, pelletted, from Brescia, Italy, N content reported 3% (neem cake 2),
3 - Neem ltalia, from Brescia, Italy (neem cake 3),
4 - Deoiled neem cake, from Medors Biotech P. Ltd, Delhi, India (neem cake 4),
5 - Oiled neem cake, from Medors Biotech P. Ltd, Delhi, India (neem cake 5),
6 - Green neem, from Virudhunagar, India (neem cake 6),
7 - Melia azedarach L. leaves harvested in June 2010 from seedlings grown on pots filled
with sand and frozen at -20°C prior to use (melia).

The derivatives were oven dried at 65° C and ball milled prior to analysis. Calcium
(Ca), potassium (K), magnesium (Mg), iron (Fe), manganese (Mn), zinc (Zn) and copper
(Cu) were determined by atomic absorption spectrometry (SpectrAA-200, Varian,
Mulgrave, Australia) after wet mineralization according to US EPA Methods 3052
(Kingston, 1988) by treating 0.5 of dw material with 8ml of nitric acid (65%) and 2 ml of
hydrogen peroxide (30%) at 180°C in a Ethos TC microwave lab station (Milestone,
Bergamo, Italy). Phosphorous (P) concentration was spectrophotometrically quantified at
700 nm (Saunders and Williams, 1955) on the same mineralized samples used for metals
determinations, which were neutralized with 5 M NaOH and enriched with 30 ml of a
mixture of 0.1 M ascorbic acid, 32 mM ammonium molybdate, 2.5 M sulphuric acid and

3uM potassium antimonyl tartrate to develop a phospho-molybdic blue colour.
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Experimental design

The experiment was carried out in 2010 at the Experimental Station of the
University of Bologna, in Cadriano (44°35°N, 11°27’E). The Meliaceae derivatives were
incorporated into the soil that had the same characteristics of that used for experiment 1 (8§
Chapter 2) and at the same application rate: 8 g fw kg™ soil for neem cakes and 16 g fw
kg™ for Melia leaves. Micropropagated plants of GF677 (P. persica x P. amygdalus)
rootstocks were placed into 1.5 | pots filled with 1 kg treated soil. These treatments were
compared to an unamended control. On day 68 and 113 after planting, 5 pots per treatment
were destructively sampled. Plants were harvested and divided into roots, stem, new
growth (leaves and shoot axis). The length of the new shoots was recorded and leaf green
colour, as an estimation of leaf chlorophyll, was determined by a portable SPAD 502
(Minolta Co., Ramsey, New Jersey, USA). Leaves were washed with a solution of Tween
20, then, as all the other organs, they were rinsed with tap water and distilled water, oven-
dried, weighed and milled. Roots and new growth (leaves and shoot axis) were analyzed
for macro- and micronutrient concentrations as described for the derivative
characterization. The soil of each pot was collected, uniformly mixed and analysed for
mineral N as described in Chapter 2 and for microbial biomass C by the substrate induced
respiration method (SIR) (Anderson and Domsch, 1978). Briefly, 50 g fresh soil sub-
samples were sieved (2 mm), placed in 500 ml glass jars and incubated at 22°C for at least
48 hours. Then, 200 mg of glucose were added and mixed with the soil, the jars were
sealed for two hours and hourly CO, production was measured with an infrared gas-
analyzer (EGM-4, PP system; Hitchin, UK).

For each sampling date, data were statistically analysed as in a complete
randomized design with 5 replicates (pot), and, when analysis of variance showed

statistical significance at P<(.05, means were separated by Student Newman Keuls test.

3.2.2 Experiment B

Melia leaves

Uniformly *°N labelled melia leaves were obtained by feeding seedlings of Melia
azedarach grown in sand with a nutrient solution containing **N-labelled **NH;**NO; (10
atom% "°N). Leaves were harvested in August 2010 and stored at -20°C prior to use. A

subsample was oven-dried, ball-milled and analyzed for N and *>N concentration with an
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elemental analyzer coupled with an isotope ratio mass spectrometer (CF-IRMS, mod.
Delta Plus Thermo Fisher, Bermen, Germany). Analysis are reported in Table 3.1.

Experimental design

The experiment started in April 2011 at the Experimental Station of the University
of Bologna, in Cadriano. A clay loam Bathicalci Eutric Cambisols soil (FAO, 1990) was
collected from the field, mixed with sand at a ratio soil:sand of 3:1 and sieved to 4 mm.
Labelled melia leaves were chopped in little pieces and incorporated into the soil at the
same application rate as for experiment A (16 g fw kg™ soil). One year-old plants of
GF677 rootstocks were placed into pots filled with 2 kg fw amended soil. Another set of
plants was potted with unamended soil (control treatment). Immediately after potting,
plants were pruned and trained to one shoot; pots were first placed in the greenhouse and
watered daily. After one month, plants were transferred outdoor, on a bench, under a
plastic shelter to protect them from rain. At day 30, 90, 131 and 173 after planting, five
control and 4 treated plants were destructively harvested and divided into roots, stem, new
growth (leaves and shoot axis). The length of the new shoots was recorded and leaf green
colour, as an estimation of leaf chlorophyll, was determined by a portable SPAD 502
(Minolta Co., Ramsey, New Jersey, USA). All organs were carefully washed with tap
water and distilled water, oven-dried, weighed, milled and analysed for total N and *°N
content with the same elemental analyzer coupled with a CF-IRMS as described
previously. The percentage of N derived from Melia leaves (% Ndfml) was calculated as
(Hauck and Bremner, 1976):

% Ndfml = (atom N excess of plant fertilized with labelled melia leaves / atom N

excess of labelled melia leaves) x 100;

where atom % *°N excess was obtained by subtracting from values measured in the treated

pools, the respective natural abundance measured in control pool.

Then, the amount of N derived from labelled melia leaves (Ndfml) in soil and plant organ

were calculated as:

Ndfml (mg) = total N (mg) % (% Ndfml / 100)
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Finally, the amount of N recovered from the labelled melia leaves was calculated as (Hood
et al., 2000):

% N recovery from melia leaves = Ndfml (mg) / (N added as melia leaves (mg)) * 100

The soil of each pot was collected, uniformly mixed and analysed for total N and
>N concentrations. Soil mineral-N was determined as described in Chapter 2. Microbial
biomass C and N were determined by the fumigation-extraction method (Vance et al,
1987) as described in Chapter 2.

For each sampling day, data of plant dw, N concentration (%) and Ndfml were
statistically analysed as in a complete randomized design, when analysis of variance
showed statistical significance at P<0.05, means were separated by Student Newman
Keuls test. Data of soil mineral N and microbial biomass C and N were statistically
analysed as in a factorial design with 2 factors: treatment (2 levels: control and >N melia)
and time (4 levels: day 30, 90, 131, 173). When analysis of variance showed statistical
significance at P<0.05, means were separated by Student Newman Keuls test. When
interaction between factors was significant, 2 standard error of means (SEM) was used as

minimum difference between statistically different values.

Table 3.1. Total N and >N concentration of melia leaves used in experiment B and
consequent amount of N added to soil.

Treatment N BN Amount of N added
% atom % mg kg™ fw soil

Control - - -

Melia 1.87 1.876 100

3.3 Results

3.3.1 Experiment A

Table 3.2 shows the mineral compositions of the derivatives used in experiment A.

Neem cake 3 presented the highest concentrations for all nutrients analysed. Phosphorous
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concentrations ranged between 1.13 % in neem cake 3 and 0.20 % in melia leaves.
Potassium concentration varied between 2.40 % in neem 3 and 0.81 % in melia leaves;
among the other derivatives neem cake 1, 4 and 5 presented higher K concentration than
neem 6 and neem 2. Calcium and Mg concentrations were higher in melia leaves
compared to neem cake 1, 2, 4, 5, 6. Iron concentrations widely varied between 8447 mg
kg™ in neem 3 and 160 mg kg™ in melia leaves. Among the other neem cakes, neem 4
presented the highest Fe concentration, followed by neem 5, neem 1 and 2, and neem cake
6. Manganese concentrations ranged between 125 mg kg™ in neem 3 and 43 mg kg in
neem 6 and melia leaves. Finally, Cu concentrations were similar for all derivatives except
for neem 3 which showed concentrations more than twice higher, while Zn concentration
ranged between 16 mg kg™ in melia leaves and 70 mg kg™ in neem 3.

Sixty-eight days after the start of the experiment, soil application of all Meliaceae
derivatives increased leaf chlorophyll content which resulted the highest in neem 6 and
melia leaves treated plants (Table 3.3).

Shoot length was not significantly affected by the derivatives in the first sampling
date (Table 3.3). At that time, the application of neem cake 3 increased new shoot and
leaves dry weight along with total plant dry weight compared to untreated control. Also
neem cake 1 increased total plant dw (Table 3.3).

At the end of the experiment, all derivatives, except neem 1, increased leaf
chlorophyll content, particularly neem 5, neem 6 and melia leaves (Table 3.4). Shoot
length was increased by soil addition of neem 1, 2, 3, 4, 6. In addition, neem cake 2, 3 and
6 increased all organ dry weight compared to control, consequently, total plant dry weight
of these treatments resulted the highest (Table 3.4).

At day 68, N concentration of new tissues and roots of neem 6 treated plants (Table
3.5) resulted higher than those of untreated plants. In addition, also soil application of
melia leaves increased organ N concentration, however, this effect was statistically
significant only for roots. In contrast, at the end of the experiment, no effect of treatment
in organ N concentration was detected (Table 3.5).

Soil application of neem 3 and 6 significantly increased total amount of N found in
shoot and leaves at day 68, while no significant differences were found for roots (Table
3.6). At the end of the experiment, neem 2, neem 3 and particularly neem 6, increased the
amount of N in leaves, that resulted more than twice higher than that found in control
plants. Neem 6, neem 3 and neem 1 increased the total amount of N in shoot, while all the

derivatives increased N in roots. As a consequence, at the end of the experiment, the
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Table 3.2. Mineral composition of the Meliaceae derivatives used in experiment A.

Derivative

Neem cake 1

Neem cake 2

Neem cake 3

Neem cake 4

Neem cake 5

Neem cake 6

Melia leaves

P K Ca Mg Fe Mn Cu Zn

(%) (%) (%) (%) (mgkg!)  (mgkg!)  (mgkg!)  (mgkg™)
0.35 (20.03) 153 (£0.02) 0.62(+0.007) 0.19 (£0.02) 1324 (+241) 56 (+0.35) 11 (+2.05) 22 (x1.2)
0.30 (£0.08) 0.97 (+0.03) 0.30 (0.007) 0.17 (£0.007) 1096 (+0.21) 26 (+1.70) 7 (£0.92) 30 (-)
113 (£0.20) 2.40 (+0.09) 1.46 (£0.01) 0.67 (£0.007) 8447 (+1.06) 125(x0.35) 50 (+11.88) 70 (+0.84)
0.21 (20.02) 152 (£0.05) 0.49(x0.02) 0.20 (+0.01) 3035 (+158) 72 (+2.26) 19 (+3.53) 23 (¢3.11)
0.20 (£0.01) 1.63(£0.03) 0.61(x0.06) 021 (x0.01) 2414 (+54.7) 61(x0.28)  10(£170) 19 (x0.56)
0.65 (£0.02) 1.25(+0.04) 0.50 (£0.007) 0.35 (£0.007) 620 (£59.2) 43 (+1.27) 10 (-) 54 (£2.12)
0.10 (£0.02) 0.81(x0.05) 1.36(+0.01) 0.38(x0.04) 160 (+7.92) 43 (+056)  8(x0.71) 16 (0.35)

In brackets standard deviation (n=2).



Table 3.3. Effect of soil addition of Meliaceae derivatives on leaf chlorophyll, shoot length and
plant organ dry weight (dw) after 68 days.

Treatment Leal Shoot Shootand Roots dw Stem dw Total dw
chlorophyll length  leaves dw
(Spad Unit)  (cm) (g dw plant™)
Control 340c 35 1.21b 0.98 0.53 2.72b
Melia 425a 46 1.88 ab 1.17 0.60 3.66 ab
Neem 1 39.0b 62 2.55ab 1.59 0.70 4.83a
Neem 2 38.6 b 60 2.49 ab 1.45 0.64 4.59 ab
Neem 3 379b 63 3.05a 1.34 0.75 514a
Neem 4 37.7b 48 2.0l ab 1.50 0.76 4.27 ab
Neem 5 40.1b 49 1.87 ab 1.29 0.52 3.68ab
Neem 6 439a 55 2.19 ab 0.97 0.57 3.73 ab
Significance il ns * ns ns *

ns, * and *** = effect of Meliaceae derivatives not significant, significant at P <0.05 and 0.001,

respectively. Values followed by the same letter are not statistically different.

highest total (stem excluded) amount of N was recorded in neem 6 (75.9 mg), followed by neem 3
treated plants (Table 3.6). Also the application of neem 1 and neem 2 significantly increased the N
content of plants compared to control. Although melia, neem 4 and neem 5 treated soil promoted a
total tree N recovery on average higher than 50 % of that found in untreated control, these amounts
did not result significantly different.

On day 68, the application of neem 2, 3, 4 and 6 increased P concentration in new growth
tissues (Table 3.7). At that time, K concentration was increased by all derivatives but in a
significantly manner only by neem 3, 4, 5 and 6. On the contrary, no effect of treatment was
detected for Ca and Mg concentration that on average were 0.78 % and 0.23 %, respectively (Table
3.7).

At day 68, only neem 6 increased Mn concentration of new growth tissues, while Cu
concentration was increased also by neem 5 and 4, reaching values of 10 ppm in neem 6 treated
plants. At day 68, mean values of Zn concentration resulted higher in neem 1, 2, 4 and 6 treated

plants compared to untreated control (Table 3.7).
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Table 3.4. Effect of soil addition of Meliaceae derivatives on leaf chlorophyll, shoot

length and plant organ dry weight after 113 days (experiment A).

Treatment  Chlorophyll  Shoot

content lenght Leaves Shoot Roots Stem Total
(Spad Unit)  (cm) (g dw plant™)

Control 35¢ 32¢c 1.0d 0.69c 1.78b 0.76 ¢ 4.64 c
Melia 40 a 46abc  1.69bcd 1.20bc 2.83ab 1.08abc  6.80bc
Neem 1 36 bc 71a 1.60bcd 1.70ab 3.13a 121ab  7.64 abc
Neem 2 37b 56 ab 2.22abc  1.70ab 3.56 a 1.23 ab 8.72 ab
Neem 3 38D 62 ab 2.32 ab 1.96 ab 3.08 a 1.40 ab 8.76 ab
Neem 4 37b 58 ab 1.11cd 1.31 bc 2.96 a 1.10abc  6.49bc
Neem 5 40 a 42bc  1.44Dbcd 1.18bc 2.49 ab 1.02 bc 6.14 bc
Neem 6 42 a 65 ab 292 a 2.26 a 3.50a 151a 10.2a
Significance *% *Khk *Khk *hk ** *% *%*

** and *** = effect of Meliaceae derivatives not significant, significant at P>0.01 and 0.001,

respectively. Values followed by the same letter are not statistically different.

At the end of the experiment (day 113), neem 4 treated plants had the highest leaf P
concentration, followed by neem 5 and neem 1, while the lowest P concentration was recorded in
neem 6 treatment (Table 3.8). No differences between treatments were found for K concentration,
that was on average 1.86 %. Moreover, leaves of control plants presented the highest Ca
concentration, significantly different from that of neem 3 and 6 treated plants. Neem 4 treated plants
presented higher Mg concentration compared to neem 3 and 6. No differences between treatment
were found, at the end of the experiment, for leaf microelement concentration, except for Mn, that
was higher in leaves of neem 4 treated plants compared to those of neem 3 and neem 6 treatments
(Table 3.8).

In the first sampling date, soil NO3s-N concentration was similar in all treatments, in
particular it resulted of 5.70, 6.34, 6.28, 7.26, 6.05, 4.52, 5.90 and 6.03 mg kg™ in control, melia
and neem 1 to 6 treated soil, respectively (data not shown), while NH,*-N was not found. At the end

of the experiment no mineral-N was detected in any treatment (data not tabulated).
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Table 3.5. Effect of soil addition of Meliaceae derivatives on shoot, leaf and root N

concentrations at day 68 and 113 (experiment A).

Treatment

Control
Melia
Neem 1
Neem 2
Neem 3
Neem 4
Neem 5
Neem 6

Significance

N (%)
Day
68 113
shoot and leaves roots leaves shoot roots
1.16 b 0.76 b 1.37 0.60 0.58
1.60 ab 1.02a 1.46 0.64 0.66
1.24b 0.84 ab 1.58 0.58 0.68
1.21b 0.85ab 1.34 0.51 0.64
1.33b 0.85ab 1.34 0.52 0.64
1.36b 0.86 ab 1.62 0.60 0.67
1.44 ab 0.92 ab 1.58 0.60 0.69
1.86a 1.07 a 1.45 0.45 0.69
** kel ns ns ns

ns, ** = effect of Meliaceae derivatives not significant, significant at P < 0.01, respectively. Values

followed by the same letter are not statistically different.

No differences among treatments were observed, at day 68, for microbial biomass C that on

average was 221 pg C g™ dw soil (Table 3.9), while at the end of the experiment, neem 4 soil

presented a higher value of microbial C compared to untreated soil (Table 3.9).
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Table 3.6. Effect of soil addition of Meliaceae derivatives on amount of N present in shoot, leaves

and root at day 68 and 113 (experiment A).

Treatment N (mg)
Day
68 113
shoot and roots total leaves shoot roots total
leaves

Control 13.3b 7.5 20.8b 145¢ 3.94b 10.2b 29.2 ¢
Melia 26.9 ab 114  38.3ab 240bc  7.08ab 18.8 a 49.9 be
Neem 1 3l.6ab 13.3  45.0ab 24.6 bc 9.85a 21.2a 55.7b
Neem 2 30.1ab 123 424 ab 29.8b 7.19ab 22.6a 52.7b
Neem 3 38.3a 11.5 49.8 a 30.8b 10.1a 19.7 a 60.7 ab
Neem 4 27.1ab 12.5 39.7 ab 17.4 bc 7.87 ab 199a 45.2 bc
Neem 5 26.2 ab 11.6 37.8ab 22.2 bc 6.51 ab 16.8a 45.5 bc
Neem 6 409a 10.3 512a 419a 10.1a 239a 759a
Significance ** ns * ikl Fhx Fhx Fhx

ns,*, ** *** = effect of Meliaceae derivatives not significant, significant at P < 0.05, 0.01, 0.001,

respectively. Values followed by the same letter are not statistically different.

Table 3.7. Effect of soil addition of Meliaceae derivatives on P, K, Ca, Mg, Mn, Fe, Cu and Zn

concentrations of new growth tissues at day 68 (experiment A).

Treatment P K Ca Mg Mn Fe Cu Zn
(%) (mg kg™)

Control 0.23¢ 1.43b 0.82 0.23 27Db 97 6.2¢C 23¢C
Melia 0.26bc 1.66ab 0.77 0.25 27b 52 6.7bc  25bc
Neem 1 0.29abc 1.61ab 0.74 0.19 22 b 86 7.4abc 32ab
Neem 2 0.39a 173ab 0.77 0.23 27b 73 7.8abc 3lab
Neem 3 0.36ab 2.00a 0.76 0.24 25Db 59 8.1labc 26abc
Neem 4 0.38 a 198 a 0.82 0.25 27Db 65 9.4 ab 34 a
Neem 5 0.32abc 1.88a 0.77 0.23 3lab 89 9.2ab 30abc
Neem 6 0.36ab 20la 0.79 0.22 35a 61 10.0a 32ab
Significance ** ikl ns ns ikl ns * **

ns,*, ** *** = effect of Meliaceae derivatives not significant, significant at P < 0.05, 0.01, 0.001,

respectively. Values followed by the same letter are not statistically different.
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Table 3.8. Effect of soil addition of Meliaceae derivatives on P, K, Ca, Mg, Mn, Fe, Cu and Zn
concentrations of leaves at the end of the experiment A.

Treatment P K Ca Mg Mn Fe Cu Zn
(%) (mg kg™)

Control 0.43bc 1.58 111a 03lab 3la 122 5.27 22
Melia 0.41bc 1.86 1.05ab 0.3lab 29ab 97 6.50 22
Neem 1 0.58ab 2.01 0.96ab 0.33ab 24 b 99 6.2 27
Neem 2 0.55abc 1.71 0.91abc 0.30ab 29 ab 100 6.02 24
Neem 3 0.50bc 1.94 0.87bc 0.25b 24 b 92 5.53 22
Neem 4 0.71a 2.09 1.03ab 0.38a 33a 79 6.92 23
Neem 5 0.60ab 1.89 0.97ab 0.3lab 3la 91 5.84 27
Neem 6 0.36¢ 1.77 0.77c 0.25b 3la 90 5.50 23
Significance ekl ns folakel * * ns ns ns

ns,*, *** = effect of Meliaceae derivatives not significant, significant at P < 0.05, 0.001,

respectively. Values followed by the same letter are not statistically different.

Table 3.9. Effect of soil addition of Meliaceae derivatives on soil microbial biomass C at day 68

and 113 (experiment A).

Treatment Microbial C (ug g™ dw soil)
day
68 113

Control 195 105 b
Melia 235 160 ab
Neem 1 236 159 ab
Neem 2 244 161 ab
Neem 3 196 152 ab
Neem 4 252 194 a
Neem 5 255 165 ab
Neem 6 157 169 ab

Significance ns *

ns,*= effect of Meliaceae derivatives not significant and significant at P < 0.08, respectively.

Values followed by the same letter are not statistically different.
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3.3.2 Experiment B

Plant organ dry weight resulted similar in control and *°N-melia treated plants (Table 3.10)
and increased with time during the experiment. Total plant dry weight in untreated plant ranged
between 1.47 g (at day 30) and 6.07 g (at day 173) and between 1.12 g (at day 30) and 4.58 g (at
day 173) in ®*N-melia treatment (Table 3.10).

Soil application of *>N-melia leaves had no effect on shoot length which, at the end of the
experiment, had a mean value of 26 cm (Table 3.11). On the contrary, SPAD values were increased
by the application of melia leaves, but only at day 90 (Table 3.11).

Nitrogen concentration of plant organs was not affected by treatment (Table 3.10) at any of
the sampling time. Maximum N concentration in shoot and leaves and in roots was found at day 30,
then it decrease with time until day 90.

Soil addition of **N-melia leaves did not modify the amount of N in plant organs (Figure
3.1). Thus, plant total amount of N was similar in control and in amended pots (Figure 3.1).

At day 30, only little amounts of N derived from labelled melia leaves were observed in
GF677 organs (Figure 3.2) and the highest amount were found in roots (Figure 3.2, inset). Nitrogen
derived from melia leaves increased with time until day 131, and, unlike day 30, the highest
amounts were found in shoot and leaves, although values were not significantly different from roots
(Figure 3.2). In these organs, 9.02 mg of Ndfml were found at day 131, corresponding to 39 % of
total N (Table 3.12). At that day, stem and roots presented a Ndfml % of 24 % and 30 %,
respectively (Table 3.12). At day 173 Ndfml was not different in the different organ investigated.

Soil application of N labelled melia leaves increased total pot N content compared to
untreated control during all the experiment (Table 3.13).

Thirty day after melia application, Ndfml was found almost exclusively in the soil (Table
3.14). The amount in plant increased at day 90 and 131, while no increase was found from day 131
to day 173. Consequently, also the percentage of melia-N plant recovery increased from day 30 to
day 131 and was almost steady from day 131 to day 173 (Table 3.14). One month after the start of
the experiment, 14 % of N derived from melia leaves was not recovered, thereafter the percentage

of melia N not accounted increased to approximately 22%.
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Table 3.10. Effect of soil application of labelled N melia leaves on dry weight and N

concentration of GF677 plant organs at day 30, 90, 131 and 173 (experiment B).

Treatment Shoot and leaves
Dry weight (g) N (%)
day day
30 90 131 173 30 90 131 173
Control 0.013 1.07 1.82 1.87 5.26 1.53 1.26 1.28
Melia 0.007 1.18 1.74 1.35 4.21 1.47 1.32 2.17
Significance ns ns ns ns ns ns ns ns
Stem
Dry weight (g) N (%)
day day
30 90 131 173 30 90 131 173
Control 0.72 0.81 1.29 1.39 0.58 0.50 0.47 0.58
Melia 0.59 0.72 1.08 1.05 0.68 0.51 0.44 0.61
Significance ns ns ns ns ns ns ns ns
Roots
Dry weight (g) N (%)
day day
30 90 131 173 30 90 131 173
Control 0.73 1.14 2.11 2.81 1.21 0.94 0.92 0.78
Melia 0.53 1.04 1.82 2.18 1.45 0.99 0.99 0.99
Significance ns ns ns ns ns ns ns ns
Total plant
Dry weight (g)
day
30 90 131 173
Control 1.47 3.02 5.22 6.07
Melia 1.12 2.94 4.65 4.58
Significance ns ns ns ns

ns = effect of melia leaves not significant
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Table 3.11. Effect of soil application of labelled N melia leaves on shoot length and leaf
chlorophyll of GF677 at day 30, 90, 131 and 173 (experiment B).
Treatment Shoot length (cm) Leaf chlorophyli
day day

90 131 173 30 90 131 173
Control 26 30 31 - 30 33 35
Melia 26 34 20 - 36 33 35
Significance ns ns ns * ns ns

ns, * = effect of melia leaves not significant or significant at P <0.05
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Figure 3.1 Effect of soil application of *°N labelled melia leaves on plant N. At each sampling date,
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Figure 3.2 Effect of soil application of *°N labelled melia leaves on organ Ndfml. At each

sampling date: ns, *, ** = effect of organ not significant, significant at P < 0.05, 0.01, respectively.

Within the same date, values followed by the same letter are not significantly different. In box is

reported the detailed trend at the first sampling time (day 30).

Table 3.12. Effect of soil application of labelled >N melia leaves on percentage of Ndfml and

correspondent recovery of melia-N in plant organs at day 30, 90, 131 and 173 (experiment B).

Treatment

Shoot and leaves
Stem

Roots

Ndfl (%) Recovery melia-N (%)
day day
30 90 131 173 30 90 131 173
7.31 38.6 39.1 30.54 0.008 3.57 4.55 3.66
0.14 15.7 24.0 21.1 0.003 0.29 0.56 0.69
1.09 26.2 29.6 22.4 0.04 1.43 2.66 2.47
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Table 3.13. Effect of soil application of labelled >N melia leaves on total N present in soil at day
30, 90, 131 and 173 (Experiment B).

Treatment Soil N (mg pot™)
day
30 90 131 173
Control 1278 1330 1042 1414
Melia 1590 1565 1454 1612
Significance el ** el *

*, ** = effect of treatment significant at P < 0.05 and 0.01, respectively.

Table 3.14. Amount of Ndfml in plant and soil and correspondent recovery of melia-N 30, 90, 131
and 173 days after the application of melia leaves (Experiment B).

Treatment Ndfml (mg pot™) Recovery melia-N (%)
day day
30 90 131 173 30 90 131 173
Plant 0.09 10.5 15.4 13.5 0.05 5.29 7.77 6.83
Soil 171 143 134 143 86 72 68 72

Soil application of melia leaves did not increase soil mineral-N compared to the control soil
(Table 3.15). In both amended and unamended soils, NH;*-N concentration increased from day 30
to day 90, when the maximum value of 3.6 mg kg™ was found. Thereafter ammonium concentration
decreased in both treatments (Table 3.15). A similar dynamic was found for NO3z-N that was
present at higher concentrations compared to ammonium-N. In particular, nitrate-N increased in
both soils until day 90, thereafter it decreased.

Soil application of melia leaves immediately increased microbial biomass C (Figure 3.3), the
highest value was found 1 day after treatment, then it decrease with time
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Table 3.15. Effect of soil application of labelled **N melia leaves on ammonium-, nitrate-, and total

mineral-N present in soil at day 1, 30, 90, 131 and 173 (Experiment B).

NH;"-N NO3-N Nmin
Treatment (mg kg™
Control 2.37 5.6 7.97
Melia 2.35 5.1 7.45
Significance ns ns ns
Day
1 2.12 bc 4.20c 6.32¢C
30 2.08 bc 6.31b 8.39b
90 3.63a 8.19a 11.82a
131 240 b 432c¢c 6.72 C
173 1.57c 3.53¢c 51c
Significance folekel ekl falekal
Interaction treatment*day ns ns ns
ns, ***=not significant and significant at P < 0.001, respectively
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Figure 3.3 Effect of soil application of >N melia leaves on soil microbial biomass C. Interaction

time*treatment significant at P<0.001. Minimum difference between statistically different values
(2SEM) = 16.
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Figure 3.4. Effect of soil application of >N melia leaves on soil microbial biomass N. Interaction

time*treatment not significant. Minimum difference between statistically different values (2SEM) =
3.3.

to reach similar of control soil at the end of the experiment. Also microbial biomass N increased
after the amendment, in this case the highest value was found at day 131, then it decreased (Figure
3.4).

3.4 Discussion

The *°N isotope technique provided the evidence of melia-N mineralization as between 0.8
% and 34 % of N present in plants derived from the *°N labeled melia leaves.

In particular, °N released by melia leaves was available one month after the amendment,
when only a low amount of melia-N was uptaken by plants and mostly of it was recovered in roots.
Since N is metabolized in root immediately and mobilized to the canopy, the fraction of N found in
root at day 30 was probably just absorbed and was going to be converted in aminoacids. Thereafter,
the amounts of Ndfml increased with time in all organs until day 131, with shoot and leaves
representing the ‘sink organs’ for melia-N. Also at the end of the experiment (September) shoot and
leaves presented the highest amount of melia-N, but it was lower compared to that of the previous
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sampling date, indicating a possible remobilization of melia-N within the plant, probably in stem. In
fact, between the two last sampling date, the amount of Ndfml in roots was constant, while stem
Ndfml increased. The availability and uptake of >N at the end of the experiment accounted for
about 7 %, so we expected an increase of total N % in plant of the same amount. Actually this was
not observed, and treated and untreated trees showed the same N content throughout the season.
The mineral N concentration of both control and treated soil was similar during all the experiment.
However, microbial biomass N increased from day 1 to day 131, at that date, microbial N was 10
mg kg and 18 mg kg™ in control and amended soil, respectively. If the correction factor Ky of
0.45, usually applied to correct for the incomplete recovery of microbial constituents extracted from
soil after fumigation, is used, the difference in N immobilized in the microbial biomass between the
two soil correspond to 18 mg kg™. This difference can support the idea of an extra N mineralization
in the amended compared to the unamended soil, of native soil-N or melia-N, followed by an
immediate immobilization, and a competition for this N between microbial biomass and plants,
however the exact origin of this extra amount of N mineralized cannot be defined.

At the end of the experiment, 72 % of melia-N was still present in the soil, almost all in the
organic form as only 5 mg kg™of mineral N were found in soil, thus representing a potential source
of N for the following vegetative growth season.

The Meliaceae derivatives showed a different mineral composition. As mentioned in Chapter
2, this can be due to the different origin of the derivative in term of species, organ, production
processes. However, the mineral composition of neem cake 3 was unexpected. In fact, neem 3
presented values that were at least twice higher for most of the nutrients (i.e. P, K, Ca, Mg, Fe, Mn,
Cu and Zn) than the mean concentration of the other neem cake here used and also reported in
earlier study (Toselli et al., 2010).

Actually, also the mineral composition of Melia leaves resulted partly different from that
reported in other studies. For example, melia leaves tested by Toselli et al. (2010) presented the
following chemical composition: P: 0.26 %, K: 1.57 %, Ca: 3.14 %, Mg: 210 mg kg™, Fe: 287 mg
kg™, Mn: 32 mg kg™, Cu: 16 mg kg™, Zn: 33 mg kg™, thus showing a concentration of K, Ca, Cu
and Zn two times higher compared to our derivative and a Mg concentration almost 20 times lower.
In addition, the chemical composition of dek (Melia azedarach) litter reported by Singh and Sharma
(2007) differed from our material, principally for Fe and Zn concentration which resulted about 9
and 3 times higher compared to our.

Despite this different chemical composition, the incorporation of all the Meliaceae
derivatives generally had a positive effect on plant growth, this was particularly evident for neem 3
and 6 that, by the end of the experiment increased plant dry weight from 4.64 g (control plant) to
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10.2 g and 8.76 g respectively. These are also the two derivatives that showed the highest final
shoot length and amounts of N in plants. These effects can be related to the higher amounts of N
added with the two derivatives that presented the highest N concentration (3.7 % and 4.4 % for
neem cake 3 and neem cake 6, respectively), compared to the other (8 Chapter 2).

Also neem 1 (2.2 % N) and neem 2 (3.1 % N), at the end of the experiment, increased the
total amount of N present in plants and shoot length compared to control. Altough neem cake 5 and
melia leaves decreased N availability as showed in the first experiment (net immobilization) (8
Chapter 2), they did not reduce plant growth neither total amount of plant N, rather they both
induced a positive effect on leaf chlorophyll content, and in the case of melia, root N concentration
at day 68.

The effect of the derivatives on plant nutrient status was evident in the first sampling date
when neem 6 was the derivative with higher positive effect on P, K, Mn, Cu and Zn concentrations
of new growth tissues. At day 68, also neem 3 and neem 4 had a positive effect on plant nutrient
status as they increased P, K and Zn concentration in shoot and leaves compared to control.
However, this improvement did not persist, as, at the end of the experiment, only P concentration
induced by neem 4 was higher compared to control plants.

In addition, at the end of the experiment, neem 6 and neem 3 treated plants presented lower
leaf Ca concentration compared to control plants. This can be only partly explained by the higher
presence of K found in neem 6 and neem 3 treatments in the previous sampling date. In fact, the
possible antagonistic effect of K on Ca and Mg root uptake was not observed in neem 4 treated
plants despite the high level of K found at day 68. A similar behaviour was found by Baldi et al.
(2010) on one-year old peaches fertilized with organic amendments. In their study, they found that
compared to control, K leaf resulted higher in plants addressed with compost and that Ca and Mg
concentration was reduced in trees fertilized with compost and cow manure.

The increased nutrient composition of treated plants was not related to the mineral
composition of the derivatives, this was particularly evident for Fe, whose concentration resulted
similar in all plants (control included), despite the great variability between derivative Fe
concentrations.

Soil application of melia leaves did not affect mineral composition of plant organs, except
for N in roots, that resulted increased compared to control. However, chlorophyll content of melia
treated plants resulted higher compared to control, in both experiment A and B. As a result, the
positive effect induced by soil addition of melia leaves found in other studies, did not completely
emerge in this study. In a previous pot experiment, Singh and Sharma (2007) found that straw, grain
yield, and nutrient content (N, P, K) of wheat increased with increasing level of leaf litter of poplar
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(Populus deltoides), eucalypt (Eucalyptus hybrid) and dek (Melia azedarach), no matter if
inoculated or not with cellulolytic fungus culture of Aspergillus awamori to accelerate the
decomposition rate of litters. In addition, dry matter yield of sorghum raised on residual fertility,
increased significantly with increasing levels of leaf litter application. Nevertheless, in their
experiment, Singh and Sharma, applied N, P and K at a dose of 50, 11, 10 mg kg™ soil, respectively
that could have enhanced the positive effect of plant litter compared to our experiment.
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Chapter 4

Use of a *C natural abundance method to quantify the priming

effect induced by different Meliaceae derivatives

4.1 Introduction

In the two first experiments we assumed that the addition of the derivatives did not induce
any priming effect (PE). However inputs of fresh organic matter (OM) are known to affect the rate
of soil organic matter mineralization (SOM) (8Chapter 1 and literature cited) and can result in both
acceleration (positive PE) or retardation (negative PE) of soil organic carbon decomposition. When
positive PE occur, large amounts of mineral nutrients can be released in soil solution (Kuzyakov et
al., 2010), with a consequent increase in nutrient availability for plants. On the other hand, the
mineralization of soil organic C can be intense and eventually exceed the formation of new SOM
through humification of fresh C, leading to net destruction of SOM (Fontaine et al., 2011). For
example, Fontaine et al. (2004) demonstrated, in controlled conditions, that the supply of fresh C, as
cellulose, accelerate the decomposition of soil C particularly in low soil nutrient conditions,
inducing a negative C balance.

We tried to quantify the PE induced by soil application of some of the Meliaceae derivatives
used in the previous experiments in order to evaluate their effect on the C balance of the soil. To
evaluate their suitability as N supplier, we studied the dynamic of mineral N considering part of N
losses via nitrification and denitrification as N,O (Velthof et al., 2002). Denitrification is the
process by which NOj is reduced to gaseous forms of N (NO, N,O, N;) by chemoautotrophic
bacteria. The critical factors regulating the rate and duration of denitrification in soils are the
availability of NOj3™ (the source) and C (source of energy and electrons) and the absence of O,
(Pierzynski et al., 2000). Incorporation of fresh plant material into the soil may affect soil N,O
emission as it supplies easily mineralizable N and C (source of N and C for denitrifier) and produce
anaerobic zones due to the rapid O, consumption by soil microorganisms during decomposition of
OM.
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To quantify PEs, the native soil C (and/or N release) in amended and unamended soil are
usually compared and the identification, in the amended soil, of the amount of C (or/and N) released
by soil is done with isotope techniques. We used a ‘labelled’ soil instead of a ‘labelled’ amendment
introducing a natural *C method. This methods have been used in many studies of soil C dynamics
(Balesdent et al., 1987) and are based on the differences in §°C between plants with the Cs
photosynthetic pathway, which have §'°C values ranging from approximately -32%o and -22%o, with
a mean of -27%o, and plants with C4 photosynthesis which discriminate less against **CO, during
photosynthesis and, therefore, have larger §*3C, ranging from approximately -17%o to -9%o with a
mean of -13%o (Boutton, 1991). Because there is little change in the §'*C value of plant material as
it decomposes, the 5™*C of soil organic carbon strictly reflects the isotopic composition of the plants
from which it derives (Boutton, 1991; Cheng, 1996). Indeed, SOM derived from continuous
cultivation of C,4 plants has 8*3C value ranging from -12 %o to -21 %, whereas 5"°C values of SOM
derived from C; plants generally range from -24 %o to -29 %o (Cheng, 1996). The changes in '*C of
emitted CO, that follow the addition of a Cz-amendment to the soil of a C, ecosystem or vice-versa,
allow to distinguish between CO; evolved from the microbial mineralization of the amendment and
CO; evolved from the microbial mineralization of native SOM (Ekblad and Hogberg, 2000) hence
permitting study on PE.

The aim of this study was to quantify, by the use of a *3C natural method, the PE induced by
the Meliaceae derivatives and their real C mineralization.

4.2 Materials and Methods

Soil

The soil used in the experiments was collected in January 2012 from the 0-25 cm depth of
the continuous corn plot of the Long-Term Experiment of Cadriano (University of Bologna),
initiated in 1966 by Prof. Toderi of the Department of Agricultural Sciences. In particular, soil was
collected from mineral fertilized plots (300 kg N ha™). Detailed description of the soil and the
management practices are given by Gioacchini et al. (2007) and are here briefly reported. The soil is
a Typic Udochrept; pH (in water) 6.9; sand 56%; silt 16%; clay 28%; cation exchange capacity 16.5
cmol. kg™. Before the start of the experiment, soil total C and N concentration and C isotope
composition were determined on four soil sub-samples previously dried and milled. Analysis was
carried out by an elemental analyzer (Thermo Electron, mod. EA 1110) coupled with a continuous
flow-isotope ratio mass spectrometer (CF-IRMS, mod. Delta Plus Thermo Fisher, Bermen,
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Germany). Soil C and N content resulted of 7.5 g kg™ and 0.98 g kg™, respectively. The carbon
isotope value of soil (5"°C) was -21.1 %o; where

8"°C (%o) = [(Rsample / Rstandard)-1]*1000,
and Rsample and Rstandara are *C/**C of the sample and the standard, respectively. Delta **C is relative
to the Vienna Pee Dee Belemnite (VPDB).

Meliaceae derivatives

Neem cake 3, neem cake 5, neem cake 6 and melia leaves were first chosen for the experiments
because of their different N mineralization dynamic showed in the first experiment (8Chapter 2).
Neem 6 and neem 3 were chosen for their relatively rapid net mineralization; melia leaves because
of their little effect on mineral-N concentration, and neem 5 because of the long period of N
immobilization. These derivatives were reanalyzed for C and N content and for C isotope
composition as described for the soil (Table 4.1). Because the 3*3C of neem cake 3 resulted similar

to that of the soil, we decided to exclude this derivative from the experiment.

Table 4.1. Chemical characteristics of the Meliaceae derivatives used in the incubation experiment

(n=3) and amounts of derivative and consequent C and N added to soil.

Derivative Characteristics Amount added to soil
C N CN &5C derivative C N
(%) (%) (%o) g fw kg™ dw soil mg kg™ dw soil

Neem cake 3 32.6 3.7 9 -23.15 - - -

Neem cake 5 433 16 27 -26.27 2.00 919 34
Neem cake 6 49.0 4.0 12 -25.89 0.73 386 34
Melia leaves 430 19 22 -30.07 4.44 677 34

In order to evaluate the chemical structure of the derivatives, thermogravimetric analysis
(TG) and differential thermal analysis (DTA) were performed simultaneously using a TG-DTA92
instrument (SETARAM, France) with a heating rate of 10 °C min™ from 30 °C to 800 °C under
dynamic air flow (8 1 h™) on dried subsamples of about 3 mg. Details about these procedures have
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been previously described by Montecchio et al. (2006). Each sample was analyzed twice. This kind
of analysis involves a slow and continuous heating of the sample coupled with a simultaneous
measurement of weight loss (TG) and energy change (DTA) (Francioso et al., 2007; Francioso et
al., 2009). The latter is generally estimated by measuring the temperature change of the sample
compared to a reference (calcined caolinite). The mass loss and the energy changes during heating
are strictly related to abundance of more or less labile C of derivatives, and to their structure and
chemical composition (Francioso et al., 2007; Francioso et al., 2009).

Incubation study

The C, soil was carefully deprived of all maize residues, sieved at 2 mm and air-dried, then
moistened with distilled water to reach a water content of 13% and incubated at 20°C at constant
moisture for two weeks prior to use. The Meliaceae derivatives were pulverised as for experiment 1
(§Chapter 2) and incorporated into the soil in order to supply 34 mg N kg™ soil. The amount of C
and N added with the amendment is shown in Table 4.1. A mineral treatment containing 34 mg of
ammonium sulphate-N kg™ (NH,),SO,—N soil was also included as well as an unamended control
soil to measure mineralization of native SOM. A set of 250 ml glass jars containing 50 g soil sub-
samples were used at days 1, 7, 14, 21, 38, 84 and 144 for soil mineral N and microbial C and N
determination (see mineral N and microbial biomass). A second set of 250 ml glass (4
jars/treatment) containing 100 g of soil was used for CO, and N,O flux measurements (see flux
measurements) and a third set of 500 ml glass jars containing 100 g of soil was used to trap CO,
produced during the first two weeks, and at days 43, 113 and 142 by precipitating it as strontium
carbonate (SrCOs) in order to analyze the 8'3C of CO,-C and partition soil derived-C from
Meliaceae derived-C (see CO, precipitation). During the experiment, all jars were incubated at
constant temperature (23 £2 °C) and soil moisture, measured by subsequent weight.
Mineral N and microbial biomass. Mineral nitrogen (NOs™-N, NO,-N and NH,"-N) was extracted
by shaking 10 g of soil in 100 ml of a solution of 2 M KCI for 1 h. After sedimentation, soil extracts
were stored at -20°C until analysis that were performed by autoanalyzer (Auto Analyzer AA-3;
Bran + Luebbe, Norderstadt, Germany) as described in chapter 1. Microbial biomass C and N was
determined by the chloroform extraction method (Vance et al., 1987) (8 Chapter 2), using a solution
0.05 M of K,SO, (Blagodatskaya et al., 2011; Brant et al., 2006). As for the first experiment
(Chapter 2), no correction factor was used. The unfumigated samples were also used to quantify
extractable organic C (EOC) (Brant et al., 2006).
Flux measurements. Fluxes were measured daily the first week, three times a week for the

following 2 weeks, then twice a week and finally weekly. To measure CO, and N,O fluxes, the glass
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jars were sealed for approx. 2 hours with lids that allowed the connection to the Innova 1302 photo-
acoustic infrared gas analyser (LumaSense Technologies A/S, Ballerup, Danmark) with two Teflon
tubes. Once CO, measurement was performed, a soda-lime filter was used for N,O measurements to
minimize interferences by CO; (Velthof et al., 2002). Four empty jars (blank) were used to correct
values for background CO, and N,O concentrations. Values were corrected also for mixing of the
gas sample with the previous measurement in the internal volume of the gas analyser. Hourly fluxes
were calculated assuming linear increase of CO, and N,O concentrations over time during the
enclosure period. Cumulative N,O and CO, emissions were calculated assuming linear changes
between subsequent flux measurements. Cumulative N,O fluxes were calculated only for the first 2
weeks of the experiment as after 14 days N,O emissions declined to the background level.
Carbon dioxide precipitation. Vials containing 20 ml of sodium hydroxide (NaOH) 0.25 M were
placed in the 500 ml glass jars to trap CO, and were immediately closed air-tight. During the first
two weeks, the vials with NaOH were removed and immediately replaced by vials with new
trapping solution. In particular, this was done at day 1, 2, 4, 7, 10, 14. Also at day 43, 113, and 142,
other trapping sessions of 96, 120 and 121 hours, respectively, were performed. The duration of the
trapping session was increased by time in order to accumulate enough C needed for mass-
spectrometry analysis. At each trapping session four empty jars containing only the vial with the
trapping solution were used as blank to correct for ambient CO, and carbonate-C present in the
NaOH solution. The CO,-C trapped by the NaOH solution was determined with a TOC/TIC
analyzer (TOC-Vcpn TNM-1, Shimadzu, Kyoto, Japan). The NaOH solution was then used to
precipitate CO,-C as SrCO3 by adding 10 ml of 1 M SrCl, aqueous solution. The NaOH solutions
containing the SrCO; precipitated were then centrifuged 4 times at 3600 rpm for 10 minutes and
washed in between with CO,-free distilled water that was obtained by boiling distilled water for 30
minutes and cooling with a soda-lime protection. After washing, the remaining water was removed
from the vials and the SrCO3; was dried at 105°C (Blagodatskaya et al., 2011). The SrCO3; was
analyzed for §'*C-values with a CF-IRMS (mod. Delta Plus Thermo Fisher, Bermen, Germany). As
for gas monitor flux measurements, hourly fluxes were calculated by assuming linear increase of
CO,-C concentrations over time during the enclosure period and cumulative CO,-C emissions were
calculated by assuming linear changes between subsequent trapping sessions.
Partitioning of Meliaceae derivatives derived- and soil-derived-CO,-C. The following mass balance
equation (Balesdent et al., 1988) was used to correct data from the blank (atmospheric CO, and
carbonates contained in NaOH)

Curt Strt = Ciot Otot = CNaoH ONaoH 1)
where:
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Ciot is the total amount of C present in the NaOH vials placed in jars filled with the amended/control
soils (= Cyt + CnaoH),

St is the 8°C of SrCOs-C precipitated in the NaOH vials placed in the jar filled with the
amended/control soils,

Cytis the total amount of C produced by the amended/control soil (corrected from the blank),

8t is the 8°C of CO,-C produced by the amended/control soil (corrected from the blank),

Chnaon IS the total amount of C present in the NaOH vials placed in the empty jar (blank),

Snaon is the 8*3C of SrCOs-C precipitated in the NaOH vials placed in the empty jar (blank).

Once all data were corrected from the blank, to distinguish native soil derived CO,-C from
derivatives derived CO,-C, the following equation was used:

Cirt Otrt = Csoil Osoil + Cderivative Oderivative

in the form:

Ceerivative = Cirt (Strt - Ssoi)/ (Oderivatives - Osoit) 2
(Cerri et al., 1985; Cheng, 1996; Fu and Cheng, 2002)
where:

Cerivative 1S the CO,-C evolved from the microbial mineralization of the derivative,

Saerivative 18 the 87°C of the CO,-C evolved from the microbial mineralization of the derivative (we
assumed that no fractionation occurred during mineralization of the derivative and we
considered this value to be equal to that determined by the CF-IRMS analysis of the
derivative (Table 4.1)),

Csoil IS the CO,-C evolved from the microbial mineralization of the native soil organic matter.

8soil is the 8*3C of the CO,-C evolved from the control soil.

The CO,-C evolved from the microbial mineralization of the native soil organic matter (Csy) in the
amended soil was then determined as:

Csoil = Cirt — Coerivative

The PE or carbon primed (Cprimed) induced by the addition of the derivates was calculated by
comparing the native soil derived CO,-C from the amended and unamended (control) soils as:

Cprimed = Csoil (@mended soil) — Csoit (control soil)

Statistics. Analysis of variance of mineral-N, microbial biomass C and N and EOC data were

performed as in a factorial design with two factors: treatments (5 levels: control, mineral, neem 5,
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neem 6, melia) and time (7 levels: day 1, 7, 14, 21, 35, 84, 144). When interaction between factors
was significant, 2 standard error of means (SEM) was used as minimum difference between
statistically different values. Analysis of variance of N,O and CO, hourly fluxes was performed
with the repeated measure procedure because measurements were conducted on the same glass jar
throughout the incubation experiment. Cumulative amount of CO,-C, expressed as mg total CO,-C
kg™ or % CO,-C/C added at the end of the incubation period was analyzed with one-way analysis of
variance and the comparison of treatment effects was based on Student-Newman-Keuls test.
Pearson correlation coefficient (r*) was determined to evaluate the relationship between hourly
fluxes of CO,-C determined with NaOH trapping and those determined with the gas monitor in day
1,2, 4,7, 14, 42, 106, 142. Pearson correlation coefficient (r?) was also determined to evaluate the
relationship between cumulative amount of CO,-C mineralized as determined with NaOH trapping
and those determined with the gas monitor at day 1, 2, 4, 7, 14, 42, 106, 142. For these last data,

Pearson correlation coefficient was also determined plotting data of all sampling day together.
4.3 Results

Meliaceae derivatives

The chemical analysis of the Meliaceae derivatives (Table 4.1) reflected the values of the
first characterization (8Table 2.1, Chapter 2) with only slightly differences; in particular, melia
leaves used in this incubation experiment presented a lower N concentration compared to those used
in the first experiment (2.4% vs. 1.9%).

The 5'°C of the derivative ranged between -23.15%o and -30.07%o, typical values of plants
with the C3 pathway of photosynthesis. Among the derivatives neem cake 3 presented the lowest
value of C % and the highest value of §*3C (Table 4.1).

The TG-DTA curves of the derivative are shown in Figure 4.1. The DTA curves of neem
cake 6 and melia leaves were characterized by the presence of two exothermic peaks, while for
neem 5 also a third exothermic peak was detected (Figure 4.1). Moreover, only for this latter
derivative a first mass loss of 14.7 % was detected at around 193 °C. In synthesis, neem cake 5
showed a first exothermic peak at 340 °C with a mass loss of 37.2 %, a second exothermic peak at
464 °C with a mass loss of 24.8 %, and a third exothermic peak at 601 °C with a little mass loss of
2.1 %. For neem cake 6 and melia the first exothermic peak (EXO 1) was found at around 336 °C
and 327 °C, with a mass loss of 50.1 % and 59.7 %, respectively. The second exothermic peak
(EXO 2) was found between 487 °C and 518 °C for neem 6, with a mass loss of 32.6 % and at
around 475 °C for melia leaves, with a mass loss of 27.1 % (Figure 4.1).
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Figure 4.1. TG-DTA curves of neem cake 5, neem cake 6 and melia leaves.
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Incubation experiment

As expected, at the beginning of the incubation study (day 1), the soils treated with
ammonium sulphate presented the highest value of NH;*-N (21 mg N kg™) which decreased to 8
mg NH,"-N kg™ at day 7 (Figure 4.2). The addition of neem cake 6 induced a slight increase of
NH,*-N release after 7 days (around 4.5 mg N kg™*) which was maintained until day 21. For all the
other treatments and until day 35, NH,"-N ranged between 2 and 3 mg N kg™. Thereafter, in all
soils, the concentration was lower than 2 mg N/kg™ (Figure 4.2).

In control soils NOs—N ranged from 17 mg N kg* at day 1, to 23 mg N/kg™ at day 144
(Figure 4.3). As for NH4"-N, also nitrate-N concentrations were significantly higher in mineral soils
compared to all the others (Figure 4.3), this already after 1 day and until the end of the incubation
period, when it resulted of 56 mg NO3z-N kg™. The addition of neem cake 6 did not modify NO3-N
soil concentration at the beginning of the incubation, when values did not result statistically
different from control soils, while after day 35, neem 6 increased NO3-N compared to all the other
treatments except the mineral fertilization. On the contrary, incorporation of melia leaves and
especially of neem cake 5 caused a decrease of nitrate-N until day 35, thereafter, they showed
higher and lower nitrate-N concentration compared to control soil, respectively, but the differences

did not result statistically significant (Figure 4.3).
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Figure 4.2. Effect of soil addition of Meliaceae derivatives and ammonium sulphate on ammonium-
N evolution during the incubation. Interaction time*treatment significant at P<0.001. Minimum

difference between statistically different values (2SEM) = 0.36.
87



(o))
o
]

3 50
)
240
A —f—control
o))
-T‘ 30 Y min
5 =4-melia
Z 20
= —0—neem5
210 —O0—neemb
0 T T T T T
0 30 60 90 120
Days

Figure 4.3. Effect of soil addition of Meliaceae derivatives and ammonium sulphate on NO3-N
evolution during the incubation. Interaction time*treatment significant at P<0.001. Minimum

difference between statistically different values (2SEM) = 3.

At day 1, the three Meliaceae derivatives showed a net immobilization (negative apparent N
mineralization) (Figure 4.4). From day 7 until the end of the incubation period, neem 6 showed a
net mineralization (positive apparent N mineralization) that reached 55% of the applied N at day
144. On the contrary, neem cake 5 always showed a negative apparent N mineralization, whereas
melia leaves, after a first period of immobilization, had a little positive apparent N mineralization
(Figure 4.4). The recovery of mineral-N in soil treated with ammonium sulphate was of 70 % at day
1 and reached value of 95 % at the end of the incubation period (Figure 4.4).

In the first two days, N,O emission was highest in the mineral treatment (Figure 4.5), while
in the following 10 days melia, leaf-treated soil emitted the highest amount of N,O-N, followed by
neem 6 treated soils. After 14 days, N,O-N emissions declined to the background level for all
treatments. Total amount of N,O-N emitted during the first 2 weeks of incubation was 35 ug N kg™,
10 ug N kg™, 5pg N kg™, 2 pg N kgt and 1 pg N kg™ for melia, neem 6, mineral, neem 5 and
control soils, respectively (data not shown).
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Figure 4.4. Net apparent N mineralization of the Meliaceae derivatives during the incubation.

Interaction time*treatment significant at P<0.001. Minimum difference between statistically

different values (2SEM) = 9.59.
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Figure 4.5. Effect of soil addition of Meliaceae derivatives and ammonium sulphate on nitrous
oxide- nitrogen (N2O-N) emission during the incubation. Interaction time*treatment significant at

P<0.001. Minimum difference between statistically different values (2SEM) = 0.037.
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Total amount of C mineralized

Hourly fluxes of CO,-C, as determined with the photo-acoustic infrared gas analyser, are
reported in Figure 4.6. The incorporation of the Meliaceae derivatives caused an immediate release
of CO,-C, that resulted highest in melia and neem 5 treatments, followed by neem 6. After 4 days
from the start of the experiment, hourly CO,-C fluxes decreased in derivatives treated soils,
reaching, after day 25, similar values of control and mineral trated soil that generally presented the
lowest rate of C mineralization. The same trend of hourly fluxes of CO,-C was generally found
using the NaOH trapping solution (Figure 4.7). Data obtained by both methods were well correlated
in the first 43 days, when r ranged between 0.93 of day 1 and 0.83 of day 43 (P<0.001) (data not
tabulated).

Cumulative amount of mineralized C (mg CO,-C kg™ soil) determined by the photo-acoustic
infrared gas analyser are shown in Figures 4.8 and those by NaOH trapping solution in Figure 4.9.
Data determined by the use of the gas-monitor showed that, by the end of the incubation period,
control and mineral soils presented the lowest amount of total C mineralized (161 and 144 mg CO,-
C kg™, respectively), followed by neem 6 (330 mg CO,-C kg™ soil), while neem 5 and melia leaves
induced the highest C mineralization with 620 and 604 mg CO,-C kg™, respectively (Figure 4.8).
These values were generally confirmed by the NaOH determinations (Figure 4.9), except for neem
5 treatment which showed a total amount of C mineralized of 777 mg CO,-C kg™, which resulted,
at the end of the incubation period, significantly higher than that measured in melia leaves treatment
(Figure 4.8). Despite this discrepancy, data of cumulative amount of mineralized-C obtained by the
two methods resulted well correlated in all sampling days (0.93<r<0.96, P<0.001), as also

illustrated in Figure 4.10.
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Figure 4.6. Effect of soil addition of Meliaceae derivatives and ammonium sulphate on hourly
fluxes of C mineralized during the incubation as determined by the gas monitor. Interaction
time*treatment significant at P<0.001. The inset shows the first 20 day trend. Minimum difference
between statistically different values (2SEM) = 0.1047.
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Figure 4.7. Effect of soil addition of Meliaceae derivatives and ammonium sulphate on hourly
fluxes of C mineralized during the incubation as determined by NaOH trapping. Interaction
time*treatment significant at P<0.001. The inset shows the first 20 day trend. Minimum difference

between statistically different values (2SEM) = 0.066.
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Figure 4.8. Effect of soil addition of Meliaceae derivatives and ammonium sulphate on cumulative
C mineralized during the incubation as determined by the gas monitor. At day 143, effect of

treatment significant at P< 0.001.
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Figure 4.9. Effect of soil addition of Meliaceae derivatives and ammonium sulphate on cumulative
C mineralized during the incubation, as determined by NaOH trapping. At day 143, effect of

treatment significant at P< 0.001.
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Figure 4.10. Correlation between data of cumulative CO,-C mineralized obtained with the gas-

monitor and those obtained with the NaOH trapping.

Derivative-C mineralization

The real and apparent cumulative C mineralization of Meliaceae derivatives was calculated
with CO,-C data obtained with the NaOH trapping solution. In particular, apparent C mineralization
was calculated as the difference between total amount of mineralized C in treated soil (Cy) and total
amount of mineralized C in control soil (Ccontrol soit), Whereas real C mineralization was the real
amounts of derivative-C mineralized (Cgerivative) @S determined by *3C natural tracing (Sequation 2).

The apparent mineralization was greater than real mineralization of derivative-C in all cases
(Figure 4.10). By the end of the incubation period, real mineralization of neem 5 and melia leaves
were similar, reaching 40 % of added C, while real mineralization of neem 6 was significantly
lower (22 % of added C).

However, if considering the first day of the incubation period (Table 4.3), neem 5-C was
mineralized faster than melia, and from day 4 until day 14, melia leaf mineralization was higher

than neem 5. Neem 6 mineralization was always the lowest.
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Figure 4.10. Apparent (upper) and real (lower) C mineralization rate of the Meliaceae derivatives

expressed as percent of added C. Effect of tratment significant at P<0.001.

Table 4.3. Real mineralization rate of Meliaceae derivative-C (% of added C) in the first two weeks

of incubation.

Derivative Mineralized-C (% of added C)
Day
1 2 4 7 14
Neem 5 6.0a 70a 105b 14.0b 185hb
Neem 6 10c 10b 6.2¢C 10.6 ¢ 13.8¢
Melia 4.2b 6.6 a 13.7 a 20.6 a 25.6a
significance — — —— N N

*#%: effect of treatment significant at P<0.001
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Native soil-C mineralization and primed C

As shown in Figure 4.11, the incorporation of the Meliaceae derivatives always increased
mineralization of native SOM (positive PE). The surplus of native soil organic C mineralized
compared to unamended control amounted for 193 mg, 241 mg and 45 mg in melia, neem 5 and
neem 6 treated soil, respectively.

At at day 144, the amount of C primed as % of added C was similar for all derivatives.

The incorporation of the derivatives had different impact on the carbon balance of the soil. In
fact, at the end of the incubation period, the amount of C stored in the system was 142 mg kg™, 37
mg kg™ and 47 mg kg™’ after application of neem cake 5, neem cake 6 and melia leaves and
represented 15 %, 10 % and 7 % of added-C, respectively (Figure 4.13).
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Figure 4.11. Effect of soil addition of Meliaceae derivatives on cumulative native soil C

mineralized during the incubation period. At day 143, effect of treatment significant at P< 0.001.
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Figure 4.12. Effect of soil addition of Meliaceae derivatives on cumulative amount of C primed

during the incubation period. At day 143, effect of treatment not significant.

The incorporation of all Meliaceae derivatives immediately increased the amount of EOC,
which, at day 1, resulted highest in neem 5 treated soil (68 mg C kg™), followed by melia (47 mg C
kg™), and by neem 6 (39 mg C kg™) (Figure 4.14). Thereafter, EOC generally decreased with time.

Application of neem 5 and melia leaves caused an immediate increase of microbial biomass
C (Figure 4.15) which already at day 1 resulted higher than control soils. After 7 days, all treated
soils presented a higher microbial biomass C compared to control soils, in the order: neem 5 (54 mg
C kg™ soil ) > mineral (42 mg C kg™ soil) > neem 6 (36 mg C kg™ soil) > melia (32 mg C kg™ soil).
Successively, the values decreased for all treatments, except in the last sampling day and generally
neem 5 presented the highest values.

Incorporation of melia leaves immediatly increased soil microbial biomass N compared to
control soils (Figure 4.16) and, at day 7, also neem 5 presented a higher amount of microbial N
compared to the three other treatments. The values of microbial N generally decreased with time

until day 144 when all treated soils presented a higher amount of microbial N compared to control.
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Figure 4.13. Effect of soil addition of Meliaceae derivatives on the C balance of soil. Percentage are

relative to added-C.
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Figure 4.14. Effect of soil addition of Meliaceae derivatives and ammonium sulphate on K;SO,4
extractable organic C during the incubation experiment. Interaction time*treatment significant at

P<0.001. Minimum difference between statistically different values (2SEM) = 3.63.
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Figure 4.15. Effect of soil addition of Meliaceae derivatives and ammonium sulphate on microbial

biomass C during the incubation experiment. Interaction time*treatment significant at P<0.001.
Minimum difference between statistically different values (2SEM) = 6.45.
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Figure 4.16. Effect of soil addition of Meliaceae derivatives and ammonium sulphate on microbial
biomass N during the incubation experiment. Interaction time*treatment significant at P<0.001.

Minimum difference between statistically different values (2SEM) = 2.44,

4.4 Discussion

Meliaceae derivatives

The differences in the composition of the derivatives between this experiment and the first
incubation study (8Chapter 2), can be explained by the organic nature of the compounds and,
especially regarding melia leaves, by the fact that, although leaves were harvested from the same
seedlings, this was done in different periods. Neem cake 3, the derivatives that in the first
experiment showed the fastest net apparent N mineralization (Figure 2.3, Chapter 2) and, at the
same time, the lowest apparent C mineralization (Figure 2.5, Chapter 2), had the lowest C content
(%) and also the highest (less negative) value of 8*3C, this means that compared to the other
derivatives neem 3 is depleted in *2C (or enriched in 3C), this may be the consequence of a loss of
C, more precisely a loss of ?C during the process by which this by-product is produced or simply a
loss of very labile *2C during a stocking phase. It is known, in fact, that in kinetics reactions the
light isotopes usually react faster than respective heavy isotope, and this differential isotope
behavior is known as fractionation (Fry, 2006). Anyway, this value of §'*C did not allow us to use it

in combination with the C, soil to partition soil derived CO,-C from derivative derived CO,-C.
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The TG-DTA curves of the three derivatives showed different thermal events indicating a
different chemical structure of the derivatives. The first exothermic peak (EXO1), found at around
340 °C, 336 °C and 327 °C for neem 5, neem 6 and melia respectively, is mainly due to the
breaking up of labile compounds such as aliphatic and/or alicyclic structures, especially
polysaccharides and proteins; therefore, in the case of plant material, water soluble compounds,
hemicellulose and cellulose are all included in this exothermic reaction (Reh et al., 1990; Kosheleva
and Trofimov, 2008). These compounds are supposed to account for 37 %, 50 % 59 % of neem 5,
neem 6 and melia mass, respectively. The second exothermic peak (EXO2), found at around 464
°C, 518 °C and 475 °C for neem 5, neem 6 and melia, respectively, was due to the oxidation of
more thermostable compounds such as aromatic rings. In this exothermic reaction lignin is assumed
to break up (Flaig et al., 1975; Rovira and Vallejo, 2000). These compounds accounted for 25 %,
33% and 27 % in neem 5, neem 6 and melia mass, respectively.

The mass loss of 14.7 % detected at 193 °C only for neem cake 5 indicates the presence, in
this derivative, of very labile and easily degradable compounds. In addition, the final mass loss of 2
% detected at 600 °C is indicative of the presence of thermally resistant organic compounds as

hydrocarbons, esters, fatty acids, wax and aromatic and cyclic compounds (Bianchi, 1995).

Nitrogen mineralization

Data on mineral N confirmed the results of the first experiment, in fact neem cake 6 (C:N
12) showed a first short period of immobilization, then a peak of release of ammonium after 7 days
as in the first experiment and a net positive apparent N mineralization of 55 % (vs. 22 % in the first
experiment). Melia leaves and, in particular, neem cake 5 showed N immobilization as previously
found and after 84 days net apparent mineralization resulted of 17 % and -10 %, respectively,
percentage comparable to those of the first experiment (20 % and -13 %, respectively, § Chapter 2).
The immobilization of N after the addition of melia leaves and neem 5 was confirmed by the values
of microbial biomass N which resulted increased at the beginning of the incubation study in these
two treated soils compared to the control.

The values of apparent N mineralization were not corrected for N,O-N losses because these
were irrelevant compared to the amount of mineral N found in soil. On the contrary, Velthof et al.
(2000), in their experiment on 10 different crop residues added to a sandy and a clay soil, with and
without additional nitrate, found that in the sandy soil total N,O emission from wheat, maize and
barley (crop with low mineralizable N content (<10%) and high C:N ratio) were not significantly
different from the control, while total N,O emission from white cabbage, brussels sprouts, mustard,
sugar beet residues and broccoli [crop with high amounts of mineralizable N (> 60% of total N) and

100



small C:N ratios (<20)] ranged from 0.13 to 14.6 % of the amount of N added as residue and were
higher with additional NO3z™ than without additional NO3z". They found similar effects of crop
residue in the clay soil, where less than 1 % of the residue N evolved as N,O. In our study, only the
incorporation of melia leaves and, with a lower extent, neem 6 increased N,O emissions compared
to the control. In the former case, a local depletion of O, after the application of 4.4 g kg™* of fw
melia leaves may have increased N,O emission despite the lower presence of mineral N compared
to control and neem 6 treated soils. In any case, the total amount of N,O emitted was very low.

Total carbon mineralization

Data of CO,-C emissions obtained with the two methods were generally well correlated, in
agreement with Alavoine et al. (2008), who compared C decomposition of crop residues and agro-
industrial effluent in a highly calcareous (CaCO3; = 65.7 %) and in a loamy soil using three different
methods. A static soil incubation method with an alkali trap as the one described in our experiment,
and two cylinder methods (CM): a static CM where CO, fluxes were measured with an alkali trap
and a dynamic CM where CO, fluxes were measured with an infrared gas analyser. Carbon dioxide
emission fluxes obtained from the three methods were in good agreement and significantly
correlated for both soils, nevertheless the static methods tended to overestimate CO, emissions for
the highly calcareous soil (Alavoine et al., 2008). Also in our experiment CO; fluxes resulted higher
when measured with the alkali trap, but this contrasts with numerous other studies that highlighted
underestimations of CO, fluxes with the static method. Alavoine and co-workers (2008) attributed
this discrepancy to the displacement of the carbonate-bicarbonate equilibrium of alkaline soil that
might have led to excess CO, production. However the soil of our experiment was not highly
calcareous, moreover the discrepancy between the two methods was found only for neem 5
treatment and not for the others. We believe that in our case, the underestimation of CO, fluxes
when determined by the photo-acoustic infrared gas analyser was probably due to a saturation of
CO; in the headspace of the jars during the 2 hour enclosure, especially at the beginning of the
incubation study when CO, fluxes were high (>2.5 mg C kg™ h™). In this situation, the amount of
CO, accumulated inside the jars could have inhibited the production of further CO,, event that did
not happen in the static method where all CO; produced was ‘removed’ from the gas headspace by
the NaOH trap.
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Derivative-, soil-C mineralization and primed-C

The natural *C abundance method showed differences between the apparent and the real C
mineralization of the derivatives. In particular, apparent C mineralization was greater than real
mineralization indicating a stimulation of native SOM mineralization.

At the beginning of the incubation period neem 5 mineralized faster than melia leaves and neem 6,
indicating the presence of a labile component that rapidly (within 1 day) exhausted, this is in
agreement with TG-DTA analysis, as previously reported.

The addition of ammonium sulphate did not modify SOM mineralization, confirming the
results of Guenet et al. (2010), who found that adding NH4sNO3 (85.4 mg kg™) to the soil did not
trigger any change in SOM mineralization compared to the control.

On the contrary, soil incorporation of all the Meliaceae derivatives increased mineralization
of native SOM. In particular, in neem 5-treated soil, C primed resulted higher than in melia and
particularly neem 6-treated soil, where primed C always resulted the lowest. However, the amount
of C primed is reported to the amount of C added, no difference among derivatives can be detected.
This may indicate that there is a linear relationship between priming effect intensity and the amount
of C added, as already reported by Mary et al. (1993) who found a positive PE proportional to C
supply (100 and 450 mg C kg™ soil) for glucose, roots and root exudates in a 6-month incubation
study. This is apparently in contrast with Guenet et al. (2010) who found that PE intensity did not
increase proportionally with the supply of 1.5, 2.2 and 3.2 g straw-C kg™ soil. However, in our case,
the C supply by the three derivatives was different both in term of amount and quality, not allowing
to define the real relationship between PE intensity and amount of C added.

We are aware that the amounts of primed-C reported in this study probably are
overestimated as in our calculations we considered that PEs were always real and not apparent.
However, the initial flush of extra CO, occurring in the first days can reflect accelerated turnover or
pool substitution in microbial biomass (apparent PE) (Kuzyakov, 2010) and should not be
accounted as extra-soil OM mineralization (real PE). For a more correct picture of PE, the
separation of the real from the apparent PE should be performed. However, according to Fontaine et
al. (2011) the nature of incorporated fresh C (soluble or polymerized) seems to determine the type
of substrate utilization by microbes (microbial turnover or production of SOM degrading enzymes).
These authors support the hypothesis that apparent PE is generally observed with the supply of
soluble C (sugars) with mineral nutrients, whereas real PE is observed with the supply of
polymerized C like cellulose and ryegrass. The derivatives studied in this experiment can be

considered as ‘polymerized’, thus supporting the real nature of the PE observed.
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Chapter 5

Conclusions

The Meliaceae derivatives resulted different in term of mineral composition and chemical
structure. They also showed different dynamics of N mineralization. The biochemical quality that
best predicted N release was the C:N ratio and, partially, its N concentration. Carbon concentration
did not result effective in controlling the N mineralization, except immediately after the amendment
application. Generally, the derivatives with a C:N ratio higher than 21 caused net N immobilization,
whereas the derivatives with a C:N ratio lower than 16 caused net N mineralization. As a
consequence the latter can be used when a fast availability of mineral N is required, while the
former are recommended to reduce the risk of nitrate-N leaching.

Soil incorporation of all Meliaceae derivatives always increased soil microbial biomass C,
thus resulting a source of C for the soil microbial population. However, our results did not provide
information on changes in the microbial community composition, topic that certainly deserve
further investigations.

Some Meliaceae derivatives, in particular those with higher N concentration, had a positive
effect on plant growth, probably as a result of a general higher nutrient availability for plants. In
these sense, N, P and K resulted the nutrients more available after soil application of derivatives.

Although some Meliaceae derivatives caused N immobilization in the incubation studies,
they did not reduce plant growth, rather they induced a positive effect on root N, and increased
chlorophyll content of GF677 plant leaves, thus confirming that plant-soil interactions should
always be included in studies of SOM dynamics and consequent nutrient release.

The N isotope technique showed that one month after the fertilization, N derived from
melia leaves was already available to plants. At the end of the growing season, about 7% of N
added as melia leaves was recovered in plant, while 70% of it was still present in soil, almost all in
the organic form, thus representing a potential source of N for the following vegetative seasons. The
remaining 20% of melia derived-N resulted lost out of the plant-soil system, probably by leaching
and/or gaseous emissions.

Despite its low sensitivity, due to the relatively low difference in §*3C value between soil
CO,-C and derivative CO,-C, the natural **C abundance method allowed the separation, in the
amended soil, of the two CO,-C sources, thus permitting the quantification of the priming effect

induced by the Meliaceae derivatives and their real C mineralization.
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In particular, the real C mineralization differed with the derivatives and ranged between 22
% and 40 % of added-C. All the derivatives studied induced a positive priming effect. The amount
of C primed, 144 days after the amendment, corresponded to approximately 26 % of added-C, for
all the derivatives. Despite this substantial priming effect, the C balance of the soil, 144 days after

the amendment, always resulted positive.
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