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Abstract. Studies were conducted to evaluate the performance of drip
irrigation and fertigation system on the yields of sweet maize and telfairia
OCL·irtclltalis. Three treatments: watering once per week ((i.JR lures) (W;),
twicc (11M:, 1itrcs) (W2), ,Ind thrice. (17.16 1itrcs) (\V)) WCIC applied to
sweet 1II'li;,(. Four tl'L'.;ltIIIClils: 17 litl'l:s (WI), I S7() lit res (W,), 170 litrcx
('IV}), 22.05 litrcs (W4) and lour Icrtigation levels: SLi.0kg/iJ'l (I:I!:
68.0Gkg/ha (F2); 81.92kg/ha (Fj) and 95,J9kg/ha (F~)were applied to
tclfairia occidental is. Growth and yield of jhe crops were monitored. \\12
was optimum for sweet maize cultivation while (F,\V2) was recommended
Ior ici!airiCl occidenralis.

Introduction
In most ecological wiles of Nigeria, especially ill arid and savanna, rainfall
.is boil: inadequate and non-uniformly distributed. The use or supplemental
irrigation as an insurance against droughts therefore becomes paramount
and illll'erJlivC'. In spite of the advances in irrigation systems development
and practices to boost crop production, human population growth rate
especially in developing countries override the seeming food production
increase. (11] also reported that the continuous increase in earth's
populntion coupled with the finite nature of the earth's renewable water
resources pose challenges to intensive water managemcnt practices that will
meet tllC water demands from various sectors of human economy. However,
sudden shift to development of mechanized large-scale irrigation schemes in
an effort to increase the production capacity of food especially in Nigeria
without adequate and corresponding provision of drainage systern has
resulted into aggravated environmental instability and consequent pollution.
Research conducted on high value drip irrigated horticultural and other
crops xucb '<IS tomato [l, 4, 1 II, potato [14] and squash r II showed that the
lcvc] o l icnigatll11l 11l<l1l,lgCIIICllt Ior suxraiuahlc pr(ldul'tiflll L'..\Cl'.cd.> \Vb,11 is
found with other inigatio» methods. Demand lor horticultural crnps illUNIV
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Nigeria IS increasing, however. as most horticultural crops and products are
'highly perishable, the commodities become \TJ'y scarce during off season
due to inadequate water supply thereby discouraging farmers from gorng to
the farm. Drip irrigation and fertigation system therefore becomes the most
Viable altemative to farmer's water problems in the drv season to cope with
ii1Cr~asing uort iculuua! crop demands based on fewer drops per crop [2J.
Studies on the use of drip irrigation and fenig(Jlion system for the
production of sweet maize and Lelfairia occidcutalis arc very scarce. Sweet
maize is shallow rooted and does not yield optionally if adequate soil water
is not readily available Reports have indicated that sweet maize is more
s~nsitive to soil water suction during ear formation than any other time [10).
I! is therefore essential that adequate moisture must be maintained at such
scnsitive growth stage especially from pollination to harvest. Tclfairia
occidcrual is has a higher gestation period and the most sensitive period of
.watcr need is Iron: fruit set LO maturity. Tcl l'airia occidcntal is is a potential
source of commercial vegetable oil used in homes in cooking prcparatior:
II .1J. Tclfuiria is generally known to provide effective remedy against
anemia (( 12) when eaten as snack or milled as a seasoning for soups like
egusi. The ~implicily of design. minimum operational cost ancl minimal
handling skill attract farmers to adopt the technology. This study will
therefore investigate the performance evaluation or drip irrigation and
fenigation on production potentials of sweet maize and telfairia occidental is.

'.

Ma terials and Methods

This study was conducted at the experimental field of the National
, Honicu ltural Research Institute, Ibadan (5°30' N, 7° 26' E) between the
months or November. 2004 and February; 2005 for Sweet maize and
February 2005 to May 2005 for Telfairia occidental is. Soil properties and
irrigation water analysis were determined prior to the installation of
ilTigation and fenigation systems in 2004 llsing the method of (5). The soil
II!pngraphy wax 11Ic:lslired .uul the profile gCllcr:lted by SURFER [l), 7J Fig

Tirc drip il'l':'g:ltllll! S'.:;[CIII lor sweet m.u «; ":(.)]]SiSlS or IUU-Iltre dc!i\ery
t.ui], connected t,_,the Iccclcr tank with i S.5 IllIll pLlstiL' pipc:; (fCig 2) ,\ b.i!l
valle was connected into the inner wall of the delivery tank as opening and
C\..lSlllg device to re:glll;l\e water flow from the Feeder t auk to lire delivery
t~tllk. Tire dc:livCl'Y t.mk W;IS connected at riglrt ;Ingle:; to the Il1:1ilillllC TIr:.:
mainlines were In turn connected to the t-valvc connectors :It 180" Oil both
sides. ':ateral pipelines were connected appropriately The mainlines were
,conrlgureci Into three segmcnts to conform to the three drip irrigation
. treatments using control valves. Fifteen emitters were connected on each
lateral line of three lines per treatment. Installation was completed all the
field on 17'h November 2004. All forms of leakages were rectified prior to
planting of s,weet maize. Preliminary ficici-testing was effected by filling the
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tank with water and allowed to run for 10 minutes during which discharge
per ernirter was. evaluated. The discharge was measured using graduated
calibrated measuring cylinder. Treated seeds of sweet maize were planted
three stands per hole at 0.75 m by 0.25 m spacing on 22nd November. 2004.
Dead mulch at 3tJha was applied uniformly on the plot on 251h November
2004. Fifteen emitter points were planted out to sweet maize per treatment.
The whole plot was irrigated on 22"d and 2S,h November 2004 prior to the
commencement of imposition of treatment to ensure uniform soil wetness.
Irrigation water treatment started on 291h November 2004. Drip irrigation
water was applied once for treatment I (W i), twice for treatment 2 (W2) and
thrice for treatment 3 (W}) respectively at the rate of 0.0035 IIh, 0.0058 Ilh
and 0.0095 llh for WI, W2, and W], in a split-plot design amounting to 6.38
litres, 11.66Iitres, and 17.16Iitres, for WI, \V2, W}, throughout the gestation
-tseedling stage to maturity) period. Water lifting to the tanks was effected
from a nearby stream using lO HI' water pump. The drip irrigation system
was mcditicd to incorporate a separate Iertigation system for tcllairia
occidcntalis. This consisted or the lcedcr tank (1.500 litres), water delivery
tanK and the fertilizer tank connected to a mixer (Fig 3). The tanks were
installed at relative ground levels one to another. The reeder tank was
installed at 1.7 m above the ground level, the delivery tank at 0.7 III ane! the
fertilizer tank, which is located 1.0 m above the soil surface. A motorized
mixer was attached to the fertilizer tank to ensure homogeneous mixing or
tlle tcrtilu.er .Thc three tanks were networked to the main lines and
controlled by a globe valve to ensure e!iscri!l1inate water or fertilizer
injection when rc:rired Seeds or ielfairia occic!entalis were planted out to
the nUl',.;cr)' on 2" February ~005 nnd transplanted into the field q weeks
-after sowing (4W':\S)) at average heights of 42.9 em at 2 m by 2 m spacing.
Water was applied to all 2 weeks after transplanting (2WAT). Drip
irrigation treatment started 3 \V AT. Mineral fertilizer (300 kg/ha) was added
into the fertilizer tank for proper mixing prior to injection. Each treatment in
the telfairia.e xperi rnent consisted of fifteen driplets (4.2 rnrn diameter) and
the distance between two sub plots was I Ill. Irrigation water at the rate of 12
liucs, IS.76 litrcs, 17.0 litrcs and 22.05 litres was applied as WI, W2, W},
and W'1 at a uniform discharge rate of 2.9 cm3/sec while fertilizer was
applied at the level of 54.6 kg/ha, 65.06 kg/ha, 81.92 kg/ha and 9S.39 kg/ha
For Fl. F2_ F}, and F4 at the discharge rate of I.Jcm3/sec. Experimental
design was split-plot fitted into randomized complete block design with
twelve replicates. Growth parameters of sweet maize were monitored. Plant
height was measured with the aid of metre rule, number or leaves, was
counted n.n ura llv, and stern diameter W,IS measured using vernier calliper
whi h; the leaf area \Vas cv.ilu.ucd \\'itll LI-:1100 leaf ;lre;J mcuc. ,SII'Cl:1

·Illaizc cobs were harvested green "lid weighed w ilh lop lu,ldilig balance.
r\n()1 clrv weights ane! above sUII'ilC(; biornas« was weighed using the
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Fig 1: Topography of the Experimental field

Fig 2: Drip Irrigation for Sweet maize
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Fig J' Design Layout of drip irrigation and fcrtigation system for telfatria
• occidentalis

standard weighing balance. Plant heights of sweet maize 7\"-' I\S, 9\\1 AS and
. 12Wi\S were measured, while the amount 01' water applied at each stage
·\vas recorded Telfairia growth parameters were measured accordingly

Rcsuh s n n d Discussion
Results of the chemical analysis of the water used for irrigation were presented 111

T ••blc I 111c result appears favourable for agricultural acuv.ucs bcanng 111 mind
the gencral acceptance thai the quality of irrigation water is less than that of
drinking water [8]. Table 2 shows the chemical and physrca] properties of the soil
indicating sandy loamy soil of Alfisol (Egbcda Series) of the South of Nigeria The
amount of drip Irrigation «atcr applied to svect maize was r, 3~:. i 1('7 :1I1d ! 7 i(i
lures for \VI, \V]. and \V,. rcspecuvciv The \''':lt~r rcqurrcrncru s I'u; ,\\,~~: !l1;ll/C
ranged between {J 38 hues and 17 l Glitrcs' T~lC a\ crage 'icight of swc ...·: ;na!zc
ranged from 79.i RCIll(W,)to I0976cm(\\']ilO 121 ~()C1ll(\\·,)r(;spect!'.<.;h
\'."ith gcstauon period of7?, XO and gO davs for IV"~IV], and \\', The observed
differences III height among the plants suggested that plants under WI suffered
some level of water stress thereby leading to premature tem!IIIJiIOIl (If plant grov.tl:
;lIld development It \\',IS also observed ihn; plants under W.o, ;1I1L!\\") tasseled much
..e.uher than W I Table J presents the effect of drip Irrigation 011 gl()\,;th
performance or sweet maize I'I;ulls under \V) appeared slgndica!1ll~ more
lUXUriOUs (I~<O 05) in leaf area, plant height and root \\eight than others Th!s result
IS not strange In the sense that gcncr.ill« plants respond more lavorabl , to morstun:

;1\ .ulab ihtval carlv st;Igc cspcciallv when the critical level h;IS not been exceeded
l lowcvcr. yield performance was best (1"<0 (5) under '.V., '11115 result could be
ouggcstivcor:lITa\'ofplan\s utillt.lng water av.ulab!c 1:1 ditlcreru \\a\s While
~,~.1I11l·III II II."': tll'.' ll~OISttlJ(; :J'../c!li~I~)k Il'! l:arl) \C~I.Cl(lil\'C c!:..,\ciopm·...nt tC.]I:!llg II';ss
II\(llSltllC 1'01' othl;! ph~..:-:it)lo!!,lcal g](I\',lh, Util;.'1:, lh':!;I\·lll\ ;h·.: Lt!~: pl.:rHHi Jd'pl:\!J!
development under the sa:llt; wcathc: "":OIlJlil11IlS Tln s pI1l.":lloJf1!..:nIJII P.rC'l~lIt~,pl~\!ll:~
;;..•unIque livlllg Ole~\Il1SlllS c;\p~lhk ofcxhlbl\illg d:fll'ft:lli n.':"P(!IISL'~ I'!
ill;O\IlPl'[ lodicily L.IIHIIII01~ttlJC. :1\ ;:d,dHIH:.
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Table I: Chemical analysis of the irrigation water compared with acceptable

standard

Chemical properties

r" (H20)
Ec (Ill III hc/cu)
Cl (pprn)
i\'lg (ppm )
Na (pprn) "
K (ppm)
5042 (ppln)
HCm" (ppm)
PQ4) (pprn)
PO-.l~ (PPIll)

NO]' (pprn) Sulphur
Cu (ppin)
'Zn (PPIll)

Mn (pprn)
Fe (pprn)
Fe (ppm)
Salinity hazard
Alkahnity

Drinking water

7.1
1.1.\10-2
217.421
70 2():l
0]-.1

0.R9
J 1.95
3.36
48.80
1.19
7.04
10.17
0.026
0.213
0.005
5.999
0.9
!3.8

Standard
7.0
5.4xI0-3
200
12:1
7.6
:1
2.50
50.0

10
I()

101
0.01
15
0.2

Table '2Chemical and physical properties of cxpcrirnerual soil

770

Ec
SAR (mcql.1
N (%)

C/N ratio
P i,ll1g!kg!

f\ Ig (cJlI!Ji/k~"

I\. (C1llol/l;g)
Nil (crno.Ukg)
1\.J 11(PPI1l)
LII (PPIII)

CU(PJlIl1)
Sand «(7c)

Clay (%)
Sill (%)

o.~
4Rx 10'
0.135
II
3.u6
I ()7
(J. II)

0.'20
I <M.U,)
9.37
09:1
55.2
no
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Table ] Effect or Drip Irrigation on crop growth and cob yield 01 sweet
marze~---~--~~~-,~~~~~~,-~~~.-~~~~~~~~~

I, Trt i Lf\ I PIH RDT!\ BLW1' 1 COYLD ! S1'D ST\\'1' i RTWT \'
• i (CIll

2
) I (ern) (ern) (kg/ha) I (t/ha) I (em) (t/ha) I (t/ha)

:. '00: 1 1 II,-:-ti ! 1.1351 79,18 9,52 61.40 I 14,72 ],70 I 3YoY ·iT.95·~
~.L.:-1130SS 109,7612,21 IIJ,O 128,18 8,0 171.13 !5,10 ~
l..l_l 16235 121.40 1371 11l.30 127.67 7,15 62,19 i 7,05
! LSD ! 1305A ! 26,72 i 442 55,28 120,26 2.96 1 37,23 i 6,27

PSOL! ,~ =Ll ' ~__L_.~_..j
Table 4 displays the effect of drip irrigation on total biomass production,
Cob and the root dry matter performed better under W2, although WJ was
best for stem dry matter. Generally, result obtained indicated that \V, was
opumun: for sweet maize production The result of the analysis of variance
(/\NOV/\) fer tcl Iairia growth is presented on Table 5, Average plant
heights, stem diameter and number of leaves responded more significantly
(P<O,())) to moisture and fertilizer levels under irrigation rates of 15.76
lures and Iert ilizer level of 65,06 kg/ha (W2F2) in terms of growth
performance However, yield responded more positively to irrigation rates
ufn,t)5 litres and fertilizer level of95,]9 kg/ha (WaFa) closely followed by
\V,I:, ;!it!lough tl~ere were no sigl,lificant differencesamong the trc.umcutx.

Tab.c .t Like, ol Drip irrigation 011 Biomass 1210duction,
[:I'I~t-'-'_d-'-'-rCob Weight ! ROOl Weight i Slel1l"-'-\V~-;-g,~t]

"

• j (tlha) I (kg/ha) ; (t/ha) i
, ! I

~\_;1 ~36 15A6 .__ ! 14.37 j
~ \V2 __ . ~!_I ll].14 T2T54 ._.
! \Vi • 12.79 I 12.14 124.74 !
;-l:S[)-i5is:,-;-----1 106 -------i 2,59 --l 206- ..··------·-1
'ii' iI _~ L I . J
I ,,"':=Lc~Ii' ,\rea (cI112); Plant height (em): RD'I'=RoOl depth, (em);
1)1,\VT"'!)lIlk \,eight (kg): COYLD=Cob Yield (kg); STD=Stcm diameter
(cnn: ST\\,T~Slc.l!l weight (kg); RTWT=IZllO[ weight (kg),

•
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Table 5: Effects of Drip irrigaliol1 rates :lnd l'erliliLCr levcl s 011 crop gl"O,-,."th
ami viele! of Telfairia occidental is EF I
I I . S di '\ "'0 ',I. Yicld/plant \' Trc auncut Plant ! tern ramCler" !
\ Hei hll i Per pbnt (em) i leaves
r Rd--:I 149.15 ,~ I 13 -+-1-2'2,-0=--------,\
!T(-~:.'-H- --! 2lRS() . rt)l) _ I}_~_. __ ._1 }~~ l
!Rd, ~2()1)1(J ,~~() 12~_ .---Jl~~ •
D~I'c-~--~ 2G<J.7(-J----Ei[~_.·:=.~~_:~_·__;2_~_ ----l-'~(~J?---- ---I
i L:,)IL(Y~i..._ i :--7.:.._'-----~~ J. N~ .L -.J

1{,I:r-Drip irrig;'liullllr 1,2 litn:s alld 5cl(>I:g/Ii;\ 01 l c rl rl r zcr •
[{,F:-lJrip irrig;lIinll or 15.7(, litres \\ ith 66.0m:g/h:r f"crtilil.cr
1,..1;,-UI ip migurion 17.0 litl:lO; alld X l.lJ2kg/hJ [crl i l iz er
[{..JF4-UripiITig;Jlion or ~2.CJ) lure "lid 1)5.:;l)kg/liil

Considering the amount of water involved arrd thc magnitude or fertilizer
rcquired ro produce almost the same quantity of telf'airia occiclentalis under
\VZF2 and W~F'I, W1Fz is preferable as it minimizes the amount of water
applied and quantity of fertilizer for cultivation. Irrigation rates or 11.67
litres (\V2) and 15.76 litres in combination with fertilizer level or 65.06kg/hJ
(WzP.ll ale suggested for the cultivation of sweet maize and Tclfairia
occidental is respccti vel y

"

Cunclu tio n:

Water resources are fast diminishing; the conventional irrigation systems
arc not only water and energy wasting but are also difficult to manipulate by
ponr farmers who earn their living by small farming activities. Sprinkler
irrigation systems. the most currently used encourage pathogen infestations
JIl(l 'i'rc;id. EIl'.ironmcnta! implications are not vell addressed in the

In\ cntrl -nul SYS!ClllS. Drip ungaiun and ferti:;::tion In~lh()ds of \\"atcr alld

i"t:niillcl' application are known to contro] al! these prohlcms associated '.Iith
conventional irrigation systeills ;lnd are cost effective

Hl'rl'I"l'IIl'CS

III ,.\.1\1-./\. /\1-01111'<111, i\. ~.Shcia. f\. l'vIl:~I!(ilah, :tlltl f\. I{. Al.harbi
Ulccts or irrigation on squash (Cucurhitn Peps). Yieid and water-use
erficiency ill s,lndy calc!!eous soils amend with elay deposits.
!\gricultt1l"31 water :vlalugement 73(3). 2005, 43-53.

121 Food and Agricultura] Organization of the United Nations, Crops
and Drops-Making best Use of water I'm agriculture. 2002, p.61

131 T. Hartz, Drip irrigation and Fcrtigation l'vlanagemcnt or Processing
Tomato, Vegetable Research and Information Centre, University of
CaliforniJ200S. P l)
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