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ABSTRACT

A randomized complete block design with six repdisavas used to assess plant species for revemetafi
abandoned quarry site in Southeast Nigeria usirguteinous cover crops and fertilizer applicationsed species used
were Adenanthera pavonina, Gmelina arborea, andcicauriculiformis. The leguminous cover crops wétacuna
utilis, Stylosanthes gracilis and Centrosema pawardand fertilizer applications were 100 NPK, 200KN&nd 300 NPK.
Acacia auriculiformis had significantly the highgdaint height, canopy sectional area and canopyecawespective of
fertilizer application and leguminous cover crof@nelina arborea had significantly the highest sggrth and basal area
irrespective of the fertilizer applications and leginous cover crops. Adenanthera pavonina had ehsetlresult of the
above parameters. In plant height, the best fediliapplication and leguminous cover crops for Aaauriculiformis
were 300 NPK and Stylosanthes gracilis respegtivedbr Gmelina arborea, 100 NPK and Stylosanthexiljs were the
best fertilizer application and leguminous covesrespectively. In terms of canopy sectional afescia auriculiformis
and Gmelina arborea gave significantly the higreesd the least respectively, irrespective of thélizer application and
leguminous cover crops. In terms of canopy coveack auriculiformis had significantly the highe800 NPK fertilizer
applications in Acacia auriculiformis gave signdittly the highest canopy cover, followed by Styitsas gracilis and
Centrosema pubescens. The least was Gmelina arblooga in fertilizer application and leguminous cowerops.
Adenanthera pavonina was the least in all the paatams except in canopy sectional area and canopgraorespective of
the fertilizer applications and leguminous coveoms. There is a significant difference betweenpiaet height and stem
girth, canopy sectional area, basal area, canopyetpand Potassium. Increase in plant height sigaiftly increase stem
girth, canopy sectional area, basal area, canopyetpand potassium. There is a significant diffeeebetween the stem
girth and canopy sectional area (CSA), basal aBa)( canopy cover (CC), and Potassium (K). Increiasstem girth
significantly increases the CSA, BA, CC and K. Flusly recommends the use of A. auriculiformisstfee rehabilitating

and restoring quarried sites
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INTRODUCTION

Engineering effect of quarrying is most obvious the environment. Mining or quarrying distorts natlry
disturbing unique habitats, significant alteratafritopography and unchecked disruption of basidoggcal relationships
(Walker and Del Moral, 2003; Sharma and Roy, 19%alker and Del Moral 2003 reported that land &itical resource
for people dependent on farming. They also notatldbout 2 million hectares of agricultural lands last every year due
to anthropogenic activities which affect the ectsysand cause severe land degradation. Townseald2008; Ata-Era,
2016; Tischewet al 2014; Akanweet al. 2016 noted that quarrying activities have altevedetation cover worldwide
such as the Appalachian Mountains, Netherlandsn&h&ermany, and Nigeria. Mining and quarrying \aiitis are
destructive enterprises. Akanwet al. (2016) reported that undergrowth clearance is g@shthe prime cause of

environmental dilapidation and exhaustion of ndtaoanmunities worldwide.

Excavation sceneries are visually dramatic as pmoed by Ukpong (2012). The sentiments were nearly
comparable to David’s, (2007) who termed open quaits in Hungary as “scars in the landscape. Ukp¢?012)
mentioned that the state of the topography is atiom of the unwarranted excavation of the eartfase and disregard of
the natural sceneries. An observation was made kgokhh (2012) in Akampka, Nigeria, that bounteousalten
excavations upset the environment to a greateredegs opposed to one large excavation, meaningtivdbnmentally
conscious artisanal miners have an opportunitynodlgamating their operations and capitalizing oepdexcavations

rather than scattering so as to minimize ecologipakts including the earth’s geomorphology.

Nawazet al (2004) recounted a manifestation of such occegemwhere they used remote sensing technique to
demonstrate how Margatta hills in Pakistan wer¢hat brink of being vanished by stone miners atwhestern side.
Zelalem (2016) in Ethiopia, found that althoughnstamining was a lucrative business in semi-urbamegoof Addis
Ababa, it concerned environmentalists that it iersibly exhausted natural resources, a fact resalbhg Hauleet al
(2016) whose study in Mbeya region of Tanzania aack that limestone mining caused extensive los$esil and
vegetation covers. Therefore, this study was coteduwith the following objectives (a) to determitte best fertilization
regimes for optimal growth of the selected treecsse(b) to determine the best leguminous covepsfor the growth of
the tree species and soil conservation (c) to deter the growth performance of the trees and tls tree species in

rehabilitating the land.
MATERIALS AND METHODS

This experiment was conducted at the quarry sitthilbe, Okigwe LGA, Imo State, Nigeria. Okigwe lies
latitude ? 6" North and longitude 60" East. Okigwe has deep sandy loam soil with théoviehg physiochemical
properties: (aAdenanthera pavonina’glot (% sand 61.8, % silt 10.80, % clay 27.40, T&dy clay, pH 6.2, EA 0.56,
ECEC 7.70, % BS 92.73); (I§melina arborea’'lot (% sand 65.8, % silt 8.80, % clay 25.40, T&dy clay, pH 5.9,
EA 1.36, ECEC 14.83, %BS 90.36) and £gjacia auriculiformis’plot (% sand 63.80, % silt 9.80, % clay 26.40, TEX
sandy clay, pH 6.05, EA 0.96, ECEC 11.27, %BS 9.55)

The experimental layout was a randomized complitekidesign (RBC) with six replicates. At the sigach of
the tree species occupied an area of 42.5m x 4gapproximately 0.8 ha) and was treated as a blbhk. trees were
planted in each block at 2.5m x 2.5m, which givesdws of trees making a total of 72 trees perloknd 216 trees for

the entire experimental layout. The data obtainedew subjected to analysis of variance and Dunciew Multiple

Impact Factor (JCC): 5.0273 NAAS Rating 3.73
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Range (ANOVA) and Least Significant Difference (LSIvas used to separate the means at 5% probataiis.
Correlation and Multiple regressions were usedsttegtain the relationship between soil propedies plant parameters.
The tree species are (Adenanthera pavoningb) Gmelina arboreaand (c)Acacia auriculiformis The trees were
established on the experimental plots with a sgaefr2.5m x 2.5m at the beginning of the rains. irigal establishment
of the trees on the degraded soils was supportettidyaddition of compost manure or farmyard maraira radius of
20cm around the seedlings. Compound NPK fertil{A€-14-14) was applied. Each treatment was replitaix times,
giving a total of 72 seedlings for the three trpecies. Fertilizers were applied in solid form ircalar trenches (10cm
deep x 7.5cm wide) made around the seedlings acith 8m the base of the seedling. The applicatias repeated every
year. The tree species were grown under the foligwdiover crops as possible substitutes to inorgmtdization and
control of weed growth. The leguminous cover crapsd were: (aMucuna utilis(b) Centrosema pubescemsd (c)
Stylosanthis gracilisThe experiment was a two-factor factorial (3 xrf@gde up of 3 tree species and 3 cover crops. The
following growth attributes were measured at regintervals until the trees reach their economie:dg) Plant height (b)

Stem girth (c) Canopy sectional area (d) Basal aneb(e) Canopy Cover.
Soil Studies and Characterization

All the soil parameters monitored in the experimeas thoroughly characterized prior to site experitations in
order to assess the degradative conditions of itike Bhe following soil parameters were measurad eonitored

throughout the experiment.
Soil Physical Properties

The following physical properties were monitor&ty bulk density(BD) (Core method), Textural cld3&X),
Total porosity (TP) and pore-size distribution (dEtermination using undisturbed core samples asturtbed core
samples), Infiltration rate (double ring infithoraetmethod), Moisture retention characterization (Etermination),
Unsaturated hydraulic conductivity (instantaneousfile method by gravimetric and tensiometric meaments, Soll

moisture content (MO) and suction profile (gravirmeeaind tensiometric methods).
Soil Chemical Properties

Soil pH, organic Carbon (OC), organic matter (Okttal Nitrogen content (TN), available Phosphord¥'R),
calcium (Ca), Magnesium (Mg), Sodium (Na), Potass(K), Aluminum (Al), total exchangeable acidityff&ctive Cation
Exchange Capacity (ECEC), percentage base saturg#BS) were monitored during site characterizatiomd
subsequently during the experiment. These soilmparars were monitored at 5cm depth incrementsdepdh of 50cm.
soil samples were collected from adjacent gridsmbich the soil physical properties were measuBaimpling was at

intervals of two months and was staggered to co@with monitoring of soil physical properties.

RESULTS
Growth

A total of five growth parameters in each of theethtree specief\{lenanthora pavonin&., Gmelina arborea
Roxb. andAcacia auriculiformisA. Cunn. ex-Benth) for six months (Table 1:- Aug@®18 to January 2019 ) were
examined in this study. The effects of differerguminous cropsMucuna utilis, Stylosanthis graciliand Centrosema
pubescenjsand fertilizer (100, 200 and 300 NPK) applicatigrown in the field for the six months are presdnh table

1. The growth parameters measured were: plant heiggm girth, canopy sectional area, basal ardaanopy cover.
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Table 1: Effects of Leguminous Cover Crops and Feittization Applications on Growth Performance of the3 Tree
Species in August 2018 — January 2019

o o Acacia Auriculiformis
Adenanthora Pavonina L. Gmelina Arborea Roxh. AC Fx. Benth
TRT Month PlH(cm) | SG(cm) | CSAr | BA PlH(cm) | SG(cm) | CSAr | BA | CC | PlH(cm) | SG(cm) | CSAr | BA | CC
Mucunz | August2018 7.5 16 707 | 02 118 2.1 19.64 | 033 [ 5611 | 285 25 | 283 | 03 | 366
Mucuna E;ﬁ‘;““’“ 33 24 3118 | 046 36 3.1 19.64 | 076 | 25.54 37 LE | 6645 | 0.26 | 25569
Tucuna | Octobar 2018 B} 362 | 3LI8 | 033 155 13 383 | 087 | 4438 &0 p) TI3.11| 0.62 | 18244
Mucuna :I;{“B’mb’f 38 19 185 | 029 45 25 9505 | 0.5 | 1901 67 5 12273 | 268 | 45.79
Tiucuna | Decambar 2018 | 39 21 |5 038 743 538 | 113.01 | 248 | 43.61 Tl § [ 14316 186 | 30.06
Mucuna | Jenuary 2019 311 31 503 |08 591 52 Tes | 215 | 7674 73 65 | 132.75] 3.36 | 3951
TMzan 3393 379 | 3279 | 044 3241 762 | 75.06 | 119 | 7301 | 3608 | 423 [101.03] 171 | 105.02
Stylosa | August2018 45 12 391|011 175 19 £648 | 121 [ 5494 | 505 37 [ 9591 | 039 | 24592
Stylosa 5_;"1‘3"‘“‘"“ 26.3 15 2828 | 0.18 485 422 9678 | 142 | §8.15 76 37 154 | 1.09 | 141.28
Stylosa | October 2018 R 13 I8 | 042 I 495 | 10388 [ 197 | 5205 53 3 2455 | 127 [ 19341
Stylosa “3"1‘3“‘"" 34 2.1 2828 | 0.35 62 72 17674 | 412 | 429 84 43 |283.57| 147 | 1929
Stylosa | Decembar 2018 | 46 13 SRR N 768 T061 | 28357 | 896 | 3165 5 §4 | 3143 [ 33 | 9541
Stylosa | January 2019 £ i3 §16 | 057 781 T01 | 29239 | 8.12 | 3603 57 £5 | 34641] 368 | 9413
Mean 1942 722 | 3499 043 S5.15 684 | 17001 | 4.30 | 4774 | 7738 | 457 [239.93| 157 | 16046
Centros | August2018 73 19 1591 | 039 157 75 | 2291 | 05 [ 4383 | 482 ) 566 | 032 | 27063
Centros f;‘{’;“‘h“ 285 35 | 2923 | 097 30 23 63.63 | 042 | 15135 52 24 | 9833 | 046 | 2142
Centros | Octobar 2018 Eb) p] 19 | 032 5 13 59 [ 081 1037 5] 35 | 10208 062 | 16483
Cntros \‘3"1‘3“‘"“ 36 2 19.64 | 0.62 47 43 964 | 1.83 | 51.68 57 3.7 | 112.08| 1.09 | 101.83
Centros | Decembar 2018 | 42 303 | 5028 | 033 57 512 535 | 21509 3 342 | 11133 ] 093 | 1196
Centros | Jamuary 2019 15 18 47 [ 103 &0 56 788 | 23619 | 603 31 [ 115.01] 134 | 8583
Mean 3392 264 | 3374 | 039 3320 392 745 [ 6753 | 5523 | 307 [ 10436] 0.79 | 15968
Fart- 100 | August2018 15 15 I8 | 115 783 27 038 | 8667 b 735 | 2838 | 044 | 6407
Fart-100 E;‘{‘;“‘b“ 30 16 3319 | 02 52 6.15 301 | 3452 34 2 5027 | 058 | 86.67
Fert-100 | Octobar 2018 £ 37 | 7838 | 038§ 303 5 [ 3303 | 413 33 | 8013 | 047 | 19079
Fart-100 :I;{“B’mb’f 39 0.62 72 533 | 47.57 50 42 | 9505 | 14 | 6789
Fert-100 | Decambar 2018 |60 354 1 i 796 | 3132 3 333 [1113| 149 | 7463
Fart-100 | January 2019 &3 3351 116 755 539 | 3492 | 622 51 | 11691] 2.07 | 5648
Tzan 3203 104 N £0.70 505 | 4484 | 4507 | 330 | 8031 | 1.07 | 9013
Fart-200 | Auzust2018 325 i3 121 1735 026 | 5077 33 28 | 7089 | 062 | 11434
Table 1 Contd_
Fart-100 E_ﬁﬂbﬂ 30 16 | 3318 | 02| 166 52 615 | 1038 [3.01 | 3432 34 27 | 5027 | 058 | sseT
Fr-100 | Octobar 2018 Ej! O I I I TOT | 1E05 | § | 3305 | 423 337 | 6003 [ 042 | 16070
Fart-100 };‘;ﬂbﬁ kL 28 50.27 | 0.62 | EL0% 72 52 | 2545 | 535 | 47487 50 42 o505 | 14 | 6n.E0
Far-10p | DErme= &0 354 | 7ess | 1 | vmss | T 10 | 25734 | 788 | 3232 | 5o 233 | M| 1ae | e
a0
Fart-100 | Jamuary 2012 &3 380 | 11311 | 116 | o751 | 7S 1027 | 203|830 | 3482 | 622 51 111“" 207 | 648
Mem 4203 304 | 5576 | 0.08 | 8317 | 6070 T54 | 18736 | 5.05 | 4484 | 4500 | 350 | @031 | 1.07 | 20.13
Fart-200 | Augwsi2018 | 325 5 352 | 121 ] 2744 | 1735 18 152 |0.26 | 5077 | 3o 2.8 | 70.8% | 0.62 | 11434
=
Fart-200 ?ﬁt;ﬂb*‘ L ER: 355 | 097 | 3mee 2 18 | se27 |oas | 193 51 25 |eeTe | 05 | 18356
Far-200 | Octobar 2018 40 41 5027 | 14 | 35981 38 3 8333 | 1 | 4147 38 | 1003 | 115 | a2
Mo 021
Fart-200 '1_;’1‘;":‘]’2‘ 418 225 51| 04 | 1273 41 56 | 8505 | 25 | 3302 55 X 1:13 “1 121 | sa36
&7
Fart-200 E_’;f;ﬂbﬁ 41 3.3 503 | 087 | 5T 4 6.11 25 |287| 3180 | o4 632 |25 | 218 | 180,07
Ferr200 | Tampary201e | 431 58 | sos7 | 11s| 4 so 66 | 10588347 | 2004 | 22 71 | T8F a0 | 17s3
1740
Mam 3857 | 34p | ases | 100 | ssae | s6se 440 | 7370 |18l | 6420 | 6508 | 440 |° _f;' 178 | 13231
Fart-300 | August2018 1627 14 661 |06 | 4131 | 227 13 | 2045 |4m | 485 | 653 357 11?5 101 | 11843
Fa30p | JFTemb 13 16 | 159 [ o2 7es 38 351 | 8333 |ose | 8503 | 77 26 | V8T 0ss | 3273
A [
Fart-300 | Octobr2018 | 40.5 42 5154 | 14 | 3681 | 443 41 | eso4 | L34 | 703 | 813 26 | 20| oss | 57230
Fart300 | Jorebe 52 31 | 663 |07s| 837 | 563 53 | 13275 | 228 | 5028 | &7 EEI Bl BELY LR
Fart300 | et 57 321 | se7s [om|en| m 56 | 234 |sss| s32 | o7 ss1 | %0¢ | 260 | 17003
Fart-300 | Tamuary 2018 | 60.1 e | s |12 e 745 | 1015 | 2681 | B2 | 3282 | e n1 | PR a0 | s
370 &
Mem 41.23 200 | 45351 | 083 | 6250 | sL20 566 | 14244 (381 | 4035 | BasE | 450 77| 188 | 23584
LEDND.05 1A=t .68 0.2 488 | 0.08 | 835 3 0.65 | 20.01 | 063 | 038 | 444 037 | 418l | 0.27 | 18.25
L5DN0.05) E=MIenin 168 0.3 583 | 0.08 | 5.33 3 U.65 | 20.01 |0.63 | 0.38 | 448 037 | L8l | 027 | 1855
]{f{i‘i"ﬁ:)c:ﬁx 6.56 048 | 1184 | 021 | 2044 | o7@ 158 | 4002 (154 | 2200 | 10087 | 0@ | 1024 | 0.66 | 4471
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Key: plH= Plant Height, SG= Stem Girth, CS = Can@snctional Area, BA= Basal Area, CC= Canopy Cover,
LSD=least significant difference, A= treatment, Baomth,C=interaction between A and B, *= significams=not

significant.Adenanthera pavonina.
Plant Height

Figure 1 summarizes the effects of leguminous coweps and fertilizer applications on plant height growth
performance of the three tree species used in etagg and rehabilitating the ex-stone quarry. $ite the tree species
A. pavoninalL., the leguminous cover croucuna utilishad the mean growth of 33.93c®tylosanthis gracilishad
34.42cmCentrosema pubescehad 34.92cm. In the fertilizer application of thee species A. pavonina L., the mean 100
NPK application was 42.03cm. Mean 200 and 300 NMpglication was 39.57cm and 41.23cm respectiviiyhe end of
the growth period, 100 NPK attained the highestaye height of 42.03cm whiMucuna utilishad the least 33.93cm.

There is a significant difference in the treatrsaiged (legume and fertilizer application) overetirat the end of
the growth period oA. pavoninal., 100 NPK attained significantly the highest glaright of 42.03cm followed by 300
NPK with plant height 41.23cmMucuna utilishad the least @0.05) plant height over time. There is a significan
difference among the location (lower, middle angexp in months of plant height &f pavonina.. where 100 NPK in the
month of January 2019 had 63.00cm. However, in seofntreatment and location interactions over tithe, 63.00cm

recorded at 100 NPK in January 2019 was signiflgdnghest irrespective of treatment and location.
Gmelina Arborea Roxb

For G. arboreaRoxb, M. utilis attained an average plant height of 42.408mgracilishad a mean height of
58.15ccm.C. pubescenbkad average plant heights of 43.20cm. For festilapplication, 100 NPK had an average height
of 60.70cm. 200 NPK had average plant heights d@&#n. Lastly, 300 NPK had a mean height of 51.20cm

At the end of the growth period, f@. arboreaRoxb, 100 NPK had the highest mean of 60.70cmea2(i0 NPK
had the least mean height of 36.56cm.

There is a significant difference among the treatm@ver time. At the end of the growth period @arborea
Roxb, 100 NPk attained significantly<@.05) the highest plant height of 60.70cm. 200 Nfld the least 0.05) plant
height of 36.56cm over time when compared withabetrol Mucuna utili§ having an average mean of 42.42cm. Again
there is a significant difference among locatiamng@r, middle and upper position on the sloppy site)months of plant
height ofG. arboreaRoxb., 100 NPK in January at the end of the gropghiod had the highest plant height of 78.50cm
followed byS. gracilisin January 2019 having 78.10cm while the least 20 NPK having the plant height of 17.35cm
in September 2018. However in terms of treatmedtlacation interactions over time; in January 20th@, highest plant

height of 78.50cm recorded by 100 NPK was signifigerespective of the treatment and location.
Acacia Auriculiformis

M. utilis attained mean plant height of 56.08@n.gracilishad a mean height of 77.58cf. pubescenbad an
average plant height of 55.23cm. 100 NPK attaineztage plant heights of 45.92cm. 200 NPK had 65r0&dile 300
NPK had an average height of 84.48cm.

There is a significant difference among the treatmenérotime. At the end of the growth period fér
auriculiformis, 300 NPK attained significantly the highest planigheé of 84.48cm while 100 NPK had the least@P5)

www.iaset.us editor @ aset.us
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plant height of 45.92cm over time. There is alssigmificant difference among location. In monthsptdnt height ofA.
auriculiformis, 300 NPK in January 2019 had the highest plant h&f89.10cm while the least was 100 NPK in August
2018 with a plant height of 28.00cm. However, inrte of treatment and location interactions overti®00 NPK having

the highest plant height of 99.10cm was signifidenespective of the treatment and location.

In summary, the study revealed that the plant hegdhA. auriculiformis was the highest in almost all the
treatments used. The least in plant height &vagavonina The study also revealed that 300 NPK fertilizgplecations
were the best for optimal growth in plant heightfofauriculiformis Among the leguminous cover crop applicatioBs,
gracilis was the best fol. auriculiformisproduction in plant height.
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F0.00 A
— 60.00 =1
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W 50.00 _ | pavoninalL.
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Figure 1: Leguminous Cover Crops and Fertilizer Appications on Plant Height (Cm)

Stem Girth

Figure 2 shows the effects of different legumingoser crops and fertilizer applications on stenthggrowth
performance of the three tree species used inttidy & the ex-stone quarry site.

Adenanthera Pavonina

For A. pavoninal. leguminous cover croll. utilis (as the control) attained a mean growth of 2.2%8ngracilis
had 2.22cm, whileC. pubescenkad 2.64cm. In fertilizer application, 100 NPKaated a mean growth of 3.04cm. 200
NPK attained a mean growth of 3.49cm. 300 NPK réhimean growth of 2.90cm. At the end of the gropettiod 200
NPK had the highest mean stem girth of 3.49cm wdwmenpared to the contrd\ utilis 2.29).

There is a significant difference among the treatismi@sed over time. At the end of the growth perkaD NPK
attained significantly the highest stem girth agf&m followed by 100 NPK of stem girth 3.04c®&.gracilishad the least
(P<0.05) stem girth over time. There is a significdifterence among location (lower, middle and upperhe month of
stem girth. At the end of the growth period, bo@® 2nd 300 NPK attained stem girth of 4.2cm eac®dtober 2018.

However, in terms of treatment and location intdoas over time, there is a significant differerinethat 200 and 300

Impact Factor (JCC): 5.0273 NAAS Rating 3.73
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NPK attained the highest stem girth of 4.2cm eaespective of the treatment and location when @b to the control
(M. utilis 2.29).

Gmelina Arborea Roxb

In G. arboreaRoxb.,M. utilis attained mean stem girth of 3.630®ngracilis had an average mean of 6.84€m
pubescentiad mean stem girth of 4.92cm. 100 NPK had attaihecaverage mean of 7.54cm. 200 NPK had an average
mean of 4.49cm. 300 NPK attained an average me&r66€m. At the end of the growth period, 100 NRid the highest
stem girth of 7.54cm and the least(R05) wadM. utilis with 3.63cm.

There is a significant difference among the treatisi@sed over time. At the end of the growth peridad NPK
had significantly the highest mean stem girth 68m. M. utilis had the least 005) mean stem girth of 3.63cm (control).
There is a significant difference among locatiamsnonths of stem girth d&. arboreawhereS. gracilishad the highest
stem girth of 10.61cm in December 2018 and thet leeing 200 NPK with 1.80cm stem girth in Augustl é&eptember
2018. However, there is also a significant diffeemmong interactions between treatments and tosativer timesS.
gracilis recorded the highest stem girth of 10.61cm in Ddmy 2018 at the end of the experiment irrespeabive

treatment and location.
Acacia Auriculiformis

In A. auriculiformis, M. utilisattained mean stem girth of 4.23c#&.gracilishad mean stem girth of 4.57cq.
pubescensiad mean stem girth of 3.07cm. 100 NPK attainestame stem girth of 3.50cm. 200 NPK attained mésam s
girth of 4.40cm. 300 NPK had mean stem girth of0drB. At the end of the growth perio8, gracilishad the highest

mean stem girth of 4.57cm.

There is a significant difference among the treatime@ver time. At the end of the growth peri@gracilishad
significantly the highest mean stem girth of 4.57€@npubescenbad the least 0.05) mean stem girth of 3.07cm over
time when compared with the contrdll.(utilis 4.23). There is a significant difference among tmrain months of the
stem girth. At the end of the growth period, 208 890 NPK had the highest stem girth of 7.10cm éactanuary 2019.
However, in terms of treatment and location intBogs over time, 7.10cm recorded by 200 and 300 P¥anuary 2019

was significantly highest irrespective of treatmand location.

In summary, the study revealed ti@&tarboreahad the highest stem girth in almost all the treatts used. The
least wadA. pavonina. G. arboreaown under 100 NPK recorded the highest mean gigmat the end of the treatments.

Among the leguminous cover crdp,gracilis was the best foB. arboreaproduction of stem girth.
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Figure 2: Leguminous Cover Crops and Fertilizer Apgications on Stem Girth (Cm)

Canopy Sectional Area

Figure 3 shows the effects of different legumincoser crop and fertilization application on canggctional
area on growth performance of the tree speciesingbé study in the ex-stone quarry site.

Adenanthera Pavonina

Here M. utilis had average canopy sectional area (CSA) of 3%57Qracilis had mean CSA of 34.7T.
pubescengean CSA of 33.74. 100 NPK attained average CS850f6. 200 NPK attained average CSA of 45.64 @td 3
NPK had 45.51. At the end of the growth period, NIRK fertilizer application had the highest meanAG8 55.76, and
the least beindl. utilis with 32.79 CSA

There is a significant difference among the treatinm@ver time. At the end of the growth period, 19PK
application had significantly the highest mean C&45.76.M. utilis had the least mean<{B.05) CSA of 32.79 over
time. There is a significant difference among laatn months of the CSA. At the end of the growériod, 100 NPK had
the highest CSA of 113.1ih January 2019. However, in terms of treatment landtion, there is a significant difference.
113.11 recorded by 100 NPK in January 2019 wenafggntly highest irrespective of treatment andaiton.

Gmelina Arborea

For G. arborea, M. utilisattained mean CSA of 75.186. gracilishad mean CSA of 170.0C. pubescenbad
CSA of 92.28. For fertilizer application of 100 NPthe mean CSA was 187.36. 200 NPK attained arageemean of
73.79. 300 NPK attained mean of 142.44. At the @rithe growth period, 100 NPK had the highest mé&w of 187.36
when compared with the contrdii( utilis).

There is a significant difference among the treatnmver time. At the end of the growth period, 19BK
fertilizer applications had significantly the higthenean CSA of 187.36. 200 NRiad the least mean {B.05) CSA of
73.79 over time. There is a significant differemeeong location in months of the CSA. At the endhef growth period,
100 NPK had the highest CSA of 293 in the montllariuary in 2019. However, in terms of treatment kxcation
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interactions over time, there is a significant elince; 100 NPK recorded the highest CSA of 29thatend of the
experiment irrespective of treatment and location.

Acacia Auriculiformis

M. utilis attained mean CSA of 101.08. gracilishad 239.93C. pubescenattained mean CSA of 104.26. For
fertilizer application, 100 NPK attained mean CSiA86.31. 200 NPK had 274.94, while 300 NPK had mE&A of
372.53. At the end of the growth periofl, auriculiformisgrown under 300 NPK had the highest mean CSA @f5%
when compared with the control (101.09) and thstlbaing 100 NPK with CSA of 80.31.

There is a significant difference among the treatnmer time. At the end of the growth period, 30PK had
significantly the highest mean CSA of 372.53 owaet There is a significant difference among lamatin months of the
CSA. At the end of the growth period, 300 NPK Hael highest CSA of 730.71 in January 2019. Theadsis a significant
difference among interactions between treatmerddarations over time. 300 NPK recorded the higlkA of 730.71 in

January 2019 at the end of the study irrespecfitieeatment and location

In summary, the study revealed thfat auriculiformishad the highest mean canopy sectional area ithaltreatments
used. The least was. arborea The study also revealed that 300 NPK was the tegslizer application for optimal
canopy sectional area &f auriculiformis Among the leguminous cover crof, gracilisandC. pubescensvas the best
for canopy sectional area.

250,00 -
200.00 -

B Adenanthora
pavorina L.

150.00 -

®m Gmelina arborea

100.00 Roxb.,

m Acacia Auriculiformis
50.00

Canopy sectional area

|lﬂ |

Figure 3: Leguminous Cover Crops and Fertilizer Appications on Canopy Sectional Area (CSA)

0.00

Basal Area

Figure 4 shows the effects of different legumincoser crops and fertilizer applications on basakhagrowth
performance of the three tree species used fatthtly in the ex-stone quarry site.
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Adenanthera Pavonina

Here, M. utilis attained mean basal area 0.84gracilishad 0.43C. pubescenbad a mean basal area of 0.53. In
fertilizer application, 100 NPK attained mean basala of 0.79. 200 NPK attained 1.00, while 300 Nf2ld a mean basal
area of 0.83. At the end of the growth period, RIRK had the highest mean basal area of 1.00 whewpaed with the

control (M. utilis with 0.44 basal area).

There is a significant difference among the treatime@ver time. At the end of the growth period, 200K had
significantly the highest basal area of 1.00 oweret S. gracilishad the least @9.05) basal area of 0.43. There is a
significant difference among location in monthstioé basal area. At the end of the growth period) R®K had the
highest basal area of 1.21 in January 2019. Howéwderm of treatment and location interactiongrotime, there is a
significant difference, 300 NPK had the highestbasea of 1.21 in January 2019 at the end of xper@ment irrespective

of treatment and location.
Gmelina Arborea

M. utilis attained mean basal area of 1.89gracilisattained mean basal area of 480pubescenkad 2.45. 100
NPK had a mean basal area of 5.05. 200 NPK attairesgh basal area of 1.91, while 300 NPK attainedmiasal areas
of 3.81. At the end of the growth period, 100 NPa¢ the highest mean basal area of 5.05. The [ea@tQ5) basal area of

1.19 was recorded by. utilis and 200 NPK when compared with the control.

Thereis a significant difference among the treatmenisr dime. At the end of the growth period, 100 NR&d
significantly the highest basal area of 5.05. Them significant difference among locations in thanof the basal area of
G. arboreawhereS. gracilishad the highest basal area of 8.96 in DecembeB.2lMere is also a significant difference
among interactions between treatments and locatiwes time.S. gracilis recorded the highest basal area of 8.96 in

December 2018 at the end of the experiment irre¢iyeeaf treatment and location.
Acacia Auriculiformis

Here, M. utilis attained mean basal areas of 1S1gracilisattained mean basal areas of 187pubescenbad
0.79. In fertilizer application, 100 NPK had at&dna mean basal area of 1.07. 200 NPK had 1.7& 8080 NPK attained
1.88. At the end of the growth period, 300 NPK Izl highest mean basal area of 1.88 while the [@a6.05) wasC.

pubescensvith 0.79 basal area when compared with the cofittoutilis 1.71).

There is a significant difference among the treatimever time. At the end of the growth period, 3K had
significantly the highest mean basal area of 1188 the least (B0.05) wasC. pubescenwith 0.79 when compared with
the control M. utilis). There is a significant difference among locadiam months of the basal area. At the end of the
growth period, 200 and 300 NPK had the highestllmsa of 4.01 each in January 2019. However, tiseaesignificant
difference in terms of interactions among the treatt and location over time. 200 and 300 NPK irudayn 2019 recorded

the highest basal areas of 4.01each irrespectitreatimnent and location.

In summary, the study revealed tkatarboreahad the highest mean basal area in almost atlrélaéments used.
The least wa#\. pavonina The study also revealed that 100 NPK was the feeiizer application for the optimal basal
area forG. arborea Among the leguminous cover crop, the study reactahatS. graciliswas the best for basal area

production ofG. arborea.
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Figure 4: Leguminous Cover Crops and Fertilizer Appications in the Basal Area
Canopy Cover

Figure 5 summarizes the effect of different legumnim cover crop and fertilizer application on theayay cover

on the growth performance of the three species imstiid study.
Adenanthera Pavonina

Here, M. utilis attained mean canopy cover (CC) of 78.%3gracilisattained mean canopy cover of 84.Tl.
pubescensad 70.90. For fertilizer application, 100 NPKaated 83.17. 200 NPK attained mean canopy coveb9.
300 NPK attained mean canopy cover of 62.59. Atetin@ of the growth perio@. gracilisgrown underA. pavoninahad

the highest mean canopy cover of 84.71.

There is a significant difference among the treati@ver time. At the end of the growth peri&d,gracilishad
significantly the highest mean canopy cover of &8when compared with the contrdW( utilis — 78.13). 200 NPK
recorded the least {B.05) mean canopy cover of 55.39 over time whenpased with the control. There is a significant
difference among location in months of the canopyec. At the end of the growth perid8, gracilishad significantly the
highest canopy cover of 157.11 in September 20I8veier, in terms of treatment and location intécenst over time,

157.11 recorded b$. gracilisin September 2018 were significantly highest peative of treatment and location.
Gmelina Arborea

Here,M. utilis attained mean canopy cover of 73.%1gracilisattained mean canopy cover of 7.Z4 pubescens
had mean canopy cover of 67.53. 100 NPK attaineahnoanopy cover of 44.84. 200 NPK had a mean canopgr of
64.29, while 300 NPK attained 45.39. At the endhefgrowth periodM. utilis recorded the highest mean canopy cover of
73.11 as the control.

There is a significant difference among the treatim®ver time. At the end of the growth periddl, utilis had
significantly the highest mean canopy cover of T34 the control. 100 NPK had the leastq®5) mean canopy cover of
44.84 over time when compared with the contM! (tilis — 73.11). There is a significant difference amdomation in

months of the canopy cover. At the end of the gnoperiod, 200 NPK had the highest canopy cover 98.35 in
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September 2018. However, in terms of treatment laodtion interactions over time, 193.35 recorded2B9 NPK in

September 2018 were significantly highest irrespecif treatment and location.
Acacia Auriculiformis

Here, M. utilis attained mean canopy cover of 105.@2.gracilishad a mean canopy cover of 160.45.
pubescenbad attained a mean canopy cover of 159.66. 100 &tRhed mean canopy cover of 90.13. 200 NPKregthi
mean canopy cover of 139.31 while 300 NPK attaimegn canopy cover 235.84. At the end of the grqwettiod, 300
NPK had the highest mean canopy cover of 235.84.|&ast (R0.05) was 100 NPK with a canopy cover of 90.13 when
compared with the control. utilis 105.02).

There is a significant difference among the treatime@ver time. At the end of the growth period, 3®K had
significantly the highest mean canopy cover of 885vhen compared with the control. 100 NPK hadlé¢iaest (0.05)
mean canopy cover of 90.13 over time. There igaifitant difference among location in months o ttanopy cover
where, at the end of the growth period, 300 NPK thadhighest canopy cover of 372.39 in October 28iBvever, there
is also a significant difference among treatmeut lmcation interactions over time. 300 NPK recortteel highest canopy

cover in October 2018 irrespective of treatment landtion.

In summary, the study revealed thatauriculiformishad the highest mean canopy cover in all the rireats
used. The least was. arborea The study also revealed that 300 NPK was the fegslizer application for optimal
canopy cover production @&. auriculiformis Among the leguminous cover crop, the study reack&hatS. gracilisandC.

pubescensgvere the best leguminous cover crops for high pgroover production oA. auriculiformis.
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Figure 5: Leguminous Cover Crops and Fertilizer Appications on Canopy Cover

Relationship among the Tree Growth Parameters and @l Properties Studied

Impact Factor (JCC): 5.0273 NAAS Rating 3.73



Assessment of Plant Species for Revegetation of Abandoned Quarry Sitein Southeast Nigeria

Table 2: Relationship among the Soil Properties andiree Growth Parameters Studied

PIH SG CsS BA CcC
PIH
SG 0.882**
CS 0.792** 0.872**
BA 0.788** 0.956** 0.809**
CcC 0.537* 0.549* 0.767* 0.428*
pH 0.233ns 0.242 ns 0.355* 0.250 ns 0.234|ns
TN 0.024 ns 0.107 ns -0.014 ns 0.095 ps 0.039 ns
AvP -0.121 ns 0.011 ns -0.039ns -0.005ns -0.822 n
K 0.355* 0.498* 0.315ns 0.499* 0.003 ns
TEA 0.235ns 0.158 ng 0.109 ns 0.163 ps 0.059 ns
ECEC 0.028 ns 0.007 ns -0.025ps  -0.012ns 0.114 ns
%BS -0.184 ns| -0.088ns -0.099nms -0.094/ns  -0n349
MC -0.166 ns| -0.279 ns -0.300ns -0.308|ns -0.1650 n
Ca -0.081 ns| -0.066ng -0.095ns -0.094|ns 0.016 ns
Mg -0.066 ns| -0.013 ns -0.043ns  -0.023|ns 0.104 ns
Na 0.028 ns -0.001 ns 0.016 ns -0.017|ns 0.005 ns
Al -0.218ns| -0.001ng -0.146ns -0.007ps -0.182n
Sand 0.174 ns 0.238 n$ 0.188 ns 0.312|ns 0.102 ns
Silt -0.051 ns| -0.129 ns -0.085ns -0.189|ns  -01t814
Clay -0.252 ns| -0.272n$ -0.237ns -0.331|ns  -Ork32
BD 0.236 ns 0.278 ns 0.354* 0.237 n)s 0.346*
TP -0.236 ns| -0.279 ns -0.3541 -0.237 ps -0.34y*
Ksat -0.313 ns| -0.284ng -0.315ns -0.243|ns  -Om343

137

Key: plH= Plant Height, SG= Stem Girth, CS = Can@nctional Area, BA= Basal Area, CC= Canopy Cover,
OM= organic matter, TN=total nitrogen, AVP=availalpphosphorus, TEA=total exchangeable acidity, EGHfestive
cation exchange capacity, %BS= percentage bassasatuBD=bulk density, TP=total porosity, MC=mais¢ content,

Ksat=saturated hydraulic conductivity.

Plant Height

There is a significant difference between the plaight and stem girth, canopy sectional area,|lsasa, canopy
cover, and Potassium. Increase in plant heightfggntly increased stem girth, canopy sectionababasal area, canopy

cover, and potassium

There is no significant difference found betweeanplheight and pH, total nitrogen (TN), availableoBphorus
(AVP), Total Exchangeable Acidity (TEA), Effectiv@ation Exchange Capacity (ECEC), Percentage Batgafian
(%BS), Moisture Content (MC), Calcium (Ca), Magmoesi(Mg), Sodium (Na), Aluminum (Al), Sand, Silt, a8, Bulk
Density (BD), Total Porosity (TP) and Saturated tydic Conductivity (Ksat).
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Stem Girth

There is a significant difference between the sh@th and canopy sectional area (CSA), basal 83, canopy

cover (CC), and Potassium (K). Increase in steih gignificantly increased the CSA, BA, CC, and K.
No significant difference was found between pH, BNP, TEA, ECEC, %BS, BD, TP, Ksat.
Canopy Sectional Area

There is a significant difference found among basah, canopy cover, pH, BD, and TP. Increase ioma
sectional area significantly increased basal arx@agpy cover, pH, BD, but increase in canopy seatiarea significantly
decreased TP

There is no significant difference between CSA @hNg AVP, K, TEA, ECEC, %BS, MC, Ca, Mg, Na, Al, 183
Silt, Clay, Ksat.

Basal Area

There is a significant difference among basal am@ canopy cover and Potassium. Increase in the bhesa

significantly increased canopy cover and Potassium.

There is no significant difference found in pH, TAVP, TEA, ECEC, %BS, MC, Ca, Mg, Na, Al, Sand,tSil
Clay, BD, TP, and Ksat.

Canopy Cover

There is a significant difference between canopyec@nd Bulk density. Increase in canopy coveriggmtly
increased bulk density. There is also a signifiadifierence between canopy cover and Total Pord3iB). Increase in

canopy cover significantly decreased TP.

There is no significant difference found betweenogy cover and pH, TN, AVP, K, TEA, ECEC, %BS, MC3,
Mg, Na, Al, Sand, Silt, Clay and Ksat.

DISCUSSIONS
Plant Height

The study showed tha&cacia auriculiformishad the highest plant height in all the treatmerstsd. Trees are
sometimes considered in restoring degraded mingsl gthis is in line with the findings of Assel (@6); Kohnke and
Bertrand (1989). They reported that trees have bmard to improve soll fertility. Young (1989) al®bserved in forestry
reclamation, the afforestation of eroded or otheewdegraded land has demonstrated the power of todauild up soil
fertility. Blum (1988) indicated that their deepots involve a greater depth of the raw mine stahas grass and, with a
little encouragement penetrates to the less coragagtoil layers beneath the “cap” of trapped clyeyri (2003); Pulford
and Watson (2003); Coates (2005); PadmavathiamndalLar{(2007); Mertenset al (2007) reported that trees can
potentially improve soils through numerous procgessech as increase water infiltration and storagéake of nutrients

from below and reach roots of understorey herbaxgegetation, reduce loss of nutrients by erosimhleaching.

Acacia auriculiformiswas the best tree for rehabilitation in that, thefllitters prevent the direct impact of torrential
raindrops on soils and impede the movement of fuefvell as preventing further erosion on the ddased soil. This is
in line with the finds of Bonset al (1996); Anane-Sakyi (1995); Ingram (1999). Aglzo¢1990) also reported that
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nutrients move from the soil to the mat layer te Wiegetation, and back to the soil and mat lay@uth the litterfall. The
mat layer mechanism also serves as a means faemutonservation because most of the nutrient$ogeted in the mat
of roots and humus that occur on or near the swiase. The more the litter produced under falltve, more fertile the
land. Ingram (1999) reported several processes Ibewe identified by which trees can enhance thentda and physical
properties of the soils. Troe#t al (1980) also pointed out that the establishmerihefvegetation on soils disturbed by
constructional activities, and the subsequent as®en soil organic matter on these soils, resalthe improvement of

soil hydrophysical and chemical properties.

Increase in fertilization application increasednplaeight ofA. auriculiformis This is in line with what Homma
and Horie (2009) reported in rice yield. Among tbguminous cover crop applicatioBtylosanthes gracilisvas the best
for A. auriculiformis optimal plant height production. This supports kget al. (2011) findings. They reported that when
a leguminous cover crop is incorporated into thi& sosubstantial amount of nitrogen is usually enalized, converted
from organic to plant-available forms within a femeeks. They stated further that the applicationCafopogonium
mucunoidesncreased both total N and available P in the 8#danwhile, the increase in soil available P cduddpartly
due to presence of beneficial fungi known as myidnae housed by the roots of leguminous cover cnopich
accumulates P. The filaments (hyphae) of thesei feffigctively extend the root systems and helplégaiminous cover

crops tap more soil P (Ngore¢ al. 2011).
Stem Girth

Gmelina arboreahad the highest stem girth in almost all the treatts used. Th&. arboreatree attains
moderate to a large height up to 30m with the giftii.2 to 4 (Singtet al 2004; Singh and Singh, 2006 and Russell,
1973). They also stated that arboreadoes not thrive on ill-drained soils and remaitusited on dry, sandy or poor soils
(ex-stone quarry site); drought also reduces & shrubby formG. arboreasown under 100 NPK fertilizer applications
attained the highest mean stem girth at the erideo&xperiment. This result concurs with a repgrElsworth and Paley
(2009) which stated that the effect of fertilizatiapplication depends on species of plant. In teomthe effect of
leguminous cover crops on stem girBtylosanthes gracilisvas the best fo6. arboreaproduction (Singh and Singh,
2006). Leguminous cover crops may have substaeffacts on several components of agroecosystemsnatzt al
(1995) stated that leguminous cover crops servednaalternative to nitrogen fertilizers. Recentd#és indicated that
graminaceous cover crop species can improve theuffgion of fruit trees grown on calcareous sdils enhancing Fe-
availability (Rombola and Tagliavini 2006; Cesstoal 2006).

Canopy Sectional Area

A. auriculiformis had the highest mean canopy sectional area irthall treatment used. Litter from.
auriculiformistends to cover the surface of the soil more thtaerarees used in the study. This litter tendsttwe water
or moisture in the soil and also prevents weeds fgoowing beneath the trees. The litter also aiddding nutrients to the
soil, hence encouraging more growth and canopyosedtarea. This result concurs with a report byuiYg (1997). He
pointed out that, of all the effects of trees thiatnaintaining soil organic matter levels througk supply of litter and root
residues is the major cause of soil fertility impggments. It is the major mover of nutrients, frommiat stems many of the
other soil improving processes. Consequently, fthenstudy carried out by Aggawal (1980) and citgdYbung (1989)
showed the possible effects of vegetation estabkst (revegetation) on soil properties under th@opg of individual

trees and those in the surrounding areas witheet ¢over. It was observed that soils under vegetdtad accumulated
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higher Nitrogen, Phosphorus and Potassium tharethiosler open field. This is due to the increasquplyuof litter
provided by the vegetation which contributes organatter, which in turn decomposes to releaseanigiand that are
responsible for improvement in soil fertility ongfaded mined lands. This justifies the researchnigyam (1999) and
Troehet al. (1980) who indicated that the increased supplyittEr (above and below ground residues) under rahtu
fallow is considered to be responsible for the neaiance of soil organic matter and improvemenwih@oductivity of
degraded lands. For instance, Felker (1978) reppdxtacia albidacases of 50 to 100% increases in organic matter an
nitrogen under the canopy are known, together witheased water holding capacity. Young (1989) aisted that in
semi-arid climates, it is common to observe higb@it organic matter and nutrient content under tagopies than in
adjacent open land. 300 NPK fertilization applicai were the best for high canopy sectional area. auriculiformis
(Homma and Horie, 2009. graciliswas the best for optimal canopy sectional area.auriculiformis (Ngomeet al.
2011).

Basal Area

G. arboreahad the highest mean basal area in all the tredsmused. Increase in stem girth tends to incréeese
basal areaG. arborearecorded the highest stem girth in all the treatim@ised; consequently, this will increase the basa
area (Singhet al 2004; Singh and Singh 2006). The basal are&.ofrboreawas more in 100 NPK fertilization
applications. For optimal growth of the plant, apaiion of NPK fertilization depends on plant sgec(Elsworth and
Paley, 2009). They stated further that plant mayire low, moderate or high fertilization applicatifor it to grow. Low
NPK fertilization application may decrease or imge growth performance and vice versa. Its effepends on the plant

speciesS. graciliswas also the best leguminous cover crop for thh basal area @. arborea(Ngomeet al.2011).
Canopy Cover

A. auriculiformishad the highest mean canopy cover in all thertreats used (Young, 1997 and 1989; Aggawal,
1980). 300 NPK fertilizer applications were thettfes high canopy cover d&k. auriculiformis(Homma and Horie, 2009).
S. gracilisand Centrosema pubescemgre the best leguminous cover crops for high pgramver ofA. auriculiformis
(Ngomeet al. 2011; Hannat al. 1995; Elsworth and Paley 2009).

CONCLUSIONS

From the study, the best tree for rehabilitatingl aestoring the quarried site wagacia auriculiformis For
optimal growth performance of trees for restoring ex-stone quarry, 300 NPK fertilizer applicationsre the best.

Among the leguminous cover crops us8tylosanthes gracilizas the best for optimal growth of the tree speaiged.
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