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ABSTRACT
 

Maize planted between August 15 and September 1 on 

alluvial soils in Sierra Leone, W. Africa, produced higher 

grain yields than earlier or later planting dates. Stover 

yields were highest for planting from May 15 through June 15. 

Grain and stover yields responded to increasing levels of 

fertilization and varied acrording to varieties. Planting 

densities from 40,000-70,000 plants/ha did not affect grain 

yields, but influenced stover production. 

Date of planting and variety of maize are two of the 

most important factors for increasing maize production in W. 

Africa. Although temperate hybrid maize under high 

fertilizer treatments produced 60% greater yields than native 

varieties under the same conditions, yields and other char

acteristics of the temperate hybrids were not altogether sat

isfactory. The search for varieties that are more responsive 

to fertilizers and better adapted to the conditions of West 

Africa must be continued. 



Maize as a Second Crop 

During the lust decade, poultry and swine produc:c:t has increased 

and with it the demand f,, inla;ze. In this period, 471, of the armers 

uphind ricft (4). The qnolit/were growing miize inmixl stands with 

of +' i' jrft ' 0,1(1 tpo' ,l'lds ii''r' lo', csti'iim 'd tit only 20 hus/ 
/ 'V tw,'tf.S k3). ()iithi" f is., ),0t0 hletareshectare Igf'fd w! hill 

of maize frt'v ;rrfii i ftIrlcI/ oil lc' thf f ', of th,. tO 1 ctlii tir tedInd. 

The p I (1, offf C' Jil' l l ' f feed to'f il!! /o I ,,d l soti' 
(15). f 'rS'c ,I shi'lil Imi.7' 1 lie time averagerdtit, poultri/ imIi fi1!. 


Frc't,,i miirl,'t.
68.00 r ti, in t/i 

imi i:c culture.Oil Ntri,f l fi, ld 'xFi'ri,',i". i 'jolf. i iiCfitc 'ldto 

n'e lxiirfli' lC r/if'N' iI ' f40ipO():v//o ot N/f'Ill'd corn using 

syfilh ,-tic1 ,'6if f,'s , ' plcii'nlf ifi('fiin ifi ;i?' (111/ seasom. 

These oi/)timlfic ,cfiltf I lf/ ui to yc'cIlitf lifhiftiff maifZ' plitcd cloS 

fl ff tff if't lf' tifi' withoift idf' moistifre stre,stt tlt r' ili;'it i 

liefore th' fliij f rl?,IIigf'55 ni' t! .,4 mioist r,'iif,fw 'f 'tf'.d If this 

, mai c toil t ' fitifirf'f (is crop
sytstt'li prols iiiiiitit"llhl fca.ihi' 0 01 ?a I .olk W'r fr'W Oa w h ich colild c h an ,/, tht( rao lition a [ 1) ttt r nlof 

This ptol- ditii'ri/c s rif.S if t.x eriltiiii thi(it testd iit effects ol 

It 1i i tiI11 011 h1Ii7e 
plantiI, t Itc, dc'IIsit11 of Nt fIl(. f ii fier t'l ('1IrI t, tld iU 

.r on IIs soils of the li hmid trop ics of
ields ~ifI I?Ig I itII iii rivr I trrace 


Sierra L~c"I'.
 

rtsnlts (fplanling dute experimentCti" .lusii haild on tiit' omst 

be considfri (itd strition only and noti 'tll I interpreted (IsstatisticuitI 
lialid fo' tit") rcasolls: one. III,- dalt, rcpr,,Ncnts the work of (I sinigle year, 

funds to.hibit'd ihe r'pli'ation of pluting dates.
and i,'. the lick of 

The results of III ithr iiruwt'trs ii:: icisit!/ of stItnd, feritiier teat

are statisticailli vlid. 
t:-cnts, 1rid iriti's bawd on I i igh' ltir's r.iult 

, thre at,! .'ri, ls prol;'lmsIBefore thi. slis,'ml coil flifitioll hw.~ 
nutrient"if hai ch'uplill"' ofit horvost of the( fhrt Cr'opfand depletion of 

Coginizoti t of these piroblems, Ee
soil rt'cst'rl''s tht must ti 'i'rfcote 

the ru sti ts this siudyj will promlpt further
hope that encouri(iiin: of 

researchi onimml1 z'. (s iist'cond crop for t/.ose people living on tie 

relativeli infe'rtile unllmd of Sierra I.cone. 
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Maize as a Second Crop 

SITE, MATERIALS AND METHODS 

Sierra Leone is situated on the coast of W. Africa, between 
7' and 10' N. latitude. The country has :i distinct wet and 

dry s ason, May-November and Decembc -April, respectively. 
The rainfall at Njala U. C. averages 277 cm per year, of 

which 240 cm fa.'s during the wet season. The average max
inurn daily temperatulre fluctuates between 27.1C and 35.0C 
17 tween the dry and eet soasons. (Fig. 1). 

Tne maize trials described here were situated on alluvial 

soils bordering 'ie River Taia on land which was cleared 
that year (without bu-ning) of 25-year secoi.dary forest. 
The .dominate cover after cler,ing an( before the experimen
tal sites were established was PL raria pliaseoloiues and 
Centrosema pubescens. A :ursOIy fertility map of "he area 
was prepared using ,ield of the -:ver as criteria. Character
istics of the' soil (Nyawarna Series) are tabulated in, Table 1. 

Date of Planting Trial: 

This trial involviua a complete randomization of 5 

varieties i-eplicated 4 times vithin -ach of 10 planting dates, 
beginning Mriy 15, 1068, every 15 days, to and including 
October 1, 1968. The plots were br ished several days before 
pla.cing, th material removed from the plots, ani the soil 

plowed with nativ_ hoes to 16 cm depth. The area was then 
raked and staked. 

Mai-:.e was seeded in row- spaced 90 c, apart (not 

ridged) nd :W -:m withirn the row at rate of 10,000 pVmts/ha. 
At planting, ai, plots were fertilized with 560 1: ha of basic 

slag, 336 kg/ha (20 ;) SU ,er l.lStha: -. 22.1 kg ha p'tassium 

sulphate and 224 kg ha of ammonium ., lphl e. An addi

tional 224 kg/ha of ammoniuni sulphate was sidedressud 6 
weeks after erneroqenco. The , mo,;n, mium s- iat followed 

r .t,.o( d( t,v, ,ftulr lp ic m , d ' ;,c :j :(I " dlw(, thi r: lca:; 

of ' li-"' wiln bothi C()iilu -)ll1,. are i1 xud tlii g Ipplica, ion. 
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Maize as a Second Crop 

96
t
 

I- 4
 
84 

w~ 
L) 7 

1 'S ' 

P- I"-,TT'Rf STRESS AND NEED 
FC F,, E RIGATION I DICATED 

S241 - 45-CM SOIL DEPTH 

Uo --- I5-CM SOIL DEPTH 

J F M A M J JA SON D 

MONTH
 

SI. 

48 

D 45
 

Z 4?2 

LO0J3 

Mr 27
 

24 TEMPERATURE
 
') MEAN
 
I--J21 MAXIMUM/ 

9
2 

6 WAN 1950-1962 
L 


J F Y A Y, j A S 0, 

Figure 1. Soil moistu4re, precipitation, and temperature data 
at Njala University College, Sierra Leone, West 
Africa. 
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Maize as a Second Crop 

Table 1. Physical and chemical properties of Nyawama alluv

ial soil 3-18 cm depth, Sierra Leone, W. Africa. 

IdentificationParameter 

Soil Series Nyawama 	sandy clay loam 

Typic HaplustoxClassification 

Particle size distribution 2rm in : 

Gravel - 0.. 

Sand .. .. ....... 62 

Silt ---- 15 

Cla 23...... 

Exchangeable cations, 
Calcium 

m.e. 100 g soil: 
0.08 

Magnesium .-. 0.10 

Potassium .. ..... . 0.02 

Sodium . . .... -..0.05 

Aluminum .2.00 

Cation exchange capacity m.e.'100 g soil ......... 6 

Base saturation in ";...........--.---- .---.--- - - 3.7 

pH, 1:1 in water: . . ...-.-...............------------ 4.5 

Organic C in '': .....................................1.26
 

Clay (in order of abundance) 
1. Kaolinite 
2. Gibbsite 
3. Chlorite 

* Data from Soil Survey Report, J. C. Dykerman & H, Bre

teter, Njala, U. C. 
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Maize as a Second Crop 

ears at harvest averaged 18-20% moisture, wereThe maize 
shelled, dried to .4, moisturc, and weighed. Stover was 

cut at ground level, dried and weighed. 

Hybrid maize (Funk 	 Hybrids - G-901, G-4949, G-5858, 

were The hybrid maize areG-5945) and native maize used. 
150 dayr to maturitytemperate climate varieties averaging 
maize, indigenous toin the temperate zones. 	 The native 


120-140 days maturity period.
Sierra Leone, varied from 

Planting Densiti, Variety and Fertility Trials: 

Concomitantly with the date of planting trials, this ex

periment tested 4 varieties of hybrid maize (Funk Hybrids 

G-901, G-4949, G-5858, G-5945) on the Nyawama alluvial soils 

at three levels of plant density (40,000, 50,000 and 70,000 

plants/ha) urder three levels of fertilization; high, medium, 

low, in a randomized split-plot design replicated 4 times. Prior 
with cutlasses and theto planting, the area was brushed 

soil with native hoes. The areamaterial plowed into the 

was raked and large pedons broken by hand. 

rowsThe maize was planted on May 21, 1968, in 90 cm 

(not ridged) and the distance between plants within the rows 

calculated to the required planting density. 

of 224 kg/ha of ammoniumHigh fertilization consisted 

sulphate at planting, 112 kg/ha 3 weeks after emergence, and 

112 kg ha at tasseling. Also 600 kg/ha of basic slag, 224 

kg/ha potassium sulphate, 60 kg/ha magnesium sulphate and 

of Zn. Cu, Fe, B, Mo, 	 and Mn in sanda micronutrient mix 

were applied.
 

The medium fertilizer rate consisted of 112 kg/ha am
3 weeksmonium sulphate at planting and 112 kgr applied 

after emergence, 300 kg/ha basic slag, 112 kg/ha potassium 

sulphate, 30 kg/ha magnesium sulphate and a micronutrient 
mix. 

8 



Maize as a Second Crop 

The low level of fertilization consisted of 112 kg/ha am
monium sulphate at planting, 146 kg/ha basic slag, 55 kg/ha 
potassium sulphate, and 15 kg/ha magnesium sulphate. 

The maize was harvested when grain moisture reached 
18-20';. The grain was shelled, dried to 14'; moisture, and 
weighed. Stover was cut at ground level amd weighed in 
the field. 

Soil moisture sensors were buried at random throughout 
the site at 10, 15, 30 and 45 cm depths each replicated 10 
times. Ieadings were taken every third day and at the end 
of each rainy day throughout the year. (Fig. 1) 

RESULTS AND DISCUSSION 

The maize yields tabu!ated in Tables 2 and 3 clealy in

dicate that phil ting dats for highest grain yields for all 
varieties fell betweein August 51,h and September 1st. Dur
ing this perio)d variety G-901 averaged 3,300 kg of grain per 
hectare which was higher than c: her varieties and was 60',,( 
greate," in yield than the native variety. Maize planted 
aite:" J1one 1st, but before JuneI 5th, the traditional time of 

planting, yielded 50'; less grain for all varieties (48 ' less 

for the native variety) than tie maximum production 
achieved between :he August and September planting dates 
(Table 3). 

The low yields experienced ',etween May and August 
plantings probably could be tti'buted to the excessive 
clou1diness restllin-, a a dilninuti(i ,)f direct sunlight with 
a correspondin, reduction in seed l)rOduction. Coupled with 
this was 's of ,rain as a consequence Of cob rot and rust 
which ID Jit at malt ' t during owte wet months of 
August, S , lv Oct e', wlen rains wereci 1YI 
heaviest, avela'i0 .t:I ' )L m lhd luring this three, ci per n 
month period. 

The heights of maize at harvest, as a response to planting 
dates, are depieted in Fig 2. Diminution in height became 

9 



Maize as a Secord Crop 

Table 2. Effect of planting dates on yields of grain and stover 

for 5 varieties of maize. 

Planting 

Date 

15 May -.... 
1 June ----
15 June . 

1 July -- . 

51 July ----
1 August---
15 August 

G-901 


Grain'" 
1219 


- 1605 

1540 


574 

_706 
1027 

3338 12) 


1 Sept..--.------3081 

15 Sept..-------1476 

1 Oct.  1926 


Stover-

15 May --------4622 


1 June ...----- 4943 


15 June -....-5906
-

2182
1 July - .-------

15 July ..-- 2200 


1 Aug.-------- 2439 


15 Aug ------- _(31 


1Sept.----------


15 Sept..- 2500 


1 Oct .-.--- 3210 


S. E. 0.102 

Variety 

-4949 G-5858 


in kilograms/ha 
1155 706 

770 449 

706 384 

257 192 


385 102 

321 257 


1990 1155 

1412 1091 


855 835 


1219 835 


in kilograms/ha 
4174 2504 


1861 642 


2889 2247 


1348 143b 
1733 1540 


1089 1091 

-

-
-

1300 1285 


2054 1285 


G-5945 Native 

840 706
 
706 1091
 
706 710
 
385 395
 

449 321
 
514 257
 

1435 1402
 
1809 624
 

706 122
 

1412 102
 

2247 6805
 

1284 2311
 

2758 3017
 

1412 1435
 
1476 1412
 

1155 1098
 
-

1476 

2311 

(1) Average of 4 replicates per variety. 
highest for respective(2) Tie values in bold print are 

same colum are not significantlyvarieties and in the 
the 0.05 level.different at 

(3) Funds unavailable for stover harvest.
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Maize as a Second Crop 

Tv:ble 3. Mean grain-yield and maturation period for all maize 
varieties as a function of planting dates. 

Planting Date Mean Grain Yield Average No. of 
Kilograms/ha Days to Mlturity 

(Hybrid Vah:es Only) 

15 May 942 d 	 118
 
106
1 June ----------------- 936 d 


850 	 10215 June ------------- e 

1 July--------------- 358 109 

15 July--------------- 413 fg 112 

1 Aug. -------------- 485 f 103 

15 Aug .--------------- 1891 a 112 

1 Sept.-------------- 1589 b 120 

15 Sept. ------------- 803 e 126 

1 Oct.---------------- 1107 c 124 

Values with the sar' letters not significantly different at the 
0.05 level. 

evident after the May 15th planting, and most severe at the 
July 1st planting when the maize was subjected to increased 
cloudiness, reduction of sunlight, and lower day temperatures 
as rainfall increased (Fig. 1). After the August plantings, 
the young maize began to achieve greater heights as the 
rains diminished, hours of direct sunlight and temperature in

creased, and soil moisture remained adequate (Fig. 1). 

Maize planted after September 15th up to and including 
October 1st also resulted ir: 50% less grain yield than the 

maximum. Although the sunlight intensity was higher than 

the ea.iy plantings, the paucity of rinfall coupled with 

higher tempcatures was responsible for the low yields. 
Data in Fig. 1 indicated that soil moisture stress in the root

11 



Maize as a Second Crop 

240 - NATIVE VARIETY 

HYBRID (FUNK HYBRIDS) 
VARIETY 

I 2 3 5 -

Ld~ 

-rE230N 

W._225,-

Z 

-J 200
12. 

MAY JUNE JUNE JULY JULY AUG 

PLANTING DATES 
Figure 2. Effect of planting dates on heights ot maize at 

harvest. 

ing zone (10 cm) was beginning to become increasingly 

severe in early December. At this time, maize planted Sep

tember 1st was approaching its maximum requirements for 

moisture. 

Stover production was maximum for all varieties for 

planting dates between May 15th and June 15th. The native 

variety produced the ihighest yields averaging 6,000 kg/ha 

when planted on May 15th. The most severe drop: in sto ,er 

produc-0011 per variat',occurred ill mize'planted fter July 

Ist (T b e 2), Appq o- -t ii. i nu~,])n, he inc'"-!"iI)1; [ o 

Cloudy days re~duci-d dic, :,,:!,U nI- of direcl s uml h n e. ['o 1 e 
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Maize as a Second Crop 

very young plants, resulting in a reduction of carbohydrate 
production during that period of rapid <,rowth. 

It can be concluded that planting dato: for maximum 
grain productiom of maize, (of the varieties 051ed in this trial. 

ranged between the 15th of AuguSt Mn(0(tn 1st of Se )t(Inb.'r. 
For the highest stover productim, tho, ()plin jt1 palntiV' dalos 
lie between Alay 15th and June 15th ii,'lud i l." the 
native variety, t he i ick hpla tlitn11> lie ighest 
stover yield aion I lie varietjes tested. 

The severe drop 1 fiiiin yiildn hr all varieties, when 

planted after Sepltember l.st,must he noted ifmaize sho'lld 
be considered a; a second crop after rice. 

Planting Density, Variety, and Fertilizer Trials of Maize: 

The results (Table 4) shmw that the yield t sain for all 
varicties varied significantly between-i fertilizer lreatments 
and varieties, but not to planting, den it is Liw.I, 40,000( 
and 70.00) 1 lants/ia. 'l'h,',n , r it i, iclie l teliactiolis 
for grain yield between variity (lenity and vrijitv/ferthi
zer which su gests the impnt) ini' uw e vailsi v assume> 
in the p]roiuction of in:ize (g"nill). 

The g,,rain yield- foir ill varietiet; under all density levels 
averaged 2278. 20(62 1751 ,i vrambs/hectan, under high, 
medium, and low fertilization levels respectively (Table 5). 
Variety G-901 yielded the hiihest grain productiobl, averaging 
2550 kilograms of grain per iectirl at the hi ,h fertilization 
level and 1835 kilograms/ha at thu low tel'lilisat o rate; a 
yield inc'ease of :39 percent shovin a1 htl' r res), use to 

fertilizer than the other v'arieties. 

Stover yields well' tlepl-tlenlt (o ill tll ,( t-arolfleters 
particularly variely. iniwractions itt',lWo \ t nd eween 
any parameter for I,.A of 70,slover yiehl (Tibl4). iensi 
000 plamts/lha produced the l varietieson avera<gir I,1I and 
fertilizer treatments, 4475 kill ia-n.; Ii ,d' slver KI'able 5). 
This was significantly hihlr than the ,\,vet yields of maize 
at palntiing densities of 5AM0(0 mtid 40(I)t )1nIlats/ha, which 
averaged 3591 and 3751 kiloLjrais itffield dried stover/ha, 
reslpectiv'ely. 

13 



Maize as a Second Crop 

to plantingTable 4. Analysis of variance of maize response 

density., variety, and fertilizer. 

GRAIN 

Source of variation Degrees of Freedom F Value 

0.072Main effect of A-density . 2 


20.551*
Main effect of B-fertilizer .....	 2 

3 12.233*'Main effect of C-variety ---------

0.283AXB- - -------------------	 4 

6 	 2.487"AXC---------- ---------------

6 	 3.013BXC-------------- -----------

12 	 0.768AXBXC --------------------------

STOVER 

Main effect of A -----.....----- 2 10.260: 

7.235'Main effect of B ---.........-------- 2 

48.406"::Main effect of C-----------------	 3 

4 	 2.605A x B -------------------------

6 	 1.967A x C -...............-------------


6 	 1.341B x C ---------------------------

0.557AxBxC ------------------------ 12 

* significant at the ('.01 level 

* significant at the 0.05 level 

14 



Maize as a Second Crop 

Table 5. Yields of grain and stover under various density 
varieties.and fertilization levels of the respective 

Planting 
Density 
(Plants/ha) Fertilization Variety 

Level 	 G-901 G-4949 G-5858 G-5945 

Grain Yield-Kilograms/ha 

40,000 High 2510 2500 1756 2220 

Medium 2434 2014 1606 2114 

Low 2080 1740 1630 1464 

55,000. High 2504 2450 1856 2140 

Medium 2070 1950 2040 2420 

Low 1910 1904 1620 1504 

70,000 High 2634 2724 1816 2222 

Medium 1800 2360 1720 2210 

Low 1516 2250 1690 1700 

Stover Yields-Kilograms/ha
 

40,000 High 6320 4120 3096 	 2986 

3160Medium 5360 3340 2900 

Low 5720 2776 :3025 2716 

55,000 	 High 5980 460 3490 3260 

Medium 5656 2890 2880 3314 

Low 4414 2876 2130 1940 

70,000 ------	 High 7280 4200 4420 4670 

Medium 4254 4046 3614 3464 

Low 4834 4700 4644 ?580 

(1) Average of four replicates each. 

15 



Maize as a Second Crop 

As in the grain production, variety G-901 produced the 

highest stover yields averaging 6527 kilograms (f stover per 

at the high ftiliza ti n r: te un'der all planting densihectare 
ties. 

It : ipll ) it t 1 t 11, ;1)I 1e10t discrel)alic' lal gaitiii, 

1' le.+'ls averag; ed
and stov( l ii 1 l1iII iili1 IA if t tihEitin 

l i ll lvi lililtill! th1ll the sanehirher flir v ii i:. Ow 

p)ti m i0l f' tili;'iatim levelsvarieties !lkiltll ill U ), i liti 
!l'.'iil:ly dt-lpBltiliB )i'th

in the dpitva t ri(l i 
-aclre t1S t, hut in

exl)erillwiil: \ ill Sittl t.i ill thle 1111 I t1t 

5se1 i1(tlilh 50i) ij i f h I ti" .iole. T'hIle differencesites 
yields rcflhi, I)i in-lr;plY the soil F',I-Lilitv variabilities Of

in 


adjacenlt site> 1 il clealitd tI~icial soils.
 

that inaiize plantediThle iv.so Its (,f Ialit x per imen ts shO w 

l hr 1st produced tile highesthetween Austlsi 11} 11d Septil 
are favorable,grain vields,. piii\'Ii'! (uthli (ultiil fclors 

fir early planting andwhile stoiel prllldtitiiill wasi5 I higest 

densities lowi-,ll -l1I aud 70,000 pllknts/ila. It appears 

therefore tihat the two ,1(1st iIfluiontial factors f r increasing 

let an(d tile USO f' varietiesmaize 11ioltirtiiilate--lf-l)lllti!)1g 

which will reslpliid ti ikilh levels of fertilizer. Although 

hvbri(s (G-901 and (-4949) performed better than theFunk 
the native variety, under conditions of theseother, including 

must be tested further withtrials, temperate climate varieties 

those developed under tropical conditions to ascertain the 

most suitable ones for upland soils in Sierra Leone. 

I f 
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