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ABSTRACT

A field study was conducted to investigate thetsteom effect of arbuscular mycorrhizal fungi (AM&)d poultry
manure (PM) application on improvements of somecsetl soil properties compared to NPK chemicalilfeer
cropped to maize. PM was applied in tones (t} t@ 4, 6, 8, 10 & 12) inoculated with AMF (+AMFha@ without
AMF (-AMF).Soil samples (0-15 cm) were collectedirfrfield according to treatments after maize growdh
determine; physical (bulk density, water-stable raggte [WSA]), chemical (pH, NN, K, organic carbon[OC]&
P) and biological properties (dehydrogenase, ureab®sphatase, AMF spore counts and root coloronaiRC]).
Results revealed significant improvement in soidperties due to application of poultry manure watid without
AMF compared to control and chemical fertilizertdgration of PM and AMF at 12 t PM Hasignificantly
increased soil pH, N@N, OC, available P, K, % WSA, dehydrogenase, ereasl phosphatase activities with
reduced bulk density compared to all the treatmeRtssidual soil N@N, available P & K content at 12 t
PM+AMF indicated increment by 11.4% N, 5.8% P, %.K, 25.9% OC, and 21.4% WSA over RD NBfore
counts and RC % increased with addition of poulthg highest recorded at 12 t PM+AMF (17.33202g™ soil,
43.00438.70 %. There was strong positive correlations between R@f6 dehydrogenase R 0.854),
phosphatases (R 0.894), urease (R 0.935) activities and WSA 1R 0.958). Results suggested that application
of poultry manure and AMF inoculation could impraail physical, chemical and biological propertigsis could
be regarded as a reliable option for maintenanceaif quality and sustainability of crop production
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INTRODUCTION

Fertilizers are basically added to soil to increas#rients availability for optimum crop productio@hemical
fertilizer has undoubtedly played a major role dod security over the past four decades. Conseguémg-term
and any how application has degraded the physitemical and biological properties of soil thugjueng its
productive capacity [1]. Yield has become low @agstant in some regions even with the applicatioshafimical
fertilizer which could be related to low soil orgarcarbon [40,7], poor soil structure [41], and lowicrobial
biomass [12]. Good agronomic practice that wouktai® and maintain soil quality is crucial to susdhility of
agriculture. It is concluded that degraded soil loas nutrients content and soil organic carbon ($Qg@or soil
structure and aggregate stability [3], with lesenaidial biomass [11] especially AMF [28]. Additimf organic C
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rich amendments to soil is the initial step to aestimprove and conserve soil quality due to pasiinfluence on
soil structure and aggregation, improve soil feytfld4], microbial community and activities [439R

Similar to organic amendments is a growing recaégmitn application of Arbuscular mycorrhizal fun¢AMF).

AMF inoculation is reported as a reliable stratégyreclamation of degraded land and maintenancmibfquality
[13,25]. AMF-plant symbiosis can help plant growdegraded soil by enhancing better plant nutrif@$,27],

increase plant resistant to environmental stresgeldp stable soil aggregate that could withstamdien [54],
improve nutrients use efficiency of externally addertilizer [37] and reduce leaching of soil natris [23,8]
through extension of extradical hyphae scavengorgnfitrients and water beyond the reach of plant Hhairs.
Several authors have reported the role of AMF icling of nutrients and carbon sequestration [58Rich is a
key to sustainable agro-ecosystems. However, thsilbity of relying on AMF to bolster crop prodimm depends
on management practices that could favour thefpration of AMF and soil functional quality.

Soil quality indicators depend largely on physiagiemical and biological properties. Aggregate iltap soil
porosity, bulk density (physical properties), pBC, CEC, N, P, SOC (chemical properties) and bickig
properties (soil microbial biomass and enzyme &i®) were suggested as basal indicators of saility [62,15].
Numerous agricultural management practices haeztaifl the physical, chemical and biological prapertf soil
which created imbalance in soil ecosystems thiectffg its ecological functionality. It is suggesbtbat addition of
organic amendments and AMF inoculation might belible option to fertilize crop and improve soibguctive
quality [4,19]. Previous study revealed that inatiolhn of AMF amended with empty palm fruit bunchngaost
have improved soil quality under glasshouse expamini49]. However, there is less data on effecpotiltry
manure and AMF inoculation on soil productive giyalnh the study area. We hypothesized that apptinadf
poultry manure and AMF could improve soil qualifyea maize harvest. This study was conducted tesssshort-
term effect of AMF and poultry manure on improvemeh soil physical (bulk density and aggregate iitsp
chemical (pH, N, OC, P, & K) and biological propest (phosphatase, dehydrogenase, urease actigtidsAMF
spore counts) after maize harvest. The outcomaisfstudy could assist us to develop soil nutrienémagement
strategies for sustaining soil quality.

MATERIALS AND METHODS

The experiment was conducted at Kampong Raeh. edcait (£20'0” North and 11629'0” E). Having average
rainfall of 247 days per annum with mean annuatipigation between 2,500 and 5,000, and a monthhimum
rainfall recorded around June or July but exceel@@ mm [5]. The temperatures ranges between 23 3CF)
and 33C (971° F) in the early hours of the morning and duringl+afternoon respectively with heat index reaching
42°C (108°F) during dry season due to humidity reachingbtouh 85%.

The experiment was laid out in a randomized corepibck design (RCBD) comprising of 6 levels of jigu
manure in tones (t) A0, 4, 6, 8, 10 &12) x 2 levels of AM fungi, indated (+AMF) and un-inoculated (-AMF) +
recommended dose (RD) of NPK chemical fertilizerkimg, 13 treatment combinations replicated 3 timgse
following scheme was used for categorizing thetineat combinations;

Un-inoculated (-AMF)  Inoculated (+AMF)
0t PM-AMF (Control) 0 t PM+AMF (AMF+ only)

4t PM-AMF 4t PM+AMF
6 t PM-AMF 6 t PM+AMF
8 t PM-AMF 8 t PM+AMF
10 t PM-AMF 10 t PM+AMF
12 t PM-AMF 12 t PM+AMF

RD NPK chemical fertilizer (check)

The gross plot size for the experiment was 10 mD»m2(200m). Before treatment application and planting, the
initial physicochemical and biological parametefd¢he soil were analyzed and presented in tablé thtal of 39
plot units, each 2 sizes were marked according to treatments andicatipns. Maize seeds were planted after
treatment application. Five soil cores from eacht plere collected after maize harvest and pooledotm
composite samples (0-15 cm) according to treatmlks. Samples were placed inside a sterilizedtpehe bags
and transported to the laboratory in ice box fdrseguent analyses. In the laboratory, each soipkaatcording to
treatments were mixed and divided into two subsamfiir physic-chemical and microbiological analysis
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Table 1: Pre-plantphysical, chemical and biological properties of sts

Characteristics Values
Soil texture Silt loam
Bulk density (Mg rit) 1.36
pH (Soil:H,0 1:5) 5.3
EC (dS ) 0.67
NOs-N (mg kg 8.7
Available Phosphorus (mg ) 6.8
Potassium (mg K§ 113.6
Organic C (%) 1.01
Watel-stable aggregai-» mm(%) 27.6¢
AMSc*(10g* soil) 2
Dehydrogenase activity (TPF mg g4 h') 0.23
Phosphatase activity (PNP m™* 24 ) 0.1z
Urease activity (NgN mg g*24 h') 0.17

AMSc*: Arbuscularmycorrhizal spore count

Collection of data

Soil samples were air dried in laboratory and aredyfor soil bulk densit{BD), water-stable soil aggregate (WSA
%), soil reaction (pH)prganic carbon(OC), available P, NON, and K. The bulk density was determined on
undisturbed soil using steel cylinder (100 Yntapacity [10]. Water-stable aggregate was detechiby wet-
sieving method as outlined by Kemper and Roserz®] ysing nest sieve of different diameter (2, 5, & 0.25
mm). Macro-aggregates of 1-2mm class size were meagluredo their short-term sensitivity to soil treatrse
Soil pH was measured using calibrated pH meter.5n(4oil: water) ratio suspension, EC was calilwatéth EC
meter, % OC was determined by loss-on-ignition metas described b$chulte and Hopkins, [56]Available P
was analyzed using Bray No. 2 method [14] and theodbance measured at 882 nm in a spectrophotameter
Extractable K was assessed using flame photometepoutlined by Jackson, [36], N, using UV-VIS
spectrophotometer at 420 nm [34].

AMF spores were isolated by wet-sieving and deogntiethod as outlined by Brundrett, [16]. Isolaspdres were
counted under stereo binocular microscope using@umter.Root colonization was determined as destribe
Phillips and Hayman [53].

% colonization=No. of colonized root x100
Total root no.

Soil enzyme activities were investigated for delog#mase, urease and phosphatase. Dehydrogenaity dotA)
was determined as outlined Bgbatabai, [59]; to 1g of soil, add 0.2 ml of 3%\W2, 3, 5-triphenyl tetrazolium
chloride solution and 0.5 ml of 1% glucose solutibhe mixture was incubated at 30 for a day. To the mixture,
10 ml of methanol was added, then refrigerate fbo@rs. Colour intensity was measured in spectrigpheter at
485 nm

Urease (URE) was determined according to HoffmarthTeicher, [33] procedure, 10% urea solution wdted to
10g of soil. The mixture was incubated for 24 hoar87°C. Ammonium formed was measured at 578 nm and
activity expressed as NHN mg g'24 h.

Phosphatase activity was analyzsddescribed by Tabatabai [59], P-nitrophenyl phaspdisodium (0.115 M) was
used as substrate. Briefly, to 5g of soil, 2 ml0dd M sodium acetate buffer at pH 5.5 and 0.5 mbufstrate
incubated at 3 for 90 min. Mixture was allowed to cool d&Cfor 15 min and centrifuge at 4000 rpm for 5 min.
Before centrifuging, 0.5 ml of 0.5 M CaCl was addednixture. P-nitrophenyl formed was detecte@38 nm.

Data analysis

All data collected were subjected to analysis afarece (ANOVA) under general linear model (SPSioer 19),
Pearsorcorrelation coefficient in soil parameters wereeased anddifferences betwaraans werseparated using
Duncan’s LSD at 5%.
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RESULTS

Effects of AMF and poultry manure on physical and biemical properties of soil

Results on soil physical and chemical propertieaffected by application of AMF and poultry manafter maize
harvest are presented in table 2. There was ndfisagrt (p< 0.05) difference in BD between inoculated and un-
inoculated plots. However, a decreasing trend weeiwed with addition of PM in inoculated and uondulated
plots. Applying 12 t PM+AMF recorded the lowest ED.20+0.003 Mg ri) while RD NPK had the highest
(1.36+0.003) value that is comparable to 0 t PM-A{F5+0.003).

Table2: Effect of AMF and poultry manure on physial and chemical properties of soil cropped to maizander field condition

0,
Treatment BD WSA  pH %  Av.P AVv.K NN

Mgm® (%) (HO) OcC (mg kg*)

Un-inoculated (-AMF)

0 t PM-AMF (control) 1.35 27760 527 097 543 10573 7.23
4 t PM-AMF 1.3¢¢ 27.8% 53® 117 697 142 88
6 t PM-AMF 1.23¢ 2797 547 113 7.3 14343° 897
8t PM-AMF 1.23%  28.3P° 560 1.15° 7.47° 14387 917
10 t PN-AMF 1.27 29.2¢ 57C 11 7.67 1438 9.5(*
12 t PM-AMF 1.22¢ 29.33 590 140 813 14447 9.80°

Inoculated (+AMF)
0 tPM+AMF (AMF only)  1.2€¢ 282%™ 547 114 68" 143.3% 89#

4t PM+AMF 1.28¢ 2850 557 118 7.27° 14367 9.13°
6 t PM+AMF 1.245 2870 567 12P 7.47° 14380 9.53°
8 t PM+AMF 1.2 30.3% 57¢C 1.2¢  7.67 14450 997
10 t PM+AMF 122 3417 590 138 8.00° 14553 10.37
12 t PM-AMF 1.20¢ 35.00° 6.03 147 833 14590° 1053
RD NPK 1.36 2750 510 098 6.7 12367 6.8¢
Basal soil 1.36 27.64 5.3 1.01 6.8 113.6 8.7
Values are the mean of replicates. Means withinesaotumn followed with different superscript argrsficantly different at P<0.05 according
to DMRT

Water-stable aggregate varied significantly betwieeculated and un-inoculated plots and increagbsaddition
of poultry manure. RD NPK plots recorded the lows#sW/SA (27.50+0.058 %) while 12 t PM+AMF recordee th
highest (35.00+ 0.153 %) that was significantlyh@gthan all the treatments. There was no statls{g 0.05)
difference in soil pH of inoculated and un-inocetatplots. However, pH increases with increase pliegtion of
PM. The highest pH (6.03+£0.088) was recorded atARI+AMF but value was statistically comparableltot PM-
AMF (5.904£0.153). Residual NEN, K and P concentration and % OC in soil increaséh addition of PM in
inoculated and un-inoculated plots (Table 2). Apyl2 t PM+AMF had the highest % OC content (101037
%) that was incomparable to all the treatmentsidras K & NOs;-N was significantly higher in inoculated plots
compared to un-inoculated ones. While, there wasigrdficant difference in residual P between ifated and un-
inoculated plots. Highest value was recorded at RRI+AMF (8.33+0.233 mg k§ with comparable value to 12 t
PM-AMF (8.13+0.120 mg k). RD NPK recorded the lowest pH and % OC but \@hwere on par with 0 t PM-
AMF (Table 2).

Effects of AMF and poultry manure on soil microbiological parameters

Data for soil biological parameters are presente&igure 1 and Table 3 for mycorrhizal study and spzyme
activities respectively. Spore counts and RC %sdased with addition of poultry manure. The higrsgstredensity
and RC % were recorded at 12 t PM+AMoil enzyme activities as shown in Table 3 indidaiecrease in
dehydrogenase, acid phosphatases and urease witioadf poultry manure in inoculated and un-intated plots.
Manure amended plots with AMF (PM+AMF) or withoutviik (PM-AMF) recorded higher enzyme activities
compared to RD NPK and control plots (0 t PM-AMEYerding the least. The highest dehydrogenas&£0.025
mg TPF ¢ 24 h'), phosphatasel(00+0.094 mg PNP 24 h') and urease0(76+0.034 mg N& g* 24 h%)
activities were recorded at 12 t PM+AMF and valwese statistically incomparable to all the treattsen
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Figure 1: Effect of poultry manure application on AMF spore density (A) and Root colonization (B) inail after maize harvest

Table 3: Effect of AMF and poultry manure on soilenzyme activities in soil cropped to maize underdid condition

Dehydrogenase  Acid phosphatase Urease
Treatments (mg TPE ¢ 24H) (mg PNP ¢ 24 Y  (mg NH, g* 24 HY)

Un-inoculated (-AMF)

0 t PM-AMF (control) 0.28+0.018 0.16+0.016 0.21+0.009
4t PM-AMF 0.34+0.009 0.25+0.009 0.27+0.003
6t PV-AMF 0.40+0.01° 0.35+0.01° 0.310.01°
8 t PM-AMF 0.460.00% 0.41+0.008 0.37+0.008
10 t PM-AMF 0.51+0.01¢ 0.51+0.009 0.43+0.007
12 t PN-AMF 0.61+0.00¢ 0.55:+0.00¢ 0.49+0.00*
Inoculated (+AMF)

0t PM+AMF 0.33+0.009 0.37+0.003 0.26+0.007
4t PM+AMF 0.49+0.00% 0.43+0.012 0.32+0.007
6 t PM+AMF 0.55+0.015 0.53+0.026 0.44+0.016
8 t PM+AMF 0.62+0.018 0.650.01% 0.55+0.02%
10 t PM+AMF 0.68+0.016° 0.75+0.01% 0.62+0.021
12 t PM+AMF 0.74+0.025° 1.00+0.094° 0.76+0.03%
RD NPK 0.32+0.018 0.17+0.003 0.25+0.003

Values are the mean of replicates with meat. 3Feans within same column followed with differ@phabet are significantly different at
P<0.05 according to DMRT

DISCUSSION

The pre-plant residual soil NON (8.7 mg kg') and available P§X(6.8 mg kg') were below critical value for crop
growth [32], with low native AMF spore count (2 sps 10g soil), as such, field was not fumigated. Results
indicatedimprovements in physical (bulk densitytevsstable aggregate), chemical (K, N, % OC, P @) and
biological properties (AMF spore density, dehydmage, urease and phosphatase activities) ofdseilto short-
term application of poultry manure and AMFhe present study confirmed the overall bendfipaultry manure
application in improving soil quality. It is sugded that organic amendments when incorporated satocould
increase soil organic carbon, decrease bulk densifyrove availability of soil macro- and micronetsts [67] and
lower soil acidity [61, 46]. As recorded in thisidy reference have shown high nutrients accumulatial organic
matter content in soil from short or long-term apgtion of organic amendments compared to chenf@dlizer
[20]. Tambone et al. [60] reported increase ialtotganic carbon (TOC), N, P and pH from shonrtepplication
of compost after maize harvekbw soil pH due to application of chemical fertdizas recorded in this study was
reported [48] and this could be attributed to thielifying effect of urea-N fertilizer [6]The increased in soil pH of
inoculated plots and un-inoculated ones over RD NP&ble 2) could be due to provision of some basis in the
manure to the soill[7]. It is suggested that short-term and long-term apptin of manure could reduce acidity in
soil due to Ca and Mg contained in the man@praidates produced by AMF hyphae could also be fneimce to
increase in pH of the inoculated plots [64]addition, Celik et al. [21] reported lower bullensity and higher
organic matter content in soils receiving manummgost and integration of AMF and compost compaoesboil
treated with chemical fertilizer, in a long-ternudy with winter wheat and maize rotation. Low degoé WSA %
recorded in RD NPK and control could be attributedow organic carbon. It is assumed that orgaratten binds
mineral particles of soil thereby contributing tggeegate stability. Celick et al. [21] confirmedpsuority in soil
aggregate stability with compost along with AMF qmared to compost alone and mineral fertilizer. They
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concluded it to low content of organic matter ir thoil. Low dehydrogenase, urease and phosphattiséies
observed in plot treated with RD NPK were revedJ63,45,9]. Conversely, higher enzymatic actatobserved
in AMF plots are in conformity with some researchfg5]. The application of PM has fostered AMF spation
compared to inoculated plots without PM amendmént PM+AMF). This could be attributed to improveilso
aeration from reduction in bulk density caused Ippli@ation of manure thus, provided ideal conditifor
mycorrhizal proliferation [27]. Groanker and Sreexsa, [31] and Douds et al. [26] reported mycogahiz
development in soil amended with lower C: N suchaaignal manure. Calvet et al. [18] and Albertsemle{2]
concluded that addition of organic amendments migptove soil fertility and bolster AMF sporulation

Consistent results have shown huge role of orgamiendments in enhancing microbial communities kyirap
SOC which benefit the microbial biomass, diversityd activity especiallyAMF community [55,52,50,30). This
could be reflected on the increase in residualragtiient concentration as microorganisms decompaseutilize C
from amended soils [35,66]. Several researchers heported residual accumulation of N, P and increased pH
after long-term application of poultry manure [48],6lue to high content of N, P, K and other nuirielements in
the manure [24,51].

CONCLUSION

Short-term application of poultry manure with andheut AMF plots resulted in improving the physidéiulk
density, water-stable aggregates) chemical (pHPNQOC, & K) and biological (DHA, URE & phosphatase
activities) soil properties compared to chemicatilfeer. Poultry manure was effective in increagiAMF spore
density in inoculated plots. The integration of ibgumanure and AMF at 12 t PM+AMF proved to be inos
effective in increasing soil pH, OC, WSA and residaccumulation of N@N, PQ-P, & K for plant use over all
treatments. The results also indicated higher delyahase, phosphatase and urease activities aPNRZAMF. It
could be concluded that integration of AMF and prgutould be a management strategy to improvemésbib
productive quality. Thus, could be recommendedaanérs and long-term experiment should be condutied
provide better understanding since longer timenglmore degradation of added organic amendment.
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