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Summary
The use of organic residues as amendments to improve soil organic matter level and long

term soil fertility is gaining importance due to their potential for improving soil health
and productivity. Conversion of crop residues in order to ameliorate soil characteristics
depends on their quality and maturity, which in turn depends upon the composition of the
initial materias. In developing countries, most crop residues are used as animal feed,
housing materials and fuel woods or burnt to ease the preparation for the next crop or for
disease and insect control. As has been repeatedly pointed out, burning needs to be
discouraged, because it destroys a major part of organic matter with a simultaneous loss
of the volatile elements such as nitrogen and sulfur, and should be avoided unless
absolutely necessary for pest control. In the Sudan agricultural residues are wasted
annualy at the end of each growing season; cotton residues in particular are annually
burnt in order to prevent the spread of bacterial blight which causes 35% losses of

productivity of the following season.

This study was done in two parts; laboratory and green house experiment which was
implemented in the Department of Crop Sciences, University of Goettingen, Germany,
and the second part was in the Faculty of Agriculture, University of Khartoum, Sudan.
Different experiments were carried out; evaluation of the decomposition of cotton
residues under composting and vermicomposting and phytoxicity bioassay test to
evauate finished compost and vermicompost suitability for agricultural applications was
also conducted. Results of these experiments led to a pot trial to investigate ryegrass
nutrients uptake. Simultaneously, a nitrogen incubation experiment was conducted to
evauate the rate of the mineralized nitrogen from compost and vermicompost. In
attempts to find an aternative to the burning of cotton residues, an experiment was
conducted to study the efficacy of composting and vermicomposting to lessen the colony

forming units of the cotton bacteria blight.

For this work, cotton residues were collected from farms located in El-Gazira Irrigated
Farming Systems (El-Gazira State, Sudan) while soil samples were collected from the
surface (0-30 cm) of Shambat soil. The farm yard manure (FYM) was gathered from a

farm near the Faculty of Agriculture- University of Khartoum, Shambat, Sudan, for the



work carried out in Sudan; and from the Institute of Animal Husbandry, University of

Goettingen, Germany, for the experiment conducted in Germany.

Periodic samples analysis was carried out where total carbon and total nitrogen were
determined by dry combustion on an elemental analyzer, while ammonium and nitrate
concentrations were conducted on fresh samples using micro-Kjeldahl distillation
methods and the mineral nitrogen was calculated as addition of ammonium and nitrate.
Phosphorus was anayzed following the molybdate blue complex method and then
measured spectrophotometrically. While the electrical conductivity and pH were
determined in a suspension of 1:10 (w/v) compost: water ratio. Some macro and micro

nutrients were measured according to a method using pressure digestion system.

Different studies have been conducted in University of Goettingen, Germany. The first
study characterized the composted and vermicomposted cotton residues for their
chemical composition and agronomic value and aimed to (1) monitor chemica changes
during composting and vermicomposting of cotton residues, (2) to elaborate and correlate
the results of the chemical changes with the data of the bioassays performed on plants
and (3) to determine quality parameters that best describe finished composts and

vermicomposts.

The results of this part showed that analyses of the compost and vermicompost have
shown a broad variation in pH, total N, total C, C:N ratio, EC, and mineral contents. The
finished compost and vermicompost values of the C:N (15.4 and 15.2 for compost and
vermicompost, respectively), pH (6.6 for compost and 7.9 for vermicompost) and EC
(2.96 dSm™ and 1.62 dS m™ for compost and vermicompost, respectively) are within the
common ranges advised for the mature materials (C:N 15-20; pH 5.5-8.0; EC 4 dS m™)
except for the value NH4-N:NOs-N (1.57) of the finished compost which is far above the
advised vaue (0.16) while the value of the finished vermicompost (0.1) is below the
threshold value.

A correlation between NHz-N, NOs-N, EC, C:N, and pH were conducted. For
vermicompost, the correlation coefficients between C:N ratio and NH4-N, NOs-N, pH
and EC were r =0.86 (P <0.01), -0.79 (P <0.01), 0.91 (P <0.01) and -0.77 (P <0.01),



respectively. Ammonium-N concentration was well correlated to NO3-N (r =-0.95, P
<0.01). The negative correlation between NHz-N and NOs-N indicated that material
underwent active biological decomposition; this result was supported with the value of
NH4-N:NOs-N ratio. The significant negative correlation between C:N ratio and NO3z-N
(r =-0.79, P <0.01) and C:N and NH4-N mirrored the trend of vermicomposting. For the
compost; the correlation coefficients between C:N ratio and NH4-N, NOs-N, pH and EC
werer =0.88 (P <0.01), 0.94 (P <0.01), 0.59 (P =0.02) and -0.72 (P <0.01), respectively.
Ammonium-N concentration was also well correlated with NOs-N (r =0.80, P <0.01).
This study further suggested that the reduction in C:N ratio with time can be taken as a
reliable parameter to mirror the progress in decomposition especially when combined
with NH4-N, NOs-N, pH, and EC for vermicompost and with NH4-N, pH, and EC for
compost.

Organic materials may exert harmful effect on plants or germinating seeds, therefore,
phytotoxicity bioassay test as an important indicator of their quality was conducted
aming at evaluating the toxicity and suitability of the finished composts and
vermicomposts from cotton residues on the germination of cress seed. The effects of
water extracts of different substrates were investigated where germinated seeds were
counted and primary root length of cress (Lepidium sativum L.) was measured.
Germination indexes obtained for vermicompost (>80%) are greater than the values
advised for the mature compost (>70%) while compost (>50%) did not attain it. Results
of this work showed that finished vermicompost performed best in cress bioassay and
could be considered mature while compost did show adverse effects on seed germination

and may need more time to be processed.

The evaluation of the finished compost and vermicompost facilitated its application as a
constituent of pot materials for the ryegrass growth. A simultaneous nitrogen
mineralization incubation experiment under laboratory conditions was conducted in order
to evaluate compost and vermicompost N release and also to predict the long term effect
of their application. Both parts aimed at determining the performance of compost and
vermicompost for plant growth after single application, testing the reliability of the N fate

predicted by incubation experiment, and assessing potentially mineralizable nitrogen



from compost and vermicompost. In order to reach those aims, a pot experiment was
conducted in a greenhouse at the Department of Crop Sciences - Georg-August
University, Gottingen under natural lighting and ambient temperature. Compost and
vermicompost corresponded to 4 and 8 g N pot™ were used, respectively. Finished
compost and vermicompost used in the pot experiment have been incubated to study the

N mineralization.

Data from the pot experiment showed that, for both rates of compost and vermicompost,
biomass yields declined sharply after the second harvest and the significant differences
(P <0.05) was only calculated for the first, second, and the last harvests. The biomass of
the first and the last harvests of the pots amended with vermicompost corresponded to 4 g
N pot™* (VER1) were 1.4 and 0.1 g kg, respectively, while the ryegrass biomass sown on
pots amended with vermicompost corresponded to 8 g N pot™ (VER2) were 0.8 g kg™ for
the first harvest and 0.2 g kg™ for the last one. While the results from pots amended with
compost corresponded to 4 g N pot™ (CPF1) were 1.8 and 0.1 g kg™, respectively,
ryegrass biomass sown on pots amended with compost corresponded to 8 g N pot™
(CPF2) were 1.4 g kg™ for the first harvest and 0.3 g kg™ for the last one. Observed
reduction in biomass in al pots amended with compost or vermicompost at 30 days
onwards, seems to be the result of an extreme shortage of available N to the ryegrass
especialy for pots amended with vermicompost. This suggestion was pronounced in the
vermicompost and was further supported by the visual signsof N deficiency (chlorosis).

Results also showed that for both compost and vermicompost amended pots, total N of
ryegrass followed the trend observed in the biomass where the higher N content was
observed at the first harvest and the lowest at the last one. The ranges of N content of the
compost rates were 6.1-6.4% and 2.4-2.9% for harvest a 10 days and 70 days,
respectively. While the ranges of the vermicomposted amended pots were 3.7-4.0% for
the harvest at 10 days and 1.9-2.1% for the harvest at 70 days. For most of the harvests,
the N content of ryegrass grown on pots amended with compost are within the sufficiency
levels (3-4.2%) of N for the normal growth while the only values of the vermicompost
amended pots that felt within this range were confined to harvest at 10, 60 and 70 days.



However, the efficiency of crop N uptake was low (> 80% of N was not utilized by the

crop).

Results of the N incubation experiment showed that maximum and minimum values of
total mineral N varied between the compost and vermicompost application rates.
Accordingly, values were found to range from 9.41 to 44.0 mg N kg* for the
vermicompost corresponding to 4 g N pot® (VER1), 13.2 to 51.0 mg N kg* for
vermicompost corresponding to 8 g N pot™ (VER?2), 7.2 to 27.4 mg N kg™ for compost
corresponding to 4 g N pot* (CPF1), and 4.2 to 460 mg N kg* for compost
corresponding to 8 g N pot™ (CPF2).

Net N mineraization at the end of the incubation period was significantly (P <0.001)
different between compost and vermicompost and their application rates. Soils amended
with vermicompost corresponding to 4 g N pot™ (VERL), vermicompost corresponding to
8 g N pot™ (VER2), and compost corresponding to 8 g N pot™ (CPF2) resulted in net N
mineralization approximately double that that reported for soils amended with compost
corresponding to 4 g N pot™* (CPF1). However, results of the N incubation experiment
gave genera indications of N availability for crops and suggested that application of
composted and vermicomposted cotton residues for a period longer than three weeks

before sowing the subsequent crops may subject N to |osses.

In order to find an alternative of burning cotton residues, part of this work aso
investigated the efficacy of compost and vermicompost to suppress bacterial blight.
Infected cotton residues was collected and processed under composting and
vermicomposting. Fresh samples were monthly collected and cultured in a semi-selective
media following the serial dilution method. Pathogen numbers was counted as colony
forming units per fresh weight after 3-4 days incubation under optimum conditions.

Results showed that the reduction in the pathogen population (calculated as the difference
between pathogen population in the compost and the control) considerably varied. For the
compost, the values were < 2% after 30 days, > 40% after 60 days and around 38% after
150 days of decomposition. While for the vermicompost, the reductions were > 10% after
30 days, > 22% after 60 and > 88% for samples taken at 150 days. The results also
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showed that the highest pathogens number was found during the first sampling date and
consequently decreased with time (r = 0.71; P < 0.0001). This study concluded that both
composting and vermicomposting succeeded to mitigate colony forming units (CFU g
fresh material™) of the pathogens and proposed them as possible processes to manage the

infected cotton residues instead of burning.

Overal, the study (1) proposed that composting and vermicomposting can be used as
possible processes to manage the infected cotton residues instead of burning, (2)
suggested that the reduction in C:N ratio with time can be taken as areliable parameter to
mirror the progress in decomposition especially when combined with NH4-N, NOs-N,
pH, and EC for vermicomposting and while with NH4-N, pH, and EC for composting, (3)
recommended that 240 ton ha* of the finished compost and vermicompost can be applied
for agricultural purposes. Additionaly, this work suggested simple and practical
procedures for composting and vermicomposting of the organic wastes that can
constructed from local materials and method to rear earthworms for vermicomposting

and different other purposes.
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Zusammenfassung

Der Einsatz von organischen Reststoffen zum Anheben oder Stabilisieren des
Humusgehaltes als auch um langfristig die Bodenfruchtbarkeit zu verbessern, hat
zunehmend an Bedeutung zur Verbesserung der Gesundheit des Bodens und der
Bodenproduktivitét gewonnen. Die Umwandlung von Erntertickstanden, um
Bodeneigenschaften zu verbessern, hangt von der Qualité und dem Zustand der Stoffe
ab, diese hadngen wiederum von der Zusammensetzung des Ausgangsmaterials ab. In
Entwicklungsléandern werden die meisten Ernterticksténde als Tierfutter oder auch als
Baumaterial genutzt, viele werden auch as Ersatzbrennstoff fir Holz genutzt; zur
Vorbereitung des Bodens zur ndchsten Ernte oder zur Bekdmpfung von
Pflanzenkrankheiten und Schadinsekten werden die Reststoffe oftmals verbrannt.

Vom Brennen muss abgeraten werden, da die organische Substanz verloren geht und
gleichzeitig ein Verlust der flichtigen Elemente wie Stickstoff und Schwefel erfolgt, nur
bei einer absoluten Notwendigkeit zur Schadlingsbekdmpfung sollten die Reststoffe
verbrannt werden. Im Sudan werden jdhrlich am Ende eines jeden Vegetationsperiode
landwirtschaftliche Reststoffe vernichtet; insbesondere Baumwollriicksténde werden
jahrlich verbrannt, um die Ausbreitung von Bakterien und der Knollenfaule, die 35%

Verluste in der nachfolgenden Saison verursacht, zu verhindern.

Diese Studie wurde in zwel Teilen durchgefthrt, ein Labor- und Gewéachshaus-
Experiment am Department fur Nutzpflanzenwissenschaften der Universitét Gottingen,
Deutschland, ein zweites Experiment an der Fakultét fur Landwirtschaft der Universitét
Khartoum, Sudan. Verschiedene Versuche wurden durchgefihrt: Auswertung von
Kompostierungsversuchen  der  Baumwollrickstéande, as regulére, normae
Kompostierung und as Vermikompostierung (Zusatz von Regenwlrmer) und ein
Phytoxizitéts-Bioassay-Test des fertigen Komposts und Vermikomposts, um ihre
Eignung fur landwirtschaftliche Anwendungen zu prifen. Die Ergebnisse dieser
Experimente fuhrten zu einem Gefélversuch, in mit Weidelgras die Néahrstoffaufnahme
untersucht wurde. Gleichzeitig wurde ein Stickstoff-1nkubati onsexperiment durchgefihrt,
umn die Rate des mineraisierten Stickstoffs aus Kompost und Vermikompost zu

bewerten. Bei dem Versuch, eine Alternative zur Verbrennung von Baumwollstroh zu
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finden, wurde auch ein Experiment (Anzahl der Kolonie bildenden Einheiten von
Mikroorgansimen) durchgefiihrt, welches die Wirksamkeit der Kompostierung und

Vermikompostierung auf die bakterielle Braunfaule der Baumwolle Uberpriften sollte.

Fur diese Arbeit wurde Baumwollstroh aus den landwirtschaftlichen Betrieben der El-
Gazira Bewasserungslandwirtschaft (El-Gazira State, Sudan) genommen, Bodenproben
wurden aus dem Oberboden (0-30 cm) des Shambat Boden gezogen. Fur die
experimentellen Arbeiten im Sudan wurde Stallmist (FYM) aus einer Farm in der Néhe
der Fakultdt for Landwirtschaft, Universitéé Khartoum, Shambat, genutzt; aus dem
Ingtitut for Tierzucht, Universitdt Gottingen, Deutschland, wurde FYM fir die

Experimente in Gottingen genutzt.

Eine regelméiige Analyse der Kompostierungsvorgange erfolgte durch Gesamt-C und
Gesamt-N (trockene Verbrennung mittels einem Elementaranaysator) Bestimmungen;,
Ammonium- und Nitrat-Gehalte der feldfeucht gezogenen Proben erfolgte mittels Mikro-
Kjeldahl Destillationsverfahren, die Summe bildete den mineralischen Stickstoff.
Phosphor wurde nach der Molybdat-Blau-Komplex-Methode bestimmt  und
spektrophotometrisch gemessen. In einem Extrakt im Wasser-Kompost-Verhdtnis 10:1
wurde die elektrische Leitfahigkeit und der pH-Wert bestimmt. Einige Makro- und
Mikronahrstoffe wurden in einem Verfahren unter Verwendung eines Druckaufschlusses

gemessen.

V erschiedene Studien wurden an der Universitdt Gottingen durchgefuhrt. Die erste Studie
charakterisiert das kompostierte und vermikompostierte Baumwollstroh auf seine
chemische Zusammensetzung und seinen agronomischen Wert und zielte darauf ab, (1)
die chemischen Veradnderungen wahrend der Kompostierung und Vermikompostierung
aus Baumwollstroh zu bestimmen; und (2) die Ergebnisse der chemischen
Veranderungen mit den Daten des Bioassays-Tests zu korrelieren und (3) um die Qualitét
Parameter, die am besten einen fertigen Kompost und Vermikompost beschreiben, zu

bestimmen.

Die Ergebnisse dieses Tells zeigten, dass die Analysen des Komposts und des

Vermikomposts eine breite Variation im pH-Wert, Gesamt-N, Gesamt-C, C/N-
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Verhdltnis, elketrische Leitfahigkeit (EC) und Mineralstoffgehalt aufweisen. Der fertige
Kompost und Vermikompost zeigte folgende Werte des C/N-Verhdtnis: 15,4 und 15,2
fir Kompost und Vermikompost; pH 6,6 fur Kompost und 7,9 fur Vermikompost und
eine elektrische Leitfahigkeit (EC) von 2,96 dS m™ und 1,62 dS m™ fir Kompost und
Vermikompost, welches Ubliche Bereiche fir reife Komposte sind (C/N: 15-20; pH: 5,5
8,0; EC: 4 dS m™) mit Ausnahme der Werte NH4-N/NO3-N (1,57) der fertigen Komposte,
die weit Uber den empfohlenen Wert (0,16) liegen, wéahrend der Wert des fertigen
Vermikompost (0,1) unter dem Grenzwert liegt.

Eine Korrelation zwischen NH4-N, NOs-N, EC, C:N, und pH wurde durchgeftihrt. Fur
den Vermikompost lagen die Korrelationskoeffizienten zwischen C/N-Verhdltnis und
NH4-N, NOs-N, pH und EC mit r = 0,86 bei (P <0,01), -0,79 (P <0,01), 0,91 (P <0,01)
und -0,77 (P <0,01). Die NH4-N-Konzentration war eng zum NO3-N korreliert (r =- 0,95,
P <0,01). Die negative Korrelation zwischen NH4-N und NO3s-N deutet darauf hin, dass
das Materia einer aktiven biologischen Zersetzung unterlag; dieses Ergebnis wurde mit
dem NH4-N/NOs-N-Verhdtnis bestétigt. Die signifikante negative Korrelation zwischen
dem C/N-Verhdtnis und dem NOs-N Wert (r =- 0,79, P <0,01), dem C/N-Verhdtnis und
dem NH4-N Wert gibt die Tendenz der Vermikompostierung wieder. Fir den Kompost
lagen die Korrelationskoeffizienten zwischen C/N-Verhdtnis und NH4-N, NOs-N, pH
und EC mit r = 0,88 bel (P <0,01), 0,94 (P <0,01), 0,59 (P = 0,02) und -0,72 (P <0,01).
Die NH4-N-Konzentration war gut mit dem NOs-N Wert korreliert (r = 0,80, P <0,01).
Diese Ergebnisse zeigen, dal3 die Reduktion im C/N-Verhdltnis in der Zeit as ein
zuverldssiger Parameter genommen werden kann, um den Fortschritt der Zersetzung
darzustellen, wenn sie mit den Daten fir NH4-N, NOs-N, pH und EC fir den
Vermikompost und mit den Daten NHz-N, pH und EC fir den Kompost kombiniert

werden.

Organische Materialien konnen schadliche Auswirkungen auf Pflanzen oder keimenden
Samen auslben, daher wurde ein Phytotoxizitéts-Bioassay-Test als ein wichtiger
Indikator fur die Qualitét durchgefihrt, Ziel war es, eine Bewertung der Toxizité und
eine Eignung des fertigen Komposts und Vermikomposts aus Baumwollstroh auf die

Keimung von Kressesamen zu erhalten. Die Auswirkungen von Wasser-Extrakten
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verschiedener Substrate wurden untersucht, wobei die gekeimten Samen ausgezahlt und
die Lange der Hauptwurzel der Kresse (Lepidium sativum L.) gemessen wurde. Die
Indizes der Keimung fur Vermikompost (> 80%) sind gréf3er as empfohlene Werte fir
reife Komposte (> 70%), wahrend der Kompost (> 50%) diese Werte nicht erzielte. Die
Ergebnisse dieser Arbeiten zeigten, dass fertige Vermikomposte am besten in diesem
Kresse Bioassay Test abschnitten und as ,,reife Komposte* betrachtet werden kdnnen,
wéhrend der Kompost negative Auswirkungen auf die Keimung der Samen zeigte, also

noch nicht ,,reif* war.

Die Bewertung der fertigen Komposte und Vermikomposte erfolgte in einem
Geféversuch mit Waeldelgras. Ein gleichzeitiges Inkubations-Experiment  zur
Stickstoffmineralisierung  erfolgte  unter Laborbedingungen, um Kompost und
Vermikompost in ihrer N-Freisetzung zu bewerten und auch die langfristigen
Auswirkungen ihrer Anwendung vorherzusagen. Beide Experimente dienten zur
Bestimmung der Leistung von Kompost und Vermikompost auf das Pflanzenwachstum
nach einmaliger Anwendung, die Prifung der Zuverldssigkeit des N-Schicksals erfolgte
durch das Inkubations-Experiment zur Beurteilung des potenziell mineralisierbaren
Stickstoffs. Der Geféaldversuch erfolgte unter natlrlichen Lichtbedingungen und der
Umgebungstemperatur. Um dieses zu ereichen, wurde der Gefalversuch im
Gewachshaus des Departments fur Nutzpflanzenwissenschaften durchgefiihrt. Kompost
und Vermikompost entsprachen einer 4 g und 8 g N-Gabe pro Topf. Der Kompost und

Vermikompost des Geféldversuches wurde auch zur Inkubation genutzt.

Daten aus dem Gefél3versuch zeigten, dass sowohl in den Kompost as auch
Vermikompost gediingten Gefassen die Biomasseertrage nach der zweiten Ernte stark
zurtickgingen, signifikante Unterschiede (P <0,05) wurde nur fir die erste, zweite und
letzte Ernte bestimmt. Die Biomasse der ersten und der letzten Ernten der Topfe mit
Vermikompost in der 4 g N/Topf Variante (VER1) entsprachen 1,4 und 0,1 g kg,
wahrend die Weidelgrasertrage im Vermikompostversuch 8 g N/Topf (VER2) 0,8 g kg™
fur die erste Ernte und 0,2 g kg™ ergaben., jeweils Weidelgras Biomasse auf Topfen
ausgesat mit Kompost entsprach geandert 8 g N pot™ (CPF2) waren 1,4 g kg™ bei der
ersten Ernte und 0,3 g kg™ fir die letzte. Der beobachtete Riickgang der Biomasse in
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allen Topfen mit Kompost oder Vermikompost nach 30 Tagen scheint das Ergebnis einer
extremen Verknappung des verfiigbaren N zum Weidelgraswuchs sein, besonders in den
Gefdlien, die mit dem Vermikompost gediingt wurden. Dieses wurde durch die sichtbaren
Zeichen des N-Mangels (Chlorose) unterstiitzt.

Die Ergebnisse zeigten auch, dass sowohl fir Kompost und Vermikompost Varianten die
Gesamt-N Gehalte des Weidelgrases dem Trend in der Biomasse folgten, wo die hdheren
N-Gehalte in ersten Ernte beobachtet wurden und die niedrigsten in der letzten. Die N-
Gehalte waren je nach Kompostgaben 6,1-6,4% fir die Ernte nach 10 Tagen und 2,4-
2,9% fur die Ernte nach 70 Tagen. Die N-Gehalte in den Vermikompost gediingten
Varianten lagen bel 3,7-4,0% fur die Ernte nach 10 Tagen und 1,9-2,1% fir die Ernte
nach 70 Tagen. Die N-Gehalte des Weldelgrases der Kompost-Variante lag innerhalb der
ausreichenden Versorgung (3-4,2%) N fur ein normaes Wachstum, wéhrend die Werte
der Vermikompost gediingten Varianten diesem Bereich nur zur Ernte nach 10, 60 und 70
Tagen erflllten. Die Effizienz der N-Aufnahme war gering (>80% der N wurde nicht

durch die Ernte genutzt).

Die Ergebnisse des N-Inkubations-Experiment zeigte, dass die Hochst-und Mindestwerte
des mineralischen N zwischen den Kompost- und Vermikompost-Aufwandmengen
variierten. Dementsprechend betrugen die Werte fur die4 g N Variante VER1 9,41 bis 44
mg N kg*; 13,2 bis 51,0 mg N kg™ fiir die Vermikompost-Variante 8 g N Topf™* (VER2),
7,2 bis 27,4 mg N kg™ fur die Kompost-Variante, entsprechend 4 g N Topf™ (CPF1) und
4,2 bis 46,0 mg N kg™ firr die Kompost-Variante entsprechend 8 g N Topf ™ (CPF2).

Die Netto-N-Mineralisierung am Ende der Inkubationszeit war signifikant (P <0,001)
zwischen den Kompost- und Vermikompost — Varianten und deren Aufwandmengen. Die
Boden, die mit Vermikompost entsprechend 4 g N Topf! (VER1), Vermikompost
entsprechend 8 g N Topf* (VER2) und Kompost entsprechend 8 g N Topf* (CPF2)
behandelt wurden, erfuhren eine Netto-N-Mineralisierung, die etwa doppelt so hoch war
als bei Boden mit Kompost entsprechend 4 g N Topf™ (CPF1). Allerdings gab Ergebnisse
der N Inkubationsexperiment allgemeine Hinweise auf N-Verfugbarkeit fir Nutzpflanzen

und schlug vor, dass Anwendung von Kompost und vermicomposted Baumwolle
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Rickstande fur einen Zeitraum von mehr as drei Wochen vor der Aussaat die

nachfolgenden Kulturen unterwerfen N, um Verluste knnen.

Um eine Alternative zum Verbrennen des Baumwollstrohs zu finden, befasste sich ein
Tell dieser Arbeit mit der Wirksamkeit von Kompost und Vermikompost zur
Unterdriickung der bakteriellen Braunféule. Infizierte Baumwolle-Ricksténde wurden
gesammelt und einer Kompostierung und Vermikompostierung unterzogen. Proben aus
den Kompostierungen wurden monatlich gesammelt und in einem semi-selektiven
Medium nach der Verdiunnungsreihe Methode kultiviert. Die Pathogenitdt wurde als
,»Kolonie-bildende-Einheit* pro Gewicht der frischen Probe nach 3-4 Tagen Inkubation

unter optimalen Bedingungen ausgezahlt und gewertet.

Die Ergebnisse zeigten, dass die Reduzierung der Erreger (berechnet als Differenz
zwischen der Pathogenitét in den Komposten und der Kontrolle) erheblich variierte. Fur
den Kompost betrugen die Werte <2% nach 30 Tagen, > 40% nach 60 Tagen und rund
38% nach 150 Tagen der Zersetzung. Wahrend fur den Vermikompost die Reduzierungen
> 10% nach 30 Tagen, > 22% nach 60 und > 88% fir Proben bei 150 Tagen betrugen.
Die Ergebnisse zeigten auch, dass die hochste Zahl Erreger wéahrend der ersten
Probenahme gefunden wurde und mit der Zeit abnahmen (r = 0,71; P < 0,0001). Diese
Studie ergab, dass es sowohl der Kompostierung und der Vermikompostierung gelungen
ist, die Kolonie-bildenden Einheiten (CFU g frisches Materid™) der Erreger zu
vermindern. Ein moglicher Prozess, um die infizierten Baumwolle-Riickstande anstelle

durch Verbrennung zu behandeln.
Insgesamt ergibt die Arbeit:

(1) die Kompostierung und Vermikompostierung sind ein moglicher Prozess, um die
infizierten Baumwoll-Rickstande zu behandeln, anstatt sie zu verbrennen,

(2) die Reduktion des C/N-Verhdtnisses im Laufe einer Kompostierung als einen
zuverldssigen Parameter zum Fortschritt in Zersetzung zu nehmen, besonders, wenn sie
mit den Daten NH4-N, NO3-N, pH und EC der Vermikompostierung kombiniert und mit
den Daten NH,4-N, pH und EC fir die Kompostierung kombiniert wird,
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(3) dass 240 Tonnen ha™ des fertigen Kompost und Vermikompost als Richtschnur fir

die Landwirtschaft angenommen werden kénnen.

Dartiber hinaus schlug diese Arbeit einfache und praktische Verfahren fur die
Kompostierung und Vermikompostierung der organischen Abfélle, die aus lokaen
Ernteriickstanden stammen, vor und Verfahren zur Regenwurmzucht fir die

Vermikompostierung und verschiedene andere Zwecke.
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Acronyms and abbreviations
ADM Aeria Dry Matter

ANOVA Analysis Of Variance

ANR Apparent Nitrogen Recovery
ARC Agricultural research Corporation
C Carbon

CRD Randomized Complete Design
CPF Composted cotton residues with farm yard manure
C:N Carbon to Nitrogen ratio

DM Dry Matter

DMRT Duncan’s Multiple Range Test
dw dry weight

FYM Farm Y ard Manure

GDP Growth Domestic Product

h hour

LSD Least Significant Difference
m.asl meter above sealevel

mins. minutes

Mg Mega gram

Mt Million metric tonnes

N Nitrogen

NNUP Net Nitrogen Uptake

oM Organic Matter

P Phosphorus

rpm rotation per minute

SOM Soil Organic Matter

TOC Total Organic Carbon

TSP Triple Super Phosphate

VER V ermicomposted cotton residue
WHC Water Holding Capacity
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WSC

Water Soluble Carbon
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Terms used within the texts

Composting

Composting is defined into several ways but all definitions came to the same conclusion
that composting is an effective useful way of disposal and transforming organic wastes
into stable nutritive products for soil applications (Kumar Srivastava et al., 2011;
Vinceslas-Akpa & Loquet, 1997). For instance, composting (from the Latin compositum,
meaning mixture) refers to a biodegradation process of a mixture of substrates carried out
by amicrobial community composed of various populations in aerobic conditions and in
the solid state (Insam & De Bertoldi, 2007).

Compost

Compost is defined as the product of a biological decomposition and stabilization of
organic substrates under conditions that allow high temperatures as a result of
biologically produced heat (Fracchia et al., 2006).

Compost disease suppressiveness

Compost disease suppressiveness is defined as the efficacy of the compost enriched with
biological control agents to mitigate phytopathogens or due to the microbial generated
temperature (Pugliese et al., 2011).

Crop residues

Crop residues of common cultivated crops are defined in general as parts of the plants | eft
in the field after crops have been harvested and thrashed or |eft after pastures are grazed
(Kumar & Goh, 1999).

Ethylene oxide

Organic compound generated in waterlogged conditions and considered toxic to living
organisms (Wong, 1985; Wong & Chu, 1985).

Minus-N nutrient solution (or nutrient solution devoid of N)
The solution consists of 0.002 M CaS0,H,O; 0002 M MgSO, 0005 M
Ca(H,PO,),.H20; and 0.0025 M K,SO, (Stanford & Smith, 1972).
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Nitrogen Utilization (or N recovery)

The recovery of mineralized N by a subsequent crop from either plant residues or
fertilizer is the product of net mineralization and the efficiency with which inorganic N is
assimilated by a subsequent crop. This efficiency depends largely on the temporal
patterns of net mineralization, plant N uptake, and N losses (Kumar & Goh, 1999).

Net nitrogen mineralization

Is the difference between N mineralization and immobilization, and low net N
mineralization does not necessary mean that the mineralization is low, only that the
mineralization does not greatly exceed immobilization (Griffin, 2007). Net N
mineraization is the difference in exchangeable NH4,-N and NO3-N between two

samplings dates.
Potentially mineralizable N

Is defined as the measure of the active fraction of soil organic N, which is chiefly
responsible for mineral N through microbial action. Mineralizable N is composed of
array of organic substrates including microbial biomass, residues of recent crops and
humus (Curtin & Campbell, 2007).

Synchronization

Has been defined as tempora patterns of N release from organic sources that can
effectively be managed to coincide with crop uptake (Huntington et al., 1985; Ranells &
Wagger, 1996).

Phytotoxicity

Phytotoxicity is described as an adverse effect (s) on living plants by substances present
in the growth medium, when these substances are taken up and accumulated in plant
tissue (Chang et d., 1992).
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The maturity and stability of compost

The terms are both commonly used to define the degree of decomposition of organic
matter even if they are conceptualy different. Compost stability refers to the level of
activity of the microbial biomass and can be determined by O, uptake rate, CO,
production rate or by the heat release as a result of the microbia activity (Conti et al.,
1997; lannotti et al., 1994). Compost maturity refers to the degree of decomposition of
phytotoxic organic substances produced during the active composting stage (Wu et a.,
2000).

Vermicomposting

Is an eco-technological process that transforms energy-rich and complex organic
substances into a stabilized humus-like vermicompost by the joint action of earthworms
and microorganisms (Kumar Srivastava et al., 2011).

Vermicompost

Is the finished product formed by the activities of earthworms from organic residues
which characterized with high bioavailable nutrients for plant growth (Atiyeh et al., 2000;
Orozco et a., 1996).
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1. Therationale and justifications of the study

Sudan is the largest country in Africa with more than 60% of the area within arid and
semi-arid zone, which is characterized by low and erratic rainfall. The desert extends
from north to south at an alarming rate and about 13 states out of the 26 states of the
Sudan are affected by desertification (Salih, 2007). Land degradation as a consequence of
desertification is considered as one of the greatest environmental problems in the Sudan,
especially when coupled with the increasing demand for feeding the rapidly growing
popul ation posing a great pressure on the existing arable lands.

The use of organic manures as amendments to improve soil organic matter level and long
term soil fertility and productivity is gaining importance. The benefits of adding
composted and vermicomposted organic wastes to soil structure, fertility as well as plant
growth have been increasingly emphasized (Chen et a., 1992; Esse et a., 2001; Murwira
et a., 1995). Mesophilic and thermophilic microorganisms are involved in the
decomposition of organic matter and the succession of these microorganisms is important
in the effective management of decomposition process (Beffa et al., 1996; Ishii et al.,
2000). Moreover, suppression of pathogens in composting can be achieved with the heat
generated during decomposition; on the other hand, the presence of earthworms or use of
their body wall and gut extracts also helps in the suppression of pathogens in
vermicomposting (Shobha & Kale, 2008; Stephens & Davoren, 1997; Stephens et al.,
1994). Incorporation of organic materials into the soil is also considered as an
economically sound alternative because it provides alocally available source of nutrients,
ameliorates soil conditions and reduces the risk of pollution and costs of disposal (Laos et
a., 2000; Mafongoyaet al., 1996).

In Sudan, about 200 thousand tons of cotton and 500 thousand tons per annum of wheat
and tons of other crops residues are annualy burnt in the irrigated farming systems of
Gezira-Managil (one of the largest state owned farms in the world), which extends over
1,260,000 ha (personal communications Ahmed, 2007). In particular, cotton residues
must be collected and quickly burnt in order to prevent spread of residue-borne diseases

such as bacterial blight (black-arm disease) which exacerbate up to 35% loss in



productivity. This takes place under arid and semi-arid climate zones, where the soil
organic matter isin the order of 1-2%. Although Sudan fertilizers’ consumption increased
because fertilizers were made to be available through subsidized rates especialy in the
large irrigated farming systems coupled with the extension services, however fertilizers
are still hard to be afforded by the small farmers.

More than 80% of the population in Sudan depends on agriculture as a source of income
and most of the farmers are highly inclined into the local soil fertility management.
Agricultural activity in Sudan is contributing about 40% of the gross domestic product,
GDP (Abbadi & Ahmed, 2006). Over the years, economic growth rates have shown
fluctuating trends that coincide with agricultural production being affected by weather
conditions, land degradation and unstable political conditions. In the last two decades ail
has emerged as a maor source for economic growth; in spite of the agricultural
contribution to the GDP is fluctuating, but the long-term economic development strategy
of the Sudan is the agricultural development by improving the productivity of the
agricultural sector and building up on agriculturally based industrial sector. To achieve
this goal, increased use of organic amendments and that processed under composting and
vermicomposting are key factors to recover soil health, increase crop productivity and
consequently farmer’s welfare. In addition, the use of composting and vermicomposting

may also decrease the adverse effects accompanied with burning crop residues.

Therefore, the importance of this study is to assess the effect of composted and
vermicomposted cotton residues as soil conditioners besides their potential to reduce the

survival of the cotton black-arm disease.



1.1. Hypothesis
In order to cope with the problem of land degradation, feeding the growing population

and to minimize the loss of cotton productivity and the appreciated amount of crop

residues, this study intended to test the following hypotheses:

.  Vermicompost promotes plant growth more than compost as it releases more
nutrients.

1. Plant growth best responses occur when compost or vermicompost is added in
equivalent amounts to the optimum nitrogen mineral fertilizer rates.

1.  Compost and vermicompost suppress cotton black-arm disease.

1.2. Objectives
The aims of this study were to evaluate the efficiency of composted and vermicomposted

cotton residues for plant growth and to mitigate the cotton bacterial blight’s colony
forming units. To address these aims, the current study will try to answer the following
guestions:

1. Are decomposed cotton residues suitable for land applications or can be used as
constituent of growth medium?

2. Do composted and vermicomposted cotton residues improve soil nutrient contents
and enhance plant uptake?

3. Is it better to use composting and vermicomposting as possible tools to prevent
the spread of cotton bacterial blight instead of burning the residues?

1.3. Organization of thethesis

The motivation for this work and the major objectives addressed here are explained
briefly in this section. The thesis is divided into chapters; each one consists of the
following: introduction and literature review, methodology, results and discussion,

conclusions and recommendations if any.

The work consisted mainly of two mgor parts; one includes the work that has been
carried out in Germany and the second conducted in the Sudan. The organization of the

thesis includes general introduction, a chapter about the role of compost and



vermicompost on soil fertility, organic carbon and their effects on plant growth. At the
end of the thesis general conclusions and recommendations have been raised. The thesis

also includes the subsequent:

Part one: Where laboratory and green house experiments have been carried out. This part

includes the following chapters:

Chapter four: Changes in the chemica composition of the cotton residues during
decomposition. This section provides description and evaluation of the decomposition
process and quality of the materias produced. It also searches for parameters which can
be taken as indexes of materials’ maturity and gives some information about N

mineralization patterns.

Chapter five: Phytotoxicity of compost and vermicompost substrates. This section
detects whether or not the materials used were phytotoxic for plant growth before being

used as growth media.

Chapter six: Effect of composted and vermicomposted cotton residues on ryegrass
(Lolium perene L.) growth. This part mirrored the effect of the materials added on plant
nutrient uptake and growth.

Part two: Where the preparation of the compost and vermicompost was conducted in

Sudan. This part includes the following:

Chapter seven: Efficacy of compost and vermicompost in controlling cotton bacterial
blight (Xanthomonas campestris pv. malvacearum). This section reflects the possibility of
using composting and vermicomposting instead of residues burning in order to prevent
the spread of the bacterial blight.
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2. General introduction

Sail fertility decline is occurring over large parts of the world, particularly the devel oping
countries. It occurs mainly through intensive and continuous cropping without
replenishing the nutrient component of soils and through deforestation and clearance of
vegetation (Ayoub, 1999). Therefore, over the last decade's trends in agriculture
worldwide were changed to sustain food security, especially with growing population.
Consequently, chemical fertilizer use has steadily increased, and this trend is likely to
continue in the coming years (FAO, 1990; Zhang & Zhang, 2007). It is estimated that, by
the year 2020, at a universa level, 70 % of plant nutrients will have to come from
fertilizers (Ayoub, 1999). In Sudan, the recent consumption of fertilizers is very low
compared to the worldwide usage. For instance during 2000-2002, the irrigated sector
consumed, expressed in tonnes x 10°, 54.3, 4.8 and 3.2 of N, Pand K in the form of urea,
triple super phosphate (TSP) and KCI, respectively (FAO, 2006). FAO (FAOSTAT,
2011) data show that in the 2002 to 2006 period the annual consumption, mostly used in
irrigated agriculture, of the main nutrient sources expressed in tonnesx 10° ranged as
follows: N (39.7-74.6), P (1.3-4.5) and K (0.0-0.12) nevertheless, the use of potash being

particularly low.

Improving the use of fertilizers is recently in progress, forming part of the executive
program for agricultural development initiated by the Sudan Government for the period
of 2008 to 2011. This development strategy necessitates an increase in fertilizer usage to
around 100,000 Mt of urea and 50,000 Mt of TSP for the irrigated sector in 2009/2010
for al crops. Future consumption of fertilizers may increase up to 1,000,000 Mt per
annum if all the planned irrigable areas are put under cultivation. This aforethought area
is defined as the potential land for cultivation; and estimated to be much greater at around
85 million ha. Use of the chemical fertilizersin rain-fed farming, whether mechanized or
traditional, israre (Dawelbeit et al., 2010).

Keeping in view the above ambitious plan, it is well known that most of the soilsin the
arid zone (e.g., Sudan) are characterized by low organic matter, low N content, and slow

accumulation of organic matter (Ali & Adam, 2003). In Sudan, constraints which restrict



the increased use of fertilizers in the irrigated sector are existed, particularly if the main
fertilizer is urea. This problem may occur due to the soil surface applications or because
of the inherited soil properties, particularly low organic matter and high clay content that
create unfavorable conditions. Both reasons may cause loss in N as ammonia ranging
from 30-70 percent of the total N applied (Dawelbeit, et a., 2010), therefore, proper
management of soil organic matter with a judicious use of mineral fertilizers can sustain

soil fertility.

Globally, the excessive application of nitrogen fertilizers (organic and mineral)
depending on soil texture and climate conditions, could result in high soil nitrate content
at the end of the plant growth season, which Consequently, increase the contamination of
both underground and surface water (Janzen et a., 2003; Newbould, 1989) and thus
inverse environmental impacts (Tilman et al., 2001; Venterea & Rolston, 2000; Vitousek
et a., 1997). Moreover, continuous use of fertilizer alone cannot sustain crop yield and
maintain soil fertility in the long term (Shoko et a., 2007; Tisdae et a., 2005).

Improper cultivation practices, such as disposing by removal (baling) or burning of crop
residues, which is often criticized for accelerating losses of soil organic matter and
nutrients increasing carbon emissions, and reducing soil microbia activity (Kumar &
Goh, 1999) which directly influences soil hedth and consequently, causes land
degradation (Tejada & Gonzalez, 2004). Removal of crop residue from the field must be
balanced against influencing the environment (soil erosion), maintaining soil organic
matter levels, and preserving or enhancing productivity (Wilhelm et a., 2004). Therefore,
issues of agricultural sustainability and minimizing environmental hazards should be
addressed simultaneously. Accordingly, considerable interest in reducing reliance on
synthetic fertilizers while maintaining crop yield has been widely dealt with (Kramer et
a., 2002). Improvement in soil fertility is intimately connected with increased levels of
organic constituents because soil organic matter (SOM) plays vita roles in the
functioning of terrestrial ecosystems and agroecosystems, and thereby closely linked with
a wide range of ecosystem services (Lavelle et a., 2001; Swift et a., 2004). From
agronomic point of view, elevated soil organic matter enhances soil aggregation (Six et

a., 2002), this leads to improved soil aeration and root penetration, modifies soil
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hydrodynamic properties and prevents soil erosion (Barthes & Roose, 2002).
Additionally, organic amendments can ameliorate soil with high clay content of sodic
subsoil (Clark et al., 2007) and reclaim acid soils (Mitchell & Alter, 1993).

The use organic inputs have potentials for improving soil productivity and crop yield;
therefore, its recycling tends to be important. Inputs from organic sources have been
applied worldwide, for instance, animal manure (Haynes & Naidu, 1998), crop residues
(De Neve & Hofman, 2000; Trinsoutrot et al., 2000), sewage sludge (Albiach et al., 2001;
Fliel3ssbach et a., 1994), city refuse (Eriksen et al., 1999; Giusquiani et al., 1995),
compost (Chen et al., 1996; Sikora & Enkiri, 1999; Tejada & Gonzalez, 2003), and
different other by-products with high organic matter content (Sanchez & Leakey, 1997).

In the developing countries, there is a necessity to search for alternatives to reclaim the
vastly degrading soils and substantially reduce the amount of inorganic fertilizers
especially when coupled with cash limitations and poor access to fertilizer markets
(Rezig et a., 2012). However, surface application or incorporation of animal wastes and
plant residues in the top soil to sustain crop production is well practiced and widely
appreciated in these areas (Hulugalle et a., 1986; Kowaljow & Mazzarino, 2007; Smith
et a., 1992). The residues left in the field represent a significant resource in terms of
organic matter and plant nutrients. The use of crop residues as a soil fertility amendment
will enhance the farmers' crop yields and reduce the need for large imports of mineral
fertilizers (Rezig, et a., 2012). This, implicitly, will contribute to the savings in the
developing countries scarce financial resources that can be directed to other

developmental programmers.

The importance of the quality of the crop residues has long been recognized (Jane et dl.,
2007; Médlillo et al., 1982; Swift et al., 1979), therefore, knowledge of its nutrient
contents, mineralization patterns, and effects on crop productivity is important for
planning their use in fertility management (Hadas et al., 2004; Watmann & Kayuki,
2001). The suitability of crop residues as a source of N depends on the pattern of N
mineraization, which greatly related to the chemical composition, in synchrony with
crop demand (Swift, et a., 1979).



Synchronization has been considered as an important criterion linked to the efficient use
of residues (Tilman, et a., 2001). It has been defined as temporal patterns of N release
from organic sources that can effectively be managed to coincide with crop uptake
(Huntington et a., 1985; Ranells & Wagger, 1996; Stute & Posner, 1995). For instance, if
rates of N release exceed plant demands, subsequently the N becomes susceptible to
various pathways of loss (Khalil et al., 2005; Peoples et al., 2004). Conversdly, if rates of
N release are too slow, afterwards crop yields may be constrained. On the other hand,
plant residues which decompose fast will provide the growing crops with a large amount
of nutrients in early growth stages, but may not affect soil physical conditions, and
whereas slowly decomposing plant residues will have opposite effects to the above (Tian
et al., 1992).

Quality characteristics as one of the significant factors determines the efficiency of the
finished product, include factors like N content, C:N ratio (Franck et al., 1997; Gorissen
& Cotrufo, 2000; Hadas, et al., 2004), lignin, cellulose, hemicellulose and water soluble
carbon as well as lignin:N ratio and the size of residue particles (Frankenberger &
Abdelmagid, 1985; Jane, et al., 2007; Tian, et a., 1992). The levels of sugars,
polysaccharides, protein, amino acids and aliphatic acids are also considered to be
influential (Haynes, 1986). Nitrogen dynamics could as well be affected by the presence
of the ployphenolic content, which has been suggested as one of the criteria that predicts
the release of nitrogen (Stevenson, 1994). Due to the wide range of residue quality
factors, short-term and long-term net N mineralization is correlated with different residue
properties. Giller and Cadisch (1997) and Hades et al. (2004) concluded that no single

index can characterize the quality of plant residues.

Additionally, crop residues decomposition and nutrient release is governed by the
microbia biomass and activity (Cotrufo et al., 1994; Hadas, et a., 2004; Ryckeboer et al.,
2003). Decomposition is mainly governed by bacteria and fungi, but the exclusion of
macrofauna was reported to reduce the decomposition rate and nutrient release from
material (Witkamp & Ausmus, 1976). Crop residues with different chemical composition
vary in their palatability for the soil fauna which are also expected to have differential
effects on the populations of the fauna (Swift, et al., 1979; Tian, et a., 1992).
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Hendriksen, (1990) studied the food preference of leaf litter by earthworms and observed
that the number of earthworms was significantly and negatively correlated with the C:N

ratio and polyphenol concentration.

Efficient management of crop residues for sustainable farming depends mainly on their
quality, and the microorganisms involved. This efficiency can be achieved by using the
proper decomposition process. Composting and vermicomposting are two of the best-
known processes which widely used for the biological stabilization and management of

the organic wastes.

2.1. Composting
Composting has been used for many years throughout the world in the stabilization of

organic residues. The presence of mixed organic substrates is a prerogative of
composting. More specifically, according to its etymologica meaning, composting (from
the Latin compositum, meaning mixture) refers to a biodegradation process of a mixture
of substrates carried out by a microbial community composed of various populations in

controlled conditions (aerobic conditions) and in the solid state. Microbial transformation
of pure substrates goes under the name of fermentation or biooxidation, but not

composting (Insam & de Bertoldi, 2007).

Two phases can be distinguished in composting: (1) the thermophilic stage, where
decomposition takes place more intensively and, which, therefore, constitutes the active
phase of composting; and (2) a maturing stage which is distinguished by the decrease of
the temperature to the mesophilic range and where the remaining organic compounds are
degraded at a slower rate. The duration of the active phase depends on the characteristics
of the organic substrate (amount of easily decomposable substances) and on the
management of the controlling parameters (aeration and watering). The extent of the
maturation phase is aso variable, and it is normally marked by the disappearance of the
phytotoxic compounds (Lazcano et al., 2008). The composting process leads to the final
production of carbon dioxide, water, minerals, and stabilized organic matter. The main
product is called compost, which may be defined as the stabilized and sanitized product

of composting, compatible and beneficial to plant growth. The sanitization is maintained
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through the high generated heat during the thermophilic phase which eliminates plant and
human pathogens (Fracchiaet a., 2006; Lung et al., 2001; Ndegwa & Thompson, 2001).

Traditional thermophilic composting is commonly adopted and has been defined into
several ways, however, all definitions came to the same conclusions; that composting is
an effective and useful way of disposal and transformation of organic wastes into a stable
valuable organic matter for ameliorating soils (Vinceslas-Akpa & Loquet, 1997).
Composting has been used to address the issue of environmental pollution, where
composting avoids the rapid release of nutrients from fresh residues by chemical or
biological immobilization, which, consequently, mitigate environmental problems
(Cooperband et al., 2002; Cooperband et al., 2000). It has also been used to emphasize
the issues of non-reliance on chemical fertilizers, sustainable natural soil fertility, and

minimizing the development of new dumps and landfills (Ndegwa & Thompson, 2001).

Nevertheless, the loss of nitrogen through volatilization of NH3 during the thermophilic
stage of the processis one of the major disadvantages of the process at the industrial scale
for solid organic waste treatment, although it is well established (Eghball et al., 1997).
Other difficulties associated with composting are the long duration of the process, the
frequency of turning of the material (Ndegwa & Thompson, 2001), the material
sometimes needs to be reduced in size to provide the required surface area, loss of
nutrients during the prolonged composting process, and the heterogeneous nature of the
final product makes it less desirable (Ghosh et a., 1999; Riggle & Holmes, 1994; Subler
et al., 1998).

Despite these shortcomings, the beneficial effects of composted amendments on the
chemical, physical and biological properties of soils have been well documented. The
positive effects are closely linked to the soil condition, application rates and frequency,
and organic matter quality (Gabrielle et al., 2004; Giusquiani, et a., 1995; Tu et a.,
2006).

The most important factors affecting the successful application of compost for
agricultural purposes are its degree of stability and maturity. Therefore, application of

unstable or immature compost may inhibit seed germination, reduce plant growth and
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damage crops by competing for oxygen or causing phytotoxicity to plants due to
insufficient biodegradation of organic matter (Brewer & Sullivan, 2003; Cooperband et
al., 2003; Wu et a., 2000). In a germination bioassay test, Gariglio et al. (2002) reported
that non-composted sawdust of Willow (Salix sp.) inhibited lettuce seed germination
while composting increased the germination index (GI) from 5 to 93% when 0- and 40-
day composting time treatments were compared. A effect was reported by lannotti et al.
(1994) who found that at all levels of compost maturity, cress seeds (Lepidium sativum
L.) reveded inhibition of germination, and the authors attributed the phytotoxicity to be
sdt-related. The same authors (lannotti, et al., 1994) demonstrated that immature
compost of municipa solid waste inhibited the growth of radish (Raphanus sativus L.)
and ryegrass (Lolium perenne L.). Considering these concerns, extensive research has
been conducted to study the composting and to evaluate methods used to describe the
stability and maturity of the finished product prior to its agricultural use (Chica et al.,
2003; Cooperband, et al., 2003; Zmora-Nahum et al., 2005).

Many studies have also been conducted with various organic wastes; however, the use of
cotton residues for agricultura applications worldwide is very limited, and no studies
have been carried out in Sudan to investigate their suitability for land applications or for

saleinto horticultural industries.

The rate of composting has been found to greatly affect the cost-effectiveness and
prevention of odors at both processing and process residue levels. A high rate implies
lower capital and operational costs, a better-oxygenated ecosystem, and the production of
a more stable end-product (Papadimitriou & Balis, 1996.), therefore, in recent times,
interest in the use of a closely-related technique, known as vermicomposting has
increased (Edwards & Bohlen, 1996; Hand et a., 1988a; Logsdon, 1994).

2.2. Vermicomposting

Soil fauna are increasingly recognized to have a significant role in soil function and
processes affecting nutrient availability for microorganism and crop performance
(Ouedraogo et al., 2006). Species such as earthworms and termites produce biogenic

structures and thus modify the physicochemical environment of other organisms
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(Blanchart et a., 1999; Brown et a., 2000). Therefore, earthworms have been long
recognized by the farmers as a beneficia to soil (Edwards & Lofty, 1972) and have been
called soil engineers (Jones et al., 1994; Lavelle et a., 1997). Earthworms are considered
to be key biological agents in consuming, fragmenting, and intimately mixing organic
matter with soil mineral particles to form water stable aggregates and consequently,
modify soil hydrodynamic and many other desirable characteristics (Blanchart, et al.,
1999; Edwards, 2004), homogenous, with desirable aesthetics, plant growth hormones
and high levels of soil enzymes, tending to hold more available nutrients over longer
periods (Ndegwa & Thompson, 2001), and beneficial potential as plant growth media
named vermicompost (Atiyeh et a., 2002; Butt, 1993; Dominguez & Edwards, 1997).
Similarly, industrial wastes such as guar gum waste, paper pulp, and distillery wastes
have been vermicomposted and turned into nutrient-rich manure (Sundaravadivel &
Ismail, 1995; Suthar, 2006; Suthar, 2007).

Vermicomposting using earthworms as natural bioreactors for effective recycling of
organic wastes is an environmentally acceptable which defined also as a low cost
technology system (Hand et al., 1988b). This process is a mesophilic (Edwards, 1995);
during feeding, earthworms enhance aeration and bioturbation of the materials, promote
microbia activity and help to accelerate the transformation of organic matter by breaking
down large pieces into small ones with increased surface area.

As in traditional composting, i.e. without earthworms, fungi and bacteria are the main
actors governing the transformations of organic molecules, and their activity is thus akey
factor in soil organic matter dynamics, therefore, composting may be improved and
hastened to a significant extent by the combined action of earthworms and microflora
(Kaeet d., 1982; Tomati et a., 1983; Vinceslas-Akpa & Loquet, 1997). Therefore, two
phases can also be distinguished here, (i) an active phase where the earthworms process
the waste modifying its physical state and microbial composition (Lores et a., 2006), and
(i1) a maturation-like phase where the microbes take over in the decomposition of the
waste. Like in composting, the duration of the active phase is not fixed, and it will

depend on the species and density of earthworms, the main drivers of the process, and

their ability to ingest the waste (ingestion rate) (Lazcano, et a., 2008).
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In vermicomposting the improvement of ligninolytic, celluloytic and nutrient activities by
earthworms and microflora interactions have to be related (Vinceslas-Akpa & Loquet,
1997). Therefore, vermicomposting has been used to examine the extent of reduction of
inorganic fertilizers by applying the finished product as an organic source and its effect
on the yield and quality of crops. In which vermicompost has been enriched by beneficial
microbes (P-solubilizing and N-fixing organisms) to increase the fertilizer value and
reduce the dose of application (Padmavathiamma et a., 2008). Padmavathiamma and his
coworkers (2008) reported that as a bioinoculant, vermicompost increased nitrogen and
phosphorous availability by enhancing biological nitrogen fixation and phosphorous

solubilisation.

Any use of organic wastes must, however, consider potential hazards to the environment,
as well as benefits such as cost savings. Earthworms could provide an index to the
bicavailability of heavy metals that might be present in the materials who are to be
bioconverted, giving an indication of possible environmental hazards (Maboeta &
Rensburg, 2003). Vermicomposting can aso be used in the remova of toxic metals
within the organic wastes and the breakdown of complex chemicals to non-toxic forms
(Jain et a., 2004). It can furthermore be used as a bioremedial measure to reclam
problem soils, especially acid soils, because of the near-neutral to akaline pH of

vermicompost and the suppression of |abile aluminium (Mitchell & Alter, 1993).

Organic matter plays a key role to achieve sustainability in agricultural production;
therefore, composts and vermicompost can be used to improve horticultural or cultivated
soil. The desirable properties possessed by these products can be twofold, an
improvement of soil nutrients and structure to stimulate plant growth (Albiach, et a.,
2001) such as high water-holding capacity, cation exchange capacity (CEC), ability to
sequester contaminants (both organic and inorganic) and beneficial effects on the
physical, chemical and biological characteristics of soil and a suppressive effect on soil
indigenous plant pathogens (Bailey & Lazarovits, 2003). Additiondly, there is
considerable evidence that human pathogens do not survive the vermicomposting process
(Edwards & Bohlen, 1996).
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Although severa studies have been conducted to compare the efficacy of compost and
vermicompost in terms of physical, chemical, and biological parameters, which have
been suggested as indicators of compost stability, and their value as organic fertilizer has
been also tested, it is not easy to compare these products based on exact values and the
threshold values. The threshold values may not be applicable to all types of compost and
vermicompost, given the variety of parent wastes and feedstock as well as the composting
processes (more or less controlled) from which they are originated. Moreover, a great
deal of overlap between the nutrient contents of the compost and vermicompost, and it is
not always possible to tell one from the other based on the chemical analysis (Subler, et
al., 1998). In this sense, genera statements will be used for such comparisons as shown
in the following table (Table 2.1).
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Table 2.1: General comparisons between compost and vermicompost

NOs-N

very low conc.

very high conc.

Criteria Compost V ermicompost Reference
Humic fraction higher (Padmavathiamma, et a ., 2008)
Oxidisable carbon | higher (Padmavathiamma, et a., 2008)
Humic acid higher (Ferreiraet al., 1992;
Padmavathiamma, et al., 2008)
Humic:fluvic acid higher (Padmavathiamma, et a ., 2008)
Total N higher (Bano et d., 1987;
Padmavathiamma, et al., 2008;
Syres & Springett, 1984)
Total carbon lower (Lazcano, et a., 2008)
C:N Lower and (Gupta & Garg, 2008; Lazcano, et
decrease rapidly al., 2008; Padmavathiamma, et a.,
with time 2008)
CEC no sig. diff. (Padmavathiamma, et a ., 2008)
pH acidic neutral to akaline | (Padmavathiamma, et al., 2008)
lower pH values
EC higher (Lazcano, et al., 2008; Mitchell,
1997; Pattnaik & Reddy, 2010;
Villar et al., 1993)
Major nutrients significantly (Atiyeh et al., 2000; Pattnaik &
(N, P, K, Caand higher and readily | Reddy, 2010; Tognetti et al., 2005)
Mag) available for plant
concentrations uptake
NH4-N very high very low conc. (Frederickson et a., 2007; Short et
conc. al., 1999; Subler, et al., 1998)

(Mupondi et a., 2010; Subler, et
al., 1998)

CEC: Cation exchange capacity; EC: electrical conductivity.
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Contin. Table 2.1: Comparisons between compost and vermicompost

Criteria Compost V ermicompost Reference
Microbial active face reduced with time (Lazcano, et al., 2008; Tognetti,
biomass does not et a., 2005)
reduce it
Plant N uptake higher (Padmavathiamma, et a ., 2008)
Plant P uptake higher (Mackey et al., 1982,
Padmavathiamma, et al., 2008)
Plant K uptake no sig. diff. (Padmavathiamma, et a., 2008)
Cropyields increased (Atiyeh et d., 2001; Kalantari et
al., 2011; Tognetti, et a., 2005)
When mixed with higher microbial (Tognetti, et al., 2005)
sail populations size and
activity

In summary, the application of composting and vermicomposting for the processing of
agricultural wastes and their use as environmenta protection measures, soil improvers
and nutrient suppliers are well documented. Most of the studies highlighted the
significance of the quality of the crop residues as an important factor determines the
efficacy of the process and the agronomic value of the final product.

In Sudan, crop residues are in sufficient abundance in the farmers fields at the end of a
growing season. However, farmers in Sudan have not adopted the incorporation of crop
residues partly because they have no adequate information about the nutrient values of
these residues or crop residues are used by animals. Understanding the contribution of
recycling of crop residues and other organic materials on soil quality isimportant (Rezig,
et a., 2012). Moreover, investigations on cotton residues are currently limited worldwide
and nearly absent in Sudan. Hence we attempted to convert the considerable quantity of
residues produced annually, which normally burnt to prevent the spread of the cotton
bacterial blight and/or used for domestic purposes into an opportunity to produce finished
products capable of ameliorating the inherited poor soil properties and improving the
crop quality. Both reasons coupled with the unaffordable mineral fertilizers for the small
farmers gave the motivation to study the decomposition of these residues aiming to find
practical indices for its maturity and suitability and to study the efficacy of composting
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and vermicomposting in reducing the cotton bacterial blight’s colony-forming units.
Although conventional composting, i.e. without earthworms, is currently in use, this
method is time consuming. Therefore, there is a pressing need to find out a cost-effective
alternative method of shorter duration particularly suited the local conditions.
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3. Effect of compost and vermicompost on soil organic matter (SOM) and crop
nutrients uptake

3.1. Soil Organic matter (SOM)
Organic matter (OM) is a key component in the creation and maintenance of soil high

quality (Gregorich et al., 1994; Larson & Pierce, 1994) and of environmental quality
(Smith et a., 2000). Soil quality has been defined as the capacity of the soil to function
effectively, both in the present and in the future (Doran & Parkin, 1994). Effective
functioning of soil varies; depending on the required end use of the soil. However, it is
generaly accepted that it is better to have more SOM, which serves as a repository of
nutrients (particularly nitrogen (N), phosphorus (P), sulfur (S) and other micronutrients)
and, during its turnover, contributes to fertility at times and in locations in the soil profile

that are difficult to access with inorganic nutrient fertilizers.

When soils are properly managed, SOM contributes to a favorable soil structure and
increases the cation exchange capacity, particularly in coarse-textured soils, and increases
the soil’s available water-holding capacity (Hudson, 1994; Liu et a., 2003). Soil organic
matter enhances aggregation, which in turn improves soil tilth, the infiltration of water
and the exchange of gases between soil and atmosphere. Soil biota are important soil
constituents who are usually strongly associated with components of soil organic matter.
Soil microbial biomass and activities are largely enhanced with presence of organic
matter as a source for growth when other physiochemical factors are optimum (Aryantha
et a., 2000; Morris et a., 2004).

The microbial biomass of a soil is mainly made up of bacteria and fungi as well as
protozoa, and algae. Besides microorganisms, the soil is aso the habitat for larger
organisms such as earthworms, springtails and mites. These different macrofauna play an
important role in the functioning of the soil ecosystem, especialy through regulating the
activities of microbial communities and associated processes involved with the storing
and cycling of nutrients and energy (Alabouvette et a., 2004; Carter et a., 1999).
Emerging the concept of soil quality includes also soil health concept (Van Bruggen &
Semenov, 2000). A heathy soil is not only a fertile soil, but also the best biotic
environment enabling the plant to resist pathogens.
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From economic point of view, increased levels of SOM can affect the economics of
farming practices in ways other than directly influencing production. For example,
farmers often report a noticeable decrease in power requirements for tillage machinery
after some years of manure application or conservation tillage practices. This is usually
attributed to the build-up of SOM, and some research has corroborated this, for instance,
McLaughlin et al. (2002) measured mouldboard draught and tractor fuel consumption
during a couple of years on unamended plots or t received different levels of inorganic
fertilizers and manures; after eight years of application, concluded that, plots receiving
manure amendments reduced draught and tractor fuel consumption than those receiving

inorganic fertilizers. Their results imply potential savingsin tillage and lower fuel costs.

Regarding the environmental health, SOM can be a major source or sink of atmospheric
carbon and may be able to mitigate the greenhouse effect through appropriate soil
management (Lal, 2001). In order to sustain soil health and productivity, proper
management of OM is crucialy needed considering differences in soils, climate

conditions and cultural practices.

The organic matter content in soil can range from less than 1% in coarse textured or
highly oxidized soils to nearly 100% in wetland bogs. Farm soils have concentrations of
soil OM that generally ranges between 1 and 10% (Dick & Gregorich, 2004). The
chemical composition of SOM can vary depending on when and where soil is sampled
but typically contains about 50% C, 40% O,, 5% H, 4% N and 1% S. Most of the other
mineral nutrients are also associated in some way with OM; some as exchangeable
cations and anions, as cation bridges or simply adsorbed on the surface of organo-minera
particles (Dick & Gregorich, 2004).
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Studies indicated that there is remarkable similarity in the distribution of carbon formsin
soils under a wide range of climate, land use, cropping practice and fertilizer amendments
(Anderson et al., 1981; Mahieu et a., 1999). Changes in the quantity of SOM and the
equilibrium of their level depend on the interaction of five factors: climate, landscape,
soil texture, inputs and disturbance (Allison, 1973; Dick & Gregorich, 2004). Changesin
SOM content and its fractions can greatly affect soil fertility and crop production. Soil
OM includes active and inactive organic carbon (Blair et a., 1995). Active organic
carbon is considered to be the most active component of SOM under a certain time-space
condition; it can be easily oxidized and degraded and has a significant effect on plants

and soil microorganisms (Shen et al., 1999).

3.2. Soil organic matter in arid and semi-arid regions

By definition, arid and semiarid soils are short of water, and crop growth;
microbiological activity, and biochemical reactions depend on water and temperature.
Most biochemica reactions occur in the liquid phase, and al nutrients for
microorganisms and plants must dissolve in water before they can be assimilated
(Newbould, 1989) therefore, soils of arid and semi-arid regions are characterized low
organic matter and limited availability of plant nutrients. In particular, P and N are mgjor
bottlenecks to agricultural productivity (Charley & West, 1975; Schlecht et a., 2006;
West & Skujins, 1978). Additionally, the region faced serious problems concerning land
scarcity coupled with intensive cultivation without adequate nutrient inputs and
consequently soil erosion (Govers et a., 2004; Karlen et al., 2004) and rapid decrease per

capita land area and water resources (Lal, 2000).

The maority of the population in these regions is rura and relies on subsistence
agriculture. Therefore, soil must be properly managed to overcome losses of nutrients.
Hence, developing low cost technologies for retaining soil health and to increase crop
production has been the core of severa researchers in the region. The contribution of
locally available resources for correcting nutrients deficiency has been given much
attention (Nziguheba, 2007). Possible management practices could be recycling of

organic residues; crop residues and different materials are preferred to be implemented
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under controlled conditions that could be applied to the soil to shorten time required for

nutrient release and synchronized with crop demand.

3.3. Sustainability of soil organic matter

Sustainability of SOM is always associated with soil quality to sustain plant and animal
productivity, maintain or enhance water and air quality, and support human health and
habitation (Glanz, 1995; Karlen et a., 1997). Awareness of the environmental aspects of
soil quality and crop production has led to the interest in crop residues, green manure and
other organic wastes as sources of SOM and nutrients for plants. Soil organic matter
sustainability is achieved via continuous application and proper management of the

organic wastes.

Crop residues of common cultivated crops are defined in general as parts of the plants left
in the field after crop has been harvested and thrashed or left after pastures are grazed;
these materials are considered as important resources not only as a source of significant
nutrients for crop production but also has diverse effects on soil quality parameters
(Kumar & Goh, 1999).

3.4. Role of compost and ver micompost in sustainable farming

Because SOM strongly soil quality and productivity, it is suggested to be the heart to
sustaining agricultural productivity (Reeves, 1997). Proper disposal of these wastes by
recycling can supply plant nutrients and improve soil physical conditions and
environmental quality (Bhardwaj, 1995; Mishra et a., 1989). The decomposition of crop
residues is a microbial-mediated progressive breakdown of organic materials with
ultimate end product carbon and nutrients released into the biological circulation in the

ecosystem at both local and global scale.

Integration of various processes is a necessity in order to meet high levels of waste
conversion and reduce reliance on land disposal. The widest spread and relatively ssimple
and cost effective methods of treating organic wastes are composting and

vermicomposting, which have been utilized to produce materials rich in plant nutrients.
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3.4.1. Composting
Composting is an effective useful way of disposal and transforming organic wastes into a

stable valuable organic matter for use as an organic amendment for soils (Vinceslas-Akpa
& Loquet, 1997). This process avoids the rapid release of nutrients from fresh residues
and, consequently, reduces negative environmental impacts (Cooperband et al., 2000).
The beneficial effects of composted amendments on the chemical, physical and biological
properties of soils have been well documented, and are closely linked to soil conditions,
application rates and frequency, and organic matter quality (Gabrielle et a., 2004,
Giusquiani et al., 1995; Laos et al., 2000). Compost is defined as the end-product of a
biological decomposition and stabilization of organic substrates under conditions that
allow high temperatures as a result of biologically produced heat (Fracchia et a., 2006).
Composts with high contents of labile organic matter enhance biological activity and
nutrient release, whereas recacitrant or slow decomposable organic matter improves

water and nutrient storage, and soil structure, increasing soil resistance to erosion.

3.4.2. Vermicomposting

Soil fauna are increasingly recognized to have a significant role in soil function and
processes affecting nutrient availability for microorganism and crop performance
(Ouedraogo et a., 2006); this beneficial effect can be optimized with use of organic
resources with contrasting qualities. Soil macroinvertebrates such as earthworms and
termites; enhance the activity of other soil microorganisms by modifying their
physicochemical environment (Blanchart et al., 1999; Brown et al., 2000). The role of
earthworms in improving soil fertility is well-known and has been used for many years
worldwide (Golueke, 1973; Golueke et a., 1980; Kapoor & Bansal, 2000) and their
remarkable effects on control of soil microorganism biomass, diversity and activity have
recognized (Doube & Brown, 1998).

By aeration and bioturbation, by their excreta and qualitative or quantitative influence
upon the microflora, earthworms help to accelerate the transformation of organic matter
to anearly stable humus-like material (Elviraet a., 1996; Elviraet a., 1998; Reinecke et
al., 1992) and they considerably accelerate mineralization during gut transit (Lavelle et
al., 2001). The produced finished products (vermicompost) are fine particulate structure,
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contain nutrients in forms that are readily available for plant uptake, rich in microbial
activity and plant growth regulators, and fortified with pest repellence attributes as well
(Atiyeh et al., 2000a; Nagavallemma et al., 2006; Orozco et al., 1996). The released
assimilable nutrients and number of other interactions often stimulate plant growth,
improves quality and yield of different crops (Brussaard, 1998). Regarding amelioration
of the soil, physical properties with vermicomposts, limited studies indicate that
vermicompost increases macropore space and improves the air-water relationships in the
soil which favorably affects plant growth (Marinari et a., 2000). Due to the
abovementioned specifications, vermicomposts should have a great potential in the

horticultural and agricultural industries as mediafor plant growth (Atiyeh et al., 2000c).

3.5. Factors affecting or ganic matter decomposition

3.5.1. General mechanisms

The breakdown of organic matter during the composting process is dependent on several
factors working together. These include moisture, temperature, O, and a balance of N and

C. Microorganisms living within the organic wastes consume the readily available C.

An important factor associated with microbial activities is that availability and function
of the enzymatic makeup of the individual microbe. Thus, certain groups of microbes
have an enzymatic complex that permits them to attack, degrade, and utilize the organic
matter as a source of nutrients. Production of these enzymes depends on the nature of the
available organic substrate (easily decomposable, intermediate and complex) (Diaz &
Savage, 2007). As organic carbon is metabolized, temperature in the pile increases
gradualy and CO, released. Immediately thereafter, the temperature rises amost
exponentially with time until it begins to plateau at about 65° or 70°C (Ogunwande &
Osunade, 2011). As a result, the pile is populated with thermophilic mircoorganisms
(Xiao et a., 2011). This period depends on the nature of the organic materials and system
used, and then begins to decline gradually until the ambient temperature is reached
allowing for colonization of fungi that slowly consumes most of the recalcitrant C (lignin
and cellulose) (Godden et a., 1992; Tuomelaet a., 2000).
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It may be assumed that by the time the temperature has descended to ambient or a few
degrees above, the more biologically unstable components in the wastes have been
stabilized, and therefore, the material is sufficiently composted for storage or for
utilization (Diaz & Savage, 2007).

For vermicomposting, temperature is a factor of primary importance for earthworms
because it determines individual earthworm metabolic rates. Vermicomposting is mainly
a non-thermophilic process (Elvira et a., 1996; Elvira et al., 1998) and the range of
temperatures within which most earthworms can function is narrow, with upper lethal
temperatures rather low (25°-35°C) and optimum temperatures typically in the range 10°
to 20°C for cool temperate species and 20° to 30°C for tropical and subtropical species
(Edwards & Bohlen, 1996; Lee, 1985). During organic waste's decomposition, the range
of optimum temperature can be above mentioned but less than 35°C (Edwards, 2004b).

During ingestion, earthworms fragment the waste substrate, accelerate the rates of
decomposition of the organic matter, ater the physical and chemical properties of the
material, leading to an effect similar to composting in which the unstable organic matter
is oxidized and stabilized aerobicaly (Albanell et al., 1988; Atiyeh et al., 2000a; Orozco
et a., 1996). The end product, which is obtained as aresult of biological transformations,
is very different from the initial material, mainly because of the increased decomposition
and humification (Atiyeh et a., 2002a).
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3.5.2. Aeration and moisture

In composting, one of the main factors ensures continuous metabolism of organic
substrates is the provision of oxygen to the composting mass. The air contained in the
interspaces of the composting mass, during the microbial activity, varies in composition.
The CO, content gradually increases, and the O, level falls. Oxygen concentration varies
from 15 to 20% and CO, from 0.5 to 5% (MacGregor et a., 1981). When O, falls below
these levels, anaerobic microbia populations surpass aerobic ones. As a result,
fermentation and anaerobic respiration processes take over. It is, therefore, important to
supply microorganisms with a constant O, supply via ventilation or periodic pile turning
to maintain their metabolic activities unatered (Finstein et a., 1983; Finstein et al.,
1999).

3.5.3. pH

Generaly, organic matter with a wide range of pH (from 3 - 11) can be composted (de
Bertoldi et a., 1985). The acidity of compost materias is due to the presence of short-
chain organic acids that are generated during the initial phase of batch composting
(Nakasaki et a., 1993; Sundberg et al., 2004) and this may reduce the pH, inhibits
microbiological activity, and sometimes severely hampers progress of the composting
reaction (Beck-Friis et al., 2001). Therefore, inhibiting the adverse effect of organic
acids, i.e., controlling pH during the initial composting phase, is the primary issue to be
resolved. However, the optimum range is between 5.5 and 8.0. Whereas bacteria prefer a

nearly neutral pH, fungi develop better in afairly acidic environment.

Generaly, the pH begins to drop at the beginning of the process (i.e., down to 5.0) as a
consequence of the activity of microorganisms that break down complex carbonaceous
material to organic acids. When this acidification phase is over and the intermediate
metabolites are completely mineralized, the pH tends to increase and at the end of the

processis around 8.0-8.5.

High pH valuesin the starting material in association with high temperatures can cause a
loss of N through the volatilization of ammonia that may have an adverse effect on the
activities of microorganisms (Nakasaki et al., 1993; Sundberg et a., 2004).
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With regard to vermicomposting, it has been demonstrated that earthworms are very
sensitive to the pH, so it is not surprising that soil pH is sometimes a factor that limits the
species, numbers, and distribution of earthworms, which live any particular soil (Edwards
& Bohlen, 1996). Several workers have stated that most species of earthworms prefer a
neutral to dlightly akaline pH, and many species can tolerate a wide range of pH. The pH
of the vermicomposting is a substrate dependent (Ndegwa et a., 2000) hence,
earthworms do not normally like acidic wastes, and therefore, these wastes should be pre-
treated (Nair et al., 2006).

It has been reported that earthworm casts are usually are neutral (around 7.0)
(Nagavallemma et al., 2006); one possible explanation suggested for this is that
earthworms neutralize materials as it passes through their guts, by secretions of the
calciferous glands. A more probable explanation is that the materials are neutralized by
secretions from the intestine and by excretions of ammonia, or that it is a combination of
the two (Edwards & Bohlen, 1996).

3.5.4. Crop residuefactors

Crop residues decomposition processes are controlled by three main factors; kind of
plant residues, residues management factors and edaphic factors. Many of these factors
have interactive effects (Kumar & Goh, 1999). Some of the most important physical
characteristics of the substrate are primarily related to particle size and moisture content
of the material. Some of the pertinent chemical characteristics include those associated
with molecular size, complexity and nature, as well as elementa makeup of the
molecules (Diaz & Savage, 2007). The complexity and nature of the molecular structure
of the substrate are particularly important because these characteristics define the
assimilability of the nutrients by the various microorganisms.

Plants contain different proportions of cellulose, hemicellulose, lignin, protein, and
soluble substances (Paul & Clark, 1989); plants also contain cutin (Gallardo & Merino,
1993), polyphenols (Tian et a., 1995a), and silica (Goering & Van Soest, 1975). The rate
of organic matter breakdown depends on the relative proportions of each of these
fractions (Stout et a., 1981). It has long been recognized that the fractional loss rate
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declines with time (Andrén et al., 1990; Bending et al., 1998), and this reduction with
time reflects the decline in the quality of the remaining substrate. Therefore, it is
generaly accepted that residues with awide C:N ratio decompose more slowly than those
with a narrow one, and plant residues with high N content show high decomposition

rates and nutrient release (Douglas & Rickman, 1992; Janzen & Kucey, 1988).

Lignin is known to be a recalcitrant substance, highly resistant to microbial
decomposition (Mélillo et a., 1982) and only relatively few microorganisms can degrade
lignin, and these are exclusively aerobic (Jenkinson et al., 1987); therefore, its inhibitory
effect in the decomposition process has been reported in several studies (Berendse et al.,
1987; Fox et d., 1990; Giller & Cadisch, 1997).

Polyphenols are like lignin; they have adverse effects on organic matter decomposition
and nutrient release; they bind to protein and form complexes resistant to decomposition,
and can also bind to organic N compounds making it unavailable (Northup et al., 1995;
Valus & Jones, 1973). The importance of polyphenols in residue decomposition and the
mineralization process has been debated frequently, and different ratios with other crop
residue factors have been generated and correlated with residue decomposition and
nutrient release (Haynes, 1986; Palm & Sanchez, 1991; Vigil & Kissel, 1991).

3.6. Crop responses to ver micompost

Severa researchers have examined the physica and chemical properties of
vermicomposts. Edwards and Burrows (1988) reported that vermicomposts are finely
divided peat-like materials with high porosity, aeration, drainage, and water-holding
capacity. They have a large surface area, providing strong capacity to hold and retain
nutrients (Shi-Wei & Fu-Zhen, 1991). Compared to thelr parent materids,
vermicomposts have less soluble salts, greater cation exchange capacity, and increased
total humic acid contents (Albanell et a., 1988). Vermicomposts contain nutrients in
forms that are taken up by the plants readily, such as nitrates, exchangeable P, and
soluble K, Ca, and Mg (Edwards & Burrows, 1988; Orozco et a., 1996). Vermicomposts
have also been reported to contain biologically active substances such as plant growth
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regulators (Doube et al., 1997; Grapeelli et a., 1987; Krishnamoorthy & Vgranabhaiah,
1986).

In afield trial, Mba (1996), tested the bio-fertilizer value of the vermicomposts produced
from three different agricultura wastes, and reported that crop aeria biomass

significantly increased compared to untreated field plots.

The possible mechanisms by which vermicomposts produce these growth enhancement
effects in addition to the nutrients' availability, is the production of significant quantities
of plant growth regulators by the promoted microorganisms, due to the presence of
earthworms (Edwards, 1998b; Krishnamoorthy & Varanabhaiah, 1986; Tomati et al.,
1988). It has been also shown that the incidence of plant diseases can be limited by
vermicomposts (Nakamura, 1996; Szczech et al., 1993).

3.7. Crop responses to compost

Application of composts has been widely used for millennia as a source of fertility;
results in the literature are tremendous and demonstrating different effects of compost on
crop growth and nutrients uptake. Compost has been found to improve soil structure,
organic matter content and nutrient supply to plants and thus may reduce the input of
minera fertilizers in conventional agriculture and provide a useful nutrient source in

organic farming; respectively (Giusguiani et al., 1995; Parkinson et al., 1999).

Long term application of compost significantly increased moisture-holding capacity,
decreased bulk density and compression strength of the soil. However, heavy application
rates of compost with adverse effects has also been reported in terms of high
concentrations of toxic metals, increase plant disease incidence when coupled with
improper application of necessary chemicals to control plant pests and diseases (Hoitink
& Boehm, 1999; Tuitert et a., 1998) or phytotoxicity due to too high soluble salts
(Madegjon et al., 2001). In fact, compost application can affect the suppression of disease

in cropping systemsin positive, neutral, or even negative ways.

Because of their different production processes, compost and vermicompost might
exhibit distinctive physical and chemical features, which might influence soil properties

and plant growth in diverse ways. Generally, the final product of vermicomposting is
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more uniform in size with a characteristic of earthy appearance while the resulting
material after composting is normally more heterogeneous (Ndegwa & Thompson, 2001;
Tognetti et a., 2005). Nevertheless, the most remarkable differences among them are
related to their biological characteristics. Both processes strongly condition the biological
properties of the finished products resulting in important differences in the bacterial
community composition and functional diversity (Vivas et al., 2009) and fungal
abundance (Lazcano et al., 2008) even when the same organic waste is used as a raw
material. Considering that most of the beneficia effects of compost and vermicompost
have been related to their biological properties (Atiyeh et al., 1999; De Brito et al., 1995),
these differences could determine rather diverse effects in soil characteristics and plant
growth (Chaoui et a., 2003). Further, parent waste and application rates or the
substitution doses assayed are also possible causes for such diverse effects (Lazcano et
a., 2009). In this sense, general statements are used for such comparisons as
encapsulated in the following table (Table 3.1).

45



Table 3.1: General differences between the effect of compost and vermicompost

applications
Criteria Compost V ermicompost Reference
Bulk density decrease significant (Hashemimajd et a., 2004)
reduction
Porosity and improve the peat-like (Chaoui, et d., 2003;
aeration material with high Hashemimajd, et a., 2004,
porosity allows Haynes & Swift, 2006)
good aeration and
drainage
Water- holding improve significant improve | (Hashemimajd, et a., 2004;
capacity Hernando et al., 1989; Jouquet et
a., 2011)
Soil structure improve effective improve (Hernando, et al., 1989)
Aggregate increase marked increase (Ansari, 2008; Haynes & Swift,
stability 2006; Hernando, et a., 1989)
Soil organic increase the humus-like (Chaoui, et d., 2003; Lazcano, et
matter materias a., 2009)
significantly
increases the
content
Nutrient slow mineraization | (Chaoui, et a., 2003; Cox, 1993;
mineralization rate and more Suthar, 2009)
rate synchronized with
plant requirements
Microbial effectivein (Chaoui, et d., 2003; Kdeet a.,
biomass enhancing the 1992; Suthar, 2009)
population and
activity of some
microorganisms
lonic strength high much lower and (Chaoui, et al., 2003; Garcia-
and other salinity mitigate soil Gomez et al., 2002; Garciaet dl.,
indicators salinity 1995)
pH thedkaline pH | hasneutral pH (Atiyeh et d., 2000; Gallardo-
of the product Lara& Nogales, 1987;
raisesthe pH of Hernando, et al., 1989)
the soil or the
potting media
Plant response much better (Edwards et d., 1985; Suthar,

2009)
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4. Changes of the chemical composition of the cotton residue during decomposition

4.1. Introduction

Chemical composition of the organic materials is the most essential criterion in its
recycling, marketing and utilization in agriculture (Lasaridi et al., 2006). The tremendous
amount of organic matter and mineral components that are contained in biowastes
(municipal solid waste, sewage sludge, manures, etc.) alows its application for crop
production and soil reclamation, after a proper stabilization process (Veeken et al., 2000).
Nevertheless, the organic amendments prepared from different organic wastes (raw
materials), using different methods (composting or vermicomposting) and time of
processing, produce a final product which differs in its quality (Gaur & Singh, 1995;
Randlli et a., 2001).

One of the important factors affecting the successful application of compost and/or
vermicompost for agricultural practices is its degree of maturity and stability. If an
unstable or immature decomposed material is applied, it can induce anaerobic conditions
as the microorganisms utilize the O, to decompose the substrate (Mathur et al., 1993).
Another problem associated with the fore mentioned application is the phytotoxicity due
the presence of low molecular weight acids, phytotoxins and other organic compounds at
phytotoxic levels (Senesi, 1989; L Wu et a., 2000).

Compost and / or vermicompost maturity and stability are commonly used to define the
degree of decomposition of the organic matter. Substrate’s stability refers to the level of
activity of the microbia biomass, while maturity refers to degree of the decomposition of
the phytotoxic organic constituents (Conti et al., 1997; lannotti et al., 1994; Wu et al.,
2000).

During the evaluation of the quality of the substrates, al parameters referring to the
overal quality would have to be considered, these are physical, chemical and biological
characteristics. As the organic source becomes more diverse (different substrates or their
mixtures), this problem becoming more acute, and the possibility of defining generd
guidelines for production and safe usage is becoming more complex to establish (Goyal
et a., 2005; Wang et a., 2004; Zmora-Nahum et al., 2005).
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Numbers of criteria and parameters have been proposed for testing stability and/ or
maturity of the organic materials during the decomposition process and in the final
product (Mathur et al., 1993; Namkoong et al., 1999; Wu et al., 2000).

Indexes and parameters are generally divided into sensor, physical, chemical and
biochemical. Physical parameters include bulk density and purity and sensor tests which
include colour and odour. These tests give general idea of the decomposition stage
reached, but offer little information as regards the degree of maturation. For this,
chemical methods are widely used in favor the physical ones, including C:N ratio of the
solid and in water extract of the finished product, inorganic nitrogen, pH, electrical
conductivity, as well as cation exchange capacity (CEC) (Bernal et al., 1998a; Chefetz et
a., 1998; Zmora-Nahum et a., 2005). Oxygen uptake rate, CO, evolution and heat
release were also used as measures of the level of the microbial biomass and activity that
refersin turn to the substrate stability (Conti et a., 1997; lannotti et al., 1994).

Germination index, which is a measure of phytotoxicity, is calculated from germinated
seeds and measured radicle growth of seeds grown on filter paper moistened with extracts
of compost or vermicompost is commonly used as an indirect assessment of the maturity
of compost and vermicompost (Cunha Queda et al., 2002).

Different standard ranges and critical levels have been proposed for maturity and
stability. Indexes used for comparing compost and vermicompost in large bodies of
literature seems to be the same irrespective of the organic materials used, this is mainly
because indexes were generated from the finished products. At curing and maturity of the
composting, the high temperature generated by the microorganisms during the
thermophilic stage tends to decline with time to the ambient, and hence, mesophilic
organisms recolonize the mass. Vermicomposting is well known as a mesophilic process
during which, the process must be maintained at temperature below 35°C because
exposure of worms to temperature above this will kill them (Ndegwa & Thompson,
2001).

As a criteria for substrate maturity and stability, a germination index of > 50% of cress

seed (Lepidium sativum L) (Zucconi et al., 1981); NH, /Nog' ratio of < 0.16 and NH -N
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of < 0.04% (fresh weight basis), are used as indicator for maturity (Bernal et al., 1998b;
Pare” et al., 1998).

Equally important is the assessment of the stability of the decomposed material using
-1 -1
002 evolution. It is suggested that evolution of CO2 of <1mg COZ-C gldw] d indicates

stability (Thompson et a., 2003; Wang et a., 2004). Here, most of available substrate has
been mineralized and microbial activities are low such that when the materia is
incorporated into the soil, it does not create a surge in microbial activities resulting in

excess demand for nitrogen.

Other parameters like total organic carbon content, total nitrogen content, phosphorus and
potassum content, heavy metals, salinity, water holding capacity, bulk density, and
reduction in pathogens and weed seeds, and presence of indicator organisms, have aso
been used to determine the state of maturity and/or stability (Cunha Queda et a., 2002;
Huang et al., 2001; Lasaridi et a., 2006). However, it is difficult to apply these
parameters across a wide range of compost or vermicompost prepared from organic
materials (Benito et al., 2003; Roletto et al., 1985; Saviozzi et al., 1988), additionally, no
single method can universally be applied to all composts and vermicomposts due to the
wide range of feedstocks used and different decomposition processes applied (He et dl.,
1995; Itavaara et a., 2002; Wang et a., 2004). Although composting and
vermicomposting of different crop residues have been vigorously examined in organic
wastes management research over the past decades, no work has been carried out
especiadly in Sudan to the decomposition of the cotton residues and to look for ssimple

and practical maturity and stability indexes.

4.2. Aims

There is little or no information available on the effectiveness of composting and
vermicomposting on the biological stabilization of cotton residues. Therefore, the specific
objectives of this part were to (1) monitor chemical changes during composting and
vermicomposting of cotton residues, (2) to elaborate and correlate the results of the
chemical changes with the data of the bioassays performed on plants, and (3) to
determine quality parameters that best describe finished composts and vermicomposts.
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4.3. Materials and methods

4.3.1. Methods

4.3.1.1. Characterization of feedstock and composting

Cotton residues used in this study were collected from farms located in the El Gazira
irrigated farming systems (El Gazira State, Sudan, 33° 30'E 14° 24' N and at altitude of
390 m ad. The site soil was classified as Fine Montmorillonitic, Isohyperthermic,

Enticchromustert (Soil Survey Staff, 1996); from where samples were collected from the
top 30 cm. The farm yard manure (FYM) was obtained from the Institute of Animal
Husbandry, University of Gottingen, Germany. The chemical characteristics of the raw
materials are depicted in Table 4.1.

4.3.1.2. Experimental setup
Cotton residues were chopped to approximately less than 5 cm length, and soil was

ground to pass 2 mm sieve. Composting and vermicomposting were carried out under
aerobic conditions; during which the mixtures were subjected to interval turning every
two weeks. Heaps were constructed in layers of cotton residues interspersed with FY M
and soil in aratio of 5:1:1 for composting and aratio of 5:1 of cotton residues and soil for
the vermicomposting. The moisture content of the mixture was maintained at 60-65% of
water holding capacity (WHC) of compost and 70-75% of vermicompost throughout the
experiment period (20 weeks) by adding water when necessary. The composting
materials were assigned in a silo with openings a the cover and bottom for
vermicomposting and plastic barrel with openings at the cover for composting with no
replications. Earthworms (Lumbricus terrestris) were brought from the company of
Martin Langhoff (SUPERWURM eK.) and were introduced into the silo. At each
sampling, earthworms were hand sorted and returned to the silo.
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Table 4.1: Raw materia of the study

Material (dry) PH H20 Tota C Tota N C:N P (mg/kg)
(%) (%)

Soil 8.1 0.68 0.03 22.7 25.1

Farm yard manure 6.7 26.3 11 239 186.6

Cotton residues 54 45.2 13 34.77 739.5

Tota C, total N and total P are based on dry weight basis.

4.3.1.3. Sample collection and prepar ation

Changes in the chemical characteristics, stability and maturity of the composting mixture
with time were studied by collecting and analyzing samples at two week's interval for 20
weeks. Sampling was carried out by collecting cores from three depths (top, middie and
bottom from a height of 0.9 m for compost and of 0.7 m for vermicompost) and sub-
samples were joined and thoroughly mixed to form composite.

4.3.1.4. Analysis of compost and ver micompost samples

Moisture content of samples was determined as weight loss upon drying at 105 °C in an
oven for 24 h. All data are expressed on a dry weight basis. Electrical conductivity (EC)
and pH were determined from 1:10 (w/v) water extract. Total carbon and N were
determined by automated dry-combustion chromatography on an elemental analyzer
(Elementar GmbH, Hanau, Germany). To measure phosphorus; 5 g of samples were
extracted with 100 ml and analyzed for total phosphorus using Olsen method (0.5 M
NaHCOg, pH 8.5) (Olsen et ., 1954).

In order to measure mineral N; fresh samples were used for determination of NOs-N and
NH4-N using micro-Kjeldahl digtillation methods; mineral nitrogen was calculated as
addition of ammonium and nitrate. Briefly, 100 g of each sample was extracted with 125
ml of 2 M KCI and 0.01 M CaCl,, respectively. KCl and CaCl, extracts were analyzed
for nitrate and ammonium, respectively, using steam distillation method (Bremner &
Keeney, 1965).
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To measure water-soluble phosphorus (WSP); 5 g of material was suspended in 50 ml
distilled water in 250 ml Erlenmayer flask at 60°C (solid to water ratio of 1:10 w/v),
shaken for 1 hr on horizontal shaker at 160 rpm, extracted at room temperature (Benitez
et a., 2002). The suspensions were filtered through Whatman No. 1 filter paper and then
analyzed by the colorimetric method with molybdenum. All results reported in the texts

are the means of determinations made on four replicates.

4.4, Statistical analysis
Data were statistically analyzed with the SAS System for Windows. Analysis of variance

(ANOVA) was used to determine if there were composting or vermicomposting effects;
if so, the differences were separated using the Least Squares Mean (LSD) at a probability
level of 0.05, unless otherwise stated, using SAS 9.0 (SAS Institute, 2000). Multiple
correl ations between physiochemical parameters were also calcul ated.

4.5. Results and discussion

The evolution during composting process of the physiochemical parameters of each

measured substrate within selected timesis presented in the following parts.

4.5.1. Total nitrogen and carbon

Total N of vermicompost was 1.6% after 6 weeks of decomposition, significantly reduced
to 1.4 % within the following 4 weeks, further declined to 1.3 in week 16, and dlightly
increased to 1.4 in the final product (after 20 weeks) (Fig 4.1).

Total N of the compost was 1.4% within the first 6 weeks, declined to 1.3 in the
following 4 weeks, further decreased to 1.2% in week 16, and remained relatively
constant up the end the composting period (Fig 4.1).

The significant (P < 0.05) reduction of total N in both compost and vermicompost over
time was mainly attributed to the release of nitrogen in the mineral form as a
consequence of decomposition. Nitrogen losses could be either in the form of ammonia
from compost or both ammonium and nitrate with leaching from the vermicompost. The
reduction in total N during decomposition was reported earlier by Goyal et al. (2005)
who attributed the reduction to the N losses. This loss could be due to NH3 volatilization

because of the pH value and/or N uptake into the earthworm biomass in case of
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vermicomposting, as suggested by Hartenstein and Hartenstein (1981). These results are
in contradiction with others reported by Atiyeh et a. (2000a), who observed that total N
contents increased significantly with time associated with overall decrease in the C:N
ratio, reflecting a rapid breakdown of carbon compounds by earthworms. The trend of

total N does not allow us to use this value for materials maturity determination.

Total carbon content does provide insight on the substrates’ quality, kind and/or stability
of the organic matter of these materials. In this study, the measured total carbon after 6
weeks of decomposition was 40.7% for vermicompost, declined within the following 4
weeks to 29.5%, further reduced to 18.0%, but relatively increased to 20.4% in the
finished product (Fig 4.1).

In compost, total carbon was 37.7% within the first 6 weeks, reduced to 26.0% in week
10, further declined to 13.2%, but relatively increased (17.3%) in the final compost (Fig
4.1).

The significant reduction (P < 0.05) of total carbon in both compost and vermicompost

could be attributed to the evolution of CO, during decomposition.

Similar result was reported by Pare et a. (1998), who stated the total carbon in animal
manure and shredded paper decreased continuously during composting. The strong loss
of C was attributed to the CO, evolution.
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Fig.4.1. Changes in total carbon and nitrogen (%) during composting and vermicomposting; (a)
VER: vermicomposted cotton residues and (b) CPF: composted mixture of cotton residues and
FYM. (Barsindicate SES).

4.5.2. pH and electrical conductivity
The pH value is one of the most frequent parameters used to characterize compost and

vermicompost. In this study, during the first 10 weeks of decomposition, the pH value of
vermicompost was 8.5, reduced to 8.1 in the following 4 weeks, and further reduced to
7.9 in the finished vermicompost (Fig. 4.2). The pH value of the compost was 8.5 in the
first 6 weeks of decomposition, reduced to 8.3 in week 10, further reduced to 8.0 after 10
weeks, and declined to dightly alkaline (6.6) in the final compost (Fig. 4.2).

During the biodegradation of organic matter, different organic acids are produced during
the early stages of organic matter decomposition. The observed reduction in the pH
values was mainly due to the accumulation of such organic acids as a consequence of the
organic compounds mineralization (Avnimelech et al., 1996; Chefetz et a., 1998). The

type and release of low-molecular weight organic acids depends on the organic substrate
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and decomposition process (e.g. acetic, citric, propionic, formic, butyric, malic acids...
etc). Values of the vermicompost after 20 weeks are akaline and this may indicate
stability during this period, while the pH of the finished compost is slightly akaline. This
may refer to the presence of some organic acids, which suggests that compost may still
need additional time. Alkaline pH values are usualy used as indicators of stable
composts, because acids that are common phytotoxins (short-chain acids; e.g. acetic,
valeric, butyric acids ...etc), are known to be produced during the initial and intermediate
stages of decomposition and, therefore, are not expected to be present in mature and
stable composts (Mathur et al., 1993) because of loss via decomposition (Miyittah &
Inubushi, 2003).

In this study, the measured values of compost and vermicompost are within the optimum
range (5.5 — 8.0) reported by Inbar et a. (1993). These results are aso in agreement with
the results of Benito et a. (2003), who stated an increase in pH values to around 8 in the
finished materials, and again are consistent with the findings of lannotti et a. (1994) who
reported an increase in the pH value using municipal solids waste compost. Avnimelech
(1996) reported similar results and further explained that pH changes were caused by

decomposition of organic acids.
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Electrical conductivity (EC) as an indirect measure of total ions concentration; is another
parameter to be considered as an index for these products. In this study, the sum of
soluble ions in the water extracts, as indicated by EC measurements, increased with time
from 0.26 to 2.96 (mainly due to the FY M) in the compost and from 0.58 to 1.62 dSm™in
the vermicompost during the process due, in part, to the release of the easily
decomposable compounds into the solution (Saviozzi et al., 1987). During the
composting time there was significant change in EC (P < 0.0001) occurred in both
materials. Significant differences were found between values observed during the first six
weeks and that measured after 20 weeks (Fig. 4.2), this result isin agreement with results
reported by Morel et a. (1985). Increase of conductivity during composting was aso
reported in other studies and attributed to the effect of salt concentration as a
consequence of the degradation of the organic matter fraction (Iglesias Jimenez et al.,
1986; Negro et al., 1999) The low levels of soluble salts measured in the vermicompost
was previously reported by Albanell et a.(1988) who suggested that vermicompost may
be suitable for both soil amendments and for plant growth. They used the same mixtures
of industrial cotton residues and sheep manure in the presence and absence of

earthworms.

Electrical conductivity values of compost and could be considered as normal, and the
values are within the optimum range (maximum value of 4 dS/m) suggested by Lasaridi
et al. (2006). The threshold value is considered tolerable by plants of medium sensitivity
for salinity, and excessive soluble salt may adversely affect plant and crops. High values
of EC can sometimes make a certain wastes unsuitable for their use as organic
amendments (Pascua et al., 1997). lannotti et al. (1994) found a strong inhibition of
seeds germination by water extracts of municipal solid wastes compost; thus, authors
attributed this behavior to the high compost salinity.

The changes of pH and EC with decomposition encouraged Avnimelech (1996) to
suggest those simple parameters as good indicators of stability, and Wu et a. (2000)
suggested them to be used to monitor stabilization and maturation.
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Fig.4.2. Changes in pH and electrical conductivity during composting and vermicomposting; (a)
VER: vermicomposted cotton residues and (b) CPF: composted mixture of cotton residues and
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4.5.3. Ammonium, nitrate and total mineral nitrogen

In this experiment, the concentration of NH4-N in the vermicompost was around 37 mg
kg* within the first 10 weeks, dropped to about 17.8 mg kg™ within the following 6
weeks, and further reduced to 16.7 mg kgt in the finished material (Fig 4.3A). While, the
concentration of NOs-N within the 10 weeks was above 86.8 mg kg, reduced to 74.9 mg
kg™, but significantly (P < 0.05) increased to 160 mg kg ™ and remained constant in the
finished material (Fig 4.3B). Reduction in NH4-N over time associated with increase in
NOs-N may indicate the conversion of NH4-N into NOs-N. Decreasing the amounts of
NH4-N coupled with increases in NOs-N concentration towards the end of
vermicomposting suggests that substrate underwent an intensive biological

decomposition.

The enhancement of nitrate could be due to the increase in the activity of nitrifying
bacteria. Earthworm has a great impact on nitrogen transformation, by enhancing
nitrogen mineralization via ameliorating conditions that favors the nitrification process,
resulting in the rapid conversion of NH4-N into NOs-N (Atiyeh et al., 2000a). Same
conclusion was reported by Paré et al. (1998) who considered the conversion of NH4-N
into NO3-N over time as an indication of material’s maturity. Similar results were
reported by Hand et a. (1988) who found that earthworms in cow slurry increased the
NOs-N content of the substrate.

Confirming the previous point, the ratio of NH4-N : NOs-N decreased during this process
and the value of the finished product (0.10) is below 0.16, the maximum ratio suggested
by Bernal et a. (1998b) for mature compost.

The concentration of NHs,-N and NOs-N in the compost reduced with time. The
concentration of NH4-N in the compost was above 159.4 mg kg within the first 10
weeks, reduced to 157.8 mg kg ™ in week 10, significantly (P < 0.05) declined to 138.9
mg kg™ in week 16, and remained relatively constant over time up to the end of the
composting (Fig 4.3C). Same trend was observed for the concentration of NO3-N; after

the first 6 weeks of decomposition, the concentration was 366.9 mg kg, significantly (P
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< 0.05) dropped to 157.1 mg kg™, and further reduced to 88.7 mg kg™, in week 16, and
remained constant through the following 4 weeks (Fig 4.3D).

The content of NO3-N during the first six weeks was higher than the NH4-N, this may
indicate the conversion process of NH4-N into NOs-N during this time, but there after the
reverse occurred throughout the experiment period. The reduction of both NH4-N and
NO3-N may be attributed to the loss of NH4-N in the form of NH3 as aresult of the high
pH (above 8) (Ekinci et al., 2000) during the composting associated with the low activity
of nitrifiers. Nitrification is well known to be inhibited at temperatures above 40°C
(Alexander, 1977b) and the temperature of the compost especially during the

thermophilic phase is always above this value.

The loss of the NOs-N could be through denitrification associated with the presence of
anaerobic or microaerophilic pockets in the mixture. Another explanation could be that
NH4-N was assimilated by the heterotrophic microorganisms that predominate during the
thermophilic phase, suppressing its conversion to NOs-N or volatilization as NH3 (Bishop
& Godfrey, 1983; Pare et al., 1998).

Although NH4-N and NOs-N decreased with time, the trend of NH4-N:NOs-N ratio is
exactly the reverse to that noticed in vermicompost, and the NH4-N:NO3-N value of the
finished compost (1.57) is extremely far above the threshold value for the mature
compost (0.16) .(Berna et a., 1998b)

Ammonium content can be considered as an inhibitory factor (Findenegg, 1987,
Katayama et al., 1985), a high level of NH4-N indicates unstabilized material while the
nitrate is considered as a sign of maturity therefore, the increased NO3z-N concentration
associated with the decrease in NH4-N concentration in vermicompost over time may be
used as valid indicator of substrate’s maturity (Chefetz et al., 1998; Inbar et a., 1993).
This trend was ideally obtained in the vermicompost, where, NH4-N (0.002) is below
0.04% (Spohn, 1978; Zucconi & De Bertoldi, 1987), Thisresult is further supported with
the ratio of NH4-N:NOs-N as additional criterion. Unfortunately, these criteria (reduction
in NH4-N, increase in NOs-N, and the value of NH4-N:NO3-N ratio) are not applicable
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for the compost, because the ratio of NH4-N:NOs-N is far above the threshold value due
fluctuations in the NH4-N and NOs-N during composting.

Mineral nitrogen as a result of ammonium and nitrate was affected by their trend in
compost and vermicompost. In the vermicompost, the measured mineral N was 124.5 mg
kg™ after 6 weeks of processing, decreased to 111.9 mg kg™ after 10 weeks; significantly
(P < 0.05) increased to 178.0 mg kg™ after 16 weeks, and remained relatively constant
thereafter up to the end of the study (Fig. 4.4). High mineral nitrogen over timeis aresult
of the mineraization of organic-N compounds, thus reflecting organic matter
transformation during which NH4-N concentration reduced led to increases of NOs-N
through nitrification (Bernal et al., 1998b). Increase of available nutrients (e.g. mineral-
N) has been described in previous works and is probably inherent to earthworm activity
(Tognetti et a., 2005; Zhang et al., 2000).

In compost, the content of mineral-N was significantly high (527 mg kg™) (P < 0.05)
during the first 6 weeks, then significantly decreased to 228.1 mg kg™ in week 16. The
concentration of mineral N did not significantly (P > 0.05) change between week 16 and
week 20 (Fig 4.4). The reduction of mineral-N was mainly due to the reduction in both
NH,4-N and NO3-N over time. The possible explanation for this, could be to loss of NH4-
N in the form of NH3 as a result of the high pH (Ekinci et al., 2000) associated with the
low activity of nitrifiers (Alexander, 1977b; Tognetti et al., 2007).
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45.4. Carbon to nitrogen ratio (C:N)

Carbon to nitrogen ratio is frequently used as an index of maturity. It is known that
microorganisms which act in the composting process use about 30 parts carbon to one of
nitrogen, which suggests that it would be convenient to start the composting with a C:N
ratio of around 30. As these microorganism consume the most labile carbon fractions, the
C:N ratio falls until it reaches values at the end of maturity of between 15 and 20. When
the waste to be composted has a high C:N ratio, the value of this ratio can be used as an
indicator of maturity, and the compost can be considered mature when the ratio reaches
the above mentioned values (15-20) (Garciaet a., 1992). However, the C:N ratio aloneis
not a reliable stability indicator, due to a large variability in values (Epstein, 1997) and,

since the C:N ratio of the starting material has to be always accounted for.
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In this study, the initial C:N ratio (zero time) were 41 and 47 for composting and
vermicomposting, respectively. As decomposition progressed due to losses of carbon

mainly as CO,, the carbon content of the decomposable material decreased with time.

For the vermicompost, the value of C:N significantly (P < 0.05) decreased to 25.8 after 6
weeks, further reduced to 20.2, and decreased later but remained relatively constant for
the rest of the vermicomposting time (Fig. 4.5).

The C:N values of the compost, significantly (P < 0.05) declined from the initial value to
27.4 after 6 weeks of composting, further reduced to 20.2 in week 10, and reduced later
to 11.4 during the following 4 weeks but increased to 15.4 at the end of the composting
time (Fig. 4.5).

For maturity evaluation to define the degree of the organic matter decomposition,
different C:N vaues based on the characteristics of organic materials, have been
proposed. For instance, Garcia et al. (1992), reported a range of 15-20 as an acceptable
range for maturity. The final value of > 12 has been suggested by Iglesia-Jiménez and
Pérez-Garcia (1992), Poincelot (1974), and Golueke (1977b). A ratio below 20 has aso
been considered as indication of an acceptable maturity (Goyal et a., 2005). In this study,
the C:N ratio of the final vermicompost and compost are 15.2 and 15.4 respectively, both
values are within the suggested maturity ranges. In general, this value may be used as a
reliable index of maturity, however, C:N ratio cannot be used as a single limit for judging
compost maturity when different raw materials were used (Charest et a., 2004; Huang et
al., 2001).
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Sufficient information has been generated on the decomposition of legume crop residues
and cereals (Angers & Recous, 1997; Collins et a., 1990). However, such information on
the decomposition pattern of cotton residues and description of decomposer communities
isavailable to alimited extent (Blaise & Bhaskar, 2003; Lachnicht et al., 2004; Torbert et
al., 1995). Content and nature of the organic matter are essential for determining product
quality (Grigetti et al., 2004; He et a., 1995).

Cotton residues are considered as woody components especially the stalk parts. Residues
are characterized with 49.1% total C, 1.68% total N, and 29.2 C:N, as well as cell wall
components such as lignin, cellulose, and hemicellulose are 21.0%, 36.8%, and 19.0%,
respectively The cell compounds are well documented as microbially resistant and slow
down decomposition (Torbert et al., 1995).

In an attempt to give some information about decomposed organic materials and to find
simple and practical criteria for maturity evaluation, which is commonly used to define
the degree of organic matter decomposition, correlations between physiochemical
parameters were done. Although, maturity refers to the degree of decomposition of
phytotoxic organic substances produced during the active composting stage (Wu et a.,
2000), no single parameter can be used as a suitable indicator of maturity of composts
and vermicomposts prepared from different materials (Goyal et a., 2005). Therefore, the
content of the metabolic products during decomposition, such as NH4-N, NOs-N, EC, as
an indirect measure of the soluble nutrients, C:N, and pH, which better described the

decomposition processes , were correlated.

For the vermicompost, the correlation coefficients between C:N ratio and NH4-N, NO3-N,
pH and EC werer =0.86 (P <0.01), -0.79 (P <0.01), 0.91 (P <0.01) and -0.77 (P <0.01),
respectively. Ammonium-N concentration was also well correlated to NOs-N (r =-0.95, P
<0.01) (Table 4.2), this negative correlation indicated that material underwent active
biological decomposition; this point is supported with the value of NH4-N:NOs-N ratio.
The significant negative correlation between C:N ratio and NOs-N (r =-0.79, P <0.01)

and C:N and NH4-N mirrored the trend of vermicomposting.
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Same correlations were performed for the compost; the correlation coefficients between
C:N ratio and NH4-N, NOs-N, pH and EC were r =0.88 (P <0.01), 0.94 (P <0.01), 0.59
(P =0.02) and -0.72 (P <0.01), respectively. Ammonium-N concentration was also well
correlated with NO3z-N (r =0.80, P <0.01). This correlation is reverse to that observed in
the vermicompost (Table 4.2).

The significant positive correlation between C:N ratio and NOs-N (r =0.94, P <0.01),
suggesting that additional processing time is needed. Additionally, NOs-N parameter is
not applicable for this process as stated previously. This note is further supported with the
high value of the NH4-N:NO3-N ratio (1.57) which is far above the threshold value
reported for the mature compost. However, the positive correlation between NH4-N and

C:N ratio (r = 0.88, P <0.01), indicates the progress in decomposition.

A parameter to be considered as a suitable index of maturity must be a good indicative of
the progress in decomposition and maturation, and its value should change in a similar
way in al samples; in other words, similar values must be obtained for all mature
composts regardless of the type of initia raw materia (Garcia et al., 1991). These
specifications could be applied for the C:N ratio of this study. However, thisindex can be
used as recommended when combined with other parameters such as NH4-N, NO3-N, pH
and EC.
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4.6. Conclusions

Analyses of the two organic amendments (compost and vermicompost) have shown a
broad variation in numbers of physiochemical parameters; pH, total N, total C, C:N ratio,
EC, and minera contents (Table 4.4). The C:N ratio, EC, pH and NH4-N:NOs-N
consistently reflected the trend of the decomposition during the composting and
vermicomposting. It is highly desirable that a general index of maturity, which will be
independent of the source of material or decomposition condition and technique, be
identified for the benefit of researcher and compost producer alike.

This study supports previous work that reduction in C:N ratio with time can be taken as a
reliable parameter to mirror the progress in decomposition especially when combined
with other parameters such as NOs-N, NH4-N, pH and EC. Vaues of the parameters
obtained from this study are within the common ranges advised for the mature materials
reported in other studies (Table 4.3).

The correlation between C:N ratio and NOs-N, calculated from the vermicompost data,
clearly reflects progress of the decomposition which is further supported with the value
of NH4-N:NOs-N ratio. This trend was not applicable for the compost data because the
content of NOs-N is contradictory to what normally stated in the literature, additionally,
the value of the NH4-N:NOs-N ratio is above the threshold value.

This study suggested that C:N ratio, NH4-N, NOs-N, pH, and EC can be used as practical
indexes for vermicompost, while C:N ratio, NH4-N, pH, and EC for compost.
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Table 4.2: Correlation coefficients of the physiochemical parameters of compost and vermicompost

V ermicompost Compost

C:N NHs-N  NOs3-N pH EC C:N NHa-N NOs-N pH EC
C:N 1.0 0.86**  -0.79** 0.91** -0.77%* 1.0 0.88** 0.94** 0.59* -0.71**
NH4- N 10 -0.95** 0.92** -0.87** 1.0 0.80** 0.79** -0.87**
NOs-N 10 -0.84**  0.75** 10 0.70** -1.80**
pH 10 -0.92** 10 -0.98**
EC 1.0 10

ns: non-significant ( P > 0.05), * P < 0.05, and ** P < 0.01; EC: electrical conductivity.
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Table 4.3. Main characteristics of the final compost and vermicompost compared to the common ranges

Parameter Vermicompost | Compost | Common range or | References
threshold value
pH 7.9 6.6 6-8 Negro et al., 1999; Sullivan & Miller, 2000; Saebo &
Ferrini, 2006
C:N ratio 15.2 154 <12 Bernal et a., 19983, Igleisias-Jimenez and Perez-
Garcia, 1992
<20 Zucconi & De Bertoldi, 1987; Stevenson, 1994
Negro et a., 1999; Sullivan & Miller, 2000; Saebo &
10-25 e
Ferrini, 2006
15-20 Garciaet a 1998
Total N (%) 14 1.1 >0.6% Zucconi et al., 1987
0.7-10% Negro et a., 1999; Sullivan & Miller, 2000; Saebo &
Ferrini, 2006
EC (dSm-1) 16 29 4 Lasaridi et a., 2006
NHs-N (mgkgh) |16.7 138.4 < 400 Bernal et al., 1998a
NH4/NO; 0.1 1.6 <0.16 Bernal et al., 1998a; Contreras-Ramos et al., 2005.
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Table 4.4: ANOVA table of the compost and vermicompost physiochemical parameters

Source Dependent Variable gumaroe; df gq?ar;e F Sig.
Corrected Model % Carbon 2790.47 7 398.64 169.55 0.000
% Nitrogen 0.56 7 0.08 8.02 0.000
CN 897.73 7 128.25 7277 0.000
NH4-N 120956.88 7 17279.55 39082.23 0.000
NOs-N 257810.05 7 36830.01 556.92 0.000
Mineral- N 504053.33 7 72007.62 1002.99 0.000
NH4-N: NOs-N 9.90 7 141 1021.00 0.000
pH 13.89 7 1.98 1428.02 0.000
Electrical conductivity 19.61 7 2.80 487.35 0.000
Composting % Carbon 105.13 1 105.13 44.71 0.000
vermicomposting
% Nitrogen 0.198 1 0.20 20.02 0.000
CN 1.02 1 1.02 0.58 0.454
NH4-N 117738.63 1 117738.63 266296.67 0.000
NOs-N 24198.35 1 24198.35 365.91 0.000
Mineral- N 250276.36 1 250276.36 3486.07 0.000
NH4-N: NOs-N 5.82 1 5.82 4203.7 0.000
pH 1.36 1 1.36 979.61 0.000
Electrical conductivity 1.35 1 1.35 235.39 0.000
Weeks after start % Carbon 2681.21 3 893.74 380.13 0.000
% Nitrogen 0.32 3 0.107 10.81 0.000
CN 871.48 3 290.49 164.83 0.000
NH4-N 3217.10 3 1072.37 2425.44 0.000
NOs-N 66982.83 3 22327.61 337.62 0.000
Mineral- N 86641.31 3 28880.44 402.27 0.000
NH4-N: NOs-N 0.86 3 0.29 205.78 0.000
pH 10.23 3 341 2453.98 0.000
Electrical conductivity 15.31 3 5.10 887.65 0.000
Interaction % Carbon 414 3 1.38 0.59 0.629
% Nitrogen 0.036 3 0.012 1.22 0.326
CN 25.23 3 8411 477 0.010
NH4-N 114 3 0.38 0.86 0.47
NOs-N 166628.87 3 55542.96 839.89 0.000
Mineral- N 167135.67 3 55711.89 776.0 0.000
NH4-N: NOs-N 3.22 3 1.07 775.33 0.000
pH 2.30 3 0.77 551.53 0.000
Electrical conductivity 2.95 3 0.98 171.03 0.000
Error % Carbon 56.43 24 2.35
% Nitrogen 0.238 24 0.01
CN 42.30 24 1.76
NH4-N 10.61 24 0.44
NOs-N 1587.16 24 66.13
Mineral- N 1723.04 24 71.79
NH4-N: NOs-N 0.03 24 0.001
pH 0.033 24 0.001
Electrical conductivity 0.138 24 0.006
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5. Phytotoxicity of compost and ver micompost substrates

5.1. Introduction

The principal requirement of compost or vermicompost to be safely applied for
agricultural purposes is its degree of stability or maturity, which implies stable organic
matter content and the absence of phytotoxic compounds and plant or animal pathogens
(Bernal et al., 1998b). Maturity, generally refers to the degree of decomposition of
phytotoxic organic substances and is associated with plant growth potential or
phytotoxicity (lannotti et al., 1993; Komilis & Tziouvaras, 2009), whereas stability refers
to the rate or degree of organic matter decomposition and often related with the microbial
activity (Bernal et al., 1998b; Epstein, 1997).

Stability is evaluated by respirometric measurements (Adani et a., 2003; lannotti et al.,
1994; Lasaridi & Stentiford, 1998) and/or by studying the transformations in the
chemical characteristics of organic matter (Chefetz, 1998a, 1998b; Pichler & Koegel-
Knabner, 2000; Sanchez-Monedero et a., 1999). On the other hand, maturity has been
generdly evaluated through plant or seed bioassays (Berna et al., 1998a; Emino &
Warman, 2004; Zucconi et al., 1985). Stability and maturity usually go hand in hand,
since phytotoxic compounds are released by the microorganisms during early stages of

decomposition (Zucconi et al., 1985).

The bioassays of phytotoxicity have received great attention by environmental agencies
of the world. Two bioassay techniques have been commonly used to evaluate compost
phytotoxicity; plant growth bioassay and seed germination bioassay (Kapanen & Itavaara
2001). Phytotoxicity is described as an adverse effect on living plants by substances
present in the growth medium, when these substances are taken up and accumulated in
plant tissue (Chang et a., 1992). The phototoxic effects of immature organic wastes are
the result of the combination of several factors, rather than one (Zucconi et al., 1985).

A widely used maturity test isthe germination index. Thistest is considered as a sensitive
parameter to evaluate phytotoxicity (Tiquia et al., 1996; Zucconi et al., 1981); based on
relatively simple to perform seed tests. The germination bioassays quantify seed growth
through the application of compost extracts to the seeds (Komilis & Tziouvaras, 2009).
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Such composts may contain various phytotoxic materials. Application of unstable or
immature compost or vermicompost may inhibit seed germination, reduce plant growth
and damage crops by competing for oxygen or causing phytotoxicity to plants due to
insufficient biodegradation of organic matter (Brewer & Sullivan, 2003; Cooperband et
al., 2003; Wu et al., 2000).

Factors such as high heavy metals concentrations (Wollan et al., 1978), ammonia (Wong
et a., 1983), ethylene oxide (Wong, 1985; Wong & Chu, 1985), soluble salts (Adriano et
a., 1973) and low-molecular weight fatty acids (acetic, propionic and n-butyric acid)
(Chanyasak et al., 1983; Zucconi et al., 1985) have been shown to exert inhibitory effects
and reduce seed germination and also inhibit root development (Kapanen & Itévaara,
2001; Wu et al., 2000). The evaluation of organic wastes toxicity by biological tests is
therefore, important for screening the suitability of wastes for land application (Fuentes et
a., 2004). For the materials used in this study, we hypothesized that electrical
conductivity, NH3z and heavy metas within the FYM will be responsible for the
retardation of the seed germination.

Seed germination and plant growth bioassays are the most common techniques used to
evauate waste phytotoxicity (Kapanen & Itéavaara, 2001). The germination index (Gl)
was introduced by Zucconi et a. (1985), and was calculated by the root length of cress
(Lolium perene L.), and the germination percentage of selected seeds compared to a
control (usually the deionized water). According to Zucconi et a. (1985), germination
indices allow evaluation of both low levels of toxicity, which affect root growth, as well

as of high levels of toxicity, which affect seed germination.

The effect of the phytotoxic factor depends on the composition of the feed stocks, the
decomposition process and the concentration of the extract prepared. However,
decomposed cotton residues are expected to have no adverse effects on seed germination
but addition of farm yard manure may exert slight to moderate effects. There is an
appreciable amount of work on phytotoxicity of a wide range of finished composts and
vermicomposts. However, to my best knowledge, very few are extended to decomposed
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cotton residues. The composted and vermicomposted materials were chemically analysed

in order to explain differences in phytotoxicity.

5.2. Aim

This study aimed at evaluating the phytotoxicity and suitability of the composts and
vermicomposts produced from cotton residues based on germination indexes of cress
Seeds.

5.3. Materials and methods

5.3.1. Seed germination test:
Seed germination test developed by Araljo and Monterio (2005) was used as a basic tool

for studying phytotoxicity of the final compost and vermicompost. The tested materials
were produced using cotton residues, farm yard manure (FYM) and soil, respectively. A
ratio of 5:1 of cotton residues and soil was used for the vermicompost, while compost
was prepared with a ratio of 5:1:1 of cotton residues, FYM, and soil respectively. The

decomposition processes lasted for 20 weeks.

The chemical characteristics of the finished compost are: pH, 6.4; EC, 2.96 dS m™; N,
1.1%; Fe, 13 mg kg; Ca, 81 mg kg™; K, 2.0 g kg™; Na, 388.5 mg kg*; NH4-N 138.4 mg
kg™. While the chemical characteristics of the final vermicompost are: pH, 7.9; EC, 1.26
dSm™ N, 1.3%; Fe, 26 mg kg?; Ca, 336 mg kg™; K, 2.3 g kg™ Na, 539.2 mg kg™; NH.-
N 16.7 mg kg™.

For the bioassay test, deionized water was added to the fresh samples of finished compost
and vermicompost. The extracted solutions were prepared by shaking samples with
distilled water for 15 min., using a horizontal shaker. After shaking, the suspension was
centrifuged at 3000 rpm for 20 min., and filtered through afilter paper (Whatman No 42).
Different concentrations were prepared as follow: 0 g L™ (only water); 8 g L™ (0.24 g of
compost or vermicompost plus 30 ml of water); 16 g L™ (0.48 g of compost or
vermicompost plus 30 ml of water). The concentrations used were corresponded to the
application of 796.7 and 1593.4 g of compost and 794.5 and 1589 g vermicompost per
pot, these amounts corresponded to 4 and 8 g nitrogen of the compost and the
vermicompost (121.3 and 242.6 g N m™), respectively.
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For the germination test, 10 seeds of cress (Lepidium sativum L.) were placed on a
Whatman filter paper (Number 42) in a series of 11 cm diameter Petri dishes with 10 ml
of the appropriate concentration of compost or vermicompost extract, while distilled
water alone was applied to the control group. The Petri dishes were sealed with Parafilm
(American National Canry) permeable to air and to minimize water loss. The seeds were
kept in the dark at room temperature (25° C) for three days. After the incubation period,
the percentage of germinated seeds was recorded and the length of the primary root was
measured.

The percentage of relative seed germination (RSG), relative root growth (RRG) and
germination index (Gl) were calculated according to Tam and Tiguia (1994) and
Hoekstra et a. (2002) as follows:

Number of seeds germinated in extract
RSG (%) = _ - X 100 .(4.1)
Number of seeds germinated in control

RRG (%) = Mean root length in exctract

(4.2
Mean root length in control 100 (42)
Gl =
(RSG) * (RRG) (43)
100
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5.4. Statistical analysis:
Petri dishes were arranged in a completely randomized design (CRD) with three

replications. The effects of the extracts on RSG, RRG and Gl were analyzed by analysis
of variance (ANOVA) using SAS System (SAS Institute, 2000) and Duncan’s Multiple
Range Test (DMRT) at P < 0.05, was used to separate means.

5.5. Results and discussion:

For the vermicompost extracts, the relative root growth were greater than 90% for both
concentrations (corresponded to 4 g N pot™ (VERS) and corresponded to 8 g N pot™
(VER16) (Fig. 5.1 A). The relative seed germination and germination index were greater
than 80% (Fig. 5.1 B & C). Significant differences (P <0.05) were found between both
concentrations, in terms of relative root growth, where the extract concentration
corresponded to 4 g N pot™ (VERS) gave greater values than that corresponded to 8 g N
pot! (VER16). The values of the germination index and relative seed germination
recorded from the two concentrations were not significantly different (P >0.05).

The values of relative seed growth, relative seed germination, and germination index
were > 69%, > 70%, and > 50%, respectively, in the extracts prepared from compost
(Fig. 5.1 A, B &C). Relative root growth was significantly lower (P <0.05) in the extract
concentration corresponded to 8 g N pot™ (CPF16) compared to that corresponded to 4 g
N pot™ (CPF8). Seeds germinated in both extracts revealed no significant differences in
terms of relative seed germination and germination index (P > 0.05).

By anaysis of variance (ANOVA), significant differences between means of the root
growth and germination in the various extracts were observed, while the reverse was
calculated for the relative seed germination (Table 5.1). Duncan’s Multiple Range Test
was further employed to separate a set of significantly different means between extracts

prepared from compost and vermicompost.

At both concentrations (corresponded to 4 and 8 g N pot™), results indicated significant
differences (P <0.05) between extracts prepared from compost and vermicompost, in
terms of relative root growth and germination index where values from vermicompost

extracts were greater than those obtained from the compost ones. Regarding relative root
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growth, differences were found significant between all extracts, where the highest value
was calculated for seeds grown on vermicompost extract corresponded to 4 g N pot™
(VERS) while the lowest was for seeds germinated on compost extract corresponded to 8
g N pot™ (CPF16) (Fig. 5.1B).

The significant differences between values of relative seed growth were found between
seeds germinated on extracts of compost, and vermicompost corresponded to 4 g N pot™
(VER8 and CPF8). No significant differences (P > 0.05) were calculated between
germination index values of both extracts of vermicompost; the same was for extracts of
compost (Fig. 5. 1A), but significant differences (P <0.05) were found between
germination index values of seeds grown on vermicompost and compost extracts, where

higher values were found in the former (Fig. 5. 1C).

Root growth of the germinated seeds was remarkably able to differentiate between the
extracts of compost and vermicompost. This point is in consistent with results found by
Wong et a. (1981), who proposed that root growth as a better parameter in toxicity
analyses. Similar findings were found by Hoekstra et al. (2002); who reported that the
ANOVA reveded no significant effect of dung type or concentration on relative seed
germination; therefore, they determined germination index only by the relative root

growth.

In al studied germination indexes and at both concentrations, seeds grown in compost
extract; had lower values than those grown on vermicompost extracts; this could be
attributed to the presence of the phytotoxic substances due to the addition of farm yard
manure during experiment initiation. Ammonia (NH3) is a common by-product of animal
waste (Ko et al., 2008); therefore, the added farm yard manure to the compost feedstocks
is considered to contain an appreciable amount of ammonia. A concentration of NH3 in
water extracts of 13 mM has been reported to be toxic to plant (Bennett & Adams, 1970;
Hoekstra et a., 2002).
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Fig.5.1. Relative seed germination (RSG) (A), relative root growth (RRG) (B) and germination
index (GI) (C) of cress (Lepidium sativum L.) for different concentrations of compost and
vermicompost; VER8 and CPF8: concentration corresponding to 8 g L™ of compost and
vermicompost, respectively; VER16 and CPF16 concentration corresponding to 8 g L™ of
compost and vermicompost respectively. Means and standard errors of three replicates are
shown.
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Generdly, phytotoxicity or poor seed response can result from several factors; the most
important are the accumulation of acohols, phenolic compounds, low-molecular weight
organic acids, ammonia and toxic nitrogen compounds, and the presence of heavy metals
and mineral salts (Kapanen & Itévaara, 2001; Tam & Tiquia, 1994). Most of these factors
influence seed germination simultaneously, and it is very difficult to assess which

parameter determines the greatest influence.

Among the factors responsible for the retardation or the delay of the seed germination,
we only measured the electrical conductivity and NH4-N in the fina products.
Ammonium-N in solution can be toxic to plant growth (Mengel & Kirkby, 1982);
however, the measured NH,4-N concentrations in the final products are below the reported
critical phytotoxic levels (< 400 mg kg?). This result agrees well with the conclusion
reported by Hoekstra et al, (2002) that ammonium appeared not to be inversely affecting
root growth of the germinated seeds. Therefore, we looked for the toxicity of the presence
of NH3, which affects plant growth and metabolism at low concentration levels at which
NH4-N is not harmful (Mengel & Kirkby, 1982). The concentration of NH3; depends on
the concentration of NH4-N viathe equilibrium:

NH." (ag) = NHs"(ag) + H* ...... (4.4)

and on the volatilization of NH3 (Bennett & Adams, 1970). A concentration of NH3 of 13
mM has been proven to be toxic (Bennett & Adams, 1970; Hoekstra et al., 2002).
However, concentrations of NH3 (as calculated from the pH and NH4-N concentration by
means of equilibrium equation (4.4)) in the finished compost were 0.01 mM and 0.4 mM

for the vermicompost; both values are below the threshold value.

The electrical conductivity measured in extracts of the finished compost and
vermicompost were 1.26 and 2.96 dS m™, respectively; however, the value of the
vermicompost is below the value considered not to be harmful for seed germination (2.0
dS m™) (Hoekstra et al., 2002), while EC of the compost is above that value. Therefore,
the phytotoxicity in this study is thought to be salt-affected.

lannotti et al. (1994a) reported that for cress bioassays, the 10-fold diluted extracts
yielded a germination index of only 60%, while the undiluted extract was inhibitory at all
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maturity levels (EC >10 dS m™ throughout the experiment period). The same authors
concluded that organic acids produced as a result of decomposition as well as N
deficiency in immature compost and salinity were probably the key factors affecting
germination of cress seed. The effect of salinity was also reported by Marchiol et al.
(1999); who their study revealed that the higher the EC of the leachates, the lower the
germination indexes and the higher the average times of germination for all 23 seeds used

throughout the study.

Zucconi et al. (1981) reported that compost with germination greater than 80% was
phytotoxin-free, and considered as having a completed maturity. Similar suggestions
were reported by Tiquia et al. (1996); Fang and Wong (1999). From our results,
germination indexes of vermicompost were 80.2 and 87.8% for extract corresponded to 8
g N pot? (VER16), and the extract corresponded to 4 g N pot™ (VERS), respectively.
Both compost extracts exert inhibitory effects on cress seeds, consequently; the
germination indexes were 54.9 and 53.1% for extracts corresponded to 4 g N pot™
(CPF8), and the extract corresponded to 8 g N pot™ (CPF16), restively. However, both
values are below the reported value.

Although lower value (> 70%) has been suggested by Fuentes et al. (2004) and Antil and
Ra (2011) for the disappearance of phytotoxic substances of extracts prepared from
sewage sludge and from farm and agro-industrial composts;, however, germination
indexes of the compost extracts of this work did not even attain this value. As per the
germination index reported limit, vermicompost considered mature and could safely be

used for soil applications and plant growth while compost showed inhibitory effects.
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Table 5.1: Anaysis of Variance (ANOVA) of the effects of extracts prepared from
compost and vermicompost on the germination indexes of cress (Lepidium sativum L.)

seeds
Sum of df Mean F Sig.
Squares Square
RRE
Between Groups 1954.1 3 651.4 450.4 | <0.0001
Within Groups 11.6 8 15
RSG
Between Groups 432.3 3 144.10 35 0.067
Within Groups 325.9 8 40.7
Gl
Between Groups 3 931.1 34.2 | <0.0001
Within Groups 8 27.2

Between groups. extracts prepared from compost and vermicompost corresponding to 4 g N pot’

1

(VER8 & CPF8) and 8 g N pot™ (VER16 & CPF16); Within the group:: error. RRE: relative root
elongation; RSG: relative seed germination; Gl: germination index.
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5.6. Conclusions

From the results of thiswork, it may be concluded that, vermicompost and compost vary
considerably in phytotoxicity. Vermicompost performed best in cress bioassay and could
be considered mature while compost did show adverse effects on seed germination and
may need more processing time. Germination indexes obtained for vermicompost are
greater than the values advised for the finished compost while compost did not attain it.
The retarded seed germination observed in the compost extracts could partialy be due to
the high content of soluble salts and/or NH3 concentration. The NH3 concentration is
below the advised toxicity level while the EC was above the threshold; therefore, the
phytotoxicity is thought to be salt-related. Consequently, vermicompost can safely be

applied for plant growth, and more processing time is needed for the compost.
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6. Effect of composted and vermicomposted cotton residue on ryegrass (Lolium
perenel.) growth

6.1. Introduction

Addition of organic residues to cultivated lands or as potting material has been
extensively studied because it helps recycling nutrients and reducing fertilizer costs in
crop production systems and may generate residual effects that should be taken into
account when planning the next crop (Eghball et a., 2004). The tremendous amount of
organic matter and mineral components that are contained in biowastes (municipal solid
waste, sewage sludge, manures, etc.) allows its application for crop production and soil
reclamation, after a proper stabilization process (Veeken et al., 2000). Crop residues are
also considered vital resources for the conservation of soil productivity; not only because
of their known effects on soil physical properties (Hulugalle et al., 1986); but also due
their immediate and residual effects on nutrients to the crop (Hadas et a., 2004).

The chemical composition of the organic materials is the most essential criterion in its
recycling, marketing and utilization in agriculture (Lasaridi et al., 2006). The
decomposition process also plays an important role its utilization, therefore, organic
amendments prepared with different methods (composting or vermicomposting) with
different processing periods, produce final products with different quality properties
(Gaur & Singh, 1995; Ranalli et a., 2001).

Decomposition normally undergone changes in the initial chemical compositions of the
organic materias, therefore, finished composts differ in their effects on nutrient
availability and plant growth compared to the feedstocks. Maturity of soil incorporated
residues (Jan-Hammermeister et al., 1994a; Voroney et a., 1989), the amount of residue
N in labile, readily metabolizable form (Jan-Hammermeister et al., 1994b; Jensen, 1996)
or simply the content of water-soluble substances in residues (Jensen, 1996) have been
shown to contribute to the release pattern of residue derived inorganic N. It is commonly
reported that composted organic residues release lower plant-available N than non-
composted ones due to higher organic matter stabilization and N losses during
decomposition (Eghball et a., 1997; Kithome et al., 1999; Zucconi & De Bertoldi, 1987).
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The mineralization of organic nitrogen (N) is one of major important and prerequisite of
its supply to plants (Appel & Mengel, 1993). This especialy important in the arid and
semi-arid regions of the developing countries where inorganic fertilizers are hardly to be
afforded by small farmers and considerable amounts of crop residues and straws are
available, therefore, considerable efforts have been made and should continue to develop

alternatives or complementary cost-effective practicesto N fertilization.

The rate of N mineralization from organic materias is controlled by the decomposer
organisms, the environmental conditions (temperature, moisture etc.) and the chemical
composition of the material itself (Heal et al., 1997; Swift et a., 1979). In order to better
predict N release from the organic fraction of the organic residues, we need to improve

our understanding of the three controlling factors.

The chemical composition is one of the most important factors governing the turnover
and fate of crop residues. Therefore, large differences in decomposition rate and nutrient
release have been variously ascribed to differences in chemical characteristics (Janzen &
Kucey, 1988). The chemical composition of the organic residues is extremely variable;
some forms of the organic N, like proteins and amino acids are readily mineralized to
inorganic forms, while others are chemically or structurally protected in plant tissues, for

examplein lignin, arecalcitrant source of N (Chadwick et al., 2000).

Plant materiadls are basically composed of similar components, but differ in ther
proportions (Hadas et al., 2004). The kinetics of decomposition or N release from crop
residues has been related to the residue N content or its C:N ratio, but the presence and
amount of polyphenolics concentration and lignin or recalcitrant carbon may reduce the
rate of N mineralization (Pam & Sanchez, 1991; Quemada & Cabrera, 1995; Vigil &
Kissel, 1991).

Crop residues poor in N have limited use in the short term (Constantinides & Fownes,
1994) since low N content limits the growth of microorganisms involved in
decomposition. There is general consensus that net N mineraization occurs if the N
concentration is above 2% (20 g kg') and immobilization occurs below that
concentration (Palm & Sanchez, 1991). Harmsen and Van Schreven (1955) concluded
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that N concentration of 15-20 g kg™* (C:N ratios of 20-25) will consistently give a net N

mineralization, whereas, at lower N concentrations net immobilization is expected.

The C:N ratio of the organic residues as the most often used as an index of assess
whether the residues will release or immobilize N (Hadas et al., 2004). Alexander
(1977b) stated that the critical C:N ratio of a crop residue for net N mineralization to
occur is less than 15 to 20, whereas C:N ratios wider than 30 favor net immobilization.
On the other hand, a wider range even was suggested by Vigil and Kissel (1991) who
integrated N immobilization data from several medium to long-term experiments with
residues having a wide range C:N ratios, and showed that the break-even point between

net immobilization and mineralization of residue was at C:N ratio of 41.

Mature composts still contain small amounts of easily transformable C compounds; their
C:N ratio is normally 11-15, and thus only slightly above that of the soil (ca. 10). With
transformations on a low level, N immobilization and mineralization are amost in
balance and its mineral N can thus be considered as almost completely plant available in
the year of application (Ebertseder & Gutser, 2001).

Another factor controlling N mineralization patterns is polyphenols; polyphenolic as
reactive compounds that can form stable polymers with many forms of nitrogen (amino
groups and basic N-containing groups) may affect N release patterns by making the
materia resistant to decomposition (Martin & Haider, 1980; Pam & Sanchez, 1991).

The stable polymers formed between phenolics and N-containing compounds have
characteristics similar to fulvic and humic acids found in the soil (Martin & Haider,
1980). Sivapalan et al. (1985) found lower net N mineralization from tea leaves that had
high soluble N and high polyphenolic content in comparison with high soluble N content
but low polyphenolics, suggesting that the polyphenolics made the soluble N unavailable.

One of the effective factors that bind organic N making it unavailable is lignin, therefore
the percentage of lignin or lignin:N ratio is often an effective ratio for the N release
pattern and Muller et al. (1988) found it much better predictor of plant residue
decomposition rate than N concentration. Data in all various studies indicated that lignin

concentration might influence the percent N mineralization from a given residue, even
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when the N concentration in the tissue was relatively high (Frankenberger &
Abdelmagid, 1985; Pam & Sanchez, 1991). Studies with no lignin effect on N
mineralization rate were generaly conducted with plant materials containing low lignin
concentrations (Fox et a., 1990).

When the plant residues contains high concentration of lignin or polyphenols, there may
be little N mineralization in spite of N concentrations considerably greater than the
critical level (15-25 g kg™) (Mdillo et al., 1982). Haynes (1986) believed that lignins and
polyphenols reduce N mineralization rate because lignins degrade to phenolic compounds
and these compounds as well as the polyphenols aready present combine with plant

proteins and amino acids to form polymers that resist decay.

Short-term and long-term net N mineraization is correlated with different residue
properties. Therefore, Griller and Cadisch (1997) concluded that no single index can
characterize the quality of the crop residues. Moreover, a wide range of materials tested
resulted in different conclusions as the suitability of certain properties to predict rates of
decomposition of residues and their effect on available N in soil. However, measurement
of N mineralization and immobilization rates will enable mathematical models of nutrient
release and leaching to be developed, which in turn can be used to provide management

guidelines for waste application on land (Zaman et a., 1998).

An important question pertinent to the efficient use of cop residues is whether their rates
of nutrient release can be effectively managed to coincide with crop demand (Tilman et
a., 2002). Therefore, detailed knowledge about the coupling between crop residue
quality and subsequent nutrient fluxes during decomposition may improve the ability to

predict the availability of nutrients for crops.

The value of the organic residue as a source of N depends on the degree of the
synchronization between the N release and N uptake by the succeeding crop (Wivstad,
1999). If rates of N release exceed plant demand the N becomes susceptible to various
pathways of loss (Goudling, 2004; Peoples et a., 2004a). In some instances, organic
amendments can cause excess accumulation of NOs-N in soil (Khalil et al., 2005) with

113



potentially detrimental effects on the environment. Conversely, if rates of N release are

too slow, then crop yields may be constrained.

The best way to synchronize soil N availability to crop demand is by managing the
guantity, quality, timing and placement of organic residues added to the soil (Mafongoya
et al., 1998; Palm, 1995). Traditional methods in determining source nutrient availability
involve measuring plant uptake, a function of the availability of soil nutrients and plant
growth rate, and nitrogen mineralization incubation tests, to find the best synchronize
plant uptake with availability of N from organic residues. While very fast N
mineralization rates can be responsible for considerable N losses through leaching,
denitrification or volatilization, when N mineraization is very low little N availability

can lead to limitationsin crop growth (Myers et a., 1994).

Nutrient content in harvested materials provides an estimate of nutrient supply from a
given source (Havilah et al., 1996). Such an evauation is more reliable when more than
one harvest is considered (Nooman & Fuleky, 1995).

A wide range of results has been obtained in relation to the efficiency of compost and
vermicompost as sources of N for plants, as the N availability is closely related to the
degree of maturity (Gallardo-Lara & Nogales, 1987).

The application of different organic residues has different effects on plant biomass yield,
nutrients contents, and soil nutritive values. Iglesias-Jimenez and Alvarez (1993) found in
a ryegrass pot experiment that the highly mature composted municipal refuse increased
dry matter yield, soil mineral N, and plant N uptake proportional to the applied rate.

The positive effects of organic residues on plant growth was also revealed by Schmeisky
et a. (2003), who concluded that the increase in the plant biomass with the application of
biocompost was due to the improvement in soil mineral contents (N, Ca, Mg, K and P).

Three to seventy five percent of N in the organic material applied as biosolids was
recovered in plant biomass where the efficiency of the organic material as N source
depends on soil type (Corréa, 2004). The N content in plant tissues obtained by organic
fertilization was greater than in the mineral fertilizer treatments (Cegarra et al., 1996).
Smith and Tibbett (2004) from their field study with a single application of three sludge
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types, reported that amended soils showed significant effects on plant growth compared
to the non-amended soil (control), where the N concentration in the ryegrass and biomass

yield were proportionally increased with the application rate.

The improvement in soil properties with organic manures was aso studied by Cheng et
al. (2007) who concluded that, soil amended with 5-20% (substrate: base soil) of
composted sewage sludge greatly improved the contents of N, P, K and chlorophyll of
perennial ryegrass, and the clippings were higher in the amended soils compared to the

control.

In a 3-year field experiment with five diverse non-agricultural organic wastes (distillery
pot ale, dairy salt whey, abattoir blood and gut contents, composted green waste, and
paper mill) and mineral fertilizer, Douglas et a. (2003) attributed the differences in the
scale of the grass yield between treatments to the differencesin N supply.

On the other hand, Coutinho et al. (1997) concluded that ryegrass dry matter yield, N
content, and N uptake did not increase in composted sewage sludge treated soils, and P
content of the plant increased at the second harvest, but the effect was negligible in the
subsequent harvest. and the authors attributed that to the chemical rather that the
biological reactions which led to the redistribution of the P in the organic sewage sludge

composted with saw dust to more firmly held forms after its application to the soil.

Concerning nitrogen mineralization incubation; several workers have tested the rel ease of
N from organic wastes mineralization to ryegrass, maize and wheat (Evers, 2002
Vagstad et a., 2001; Vasconcelos et al., 1999); for instance; Cordovil et al., (2007),
reported that in aerobic incubations of organic wastes, experimental data obtained in the
pot trials was consistent with the trend of the nitrogen net mineralization. Vaues of
potentially mineralizable nitrogen from the equations obtained by model fitting, to the
incubation data, were well correlated to ryegrass N uptake.

The effect of the incubation period has been demonstrated to have positive effects on the
amount of mineral N. For example, Coutinho et al. (1997) reported that time had a highly
significant effect on the NH," and NOs contents; reflecting the favorable conditions in

temperature and moisture for microbial activity during the incubation. The same authors
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concluded that the N mineralized from the organic wastes was inadequate for the normal
growth rate of ryegrass. Nevertheless, the biomass yield and N nutrition agrees with the

results of the incubation experiment.

The availability of N to plants from organic wastes has been investigated by Smith et al.
(2001a; 2001b), who developed and tested methods to estimate potential mineralizable
nitrogen. Studies carried out by Smith et a. (2001a) showed that there were significant
positive correlations between ryegrass N uptake from organic wastes and potential
mineralizable nitrogen estimated. Although several of these biological experiments have
led to promising results, there is still no accurate knowledge on the ability of organic
wastes to release N for crop nutrition (Cordovil et al., 2007). The amount of C and N in
residues in decomposing microbial biomass are important factors controlling the
occurrence of net N mineralization or net N immobilization and because C:N ratio of the
residue cannot explain al the variability observed in N mineralization among residues
(Cabrera et al., 2005), considerable efforts has been dedicated to the identification of
specific compounds that play critical roles in N mineraization such as polyphenols,
proteins, soluble carbohydrates, and hemicellulose-like, cellulose-like, and lignin-like
compounds (Palm & Sanchez, 1991; Rowell et al., 2001; Vigl & Kissal, 1991).
However, research in this area should continue to identify specific N compounds or group
of N compounds that affect N minerdization in different types in organic residues
(Cabreraet a., 2005). Other properties of some organic residues, such as pH, salinity and
heavy metal concentration, may also affect microbial activity and N mineralization. For
instance, the addition of heavy metals to sewage sludge in some cases has increased N
mineralization (Hassen et al., 1998; Khan & Scullion, 2002) and in some other studies
has decreased N mineraization (Dar & Mishra, 1994). Additional research is needed to
understand the mechanical involved and this work should include evaluation of the
microbia population and microfauna involved in the decomposition process (Cabrera et
al., 2005).

From the above literature, it is evident that the best predictor of net N mineralization will
vary with the experimental method used and the method of the measuring the net effect

(i.e, N uptake by a growing crop or periodic subsampling of incubated soil).
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Nevertheless, we hypothesize that decomposed cotton residues would accel erate nutrient
release and be more suitable for plant growth and the availability of N can be predicted
from the simultaneous long term incubation of the compost and vermicompost used in the
pot trails.

6.2. Aims

To integrate compost and vermicompost in crop production from an economic as well as
ecological point of view, the exploitation of the applied nutrients should be known.
However, research on the N mineralization from cotton residues and its impact on crop

nutrition are fairly limited, our objectives were:

v' to evauate the agronomic value of compost and vermicompost after single
application.

v' to determine whether aerobic incubation provide an adequate index of N
availability to estimate agronomically acceptable rates of compost and

vermicompost applications.

v to assess mineralized nitrogen from the compost and vermicompost obtained by

aerobic incubation test.

6.3. Materials and methods
Cotton residues was mixed with soil and farm yard manure (FY M) for composting (CPF)

in 5:1:1 on dry weight basis of cotton residues, farm yard manure (FYM) and soil,
respectively. The vermicomposting was prepared with the same initial materials without
FYM (VER) in aratio 5:1 of cotton residues to soil, respectively, and then inoculated
with earthworms (Lumbricus terrestris). Water was added to the mixture to give a
moisture content of 65-75% of the total water holding capacity by dry weight and kept
within this range by adding water when needed. Every two weeks, the materials were
turned and the outer materials moved to the center of the silo for homogeneity. Soil
samples were collected from the top 0-30 cm depth native areas of Gezira irrigated
farming system, Sudan. Soil samples were air dried, passed through a 2-mm sieve to

exclude non soil particles, and then analyzed for chemical and physical properties (Adam
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& Farbrother, 1975; Porter & McMahon, 1987). The chemical properties of the soil,

compost, and vermicompost used in this part were described in the previous chapter.

6.3.1. Methods

6.3.1.1. Greenhouse Study
In an attempt to ascertain comparatively the effectiveness of the compost and

vermicompost on plant yield, ryegrass (Lolium perenne L.) was grown in a greenhouse in
pots. Ryegrass is a suitable test plant because the crop is highly sensitive to the presence
of organic compounds, highly responsive, grows rapidly, and enables several harvests
over an extended growing period (Sarwar et a., 2003). Different amounts of compost and
vermicompost have been applied to the pots. For the pots amended with compost, 796.7 g
DM of the composted cotton residues with FYM (CPF1) and 1593.4 g DM ™ and 1593.4
g DM™ of CPF2, respectively have applied. For the vermicomposted amended pots, 794.5
g and 1589.0 g DM™ for VER1 and VER2, respectively, have been applied. Both added
amounts of compost and vermicompost were corresponding to 4 and 8 g N pot?,

respectively. Amendments were applied once prior to planting.

Soil was mixed thoroughly with sand in 1:1. The mixture of sand and soil was mixed
with the compost or vermicompost. A 2.6 g of triple super phosphate (TSP) (0.5 g P) was
added to vermicompost to compensate the difference in P concentration. Amended soils
in addition to the non-amended control were placed in 5 kg (& 20.5 cm) pots. The surface
of the mixture in the pots was lightly tapped down to facilitate seed sowing. Ryegrass
seed (2.5 g) was sown in each pot in May 2007 and watered. Pots were placed in a
complete randomized design (CRD) replicated four times. After the germination, soil
moisture content was adjusted to 70% of the maximum water holding capacity and
moisture content was daily controlled by weighing and readjusting throughout the
experiment by watering. Pots were maintained in a greenhouse at the Department of Crop
Sciences - Georg-August University, Gottingen under natural lighting and ambient

temperature.

Harvesting of the aeria parts was conducted 10 days after seedlings emergence and then

every 10 days intervals towards the end of the experiment. The experiment ended for
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eight consecutive harvests because plant biomass was too hard to harvest. Aerial parts of
the plants were cut 2 cm above the surface of the soil, put into paper bags and dried in a

forced-air oven at 60 °C for 72 h, weighted, and ground prior to nutrient content analysis.

Dry weight, nitrogen and phosphorus contents of the plant materials at each harvest were
determined. The yield of the control for the fourth harvest interval and subsequent

sampling dates (after 40 days) was extremely low and not sufficient for the analysis.

6.3.1.2. Chemical Analyses
Plant materials were analyzed as follow; total N and carbon were determined according

to the dry combustion method using CHNS anayzer system (Model VARIO MAX
Elementar Analyses System, GmbH, Hanau, Germany). Phosphorus (P) was determined
by the Vanadate-Molybdate-Y ellow method (Chapman & Pratt, 1962). Data of the fourth

and eighth harvests (40 and 80 days after seedlings emergence) were not shown because

plant material was insufficient to conduct the analysis.

Nitrogen uptake was calculated by multiplying the biomass of plant by its N
concentration at each harvest. Net N uptake (NNUP) and apparent N recovery (ANR) of
the added N during the first four harvests were calculated as describe by Dilz (1988)
equation 6.1 & 6.2).

(N — uptake in treatment) — (N — uptake in control)
= X

ANR (%) 100 ...(6.1)

N applied in treatment

NNU = (N - uptake in treatment) - (N — uptake in control) ...(6.2)

6.3.1.3. Long-term laboratory incubation

For the aerobic N incubation experiment, the soil used in the pot experiment has been
incubated; using a procedure described by Nordmeyer and Richter (1985), with some
adjustments as follows (method described here was adopted by Heumann et al. (2002)).

The soil and mixtures of the pot experiment has been incubated, where soil mixture-
equivalent to 20 g oven-dry soil was mixed with 15 g acid-washed coarse sand (four
replicates). The soil-sand-mixture was filled into syringes with a volume of 50 ml and

119



then covered with 20 g of acid-washed coarse sand. Samples were leached with 120 ml of
0.02 M CaCl; prior to incubation in order to remove all mineral N contained in the soil.
After the leaching procedure, 25 ml minus-N nutrient solution (0.002 M CaSO4.H0;
0.002 M MgSOy; 0.005 M Ca(H2PO4)2.H20; and 0.0025 M K,SO,) (Stanford & Smith,
1972) were added. Water contents of the mixture (sand, soil and organic materials) were
adjusted to 50 to 60 % water-filled pore-space (WFPS) by suction, which was controlled
by measuring sample volume and weight of the syringe. Samples were incubated at 35 °C
for at least 200 days. Leaching was done with 120 ml of 0.02 M CaCl, in 6 to 8 intervals
increasing with time (about 1, 2, 4, 7, 7, 7 weeks), followed by addition of minus-N
nutrient solution and adjustment of water contents as described above. Mineralized NOs-
N and NH4-N were determined in the leachates (except for day 0) following the Bremner
procedure (1965). Total mineral N was taken as the summation of NOs-N and NH4-N.
However, net N mineralization/immobilization (positive values indicate mineralization,
while negative values indicate immobilization) from amended soils was determined by
subtraction of total mineral N of the control at the end of the incubation period from the

equivalent value of each amended soil. All analyses were carried out in four replicates.

Pot experimental data was correlated with data from the incubation results.

6.4. Statistical analysis
The data were statistically analyzed with SAS System for Windows. Analysis of variance
(ANOVA) was used to determine the significance of the treatments (compost and

vermicompost rates and time). Mean separation was performed using Least Significant
Difference (LSD) at a probability level of <0.05, unless otherwise stated. Multiple
correlations between growth parameters were conducted as well as between mineralizable
N and plant N uptake using SAS 9.0 (SAS Institute, 2000).
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6.5. Results and discussions

6.5.1. Ryegrass growth responses

6.5.1.1. Plant biomass
The experiment lasted three months and all pots were harvested eight times after single

application of either compost or vermicompost to the soil. For both compost and
vermicompost, there were considerable differences in biomass yield among pots amended
with compost and vermicompost at the first three harvests, therefore, the growth

responses of ryegrass as measured by total dry biomass depend on the source of nutrients.

For the vermicompost, different rates applied had different effects on ryegrass biomass.
The higher biomass of pots amended with vermicompost rate corresponding to 4 g N
pot (VER1) was recorded for the first harvesting date followed by the second, then
significant decreased thereafter at 30 days, but dlightly increased thereafter where
remained relatively constant up to 70 days after seedlings emergence, and significantly
decreased (P <0.0001) at the end of experiment (Fig. 6.1B). The first harvest gave the
highest yield while the last gave the lowest, 1.4 g kg™* and 0.2 g kg™, respectively.

The first harvest of biomass was significantly higher (P <0.001) in the vermicompost
corresponding to 4 g N pot™ (VER1) than the rate corresponding to 8 g N pot™ (VER2)
but the reverse occurred at 20 days onwards where, vermicompost rate corresponding to 8
g N pot™ significantly (P <0.03) increased. The harvested biomass at 30 significantly
decreased compared to biomass yield at 20 and had a relatively constant reduction up to
the end of the experiment. The higher biomass yield was at the second harvest and the
lowest at the last harvest, 0.9 and 0.2 g kg™, respectively.

Although the biomass for the first harvest (10 days after seedlings emergence) was higher
in the vermicompost corresponding to 4 g N pot™, the harvested biomass in pots amended
with vermicompost corresponding to 8 g N pot™ was significantly higher (P<0.05) for the
second harvest. At the other harvest dates, the difference remained relatively higher in
pots amended with vermicompost corresponding to 8 g N pot™ but with no significance
(P >0.05) from those harvested from pots amended with vermicompost corresponding 4 g

N pot™, where biomass was lower in the later (Fig. 6.1B).
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For both rates of vermicompost, biomass yields declined sharply after the second harvest
and the significant differences was only calculated for the first and the second harvests
and remained dlightly different with no significant differences at the other harvests (Fig
6.1B). The highest biomass yield was confined to the first and the second harvests.

Ryegrass biomass yield in compost amended pots showed clear patterns related to
application rates; increasing the amount of compost from 4 to 8 g N pot™ significantly

increased plant dry biomass, indicating that available nutrients promote plant growth.

Regarding yield comparisons among individual harvests, biomass yield from the compost
amended pots showed that, the greater biomass was harvested with compost rate
corresponding to 8 g N pot™ (CPF2) compared to ryegrass sown in pots amended with
compost rate corresponding to 4 g N pot® (CPFl). The differences were highly
significant (P < 0.0001) for thefirst up to the harvest at 60 days, significant (P < 0.05) for
the second harvest, while the two last harvests were not significant (Fig. 6.1A).

For pots amended with compost corresponding to 4 g N pot™ (CPF1), the first harvested
biomass (after 10 days after seedlings emergence) was higher and progressively
decreased with time towards the end of the experiment. The reduction in biomass yield
was highly (P <0.0001) significant between the second and third, the third and the fourth,
and the sixth and the seventh harvest, respectively. Harvest at 40 days remained relatively
constant up to the harvest at 60 days but then significantly decreased (P <0.0001) at 60
days. Thefirst and the last harvests, gave the highest and the lowest yields, 1.8 and 0.14 g
kg, respectively (Fig 6.1A).

Concerning the pots amended with compost corresponding to 8 g N pot™ (CPF2) , the
first harvested biomass was significantly (P <0.05) different from that observed for the
rate corresponding to 4 g N pot™ (CPF1), but significantly increased in the harvest at 20
days. Thereafter, the biomass yield sightly decreased at 30 and further decreased with
significance (P <0.0001) at 40 days, where remained with no significant change up to the
harvest at 60 days, but significantly decreased further at 70 days and remained relatively
constant towards the end of the experiment (Fig. 6.1B ).
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Comparing compost rates of application, compost corresponding to 8 g N pot™ (CPF2)
gave a most of the harvest dates significant (P <0.05) higher biomass compared to
biomass harvested from pots amended with the lower rate. The highest biomass harvested
from compost amended pots was during the first three consecutive harvests while the
lowest was observed at the last two harvests.

For compost and vermicompost, the higher biomass yield corresponding to the first and
the second harvest was due to a considerable tillering and development of the crop after
the first two stimulating cuts (Fig 6.1A & B) (Coutinho et al., 1997). Observed reduction
in yield in all treatments at 30 days onwards, seems to be the result of an extreme
shortage of available N to the ryegrass especially for pots amended with vermicompost.
This suggestion was pronounced in the vermicompost and was further supported by the
visua signs of N deficiency (chlorosis) (Marschner, 1995; Tucker, 1984).

Differences in biomass yield were mainly due to different materials used (compost and
vermicompost), and also to the applied rates. At each rate, pots amended with compost
gave biomass triple the amount harvested from the vermicompost amended pots
especialy for harvests at 30, 40, 50, and 60 days. Addition of FYM to the compost was
probably the main reason for the observed differences. This result is in agreement with
Eghball and Power (1999), who reported that application of compost at higher doses
increases the N availability to plants and consequently dry biomass per pot differed

significantly.

Increase in biomass yield due to the increase in amendment rates was reported by Smith
and Tibbett (2004), where effect of single application of either fertilizers or biosolids was
also reported. Their results showed that 6-75% of N and 1.2-7% of P applied as biosolids

were recovered in plants biomass depending on soil type (Corréa, 2004).

Results from this work are in accordance with other workers, for instance, Nwachukwu
and Pulford (2009) who stated that additions of amendments led to increased biomass
yield in all soils when compared with the non-amended soil (contral), in our study control
data were confined for the calculation of net nitrogen uptake and apparent nitrogen

uptake percentage ,that will be illustrated later, because biomass harvested from the
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control pots was too hard to be collected after the fourth harvest (data not shown).
However, our results were in accordance with Nwachukwu and Pulford (2009) who
reported that, al ryegrass harvested from amended soils had greater N content than the

control.

The reduction in biomass yield at 30 days onwards for the vermicompost amended pots
and at the last three harvests for the compost amended pots could be due to the limited
available N; the reduction in ryegrass biomass yield was aso reported by Coutinho et al.
(1997) where the composted sewage sludge rates did not increase soil mineral N, ryegrass
dry matter, and N uptake and they concluded that mineralized N was not adequate for

normal growth of ryegrass.
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Fig 6.1. Effect of compost (A) and vermicompost (B) application rates on ryegrass consecutive
biomass harvests. X-axis refers to the different harvests at different days after seedlings
emergence. CPF1 and VERL: compost and vermicompost corresponding to 4 g N pot™®(121.3g N
m?); CPF2 and VER2: corresponding to 8 g N pot™ (242.6 g N m?). Means within the same
sampling date following with *, ** and *** are significantly different at P <0.05, <0.01, and
<0.001, respectively.
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6.5.1.2. Ryegrasstotal N
Ryegrass total N followed the same trend as observed in the biomass (Fig.6.1A & B),

where, %N of ryegrass sown on pots amended with compost corresponding to 8 g N pot™
was significantly (P <0.05) higher at all harvests except for harvests at 10, 60 and 70
days. For both rates, the first harvest gave the highest %N and the last harvest gave the
lowest %N (Fig. 6.2A).

For the pots amended with compost corresponding to 4 g N pot™ (CPF1), the reduction in
%N with time was inconsistent. The highest %N (6.1%) was measured at 10 days,
significantly (P <0.0001) decreased at 20 and 30 days, and further decreased at 50 days.
After 70 days of seedlings emergence, the %N significantly increased (P <0.0001), but
decreased at 70 where remained relatively constant at the last two sampling dates (Fig.
6.2A), where the lowest %N value (2.9%) was recorded.

In pots amended with compost corresponding to 8 g N pot™ (CPF2), the higher %N was
at 10 days and progressively and significantly (P <0.05) decreased with time up the 50
days where significantly (P <0.0001) increased a 60 days, and then significantly
decreased at the end of the experiment period (Fig. 6.2A). The %N values at 10 and 80
days were 6.4 and 2.4%.

Concerning pots amended with vermicompost (VER1 & VER2), no significant difference
(P >0.05) was observed between the application rates. For both rates, the highest %N was
measured at 10 days and the lowest at the last sampling date (Fig. 6.2B).

For vermicompost corresponding to 4 g N pot™ amended pots, the highest %N was at 10
days significantly (P <0.0001) decreased at 20 days, remained relatively constant up to
50 days, then significantly (P <0.0001) increased at 60 and 70, but significantly
decreased at 80 days, where the lowest %N was measured (Fig.6. 2B). The first and the
last sampling dates gave %N values of 3.7 and 1.9%, respectively.

Whereas for pots amended with vermicompost corresponding to 8 g N pot™, typically
followed the same trend of pots amended with lower vermicompost lower rate (VERL).
The highest %N was at 10 days and the lowest at 80 days, where, the values were 4.0%
for former and 2.1% for the later, respectively (Fig. 6.2B).
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Fig.6.2. Effect of compost (A) and vermicompost (B) application rates on aboveground ryegrass
N content X-axis refersto the different harvests at different days after seedlings emergence. CPF1
and VER1: compost and vermicompost corresponding to 4 g N pot™ (121.3 g N m?); CPF2 and
VER?2: corresponding to 8 g N pot™ (242.6 g N m?). Means within the same sampling date
following with *, ** and *** are significantly different at P <0.05, <0.01, and <0.001,

respectively.
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At al sampling dates, N content in plants grown in pots amended with compost
corresponding to 8 g N pot™ (CPF2) are within the sufficiency levels (3-4.2%) of N for
the normal growth of Lolium spp. reported by Bergmann, (1992) except for the last one,
and even are within the higher range (4.5-5.0%) stated by Benton Jones et al. (1991)
especially during the first three harvests. Nitrogen content of the compost amended pots
corresponding to 4 g N pot™ are within the first stated optimum range for harvests at 10,
20, and 60 days. These results are in agreement with Eghball and Power (1999) who
reported that application of compost at higher doses increases the N availability to plants.

The N content of ryegrass sown on pots amended with vermicompost, which fell within
the sufficiency range, is at 10, 60, and 70 days. The failure of vermicompost to supply
sufficient N to ryegrass for more than 60% of experiment period isin accordance with the
studies of Coutinho et a. (1997) who concluded that mineralized N was not adequate for

normal growth of ryegrass.

Overall, compost corresponding to 8 g N pot™ was the only treatment successfully
supplied ryegrass with sufficient N up the harvest at 70 days; while vermicompost rates
were not able to supply sufficient N for most of the experiment period.

6.5.1.3. Apparent N recovery % (ANR) and net N uptake (NNUP)
Apparent nitrogen recovery was calculated as described by Ditz (Dilz, 1988) (equation

6.1 & 6.2). Data of the apparent nitrogen recovery and net N uptake was confined to the
first four harvests (up to 40 days) because materials in control pots were too hard to
harvest, this was because biomass yield in subsequent harvests seems to be the result of
an extreme shortage of available N to ryegrass since this soil is characterized with low N
content in addition to the control pots contained a ratio of 1:1 (w/w) of soil and quartz

sand because soil quantities was insufficient for all experiment pots.

Treatments had different effects on crop N efficacy. Nitrogen uptake varied considerably
depending on treatment and rate of application and was strongly correlated with yield (r =
0.9; P < 0.0001). Accordingly, with biomass yield and N content, significant differences
in apparent N recovery was calculated; the overal mean of the apparent N recovery was

higher in pots amended with compost compared to that with vermicompost.
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For the individual comparisons of the apparent N recovery, the apparent N recovery of
pots amended with compost corresponding to 4 g N pot™ (CPF1) was higher at 10 days
(8.0%) but significantly (P <0.001) and progressively decreased at 40 days (1.2%).
Conversely, the apparent N recovery of pots amended with compost corresponding to 8 g
N pot™ (CPF2) increased with high significance at 20 days, but significantly decreased at
30 and 40 days. The highest and the lowest values of apparent N recovery were 5.3 and
2.8% at 20 and 40 days, respectively (Fig. 6.3A).

For pots amended with vermicompost, the same trend as observed in the compost
amended pots regarding the highest and the lowest values of apparent N recovery and the
reduction with time was more pronounced. Pots amended with vermicompost
corresponding to 4 g N pot® gave an apparent N recovery of 3.2% a 10 days,
significantly (P <0.0001) decreased to 1.0% at 20 days, and further declined to 0.3%
where remained equal to the value at 40 days (Fig. 3B). Lower values were calculated for
the pots amended with vermicompost corresponding to 8 g N pot™, where the highest and
the lowest values were 1.3 and 0.2% at 10 and 40 days, respectively. The reduction in the
apparent N recovery values of this case was significantly and gradually with time (Fig.
6.3B).

Differences in the apparent N recovery between compost applied rates were significant
across al dates, where the values of the lower rate (CPF1) was higher during the first 20
days but a 30 and 40 days, values caculated from pots amended with compost
corresponding with 8 g N pot™ (CPF2) were significantly higher. The difference between
vermicompost rates was only significant at 10 days and values remained almost the same
thereafter.

The calculated cumulative apparent N recovery (as sum of the four values) values were
3.0 and 5.0% for pots amended with vermicompost corresponding to 8 g N pot™ (VER2)
and pots amended with vermicompost corresponding to 4 g N pot™ (VERL), respectively.
These values reflect that the recovery of N by the ryegrass was extremely poor where >
90.0% was not utilized, while the values were higher for pots amended with compost

(18%) but still more than 80% of the applied N was not recovered by the crop.
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Although this calculation reflects the efficacy of the ryegrassin N uptake as N percentage
of the N applied, but led the impractical comparisons between rates; the higher values of
apparent N recovery recorded for the lower rates of both compost and vermicompost
amended pots are due to the high value used in the denominator during calculation, where
for the lower rates equivalenceto 4 g N pot™® were used while 8 g N pot™ was used for the
higher application rate. This difference in the denominator overwhelmed the difference
between the rates applied. Therefore, we recalculated the values using the net N uptake
(NNUP) (equation 6.2).

Throughout the four harvests across the treatments, the net N uptake was higher in pots

amended with materials corresponding to 8 g N pot™ especially for the compost rates.

Concerning the compost, pots amended with compost corresponding 4 g N pot™ was
higher at 10 days but significantly (P <0.0001) decreased with time. The highest and the
lowest values were 93.5 and 14.2 mg N kg™ for harvests at 10 and 40 days, respectively.
The net N uptake for pots amended with compost corresponding 8 g N pot™ (CPF2) was
low at 10 days and significantly increased at 20 days, but significantly declined at 40
days where the lowest value (53.1 mg N kg™) was recorded. The differences between
both rates were highly significant (P <0.001) across harvest dates except for the harvest
at 10 days where the value of the higher application rate (CPF2) was significantly lower
comparing to that of the lower application rate (CPF1) (Fig. 6.4A).

Regarding pots amended with vermicompost, the net N uptake of pots amended with 8 g
N pot® (VER2) was relatively higher than the lower application (VERL) rate across all
harvests except for the first one, where the value was significantly (P <0.0001)
significantly higher than that reported for the pots amended with 4 g N pot™ (VER1) .
The only significant (P <0.05) difference found was at 10 and 20 days after seedling
emergence. The net N uptake of pots amended with vermicompost corresponding to 4 g
N pot* (VER1) was higher at 10 days, significantly (P <0.0001) decreased at 20 days,
and further declined at the following two harvests. The highest and the lowest values
recorded were 34.6 and 3.3 mg kg™ at 10 and 30 days, respectively (Fig. 6.4B).
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For pots amended with vermicompost corresponding to 8 g N pot™* (VER2) , the net N
uptake at 10 days was 18.4 mg kg™, decreased to 16.4 mg kg™, and significantly (P <
0.001) decreased at 30 and 40 days where the lowest values were calculated (4.4 mg kg™,
for both harvest dates) (Fig. 6.4B).

The absence of significant differences in net N uptake between vermicompost
corresponding to 8 g N pot? (VER2) and pots amended with the same material
corresponding to 4 g N pot™* (VER1) across all harvests except for the harvest at 10 and
20 days, was due to the almost equal biomass yield and N content.

The positive response of ryegrass to the application rates of organic residues in terms of
biomass yield and N content has been reported by Smith and Tibbet (2004), accordingly,
the net N uptake values of this study clearly explained the pattern of N uptake, where this
pattern was more pronounced in compost amended pots. Although the net N uptake led
to better evaluation of the application rates within the same materias, however, it gives

limited information concerning the agronomical value of the materials used.

Overdl, values of apparent net N uptake indicated that the amount of available N derived
from the amended pots was relatively large in compost and much smaler in

vermicompost.

Reported studies have shown that, different organic residues increased ryegrass yield, N
and N uptake (Smith & Peterson, 1982; Smith & Tibbet, 2004). Different N recovery
values to evaluate crop efficiency depend on the raw materials and composting type have
been recorded. Compost amended pots data are in agreement with results of Corréa
(2004) who reported a value >17% of the applied N as composted biosolids was
recovered in the plant tissue; while the values of the vermicompost are far below the
above mentioned value. Dry matter yields and N uptake by Italian ryegrass were higher
by around 20% on organically managed soil than mineral fertilized soil due to a

significantly greater N supply (Langmeier et al., 2002).

The low N efficiency of the decomposed cotton residues of this experiment can be
attributed to its low mineraization rate. Thus, the incorporation of these materials into
the soil resulted in approximately 80% of the N not being utilized by ryegrass after eight
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consecutive harvests; the remaining N could be considered as residual, since cotton
residues had high lignin (16.2%), cellulose (36.5) and hemicellulose (19%) which will
result in low net N mineralization and plant uptake in the first cropping season, but may
produce greater residual effect in subsequent seasons (Myerset al., 1994).

Beside the high lignin content residues with less than 1-1.2% N usually immobilize N
(Vigil & Kissel, 1991). The failure of ryegrass to recover more N can aso be explained
by the N immobilization (Aitken et a., 1998; Bellamy et al., 1995; Douglas et al., 2003).
There is good evidence that earthworms promote microbia activity and diversity in
organic wastes to levels even greater than those in thermophilic composts (Edwards,
1998a; Edwards et al., 2010; Yardim et al., 2006); consequently, the extremely low N
recovery values recorded for the vermicompost amended pots may be due to the active
microbial biomass with greater N demand, thus promoting immobilization.
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Fig.6.3. Effect of compost (A) and vermicompost (B) application rates on ryegrass apparent N
recovery. X-axis refers to the different harvests at different days after seedlings emergence. CPF1
and VERL: compost and vermicompost corresponding to 4 g N pot™ (121.3 g N m?); CPF2 and
VER2: corresponding to 8 g N pot™ (242.6 g N m™). Means within the same sampling date
following with *, ** and *** are dsignificantly different at P <0.05, <0.01, and <0.001,

respectively.
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Fig.6.4. Effect of compost (A) and vermicompost (B) application rates on ryegrass net N uptake.
X-axis refers to the different harvests at different days after seedlings emergence. CPF1 and
VER1: compost and vermicompost corresponding to 4 g N pot™ (121.3 g N m?); CPF2 and
VER2: corresponding to 8 g N pot™ (242.6 g N m®). Means within the same sampling date
following with *, ** and *** are dsignificantly different at P <0.05, <0.01, and <0.001,

respectively.
6.5.1.4. Crop cumulative biomass and net N uptake

Cumulative biomass yield was calculated with sum of the harvest at each date to the
subsequent one. For pots amended with compost, the cumulative biomass was
significantly higher (P <0.05) across all harvests except for the harvest at 60 and 70 days
and also for the 70 and 80 days because biomass and N content of both rates were not
significantly different.

For the individua comparisons of compost rates, cumulative biomass yield in pots
amended with compost corresponding to 4 g N pot™ was gradually and significantly (P
<0.01) increased with time up to harvest at 60 days.

133



The last two harvests did not add significant (P >0.05) differences to the cumulative
biomass. Regarding cumulative biomass from pots amended with compost corresponding
to 8 g N pot™, values were gradually and significantly (P <0.0001) increased across all
harvests except for the last two harvests (Fig. 6.5A).

Concerning pots amended with vermicompost, for both rates, VER1 and VER2
(corresponding to 4 and 8 g N pot™, respectively), the addition of successive harvest
biomass significantly (P <0.05) increased with time. However, at each harvest date, the
difference between the two rates were not significantly (P >0.05). The only significant
difference was only observed for the first harvest, where pots amended with materials

corresponding to 4 g N pot™ had significantly higher biomass (P <0.05) (Fig. 6.5B).

For pots amended with compost, positive response concerning plant growth with time
that resulted in highly significant (P <0.0001) differences in cumulative biomass, The
differences between the two application rates were highly significant (P <0.0001) at 40
days up to the end of experiment while the first three harvests were significantly different
(Fig. 6.5B).
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Fig 6.5. Effect of compost (A) and vermicompost (B) application rates on cumulative biomass.
CPF1 and VER1: compost and vermicompost corresponding to 4 g N pot™ (121.3 g N m®); CPF2
and VER2: corresponding to 8 g N pot™ (242.6 g N m). Means within the same sampling date
following with *, ** and *** are significantly different at P <0.05, <0.01, and <0.001,

respectively.
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Followed the same way in cumulative biomass, the cumulative nitrogen uptake was
calculated with sum of the N content at each harvest to the subsequent one. For pots
amended with compost, the cumulative N uptake was significantly higher across all
harvests except for the first one because biomass and N content of both rates were not

significantly different.

For the individual comparisons of compost rates, cumulative N uptake in pots amended

with compost corresponding to 4 g N pot™ was gradually increased with time.

The cumulative N uptake significantly (P <0.001) increased at 20 and 30 days, remained
relatively constant at 40 and 50 days, significantly (P <0.001) decreased at 60 days but
relatively increased at 70 days, and remained with no significant change towards the end
of the experiment period. Regarding cumulative N uptake in pots amended with compost
corresponding to 8 g N pot™?, values were gradually and significantly (P <0.0001)
increased across al harvests except for the last three harvests where no significant change
took place (Fig. 6.5A). Generally, the cumulative N uptake was significantly higher (P
<0.0001) in the pots amended with compost corresponding to 8 g N pot™® (CPF2)
compared to the lower rate (CPF1) except for the first harvest dates (Fig. 6.6A).

Regarding pots amended with vermicompost, for both rates (VER1 & VER2)
corresponding to 4 and 8 g N pot™, respectively, addition of successive N uptake
significantly (P <0.05) increased the cumulative N uptake with time. However, a each
harvest date, the difference between the two rates were not significantly (P >0.05). The
only significant differences was only observed for the first harvest, where pots amended
with materials corresponding to 8 g N pot™ (VER2) had significant high cumulative N
uptake (P <0.05) (Fig. 6.6B).

The pattern of the cumulative N uptake followed the same pattern of the cumulative
biomass. Pots amended with compost, positively responded to the application rates across
al harvests. Concerning the vermicompost amended pots, the cumulative N uptake
followed the same pattern with no statistical differences between the application rates
except for the last date (10 days). However, both compost and vermicompost, ryegrass
accumulated N uptake increased with rate applied (Fig. 6.6A & B). The high differences
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observed between the compost and vermicompost were due to the addition of farm yard

manure during the initiation of the experiment.
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Fig 6.6. Effect of compost (A) and vermicompost (B) application rates on cumulative nitrogen
uptake. CPF1 and VERL: compost and vermicompost corresponding to 4 g N pot™ (121.3 g N m’
%); CPF2 and VER2: corresponding to 8 g N pot™ (242.6 g N m®). Means within the same
sampling date following with *, ** and *** are significantly different at P <0.05, <0.01, and
<0.001, respectively.

6.5.1.5. Crop phosphorus
Pots amended with compost or vermicompost did not show statistical differences

between applied rates. Based on the average values, no differences were observed
between compost and vermicompost application rates corresponding to 8 g N pot™ (CPF2
& VER2).

For individual comparisons of ryegrass P content, the pattern of P uptake in pots
amended with compost corresponding to 4 g N pot™ was inconsistent. The P uptake
remained relatively constant at the first two harvests (10 and 20 days), significantly (P
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<0,001) increased at 30 days, then declined at 50 days, relatively increased ,and further
decreased at 70 days (Fig. 6.7A).

The trend of the compost rate corresponding to 4 g N pot™ (CPF1) was typically followed
in P uptake of ryegrass sown in pot amended with compost corresponding to 8 g N pot™
(CPF2) (Fig. 6.7A). The average P uptake were 16 and 15 g kg™* (1.6 &1.5%) for
ryegrass sown on pots amended with compost corresponding to 4 and 8 g N pot™,
respectively (CPF1 & CPF2, respectively).

Phosphorus uptake of ryegrass sown on pots amended with vermicompost with both rates
(VER1 & VER?2) increased significantly with time up to harvest at 30 days, declined at
50 days with dstatistical difference (P <0.05), relatively increased at 60 days, but
decreased again at 70 days. The only difference between the application rates was that the
reduction at 70 days was significantly difference (P <0.05) for the rate of application
corresponding to 8 g N pot™ (VER?2) (Fig. 6.7.B). For the different rates of application
the average P uptake of ryegrass was 12 and 14 g kg’ (1.2 & 1.4%) for vermicompost
corresponding to 4 and 8 g N pot™, respectively (VER1 & VER2, respectively).

Based on these results, compost and vermicompost amended pots maintained P content
above the sufficiency range 0.35-0.5% (3.5-5 g kg™* DM) proposed by Bergmann (1992)
for Lolium spp. The decline of plant growth below this range was reported by Rangeley
(1989) where ryegrass growth began to decline when the content of total P in the leaves
was less than 2.8 g P kg™ dry weight. According to de Haan (1982), up to 15% of total P
from compost would be available to plants from the first and second year of its

application.
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Average ryegrass P uptake was not significantly (P > 0.05) affected by application rates.
This was expected, because triple super phosphate (TSP) compensation dose was added
to the vermicompost at sowing. This may interestingly indicates the ability of the
compost P to be available to plant equally to the added mineral P. This apparently could
be because of manure P is composed of inorganic and organic P forms (Toor et a., 2006)
after application to soil, these compounds undergo abiotic reactions which determine the
availability of organic P to plant (Oberson et al., 2010). The presence of the plant
stimulates an increment in the activity of enzymes specifically for P present in organic
compounds (Ibrikci et al., 1994).

Cumulative P uptake as sum of the successive P uptake across harvests increased
gradually with time (Fig 6.8A & B). For theindividual comparisons, cumulative P uptake
of pots amended with compost corresponding to 4 g N pot™ (CPF1) increased gradually
with time where the significant (P <0.05) increase was 30 days (Fig. 8A). Regarding pots
sown on pots amended with compost corresponding to 8 g N pot™ (CPF2) the same
pattern observed in the lower application rate was followed where the significant
additions were at 30 and 50 days. The cumulative uptake of ryegrass sown on pots
amended with compost corresponding to 8 g N pot™ (CPF2) was significantly higher at
30 days onwards (Fig. 6.8A).
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Fig.6.7. Effect of compost (A) and vermicompost (B) application rates on ryegrass P uptake. X-
axis refers to the different harvests at different days after seedlings emergence. VER1 and VER2:
vermicompost corresponding to 4 and 8 g N pot™ respectively; CPF1 (966.2 mg P) and CPF2 (1.2
g P): compost corresponding to 4 and 8 g N pot™ (121.3 and 242.6 g N m™), respectively. Means
within the same sampling date following with *, ** and *** are significantly different at P
<0.05, <0.01, and <0.001, respectively. The compost P was 1.2 g kg*while the vermicompost P
was 41.7 mg kg™ where TSP (0.5 g P) was added.
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Fig.6.8. Effect of compost (A) and vermicompost (B) application rates on cumulative P uptake.
VER1 and VER2: vermicompost corresponding to 4 and 8 g N pot™ (121.3 and 242.6 g N m™),
respectively; CPF1 and CPF2: compost corresponding to 4 and 8 g N pot™ respectively. Means
within the same sampling date following with *, ** and *** are significantly different at P
<0.05, <0.01, and <0.001, respectively. The compost P was 1.2 g kg™ while the vermicompost P
was 41.7 mg kg™ where TSP (0.5 g P) was added.
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Differences in cumulative P uptake between compost and vermicompost amended pots
were mainly due to the biomass yield, where the biomass yield was significantly higher

especially during the first 6 harvests in the compost amended pots (Fig. 6.5 A & B).

Biomass yield obtained from pots amended with compost and vermicompost was mainly
afunction of the amounts of P and N applied. Based on the data of biomassyield, total N,
and total P, multiple correlations were conducted in in order to differentiate between two
effects.

For compost amended pots, biomass yield had highly positive correlation with N content
(r =0.73; P <0.0001) but significant negative correlation with P content (r =0.73; P
<0.05). Regarding vermicompost amended pots, no correlation between dry biomass and
N content was found (r =0.2; P =0.3) but a highly significant negative correlation was
observed with P content (r = -0.64; P <0.0001) (Table 6.3).

Total N was able to explain > 70% of the variation in biomass of ryegrass sown on the
compost amended pots while P explained only 31% of the variation in biomass. For
vermicompost amended pots, total N explained 20% only of the variation in biomass
while P content 64% of the variation (Table 6.3). Hence, both nutrients contribute to the
crop growth (Calderini et al., 1995; Mengel & Kirkby, 1982).

The low N content in ryegrass , below the critical level of 30 mg N g* dry matter
proposed by Bergmann (1992) for Lolium spp., in most of the experiment period in
vermicompost amended pots may indicate that, increase in biomass yield can be
attributed to the effect of P because P content was above the critical level of 3.5 mg P g*
dry matter proposed by Bergmann (1992) for ryegrass; plants were then able to increase
their aerial biomass so that plants with larger yields also had significantly larger total P
(Bidegain et al., 2000).

There appeared to be a complementary relationship between N and P (Harrington et al.,
2001). Based on our result, compost and vermicompost applied rates supplied ryegrass
with the available N and P especially during the first 20 days, but at the end of the

experiment the N content was low (Cegarra et al., 1996).
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Table 6.3. Correlations between growth parameters (N = 48)

Compost
Biomass yield Tota N Tota P
Biomassyield 1.00 0.73*** -0.31*
Total N 1.00 -0.60***
Total P 1.00
V ermicompost
Biomassyield 1.00 0.2ns -0.64***
Total N 1.00 -0.36**
Total P 1.00
Ryegrasstotal N (%); total P (g kg™) and Biomass yield (g pot™).
Statistical significant at: ns; non-significant; * P < 0.05, and ** P < 0.01; *** P < 0.001,

respectively.

Results of this work were in accordance with some coworkers, for instance, Soumaré,

(2003) concluded that compost application rates had significant effect on plant N and

P contents and compost application appeared to be a good supplier of nutrients.

Bidegain et a. (2000) reported that, phosphorus deficiency in ryegrass was

maintained with the addition of humic substances from decomposed poplar sawdust.

The results of this work are in contradiction with that obtained by others; where

ryegrass produced more dry matter and took up more P when fertilized with mineral P
than with manure P (Cornish, 2009; Lges & @gaard, 2001; Oberson et ., 2010).
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6.5.2. Nitrogen mineralization

Accumulation of NH4-N from amended soils is illustrated in Figure 6.9. With the
exception of the control, after the first week there was a period of immediate release
of NH4-N.

In al amended soil and throughout the period of the incubation, values of cumulative
NH4-N from amended soils were clustering around the control except for soils
amended with compost corresponding to 8 g N pot™ (CPF2) at week 3, 7, and 14 of
incubation. The same pattern was observed for soils amended with vermicompost
corresponding to 8 g N pot™ (VER?2) at week 21. Maximum and minimum values of
NH4-N varied between the compost and vermicompost application rates. Accordingly,
they were found to range from 0.42 to 5.41, 0.83 to 7.91, 2.39 to 4.6, and 2.2 to 23.6
mg NH4N kgt for the vermicompost corresponding to 4 g N pot® (VER1),
vermicompost corresponding to 8 g N pot™* (VER2), compost corresponding to 4 g N
pot™ (CPF1), and compost corresponding to 8 g N pot™ (CPF2), respectively. After 28
weeks, the contents of NH4-N from the amended soils were similar and very close to
the control. They were 5.41, 3.06, 3.64, and 3.74 mg NH-N kg™ for VER1, VER2,
CPF1, and CPF2, respectively.

Net mineraization of NOs-N from compost and vermicompost with the exception of
week 14, (net N immobilization) showed clear patterns throughout the incubation
period (Fig. 6.10). Nitrate-N was consistently released from CPF2 while CPF1 was
found to give the lowest net NO3-N mineraization (ranging from 5 to 23 mg NOs-N
kg?). The differences of net N mineralization between compost applications rates
(CPF1 & CPF2) were significant starting from week 14 onwards (P <0.05) (Fig.
6.10).

The greatest net NOs-N mineralization during the entire incubation period was
recorded in the VER2 (12 - 43 mg NOsN kg?). The differences between
vermicompost application rates (VER1 & VER?2) were significant (P <0.05) at week
3, 7, and 14 while remained with no significant difference within the other incubation
period. Generally, the release of NO5-N wasin order of VER2 (12-43 mg NOs-N kg™
> CPF2 (2.0 - 41 mg NOs-N kg™?) >VER1 (8 - 39 mg NOs-N kg?) > CPF1 (4-23 mg
NOs-N kg™).
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Accumulated total mineral N under soils amended with compost and vermicompost is
illustrated in Figure 11. The pattern of the total mineral N followed the same trend
observed in the NH4-N net release during the first 7 weeks and the pattern of NO3-N
release thereafter.

With the exception of CPF1, after the first week there was a period of increase of total
mineral N throughout the experiment period. At week 14 all amended soils showed N
immobilization except CPF2. VVermicompost corresponding to 4 g N pot™ declined
sharply at this date. Throughout the period of the incubation, values of total mineral N
from CPF1 and VER1 were clustering around the control except for week 21 and 28
for CPF1 and week 14, 21, and 28 for VERL. Total mineral N of the CPF2 and VER2
were significantly (P <0.001) higher throughout the experiment period with the
exception of the first week.

Maximum and minimum values of total mineral N varied between the compost and
vermicompost application rates. Accordingly, they were found to range from 9.41 to
44.0, 13.2t0 51.0, 7.2 to 27.4, and 4.2 to 46.0 mg N kg™ for the VER1, VER?2, CPF1,
CPF2, respectively.

Net N mineralization at the end of the incubation period was significantly (P <0.001)
different between compost and vermicompost and their application rates (Fig. 6.12).
Soils amended with VER1, VER2, and CPF2 resulted in net N mineralization
approximately double that that reported for soils amended with CPF1. Net N
mineralization was in order of VER2 = CPF2 = VER1 > CPF1.

The immediate release of NH4-N observed in this study showed that there was arapid
phase of decomposition after mixing the compost and vermicompost. Khalil et al.
(2005) observed that great flux of carbon dioxide (CO,) after 2 days from incubation
of crop residue and chicken manure. Similarly, Abbas et al.(2007) observed a rapid
initial (10 - 20 days) release phase from poultry, sheep and chicken manure. This
shows that application of composted and vermicomposted cotton residues for period
longer than 3 weeks before sowing subsequent crops may subject N to losses due to
volatilization. In this study, compost and vermicompost showed that there was no
further release of NH,4-N after 28 weeks.
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The higher content of NH4-N observed during the first 14 weeks in the compost was
due to the addition of farm yard manure (FYM) added during the setup of the
experiment. The NH4-N values obtained at week 21 onwards where relative higher
values were recorded for the vermicompost may be attributed to the grazing capacity
of the microbes in the vermicompost. The fluctuations of NH4-N release during the
incubation period suggest loss of NH4-N from the amended soil by NH3 volatilization
or could be explained by an event of rapid nitrification combined with denitrification
(Yousif & Abdalla, 2009).

In this study, NOs-N was dominant form of inorganic N, which did not agree with that
reported by Maithani et al. (1998), who found that the NH4-N the dominant form of
inorganic N. This could be due dlightly alkaline and alkaline nature of the compost
and vermicompost, respectively (= 7.0) which may have increased the growth and
activity of autotrophic nitrifiers (Chao et al., 1993).

Earthworms had a great impact on nitrogen transformations and hence enhancing
nitrogen mineralization. Earthworm activity usually enhances microbia biomass and
diversity in organic wastes to levels even greater than those in thermophilic composts
(Edwards, 1998a; Edwards et al., 2010; Yardim et a., 2006). The stimulated
microorganisms in the vermicompost increased the released more NOs-N during the
first weeks, and consequently the total mineral N. The dominance of NOs-N form was
in agreement with the results reported by Atiyeh et al. (2000a) and Hand et al.(1988)
who suggested that earthworms produce conditions that favor nitrification, resulting
in the rapid conversion of NH4-N into NO3s-N and consequently increases the NO3-N

content of the substrate.

The differences in N mineralization among compost and vermicompost application
rates were clear especialy for the compost rates. Amending soils with organic wastes
is sometimes followed by an extended period where N immobilization limits N
availability (Engji et a., 2002). Other workers have found that laboratory incubations
of amended soils lasting for weeks may result in negative N mineralization values
(Hadas & Portnoy, 1994), while longer incubation periods resulted in positive values,
waiting for more than 14 weeks for positive N mineralization would miss the period
of high N demand of most crops if the soils are planted soon after amending the soils
(Calderon et d., 2004).
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Fig.6.9. Accumulated NH,-N during incubation of compost and vermicompost. VER1 and
VER2: vermicompost corresponding to 4 and 8 g N pot™ (121.3 and 2426 g N m?),
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Fig.6.10. Accumulated NO;-N during incubation of compost and vermicompost. VER1 and
VER2: vermicompost corresponding to 4 and 8 g N pot™ respectively; CPF1 and CPF2:
compost corresponding to 4 and 8 g N pot™ (121.3 and 242.6 g N m™®), respectively. (vertical

bars are standard errors).
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An accepted level of maturity of organic wastes, which implies potentia for the
development of beneficia effects when they are used for plant growth, can be better
determined by plant growth bioassays (Chen & Inbar, 1993). In our experiment
compost and vermicompost enhanced ryegrass N uptake; their application rates
resulted in a positive relation between biomass production and N content compared to
the control. The plant growth enhancement could be due to the more favorable
physiochemical characteristics and higher content of minera N that is readily
available for plant uptake compared to the unamended soils. Studies of N uptake of
ryegrass have shown that it may be acquired from either the NH4-N or NO3z-N pools
during initial growth and subsequent growth periods (Griffith & Streeter, 1994; Hgch-
Jensen et a., 1997; Louahliaet a., 2000).

Generdly, data on N mineraization or immobilization can readily be used in
modeling studies to evaluate the long term effects of composted and vermicomposted

cotton residues on soil fertility.

148



6.6. Conclusions

In conclusion, in this study compost and vermicompost had positive effects on N
availability and ryegrass growth in terms of enhanced plant growth and mineralized N
compared to the control. The scale of differences in crop yield between application rates
indicated that differences in N and P supply were probably the main factor affecting
ryegrass production. However, generaly the results showed that there was enhancement
in plant growth and N uptake in ryegrass especialy during the first weeks of the study
period.

Additionally, results from the incubation experiment suggests that application of
composted and vermicomposted cotton residues for period longer than 3 weeks before

sowing subsequent crops may subject N to |osses.

For future perspectives, there may be scope to maximize nutrient use and minimize
potential losses by mixing different types of organic materias; for instance, combination
of cotton residues with the readily available N from different wastes or mineral fertilizers

may increase both crop yield and soil quality.
In summary:

= Attributes of the tested materials in providing N to ryegrass cannot perfectly be
predicted using long term aerobic incubations tests.

= Ryegrass has shown low recovery of added N where the apparent N recovery
values of both materials reveaed that more than 80% was not taken up within the
three months of the pot experiment. However, amended soils may retain
significant part of the organic N which may slowly be released over time (N
residual effects).

= Results from the mineralization incubations gave genera indications of N
availability for crops when these materials are intended to be used for crop
fertilization.

= Further studies are necessary to characterize the behavior of cotton residues
nutrients mineralization, particularly its microbial degradation and time required

to supply sufficient amount of nutrients for crop growth.
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