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ABSTRACT . · · .. i 
Soil physical properties. and sunflower (Helianthus annuus) yiell.d 

under coiwectional tillage (CT) and zero-tillage (ZT). was monitored for 
3 consecutive ·years in Ilorin, Southern Guinea Savannah zone 0£ Nigeria 
(SGSZN). While bulk density of CT increased slightly over the years, 
significant decrease of 12 and 8% were observe·d in ZT at 0.1 and 0.2m 
depths respectively. Also, soil moisture release at 50 kPa increased 
from 7.5 to 14m3m-3 for ZT and 10 to 12.5m3m-3 for CT. Infiltration 

.i • i 

z;ate incre.:lsed by 13% over the 3 years in ZT and decreased by 12% in qT. 
Sunflower 'plant height and stem diameter were unaffected by tillage (P 
= 0.05) .,:Significantly higher head diameter and seed yield. were 
observed in CT for 1990 and 1991 (P = 0.05) while in 1992 no sigriif icii~t 
difference was observed in head diameter and seed yield amohg tl;le 
tillage treatments (P = 0.05). It was concluded that sunflower growth 
under. ZT may be beneficial to the fragile soils of the SGS ZN. ' · 

Key words: Tillage, Sunflower, 
Infiltration rates. 

INTttObUCTION . 
The choice of an 

appropriate method of seedbed 
preparation depends on soil 
ch~racteristics, cropping 
systems, climatic ertvirbnments 
and socio - economic donditions 
(Lal 1979, Hayward et al 1980). 
While ZT techniques have beeh 
found beneficial to.· crop 
production ih the humid tropics 
(Lal 1979), few studies exist in 
the Savannah zone of Nigeria 
that determine the suitability 
of ZT in crop production (Adeoye 
1982; Oni and Adeoti 1986). None 
of these studies examine the 
choice of appropriate tillage 
method for sunflower 
production. - This is largely due 
to the fact that sunflower 

yield, Soil moisture · r~1ea5~; 
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cultivation as ari oilseed. crop 
is yet to be popular. in ·Nigeria. 
Furthermore, existing repor~s 
on ZT are contradictory wi~h 
respects to soil improvement;s 
and crop yield. For exampl.i:, 
w h i 1 e s o in e w o r k e r Is · 
consistently show that · ZT 
improve soil properties and 
crop yields (Ehlers 197~; 
Hamblin 1984). Other worker~, 
pa.tticularly those in the sem~
arid regions reported poor so~l 
moisture relations and low crop 
yield in ZT (Masseri and Jana 
1979; Hayward et al 1980). This 
study was specially aimed cit 
determining soil ·physic~,l 
properties and sunflower yiel(i 
under ZT and CT in the SGS ZN. , , 

i 
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MATERIALS. AND METHODS 
Th¢ study was conducted 

at the i University of Ilorin 
Teaching and Research Farm, 
Ilorin, Nigeria [80 ·29 1N, 40 351E; 
altitud~ 344m above sea level] 
in the ~GSZN. ~~e. mean annual 
rainfall/ is ap<n:tt'1200nun and is 
unimodat witQ.~e,xpected planting 
season 1£rom0 ,;~y - September. 
The soilJ slope lS between 2 - 3% 
and the isoilo:E the experimental -
site i~ skeletal· clay, mixed 
Kaolinite Isohyperthermic .. Oxic 
Paleust~lf (soil Taxonomy 19 7 5) . 
with a s~mdy loam top going down 
to sandy clay subs.oil. (PH 6.1, 
total N) lg kg-1 , -organic c, 15g 
kg-1 exphangeable:,, K, 0.71, ca, 
3.4 Cmoi· kq-1 and soil available 
P, lling I kg-1). The '"experiments 
were conducted froxn 1990 to 
1992. !Two tillage treat:i:nents ·. 

• I d wer(;!. ~p-ose : 
,,-· .. ':.! 

Convectional Tillage: . Disc 
I 

ploughing to a depth of 0.2m .... 
followep by harrowing. 

' 
Zero ~illage: The existing 
vegetation in these plots was 
killed I with paraquat (1-1 
dimethyl -4, 4- biphyridylium 
ion)at the rate of 2.5 litres ha-
1 one w~ek before planting. The 
dead v~getation was estimated 
using a 1m x 1m quadra t and the 
values I were 2.65, · 3.2 and 3.6 5 
Mgha-1 I.in 1990, 1991 and 19,92 
respectively. The plot size was 
4m x 5m and the layout was 
randomized complete block with 
four !replications. In all 
treat~ents, planting of 
sunflo~er (variety Isaanka was 
done m~nuct.llY by mid-July each 
year at inter-row spacing of 
O.Sm. i. · °(Gallex herbk:ide 2-
chlor~~N-( 2-ethyl-6-Methyl
Pheny~·-N-( 2-methyl-'l~'Methyl} 

·:, 

12 

acetamide + 3 ( 4-bromophenyl )-1-

acetamide + 3(4-bromophenyl)-1- ·,)_ 
methoxy-1-mefthyl urea was 

·sprayed as pre-emergence i 
herbicide in all plots. Two ::-r_·~ 
weeks after emergence .tJ1e 
plants were thinned to one 
plant per hill. ·· Fertilizer was · •· 
applied at the ra.te of 90kgNha- .-; · 
1 as urea, 60kgPha-1 as single ":;,., 
supe.rphosphate and 60kgha·-l as 
muriate of potash. Insecticide, 
spraying was not done as the. 
sunflower was . minimally 
affected _by insects. Soil bulk 
density was determined. using 
0.05m core diameter and ... Q.05m 
:height. This was qpne before 
planting, 6 weeks q'.~t;er planting 
(WAP) ana· 12 WAP at-.O;lm and 0.2m 
depths. Gravimetric soil water 
content from the core :samples 
at the same depth. Core 
samples were_ 'p.lso collected to 
determine soil water release· 
characteristics. These were 

· determined us.ing tension table 
for ·high energy .characteristics 
a'ncl low.er .energy 
.characteristics determined. J::>y 
·pressure , plate , apparatus 
,,(Klute 19 86). Infiltration"rates 
using double ring infiltlii·.6ineter -
(Bertrand 1965) wer:e, measured 
each year at about 5 ;months 
after , planting (.}.lid-December}. 
The infiltration data were 
analyied' · · according to philip 
(1957) model. Philip's model.is a 
truncated form of a series 
shown by equation 1. 

I = Stl/2 + At (Eq. 1) 
i = .£iL = -1.._Stl/2 +A (Eq. 2) 

dt 2 
Where i is the infilt:ration 

rate, I represent · the 
cumulative volume of 'water 
infiltrated in time t per unit 
area of the soil surface and i = 
instantaneous. infiltration rate . 

. .. 
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which is the volume flux 
density.·. S is the, $orptivity 
and A . is the transmissivity. 
The iJ?.fllj::r<ltion data from each 
plot was analy-zed yearly to 
compute .i. Yield parameters 
estimated include plant height 
at harve~t, stem diameter at 8 
WAP, head diameter at harvest 
and se.ed. yield. Statistical 
metnods · qf · :Gomez and Gomez 
1976 was u·§ed· for data analysis 
using SAS (1985). Software on a 
computer. - . 

. RESULTS AND DISCUSSION · 
The soils .bulk density was 

.. high initially before tillage 
treatments imposition. The .. 

... values averaged 1.55 Mgm-3 and 
after tillage treatments 
imposition the values were 1.39 
and l.51Mgm·-3 for CT and ZT 
respectively. This possibly 
accounted for no significant 
difference in bulk density of 
the· two treatments before 
planting and significant 
differences valid for 0.1 G\nd 
0.2m depth. With increasing 
years of planting, bulk density 
of the ZT decreased,,'(lhile that 
of CT increased resulting in 
significant qifferences in the 
treatments before planting. T x 
Y and D x Y interactions were 
significant because bulk 
density decreased by 12 'and 8 % 
at 0.1 and 0.2m depths at the 
end of 3years in z~ro tilleige 
while bulk density increased by 
3 and 5% in CT in 1992. Yearly, 
soil moisture content in CT and 
ZT were not significant before 
planting possibly due .· to the. 
prolonged drought following 
harvest. However this trend 

·changed at 6- and 12 WAP with 
most of the years CT > ZT in 
moisture ·content except in 1992 

·.·· I 
'~t· which ~a$ probably due to large 
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amount . of rainfall aftei 
planting, CT = ZT.'; Lower soil 

. I 
moisture content . was, usuall,r 
observed with increasigg peptf;l 
but in the ord.er dbl:>e.t;vec11 
above. These .. i::esult~ 
contradict high(;ir. soil\IQ.p~stu.r;~ 
content usually repo.;:i:;;t;e(j;J;or,CT 
in the humid ,tropk?t: {Lal .;l.9/119~ 
Wilson et al 1982J but:: ag;reed 
with workers 1n ... the semi-<fz:i* 
regions . who attributed. lower 
soil moisturi: cpnt.ent in ZT td 
soil hardness (Hayward et a+ 
19 8 0). Th.e . >re.1,atively lo\f 
amount of , vege,tation .. mulch 
available for , ZT plots in th es~ 
study may account for· loweii 
soil moist:ure content.· .In l9.90i 
composite · water release-· wa$ 
better in CT than Z'I' (Fig l)[. 
This is consistent with the 

I 

observations of Ehlers 19 7 5, and 
Hambln 1984. They attributed 
this initial higher wate~ 
release to soil loosening b_Y: · 
tillage implements. However, .asi 
continuous cultivatio~ 
increased with CT, soil Il)oisturej 
release in Z';l' was significantlyj 
higher (P = 0.05). This may b~. 

. ' attributed . to macrop.oresi 
destruction by continuous! 
cultivation. The lack ot! 
significant difference in soul. 
moisture release at lower! 

I 

potentials (Fig 1) indicate 9 
differential change in thei 
pr op or ti on of ·w at e r\ 
transmissions and retention! 
pores. A comparison of the! 
values indicate that .soil water: 
release by . ZT.; at 5 OkPci.I 
increased from 7.5 .:to 14m3m-31 
(LSD 0.05 = 1.8) an increase of!. 
46%. from 1990 to 1992.l 
Conversely, water r.eleased· by\ 
CT at SOkPa increased from 101 
to 12.5m3m-3 (LSD 0.05 = 1.8), an\ 
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I 
increased of 20%. The 
differentials may be due to an 
inctease in porosity, 
paiiicularly in the 
tra~smission pores. ZT is known 
to focrease soil porosity {Lal 
197~, Hulugalle et al 1986). 
Initlial infiltration rates of 
both tillage treatments were 

I -

higliler despite the · observed 
initial high bulk densities of 
the two tillage treatmerits 
before treatment imposition 
(fig. 2). However, since the data 

'weke collected after planting, 
im~roved cultivation and i:oot 
acitivity by the sunflower may 
h~ve improved the soil 

-·infiltration rates. Again, 
. · inlitial infiltra t.ion :rate was 

I 

20% higher in CT than ZT in 1990 
while fofiltration rate of the ZT 

~- t It e a t m e n t s i n c r e a s e d 
'c~ntinually from 1991 to 1992. 

F/or example initial. infiltration 
:i:lates of - ZT increased from 

I 
43cmh_.l to 49.4cmh-1 (13% 
j!ncrease) but:· - that of CT 
fncreaseo from a - high 50cmh-1 
to 44cfuh..;.1 (12% decrease) (Fig. 
I 

/2}. The drop: in infiltration 
/rates in CT may be due to soil 
/compa-ctiori by the· tillage 
/implements resulting in capping 
! 0£ the soil surface. In addition, 
/Ehlers 1975 showed that the 
/cooler environment in ZT 
/ encouraged worms activities 
' which create · a continuous 

system of macropres that leads 
r to rapid percolation of roots 

of the sunflower at the soil 
surface under ZT is shown in 
earlier studies by and Lal 
(1979) reported that ZT treate 
micro-channels that allows 
rapid infiltration of water into 

·soil resulting in high 

14 

infiltration rates as ZT is 
· practic'ed yearly. The plant 
.height and stem · diameter did 
not -differ i'$;ignificantly in the 
tillage tre~Ltnients (P = 0.05} 
Tables 3 a & b. 

However the head 
diameter. and seed yield (Tables 
3 c & d) were significantly 
higher in CT in 19 90 and 19 91 (P = 
0.05) but ·were not significantly 
different: from each. ot:;her in 
1992. rt is probably du'e to 
improve s o i 1 p h y s·rc a 1 
prope:r:<:ie.s with increasing 
yeo.:r:li· practice· of ZT that 
accounted for the comparative 
yield between ZT and CT. · '" 

CONCLUSION 
Sunflower grown under CT 

and ZT in the· SGS ZN reduced soil 
degradation in both tillage. 
methods. The reduction was 
fu'Ore ·in ZT ove:r: the 3 years 
than CT. The early 2 years of 
ZT had lower seed yield than CT 
but seed yield between zT·and 
CT became insignificant ih the 
third year (P = 0.05}. · The 
resl1lts show that sunflower 
can be grown under ZT leading to 
·improved: soil properties as ZT 
p:r.actice · increased yearly· in 
the SGSZN. 
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Table 1! 
i· 

I 
Sourc~s of 
Variation 

! 

Tillag~\T) 
Depth (D) 
Year (Y) 

I 
T1XD 
'IixY : 
d·xy 

I .. 
Er)ro'r 

! 
!· 

. .[ 
. .-1: 

.... ·.'.•: ........ (. 
' t• 

Analysis of varia:i~ce for probability > F ·for bulk density 
at different t:iroe:if,after planting~ 

' .. , 
..I.. 

1 
2 

·1-
2 
2 

'3$ 

. Meas.urement Before Pianti~9 . 

• ! ... .} o. 9 4 6 lj 
0.6261 
0.0002 
0. 0 0 01 
0.0001 : ,., 

.,. 0.05~·3 

. . · : . Pe:r:iods 
T_~· 6WAP 12WAP 

"0:0001 
o·.0134 · 
O.Oll9. 
0.0001 
0.0001 

.·b.412 4 

0.0001 
0.0001 

0.1142 
·. 0.0001 

.. 0.0001 
0~052 4 

'l'able z 
i 

Analysis o~ va:r:iance for: Soi:i. Moisture Content at 3 
different tm1es a~ter Planting. 

Sourdes of 
. It. Vanej ion 

i 
Tillage 
D~tith 
ylear 

I 
U'XD 
irxi 
! 

DXY 
I 

E~ro:r 

I 
/. 

df 

1 
1 
2 
1 
2 
2 

38 

'' 

Measurement before Planting 

0.1000 
0.0032 
0.2 2 56 
0.2261 
0.3920 
0.1141 

16 

Periods 
6WAP 12WAP 

0.0001 
0.0001 
0.0 2 4 3 
0.0001 
0.0001 
0.112 4 

i,' 

0.0:0 01 
0.0001 
0.0001 
0.0001 
0.0001 
0.0110 
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Table 3. 
I 

The effects of tillage on some yield parameters of 
:3Unflower from 199 0 to .139 2. 

(a) Plant Height (ml 
Treatments 

CT 
ZT 

LSD (0.05} 

(b} Stem diameter (m) 
CT 
ZT 

LSD (0.05) 

(c) Head diainete:r 
CT 
ZT 

LSD (0.05) 

(d) Seed yield 
CT 
ZT 

LSD (0.05} 

1990 

1.37 
0.9 5 
0.24 

1.52 
1.50 
0.11 

0.15 
0.12 

0.009 

0.89 
0.62 
0.17 

17 

Year: 

1991 1992 

1.4 2 1.36 
1.35 1.29 
0.31 0.2 8 

1.61 1.60 
1.54 1.57 
0.14 0.12 

0.14 0.12 
0.11 0.12 
0.004 0.006 

0.9 5 1.03 
0. 79 0.81 
0.15 0.14 

\ 
I 

I 
I 
I. 

i 
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