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SUBSOIL GRAVEL HORIZON
 
AND MAIZE ROOT GROWT­

1. GRAVEL ('ONCENTIRATION ANI) BULiK )E NSITY 
EIFFECTI'S 

by 0. I3ABALOLA and R. lI. 
II t ,rI litIi.m01a I it 11tv(, -f "l'r,)piv'aI Agri(cLIItIIrt, 

I11l1 5320, Ibiaa . Nigria 

f fac or' vx|e l l\'izoii)) itl't' ioS Ct'w(xte)tiol­
ti l ill the subl sil horizon, tl vfft t init'r-gr \','il hulk density', t l)th­

o seritis il raimtgryc t' (11 
u)1 

Sit ll l t' soil i th lgr l Iizis Illand the iltlv tl i )Ntvtcti l ()il
Illo)is"tlll'c. I-'giilet andl~ grave'l t ra it itlll, (mn gr()x\'th ll 1q (devehlpmetl o)f 
Illa~izte r'oots \Vt'l'(,(' ')l1thl(.tt( il1l t Insr' t1t'tcl-haslitgiS lli) So(il giril\'t'l con-II 
Cr'litltiii l (ht'l',;istd tilt, to)tal po(riosity m lilt t i\di lh waitt-1rh41ih ling c'ii)p L­
ity'. Thouigh the t' oi wai ll+i h).ygrl'r)i llt of nlmiizt, .sv'elIlil4g+" iItl'l. tIt( ­

'el coincentration tbovt' 20 cIr ('tilt, hw oc ent'I)tiit ill if gi;iv'tl.s hai a 
bleleficial fftct on1 loots. 'it loo il tvt lotli i lt a ili the tv f coillt'tiii1ll 
of N, IPand K illilio't'il with iilcriaiiligin lt hi(iI silrlic Soil inboiyt' tlii' grivel 
horizon. Tht SmVllltilms1 of linecliiiicil illlit-liiti'i, Siith as tllikt'ninii of I'ot 

tips ant p ftlist' baliching helind tht' tip w ct olllyii~ii'iili+(,'it.'l )i the 

roti axis ponetrating the grll'y'l lo iuilion. 

IN'1'I+()1) t'I('1 iN 

Field observations in Nigeria inicliCat th ihiltijitir\' effect.S Of 

gravelly lorizons at sliallowv dCtlis in the .oil lnofih, rotiiot develolp-
Inment. Soils with gravel horizon or Stoltl line at siailiw (lept Its cini­
prise approximately 54 peir cent (of the land surface int \estern 

Nigeria 15. The occurrence of sinilar slois As Iteen rqXot'td el.e­
where in 'Nest Africa 1 3 6i 12 It Latin Atnerica ii1:1. SouLth East 
Asia 11 and the tropics in general 17. Almost all (f tItese reports how­
evei', et're imade oil the origin, genesis and ge'igeogtlhical distril)i­
tion of the stonelihe. 

There are conflicting reports in the litei'aturte concerning the 

http:l1thl(.tt
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effects of gravels in tie soil on root development. Lut z and Clhand-
Ier 9 and 1.ut z 7 reported that the presence of gravels could be 
deleterious to root growth in sandy soils and beneficial for air and 
water movenent in clayey soil. T akijimIa and S aku m a 16 found 
that rice growth was depressed by itmixture of coarse sand and gravel 
alnd the roots were bent and thickened. Gravels depressed root 
growth up to 40% and coarse sand up to 70 per cent. Malimgren 10 
indicated that the presence of gravel in the soil could affect root 
development and dilute both water and nutrients contents of soils. 
Oi the other hand, Unger 18 19 reported the usefulness of gravel 
hand in the subsoil on water retention and availability for a clayey 
soil with no visible differences in root distribution. Bo uchard and 
D a m 0111r 2also rtported that subsurface gravel horizons in the soils 
of eastern Malagasy did not appear to limit the development of oil 
lalli roots. E'g iara \ ])a and Ball au x .1reported a significant yield 
decline in maize due to gravel layer. 

The objective of this report is to describe tile effects of gravel con­
centration and inter-gravel bulk density on the root development of 
maize seedlings. 

MATEIUIALS AND METIOD 

The investigations were conducted initseries of greenhouse experiments 
dt-scril)ed as follows: 

1. Experimento I 
Tlv effect of gravel concentration ol root deve lopmlent investigated for 0, 

10, 25. 50 and 75 1wr cent gravel on a wight basis. The gravel comprised the 
following size fraction: 4.8 nm (8.7%), 8-15 cm (26.1%) and 15-40 mm 
(65.2",). The initer-gravel material used was the sandy clay loam subsoil of an 
Fgheda soil from the I ITA experiment farm near Ibadan, Nigeria (Classi­
fication: Ferric l.tivisol - FAO, I'aleustalf - US,),). The gravel-soil mixture 
were packed to provide inter-gravel hulk densities of 1.2 and 1.4 g/cm3 . 

2. Expcriment II 
Tle effects of gravel horizons in the subsoil on root development was in­

vestigated for 5, 10, and 15 cm depths of the surface soil. The gravel concen­
tration of the same composition and as described in Experiment 1,in the sub­
soil horizon was maintained at 60 per cent at an overall bulk density of 1.7 
g/c1n 1. 

3. Experiment III 
The effect of gravel concentration at a 5-cm depth below the surface was 
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investigate'd for five concentrations mentioned in I.xperinuit 1. lht inter­

gravel bulk densities of 1.0, 1.2 and 1.4 g/cn:l wc't. maintained fir this study. 

4. I-.rPeix'/wnw I I* 
Inter-gravel hulk densities of 1.0, 1.1, 1.2, 1.3 and 1.4 g/cnt 3 wtre tiain­

rineld ;ll-ng Sill( x'' h,.sCril)CEd
lColIC~ttritiolS illE.,qwrillhnt 1. 

tt size' dist rilhtijoi.VTtiIll bllk detnsitV ;1nd tt1tist rtetiteilt itt 

Claiacttri.tics Nvrt'Itltteruint'd ftr different gra\'E-I soil liixitires and iltlk 
Thet rel' 


teltist its. 
Root dve'hlpllct'll \\;Isl. ill\'t ig;ilttdbyv pi 'hking soil-gn~i\'tl m~ixture'ts ill 

srt-quential l\'eus 5-c'n!thick in drums,40c'm tall,15 cn| ill diameter and line-d 

witht cletr plastic. The t~wt halves t~lit idoltVdtotwere ItitldiMily ttgetltt 
With straps~ to filCilitAttV 1r0t ol)StWl''- iltn.l .,il o'tlntllt 1 -c'ml. Thes' lilistmrv 

dt(leli was ttaintind at 0.3 bar suctioail ;isdtert'llilled by gypitnl blocks. 

Evaporation frot the soil sitfact was tditced by"a I ill Ihick gtavoltIulch. 
litSix prt,-vnrlninatcd ',-(-dlillgsimize hybrid (I"ZHC(:J) wen.rt ]h itc'dill emach 

nl l' ir l[ll llld \\ t'' '4per'tco~li inc'l"illi1tc itic('l i r 5 c fro m ll ( ah'€€1[I ro hinlli'd to 

tltitll soo tier clltl'gellce. Stollings wctl growth tl\'v eXpltillltl'tSfor 7 ;ill 

I and IV and for 21 tlavs ith txprimont. II and Ill. Ilertilizt't wA.S applied al 
the rate of"200 ppm of N, 100 ppm (d P'.-(),-, mid SO ppm of"K. 

wte: seedling (ltthet ptitt 
n11l1n1her, toltal root hngtlh, (cplh of root plerlal-, root illlllter .111d diat­()bsttvariltils ttitd' ,gtce. litigh , hal arta, leaf 

lltter, slot aittd rt weights. lrhill tot also tXilllilltd.set.fitis tt lips were 

Leaf saml)les of IxIperitllett II welt antalysetd ft N, 1i K. ('t, Mg and Zn. 

Leaf N was determined by micrt-kjlthlhl stall dist illatiitt. It hy itle vaa­

dtlll01lhd;te ctl0'itne tic lprCtttttt b pholth try, and ('t,.IT. K fltttte Mg 

IllidZi |1y matss absorltion) sptti tt' thittlltrtv. 

Ireatenits were arrallgtid illa randi md ohttk design with threve tipli-

RESULTS AND DISCUSSION 

r. Physical characeristicsof soil gravel mitur's 

Within each inter-gravel bulk density, otverall bulk density in­

creased and total porosity decreased with inicrease in gravel concen­

tration, with a maximum decrease in porosity for the. highest inter­
gravel bulk density of 1.4 g/cni 3 . Ior instance, the total porosity 

for 75 per cent gravel concentration was 35.8, 29.8, 27.6, 24.9 and 

19.1 per cent for inter-gravel bulk density of 1.0, I.1, 1.2, 1.3 and 1.4 

g/cm 3 , respectively. Similarly affected was the pore size distribution. 

The volume of macropores increased with increasing gravel concen­
tration while that of micro pores decreased. ''le, average macro 
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Uig. 1. .Moisture retention characteristics as affected 1)), gravel concentra­
tion. 

pores \'oluit was 28.8, 29.3, 30.4, 36.0 and 44.40' of total porosity 
for 0, 10, 25, 50 and 75 per cent gravel concentration. The decrease 
in volume of micro pores with increase in gravel concentration was 
more at low than at high inter-gravel bulk density. 

Soil mloisture retention characteristics were significantly affected 
bV grae\'l concentration and inter-gravel bulk density. In general, 
tihe moist re retention decreased with increase in gravel concentra­
tion (Fig. 1). 

2. ,Shoo/ g'o~c'/It 
Seedling ellergence was delayed for one or two days when gravel 

percentage was greater than 25. Emerging leaves were distorted 
and rolling due to mechanical impedance by gravels. Plant height 
was 19, 21, 17, 15 and 13 cm for gravel percentage of 0, 10, 25, 50 
anl 75 respectively. Plant height was not related to inter-gravel bulk 
density. Also the fresh and dry shoot weights were significantly 
affected by gravel concentration (Table 1) and inter-gravel density. 

'he(L depth to gravel layer significantly affected shoot growth. 
For example, daily rate of growth was 4, 5 and 5 cm for 5, 10 and 
15-cm depths respectively. Similarly the leaf area was 0.3, 0.4 and 

20.4 m per plant for increasing depth to gravel layer. Fresh and dry 
shoot weights, though not statistically significant, increased with 
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TA BI.F I 

Effect of gravel concentration on shoot growth (g/pot). IFxlperilitout I 

Shoot Ilter- Gravel Concentration ( ' ,) 
w eight gravel .. . . .. .. .. .. ... .... .... . . . LS l) 

density 0 10 25 50 75 (.05) 

Fresh 1.2 3.0 3.0 2.8 2.0 1.2 0.6 
Fresh 1.4 2.0 4.7 3.4 2.3 1.8 0.6 
l,Sl) (.05) 1.0 
Dry 1.2 0.23 0.54 0.32 0.30 0.28 0.09 
Dry 1.4 0.29 0.52 0.110 0.31 0.26 0.09 
LSD (.05) 0.14 

TABLE 2 

Effect of soil depth to gravel layer om fresh and dry 
shoot weights (g/piot). E xperiment II 

Depth cil Fresh shoot weight IDry shoot weight 

5 127 14 
10 161 19 
15 160 18 

LSD (.05) 58 8 

increase in depth to gravel layer (Table 2). Inter-gravel density was 
not significantly related to fresh and dry shoot weight. 

Nutrient content of maize leaves also showed a trend related to 
depth of gravel layer (Table 3). I.eaf concentration of N, 1, K in­
creased with increasing depth. This effect may he due to decreased 
root volume for shallower depths, because the roots are )iled uI) 
against the inert surface and not surrounded )y the soil. A similar 
effect was termed 'Barrier Effect' by Fox and K am prat h 5. The 
leaf concentration was 0.90% for Ca, 0.11% for Mg and 78 ppm for 
Zn. Inter-gravel bulk density was similarly related to nutrient con­
tent (Table 4). Increased soil as compared to inert material with in­
creasing inter-gravel density decreased the barrier effect thereby in­
creasing the nutrient concentration of N and Ca. 

The effects of gravel concentration at 5-cm depth (Experiment 
III) on shoot weight were not significant. 

3. Root growth 
Effect of gravel concentration. The correlation coeffi­
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TABLE 3 

Effect of depth to gravel layer on nutrient ronitent* 
of ia izeleaves. I'xperiunent II 

I Depth (C111) N p , 

5 4.26 0.37 3.44 
10 1.49 0.43 3.60 
15 4.70 0.12 3.50 

I.SI) 0.55(.05) 0.06 0.35 

* Elach vami. ik an average of 9 svparatc aililymes 

"I'Al1l.l.:
4 

Elft ct of illhtr-grav'el on llltritl i'oulteit ofu lsitv 

niaize leaves ("'). Experiment It
 

Deusity N I' Ka Ca 
glentl


1.0 4.25 0.40 3.53 0.81 
1.3 .1.50 0.40 3.64 0.89 
1.5 4.70 0.42 3.32 0.96 

I.SI)(.05) 0.55 0.06 0.35 0.15 

TABL. 5 

Regression equation of root length (Y) with soil and other paramieters (N) 

inlepenlent variable (X) Correlation coefficient (r) Regression eqtuationis 

Pore size less than 46 microns -0.63* Y -52.9 - 1.9X 
Total porosity 
 +0.83** Y -67.0 + 3.X
Gravel concentration -0.83** Y = 73.7 - 0.9X 
Fresh shoot weight +0.83** N 7- 19.9 -[ 20.3X
 
Fresi root weight 
 -1-0.9,4** N - -63.42 j 29.4X 
Plant height +0.89** y -- -62.8 6.4X-


* Significant at 5%
 
** Significant at 1%
 

cient ibetween pore size distribution and different parameters of root 
growth are shovn in Table 5. Total root length and depth of root 
penetration were quadratic functions of gravel concentration (Table
6). Total root length decreased by 50(// per cent for 25 and 75 per 
cent for 75 per cent gravels (Fig. 2). The average depth of root pene­
tration was 20, 17, 8, 2 and I cm for gravel per cent of 0, 10, 25, 50 
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TA1.E 6 

The weight(,( pyovIOIoIIOijialegi(,ssiolI equations of growth variablv, (Y) with glove) f)1n 
ctintratiojl (X) for the best fit 

D)epend~enlt r k egr'v'si(oll e~quation 

variable (V) 

Plant height -- 0.94** V 20.33 - 0.102X 
Fresh shoot weight 
I)ry shoot wuight 

- 0.94** 
-0.77** 

Y 2.67 1 0.113X 
V= 0.299 1 0.019X 

0.004X 2 
-j 

- 0.0006X 
0.00003X a 

0.0000SXa 
lesh root weight -0.96** V 32.85 -- 0.015X 
Dry root weight 0.90** N" 0.473 1 0.0,1X- 0.002X'2 0.00002X2 
Rot length -- 0.99** Y - 85.94 -- 2.38X 0.019X-
Root depth -0.99** Y 28.75 -- 0.919X [ 0.007X' 

* Significant at 5% 
** Significant at 101, 

10C 

3 
33iSO o I2g/onx14g/cm

)-60 IS(0) 

84g/cm

o LSDo
0 (005) 

w 
? 40­

20 

C 

ioi
 

100 

o-

SISD 
z (005)

060.i 

'-40 

20. 

10 20 30 40 50 60 70 80
GRAVELCONCENTRATION(g/lOOg) 

Fig. 2. Effect of gravel concentration on relative depth and length of root 
penetration. 
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Fig. .3. Effect of delth to gravel 	layer oN totail Iegtlth ;n1 verag, ro(Lilig 
depth. 

and 75 respectively. Inter-gravel bulk density (lid not affect root 
develo)ment significantly. Roots from high gravel treat ments 
were mechanically impeded with symptoms of increase in root (ia­
meter, )rofuse branching behind the root tips and distortion of cor­
tical cells (Plate l). 

Effect Of depth to gra'Vel layer. Mean root length was in­
creased by 30 per cent when depth to gravel was increased from 5 to 
10 cm (Fig. 3) Root weight also increased with increasing gravel con­
centration, but was ]iot significantly inflenced l)y (lel)tll to gravel 
layer. Root tips in the gravel layer were distorted like those shown in 
Plate 1. 

Gravel concentration at 5-cm depth. Mean root length for 
gravel p)ercentage of 10, 25, 50 and 75 was in the ratio of I : 0.97 : 
0.92 : 0.87. Similarly affected was the del)th of root penetration and 
was in the ratio of I : 0.90 : 0.75 : 0.65 for 10, 25, 50 and 75 per cent 
gravels. Fresh and dry root weights also decreased with increasing 
gravel concentration. 

Effect of inter-gravel bulk density. Root number, dry and 
fresh root weights, mean root length and depth of root penetration 
were not significantly affected by inter-gravel density. The effects 
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TA III.I: 7 

Ifect of interi gravel Iilk dl'ity (il th(l.depth of root pt.lIhtratii at diffefi,,t jaiveI 
COCiIIC~llillsI C 

])ensity ( rC'vI cuio ,tlli'ioi)II Average I.SI (0.()!) 
3g/Cle 0 10 25 50 75 

1.0 	 8.2 7.0 6.4 5.4 5.3 6.5
 
. 8.9 7.0 7.0 5.7 5.0 6.7
 

1.2 8.5 7.5 7.5 4.4 5.6 6.7 0.52 
1.3 8.1 7.4 6.8 5.3 1.9 u.5 
1.4 8.3 7.0 6.0 5.8 5.1 6.'I 

Average 8.4 7.2 6.7 5.3 5.2 ­
I.Si) (0.05) 0.52** 1.16
 

** Sigoficant at I1', 
* Significanit at 5" 

of gravel concentration on root length and depth of penetration were, 
however, highly significant (Table 7). 

CONCLUSIONS 

Increasing sul)soil gravel cotnce'ntrationl affected the pore size 
distribution, overall bulk (lensity and lnoisture rettention chartacter­
istics. he increase ini bulk denlsity with increasillg gravel cltIcelitl'a­
tion decreased both total and miCro l)orosity al(1 illcreasefi the per­
centage of macro pore volume. Available water holding capacity 
decreased with increasing gravel concentration. 

Root growth and dev'elopment were adversely a ffected 1)*"ilnc1"eas­
ing concentration of gravels. Small concet tratioll of gravel may how­
ever, by usefil for clayey soils. Root (evelol)lue1nt impjro)vwed with 
increasing depth to gravel layer and with low' 1a'el concentration 
in the snb-soil. The distortioll sympltoms oin loot tip" at high gravel 
concentration were similar to those of Imecialical impedance. Leaf 
nutrient concentration of N, P, and K decreased with (hecl'easing 
depth to gravel layer. 

Received 16 Seplentlher 1975 
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Plate 1.
 
1.Effect of gravel concentration on root and shoot development of maize svcdlings. 

2. Normal root tips as compared to root tips from gravelly horizon. 
3. Maize seedlings growing in non-gravelly soil. 
4. Maize seedlings growing in a gravelly soil. 

5. Cross-section of an impeded root tip from the gravelly horizon. 
6. Cross-section of a normal root tip. 
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