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ABSTRACT KEYWORDS
In this study the stimulatory effect of spent mushroom compost (SMC) as Amaranthus hybridus;
an organic ameliorant for the growth of Amaranthus hybridus in Amendment;
greenhouse experiment was examined. This vegetable was grown in Yidd;
experimental pots and were harvested after ten weeks of planting. The SMC;
results obtained showed that the vegetables planted on 20% SMC soil pH.

had the best growth in respect to plant height (cm), leaf humber, stem
girth (cm), and leaf area(cm?), followed by 30% and 50%, The two control
0% and 100% SMC generally supported poor growth of Amaranthus
hybridus. Thebiological efficiencies (B.E.) of the vegetablewas cal cul ated
using the field dry weight (FDW) of the plant and the results obtained
showed that 30% SMC had the best above and below ground biomass
with B.E. of 34.0% and 31.0% followed by 30% SMC (26.0% and 22.1%
B.E.) and 10% SMC (23.0% and120.0%), theleast B.E. was 1.7 and 1.2% of
the 0 and 100% SMC plants respectively. Moreover, observation on the
mineral analyses of thisvegetabl e reveal ed that the plant had cal cium and
sodium as the highest mineral compositions. Most of the minerals such
asiron, magnesium, cal cium, phosphorus and potassium increased asthe
concentration of the SMC in the soil increases to 100% while zinc
decreased with SMC treatment. The pH values of the soil treated with
SMC increased significantly with the introduction of SMC. PH increased
from4.8t0 6.7 and 7.2 in the potted plant with the highest yield that is, 20
and 30%. © 2012 Trade Sciencelnc. - INDIA

INTRODUCTION have no further use asagrowing mediumand arere-

moved Fasidi et al™®. According to reportsin litera-

Jonathan et al™ defined SMC astheleftover of  tured®3 there aretwo typesof spent mushroom com-
wastes after different flushesof mushroomshavebeen  post; these arefresh SMC and weathered SMC. The
harvested. Itisaby-product of themushroomindustry, fresh SMCistheonethat wasappliedto plantsimme-
after mushroom cropping, thecompost andcasinglayer  diately they wereremoved from mushroom farmg*t42,
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The weathered SMC are those that undergo further
decomposition for several weeksbeforetheir utiliza-
tion by farmersassoil conditioner’®4. After mushroom
cropsareharvested, millionsof tonnesof “spent” (used)
mushroom substrate becomeavail ablefor other uses.
Many beneficial usesfor spent mushroom substrateare
currently beingevaluated internationdly. Theseusesvary
with themushroom species®7.

Theimportant questioninthisday of limited natura
resourcesand concernsover human health and theen-
vironmentis, “What use or value does this residual ma-
terid from mushroom production have?9, Mushrooms
arecultivated on natural materia swhich aretakenfrom
different agricultural wastes, woodlands, animal hus-
bandry, and manufacturing industries*4. AsSMC con-
tainsacons derableamount of nutrientsand isgener-
ally not phytotoxic, it has been used asa soil amend-
mentt14,

Chang!® reported that the spent substrate that is
|eft after themushroom had been harvested isentangled
withinnumerable mushroom threads (collectively re-
ferred to asmycelia) and the substratewould have been
biochemicaly modified by themushroom enzymesinto
asimpler and morereadily digestibleform, whichis
thusmore pal atableto livestock, when used asalive-
stock feed supplement. Additiondly, it will significantly
have been enriched with protein, by virtue of there-
mainsof theprotein-richmycelia, left after harvesting
themushroom fruiting bodies. Theresidue could also
be utilised asorganic garden mulch, whichisgood for
thesoill®.

The spent substrate from mushrooms has been
anaysed and found to be nutritiondly rich with respect
toitsN:P:K contentsand high cation exchange capac-
ity:369 Therefore, it hasthe ability to replaceinor-
ganic Farm Yard Manurefor the purposeof raising hor-
ticultural and cereal crops, as feeding material for
vermicomposting, for plants diseases management,
preparation of organic-mineral fertilizer and
bioremediation of the contaminated soilg8%4,

A good advantage of using SM C as organic com-
post isthat, if used properly, it canimprove plant growth
inpoor or margind soilg"21617, Thisisbecause mush-
room compost amended into those soilswill improve
the structureof clay soils, reduce surface crusting and
compaction and thereforeimprove drainage, increase

beneficia soil microbid activity, and provide nutrients
to plantswhich can reduce the need for fertilizer*45),
Scienti stsshave discovered that, when using mushroom
compos, it isbest to mix the compost with garden soil
and then spread around the plantg®4, Thiswill pro-
videadow releaseof organicfertilizer (2-1-1, pH 6.8)
andwill assist with moistureretention(.

Amaranthus hybridus commonly called African
spinach; isknownto peoplefrom South Eastern Nige-
riaas ‘inene’ and it belongs to the family Amaranthacae.
It toleratesvarying soil and climatic conditionsbut alti-
tudesof over 1500ft areunsuitabl €. iswidely grown
inWest Africa, Indonesiaand Malaysid®. Amaranthus
hybridusisan annual plant, itis spinelessand up to
80m highwith grooves. Theleavesaregreen and vari-
ableinshapeandsize.

In order to increase the soil fertility, farmersare
proneto usefertilizerswhich can be organic or inor-
ganic. Itisvery important to note that the pricesof in-
organicfertilizersare beyond thereach of many local
farmersinthedeve oping countrieslike Nigerid*2. Al-
though inorganicfarm yard manureismosily being used
for production of organicfood but itspoor availability
might contributed to the restricted production of or-
ganic cropsat alargescale. Inthiscountry, many of our
agriculturd landshavebeen over utilized by inadequate
farming practice, thereby resultingin nutrient depletion
of soild*. Thereisaneed to look for an alternative
sourceof organicfertilizerswhichwill boost thegrowth
and production of vegetablesby thelocal farmerd*4.
In addition to providing abalanced nitrogen and car-
bon sourcefor plant growth, the SMC will befurther
degraded in the soil humus. Thisisvery importantin
maintai ning soil Sructure, good aeration, water holding
capacity, and a so re evant to maximizing crop produc-
tivity,

The demandfor organic residuesand compost has
asoincreased severd foldsconsdering theill effectsof
synthetic pesticidesand fertilizers. Theresearch work
carried out around the world has proved that spent
mushroom substrate possesses the quality of agood
organic manurefor raising hedthy cropsof cereds, fruits,
vegetablesand ornamentd plants, inadditiontoitsability
of reclaiming the contaminated soil.

SM S hasmany of therequisiteattributes still left
withfor itsexploitationin placeof FYM inraising or-
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ganicfield cropsand environment management'™. The
re-useof SMCin crop production by itsrecycling as
aningredient of growing mixeswould providean envi-
ronmentdly safedigpostion. Theobjectiveof the present
study isthereforeto use SM C asan organic amdiorant
for the growth of Amaranthushybridus

MATERIALSAND METHODS

Collection of samples

Cultivated s0il samplesusadfor thisexperiment were
collected from the Botanical Nursery of the Depart-
ment of Botany, University of Ibadanwhilethe SMC
was collected from Beeghay M ushroom Venturesdump-
ing ground, at Ibadan, Nigeria, after it hasbeen dis-
posed for 7days. Treated seeds of the A. hybriduswere
collected from Tobol Agro Care, |badan.

Experimental set up

Thiswasdoneasapot experiment and it was car-
ried outinthegreenhouse. Six different levelsof SMC
of oyster mushroom were chosen, that is, 0% (Con-
trol), 10%, 20%, 30%, 50% and 100% supplemented
with 5gramsof cultivated soil ingreenhouse. Theculti-
vated soil and SMC propertiesareshownin TABLE 2
and 3 respectively. Thisexperiment was done between
the months of August to November 2011. The SMC
and 5grams of soil were missed together inabasin us-
ing barehand (in different percentages) and bagged in
polythene bags; theseweredoneintriplicatesand are
arranged on the shelvesin acompl etely randomised
design fashion. SM C was applied to the experimental
soil inthefollowing fashion likethe one devel oped by
Ona and Topcoglu*®.,

- SMCO0 %: no SMC application (Control)

- SMC10 %: 0.5kg of SMC /5kg of Soil

- SMC20 %: 1kg of SMC /5kg of Soil

- SMC30%: 1.5kg of SMC /5kg of Soil

- SMC 50 %: 2.5kg of SMC /5kg of Soil

- SMC 100 %: Only SMC (Control)

All potswerearranged onthe shelvesin thegreen-
house under controlled climatic conditions. Potswere
maintained around field capacity by daily wateringwith
100mil of digtilled weter.

Thevegetable seedswere planted asbroadcast on
the pots based on the SM C treatment and each treat-
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ment wasreplicated trice and the potswere labelled.
The seeds germinated after four days and they were
thinned to one after two weeks of emergenceto one
plant per pot.

Growth analysis

Sampling for growth analysis started two weeks
after sowing the vegetable seeds. Growth parameter
measurements were carried out at weekly intervals.
Each potted plant was|abelled accordingto the SMC
treatment and the same label was chosen from each
pot every week. Parameters such asplant length, plant
diameter (girth), number of node, leaf length, leaf diam-
eter and total number of leaves plusthe dead |eaves
weretaken. Thesewere donefor 10 weeks.

Thebasic procedurestaken for analysisof growth
wereasfollows.

1. Plant height was determined by placing athread
fromthegroundlevel tothetip of theterminal bud
and thelength of the thread measured with aruler
to determine- the height.

2. Plant diameter was determined by the use of elec-
tronic calliper (Hand veneer calliper) by placingit
1cm abovetheground level

3. Number of leaf and node wererecorded by count-
g

4. Leaf Length, diameter and Leaf areawas deter-
mined using the leaf Area Meters LI-COR (LI-
3000C)

Biomass analysis

The studied vegetabl e plantswere harvested after
14weeksof planting. The shootsand rootsof different
SMC treatmentsweretakento thelaboratory immedi-
atdy after harvesting for quantitative measurement and
wereair-dried for 2 weeks. Field dry weight was mea-
sured using adigita Weighing ba ance (Ohaus Scout).
TheField Dry Weight of the plant partsweremeasured
after thewater content of the plant hasbeen eliminated.

Nutrient analysis

Organic carbon, organic matters, % Nitrogen,
Phosphorus, Potassium weredetermined using official
methods of theAssociation of Anaytical Chemists?.
Total nitrogen was determined by Kjeldahl method.
Plant tissueswere ground and digested in aguaregia
(1:3 HNO3/HCI). In wet ashed |eaf samplestotal P
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were determined by molibdophosphoric yelow colour
method, total K, Ca, Mg, Fe, and weredetermined by
atomic absorption spectrophotometry (FAAS) under
optimised measurement conditions.

PH deter mination

ThepH of the soil sample used for thisstudy was
first determined beforemixing it with different percent-
agesof SMC. After theaddition of SMC, the pH of the
mixturewere observed again after fiveweeksin other
todlow thesoil to adjust itspH asaresult of theSMC
Harad.

To determinethe PH of apot, soil samples (about
20g) weretaken from thetop 20 cmwith atrowd into
aclean container selected at fiverandom spotsinthe
areaof thepot. The soil samplesweremix together to
get an averagereading. Soil pH test kit and the glass
electrode pH meter called Eutech EcoTestr pH 2 were
usedintaking thereadings. The Soil samplewas scoop
up loose with aclean, dry plasticjar, stonesand any
clumpsof soil wascrushed to prevent bresking theddi-
catetester’s glass electrode bulb.

Thesoil samplewasthen mixedwith distilled water
(1:1ratio) inacleanjar toform an emulsion; thejar
wastightly caped and shacked vigoroudy for somefew

times. Themixed samplewasallowed to stand for 5—
10minutessothat the sdtsinthe soil candissolveinthe
distilled water. EcoTestr was switched on after the cap
has been removed and the electrode bulb was sub-
merged fully into thewet soil durry.

Thereadingwastaken after it stabilized. TheHOLD
button was pressed to freezethereading for recording
and pressed againto releasethereading. Thiswasre-
peated two moretimesfor higher accuracies.

Yield and biological efficiency
TheBiological Efficiency (B.E.) of thevegetables
warewereca culated usingtheformulaof Chang et all”
BE=FDW / TFDW +100%
Where BE = Biological Efficiency
FDW = Field Dry Weight of the plant and
TFDW =Total Dry Weight of the plant.
Satistical analysis

Data obtai ned were subjected to analysis of vari-
ance (ANOVA )whilethe meanswere separated using
Duncan’s multiple range test (DMRT) (P <0.05).

RESULTSAND DISCUSSION

TABLE 1: Effect of different levelsof SM C application on thegrowth of A.hybridus

Paramer SMC NUMBER OF WEEK S
(Cm) (%) 2 3 4 5 6 7 8 9 10 MEAN
0 6 10 12 14 16 20 21 24 25 16.4e
10 3 9 17 19 22 26 28 33 33 21.1c
20 5 12 22 26 28 33 35 41 41 27a
Leaf No.
30 5 9 21 24 25 29 31 35 35 23.7b
50 3 7 14 18 19 24 26 32 32 19.4d
100 2 5 7 10 14 17 18 21 23 13f
0 5.8 155 15.7 15.9 21.3 22.6 17.9 26.2 27.1 18.7e
10 3.6 7.4 15.8 22.1 23.3 26.6 30.3 44 44.6 24.2c
20 4.3 10 24.3 26.7 30.9 45 48.1 54.8 56.1 33.4a
Plant Length
30 5.3 9.2 18.8 23.6 25.8 31 36.6 46.6 46.6 27.1b
50 4.5 10.8 16.8 22 23.3 25 26 30.2 36.2 21.6d
100 3 6.8 12.4 14.1 16.5 18.2 20.1 22.2 30 15.9f
0 4 6 7 8 9 11 12 135 15 9.5d
10 2 6 9 10 12 14 16 19 19 11.9c
20 3 7 13 15 16 20 21 25 26 16.2a
No of Nodes
30 3 5 13 15 16 18 19 22 22 14.8b
50 2 4 9 11 12 15 16 20 20 12.1c
100 1 3 4 6 8 10 11 14 15 8e
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Paramer SMC NUMBER OF WEEKS

(Cm) (%) 2 3 4 5 6 7 8 9 10 MEAN

0 0.5 - 0.6 - 0.6 - 19 - 31 1.3d

10 0.6 - 0.8 - 11 - 24 - 38 1.7c

. 20 1 - 17 - 2.7 - 4.3 - 6.2 3.2a

Girth

30 0.8 - 14 - 19 - 3 - 4.4 2.3b

50 0.7 - 0.9 - 12 - 25 - 3.8 1.8c

100 0.3 - 0.5 - 0.7 - 17 - 24 lle

0 51 92 122 159 308 562 638 851 918 41.1e

10 63 147 178 234 395 644 75 936 10655  49.0c

Mean Leaf Area 20 101 291 360 436 562 100.7 1044 1312 1377 721la
(cm?) 30 65 197 23 269 298 696 774 986 1036  50.6b

50 66 191 241 312 352 615 690 858  89.8 46.9d

100 19 5.1 82 120 156 274 33.2 50.0 54.4 23.1f

Values are mean of 3 replicates. M eans with different letters in the same row on each growth parameters are significantly
different (P <0.05)
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Parametersrecorded for thegrowth anaysesof A.
hybriduswererecordedin Figures1, 2, 3and 4 above.
Theresultson SM C appli cation showed that the appli-
cation of SMC hasadirect growth promoting effect on
thegrowth of thevegetableintermsof |eaf number (Fig-
urel), Plant Length (Figure 2), ssem diameter or Girth
(Figure 3), number of nodes, and leaf area(Figure4).

Theresult obtained from thegrowth analysisof A.
hybridus showed that the vegetabl e planted on 20%
SMC soil had the best growth (with mean |eaf areaof
72.1cm?, mean plant length of 33.4cmand mean girth
diameter of 3.2cm) followed by 30% SMC plants(with
mean leaf areaof 50.6¢cn?, mean plant length of 27.1cm
and meangirthdiameter of 2.3cm) and 10% SMC plants
(meanledf areaof 41.1cm?, mean plant length of 24.2cm
and mean girth diameter of 1.9cm). Theleast growth
was recorded for A. hybridus planted on 0% SMC
(withmeanleef areaof cm?, mean plant length of 18.7cm
and mean girth diameter of 1.3cm) and 100% SMC
(withmean |eaf areaof 23.1cm?, mean plant length of
15.9cm and mean girth diameter of 1.1cm).

TABLE 2: M ean biomassanalysisof A. hybridus

A. hybridus ABOVE BELLOW
] GROUND (g) GROUND(g)
FDW FDW
(% SMC) B.E. B.E
5.2 17
0% 5.0e 7.5d
24.4 4.6
10% 23.3c 20.4c
35.8 7
20% 34.3a 31.0a
27.4 5.7
30% 26.2b 25.2b
8.4 24
50% 8.0d 10.6e
3.3 1.2
100% 3.2f 5.3f
Total Field Dry Weight 104.5 22.6

Values are mean of 3 replicates. Means with different letters
in the same row on each B.E are significantly different (P
<0.05). B.E = Biological Efficiency. FDW = Field Dry Weight

Resultsfrom thebiomassanalysis
Nutrient analisys

TheBiologicd Efficiencies(B.E.) of thevegetables
was cal culated using the dried above and bel ow bio-
mass of the plant. Theresult gotten showed that the
best off ground biomass recorded for A. hybridus

————, FyurL PAPER

was 26.2% of the plants cultivated on 20% SMC,
followed by 30% SMC with B.E. of 26.2% and 10%
SMC with B.E of 23.3%, theleast B.E recorded for
above ground biomass of the plant was5 and 0.03%
of the 0 and 100% SM C plantsrespectively. Alsothe
resultsgotten for B.E of the bellow ground biomass of
the test plant showed that 20% SM C was the best
with B.E. of 31% followed by 30% SMC with B.E.
of 25.2% and 10% SM C with B.E of 20.4%, theleast
B.Ewas7.5and 5.3% of the 0 and 100% SM C plants

respectively.

TABLE 3: Effect of SM C application on themineral compos-
tion of A. hubridus(mg/100g)

NUTRIENTS
Mg Ca Na K P Zn

SMC Fe %Ash

control g5 10.4a 44.8a 24.4a 81a 60a L16a 0.lle
(0%)

10%
20%
30%

50%
Control
(100%)

Each value isthe mean for threereplicates. Means with differ-

ent letters in the same row on each growth parameters are

significantly different (P <0.05)

TABLE 3 shows the mineral contents of A.
hybridus grownin soil treated with different level of
SMC. Theresult of the nutrients content showed that
theplant had cal cium and sodium asthe highest minera
componentswhile manganese are zinc aretheleast.
Similar trend of SM C effect on nutrient content of the
other vegetableswas d so observed. Mot of themin-
erdssuchasiron, magnesium, calcium, phosphorusand
potassium increase asthe concentration of theSMCin
the soil increases to 100% while zinc concentration
decreaseswith SM C treatment manganese concentra-
tionsincreasesto 30%SM C asthe highest level and
then decreasesto 100%SMC level.

From TABLE 4, theinitia pH 4.8 of the soil was
recorded at O day. After the addition of SMC, it was
observed that the pH of increased from 4.8 recorded
fromweek 0t05.51n 10%SMC soil, 6.7 in 20%SMC,
7.2 and 6.6 in 30 and 50% SM C respectively. How-
ever, planting A. Hybridusonthe SMC donewasfound
toincreasethepHto 7.9
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5.5a

6.3b
6.8c
7.1d
6.7e

25b 11.4b 46.1b 2590 9.1b 7.5b 1.07b 0.2d
3.1c 12.1c 53.4c 26.2c 9.6b 8.3c 1..05c 0.3d
3.5c 12.7d 53.7c 31.8d 10.1b 8.6c 1.03d 0.9c
4.1d 13.4e 55.6d 36.4e 11.4c 10.1d 1.03d 0.8b

5.6e 16.1f 67.5e 38.7f 12.3d 19.2e 0.2e 0.76a 3.6f
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Figure 5: Effect of SMC on biological efficiency of A.
hybridus. (Error bar swith standard)

TABLE 4: Theeffect of SM C addition on the A.hybridus
soil pH

BIOLOGICALEFFICIENCY (%)

No of Weeks

% SMC 0 4 5 6 7 8 9 10
0 48 - - 50 45 47 51 52

10 - - - 51 54 54 56 55
20 - - - 62 65 66 66 67
30 - - - 64 67 70 71 72
50 - - - 61 65 67 67 66
100 - - - 70 75 78 78 79

Each value is the mean for three replicates
CONCLUSION

This study showed that the different concentra-
tion of spent mushroom compost (SMC) of Pleurotus
ostreatusinthe soil hasadirect effect of ontheyield
and nutrient compositionsof A. hybriduss. All theveg-
etables cultivated on soil treated with SM C showed
yidd different from those of the control, thisestablish
the fact that SMC has effects on the growth of the
vegetable.

Thisstudy reved ed that 20% and or 30% of SMC
insoil best supported A. hybridusgrowth. It wasa so
observed that application of SMC at theseratesraises
the nutrient content of the plant used.
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