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Abstract

Maize is the agronomic grass species that is n@#itive to variations in plant population. An esipent was
conducted to assess the response of agrophysialagfi@racters of QPM genotypes to plant populatinder
irrigated conditions in a semi arid ecology of Nemn Nigeria. Field trials were conducted at thégation
Research Station, Institute for Agricultural ResbatKadawa (1439'N, 08 20'E) and 500m above sea level)
during 2007, 2008 and 2009 dry seasons to studgfthet of Zea mayd..) genotypes (TZE-W Pop X 1368, EV-
DT W99 STR and DMR-ESRW), four plant population @33, 44,444, 55,555 and 66,666 plants)hend three
irrigation scheduling (40, 60 and 80 centibars sadlisture tension) on the growth and yield of dyatirotein
maize. A split plot design was used with combinai@f genotypes and irrigation regimes assignetth@éomain
plot and plant population assigned to the sub-fdlbe treatments were replicated three times. Tidystevealed
that genotype EV-DT W99 STR had significantly highelative growth rate, crop growth rate and netragation
rate. Increase in plant population significantlycreased leaf area index and net assimilation R&dayed
irrigation significantly depressed total dry matpeoduction. Based on the results obtained inghigly, it can be
concluded that the use of genotype EV-DT W99 STROacentibars irrigation scheduling and 55,555 g&a’
had resulted in good agrophysiological charactef3RM at Kadawa.
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Introduction

Maize is the agronomic grass species that is nessitive to variations in plant population. For eacoduction
system, there is a population that maximizes gsaétd. The importance of plant population as a dact
determining growth and yield of early maize cultvdnas been established (Gretzmacher, 1979; Zarugia
1979; Bavec,1988). Maize varieties grown respoffiémintly to various agro management practices @alhg
plant population in the form of different agro-plofegical parameters. This variable response immaiue to
differences in agro-physiological parameters suckeaf area index, relative growth rate, net adation rate,
relative growth rate etc. Maize grown in Nigeriashaaditionally been conventional maize varieti@éith
improvements in maize breeding, Quality Protein 245(QPM), a new class of maize was developed atueur
University, USA, in 1963. QPM combines the nutriéb excellence of Opaque-2 maize (whose proteitecdn
is twice that of normal maize) with the kernel sture of conventional maize varieties (Vassalal, 1993).
There is a dearth of research on the performanc®Ri¥ genotypes under irrigated conditions in serid a
regions of Nigeria. QPM production is being pronsbgeross Nigeria mainly in areas where it is gromwthe
wet season. Most QPM genotypes were bred underfedinconditions. The yield potential in the savanna
ecology is higher compared to the wetter (Forest) drier (Sahel) environments (Kassatral., 1975) due to
adequate moisture, low disease incidence, low rigghperatures and high solar radiation. With earlturing
genotypes developed, production of such QPM gerstymder irrigation is a possibility as moisturpy is
not limiting and the ecology’'s agro-climatologiceharacteristics permit such production. This stwdys
therefore conducted to study the effect of highnplpopulation on agrophysiological characters ofMQP
genotypes under irrigated conditions in a semi ecialogy.

MATERIALSAND METHODS

The study was conducted under irrigation during7Z2@008 and 2009 dry seasons at the Kadawa lwigati
Research Sub-Station of the Institute for AgricituResearch, Ahmadu Bello University, Zaria. Tlte $
located in the Sudan Savanna ecological zone oédig1f 39'N, 08 20’E and 500m above sea level). The
area has a cool dry season that has the northreasiieds, which are cool and contain dust blowmfrthe
Sahara Desert. The minimum temperature ranges bet®&BC - 18C in the cool months (November to March)
with maximum temperatures of @5 - 40C in the warmer months (April to October) which ideal for

11



Journal of Biology, Agriculture and Healthcare www.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) J.L,i_l
Vol.3, No.19, 2013 ||S E

cultivation of wide variety of crops in the dry sea. The soils are, in general, moderately deepnatiddrained
with sandy loam textured surface and sandy clagnltextured subsoil. The treatments consisted rektiQPM
genotypes (TZE-W Pop x 1368, EV DT-W 99 STR, and ®BMSRW) three irrigation scheduling regimes (40,
60 and 80 centibars soil moisture tension) and fdant population (33,333 44,444, 55,555 and 66 j@laéts
ha,). The experiment was laid out in a split plotigesin which a factorial combination of genotypedan
irrigation scheduling were assigned to the mairt ptal plant population density was assigned tostieplots
and replicated three times. Planting was done dmugey 14, in 2007, February 21 in 2008 and Felyra&rin
2009 respectively. The inter row spacing was 75cher@as the intra row spacing used was 40cm (33,333
plants/ha) 30cm (44,444 plants/ha) 24cm (55,55bBtglha) and 20cm (66,666 plants/ha) respectivebriier to
achieve the desired plant population. The QPM ggrest used for the stude were TZE-W Pop x 1368 (Open
pollinated, white seeded, early maturing, toletarstriga hermonthica, EV DT-W 99 STR (Open pollinated,
white seeded, early maturing, toleranStniga hermonthica)and DMR-ESRW (Open pollinated, white seeded,
early maturing, tolerant t&triga hermonthicaand downy mildew). Furrow method of irrigation wased in
supplying water to the crop. Irrigation treatmemtswmposed beginning from 4 WAS. The irrigation &40,

60 and 80 centibars soil moisture tension. A tensier was installed at each main plot for the psepaf taking
the reading. Weeds were controlled with the us@ pfe-emergence herbicide; a mixture of metalachlor +
atrazine (2:1) was applied at the rate of 1.5kbaai4 I/ha) supplemented by hoe weeding at 6 WASién
experimental plots and around the field. Fertilizeas applied at the rate of 120kgN, 26kgP and 50krgK
hectare respectively. Half the N and all P and Kenapplied at two weeks after sowing by side plaa&ng-
10cm away from the base of the plant stands. AtA&SWthe other half of N was applied by side placen&
10cm away from the base of the plant stands ahaifet by irrigation.

The following parameters were computed as indicated

Leaf area index (LAI)

The product of the length and breadth was muliphig a factor (0.75) to calculate the leaf areat@ata, 1937).
The leaf area obtained from the individual leaves wdded and divided by the number of plants sairple
obtain LAI. The leaf area per plant was then miiéipby the number of plantsfrand divided by the land area
covered by the plant (Duncan and Hasket, 1968).

L = A
P
Where: L = Leaf area index
A = Assimilatory surface

P = Certain ground suefac

Crop growth rate (g/fweek)
This was determined at 8 and 12 WAS from the fanmgled plants after being oven dried to a consteight.
The following formular was used (Watson, 1952).

CGR = W2-Wix1l =  dlmeek
tz - tl GA
Where W and W refer to the whole plant dry weight on two successimes
tyand 4, G, refers to land area covered by the plant.

Relative Growth Rate (g/g/wk)
This was calculated at 8 and 12 WAS. It was deteedhiafter oven drying the sampled plants to a eomst
weight using the formular; (Fisher, 1921).

RGR = LogeW- LogeW = g/g/wk
t—t;
where W and W refer to the whole plant dry weight on two sucoestimes

t; and .

Net assimilation rate (g/citwk)
This was determined at 8 and 12 WAS. The leaf afesach sampled plant was calculated by measuhiag t
length of each leaf and breadth which was measfioed the widest portion of the leaf, then the prctdof
length and breadth was multiplied by a factor (D.78ter that the dry weight of each sampled phaas then
determined and the net assimilation rate was catiedlusing the relation or formular (Gregory, 1926)
NAR = W- W; x _logel, -logely = gleniiwk
b—1t L-L;
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where W and W are initial and final dry weights.,land L, are the initial and final leaf area indices
and  and t are the length of time interval.

Harvesting was carried out when the cobs have dmexigh and the leaf sheath have turned brownlourco
The data collected were statistically analysedgitile SAS software.

RESULTSAND DISCUSSION

The trend of net assimilation rate (NAR) and Crapv@h rate (CGR) of QPM genotypes is shown in Table
and indicate that for both parameters, in 2007 20@9, genotype EV-DT W99 STR QPM had significantly
higher NAR than genotypes TZE-W Pop X 1368 QPM BIMR-ESRW QPM except in 2007 when genotype
DMR-ESRW QPM had significantly lower NAR and CGRues respectively. Irrigation scheduling and plant
population had no significant effect on both NARIaBGR. Relative Growth Rate (RGR) was significantly
affected by genotype in 2007 and 2009 as showrabieTl. The result indicate that genotype EV-DT VIR
QPM had significantly higher RGR than genotypes W¥BPop X 1368 QPM and DMR-ESRW QPM except in
2007 when genotype DMR-ESRW QPM had significantiwdr RGR values respectively than the other two
genotypes respectively. Plant population signififaRGR where plant population of 33,333 plants' read
significantly higher RGR values than plant populatbf 55,555 plants Hebut was statistically similar to RGR
values of 44,444 plants hand 66,666 plants Haespectively.

Table 1: Effects of genotype, irrigation schigty and plant population on Net Assimilation RE#AR),
Crop Growth Rate (CGR) and Relative Growth Rate RR@f QPM genotypes at harvest in
2007, 2008 and 2009 dry season at Kadawa.

Net Assimilation Rate Crop Growth Rate (CGR) Relative Growth Rate (RGR)
Treatment 2007 2008 2009 2007 2008 2009 2007 2008 2009
Genotype
TZE-W Pop X 1368 12.68b 13.71 14.89b 12.68b 13.71 14.89b 155.29¢ .3B875 159.55b
QPM
EV-DT W99 STR 13.96a 13.74 16.56a 13.96a 13.74 16.56a 171.33a .8368 172.92a
QPM
DMR-ESRW QPM  11.70c 14.07 15.50b 11.70c 14.07 15.50b 164.15b 162.38 160.87b
SE (+) 0.17 0.20 0.36 0.17 0.20 0.36 2.30 2.99 3.43
Significance
Irrigation
scheduling (1)
40 centibars 12.64 13.67 15.34 12.64 13.67 15.34 4.316 164.71 170.08
60 centibars 12.75 13.78 15.99 12.75 13.78 15.99 3.726 169.45 173.56
80 centibars 12.95 14.07 15.03 1295 14.07 15.03 0.307  169.20 177.70
SE (+) 0.17 0.20 0.36 0.17 0.20 0.36 2.30 2.99 3.43
Plant population
P)
33,333 plants ha 12.85 13.95 15.65 12.85 13.95 15.65 172.18a 131.52174.71a
44,444 plants bk 12.69 13.75 15.29 12.69 13.75 15.29 161.38ab (0@B.9 161.91ab
55,555 plants ha 12.76 13.78 15.03 12.76 13.78 15.03 158.12b 119.25162.91b
66,666 plants hh 12.83 13.89 15.84 12.83 13.89 15.84 165.68ab 2@b.5 163.52ab
SE (+) 0.17 0.20 0.35 0.17 0.20 0.35 2.93 3.53 4.52
Interaction
Gxl NS NS NS NS NS NS * ** *
GxP NS NS NS NS NS NS NS NS NS
IxP NS NS NS NS NS NS NS * NS
Means followed by the same letter(s) within a catueind treatment group are statistically similangdDMRT
NS - Not significant
*

- Significant at 5%

Total dry matter per plant

The effects of genotype, irrigation scheduling gfaht population on Total dry matter per plant ¢§)QPM
genotypes at harvest during the study period isveha Table 1. The results indicate that genotypfterences
significantly influenced dry matter accumulationr@as the three years of study. In 2007 and 2008otgpe
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DMR-ESRW QPM recorded statistically lower TDM/plahtin the other two genotypes. In 2008, genotype EV
DT W99 STR QPM recorded significantly higher TDMipt than TZE-W Pop X 1368 QPM but was
statistically similar to DMR-ESRW QPM. This coulde ldue to some inherent genetic and physiological

differences that exist between the varieties. Gnoeltaracters are genetically controlled and to semtent
influenced by the environment. Irrigation schedglinad a significant effect on TDM/plant throughdbe
course of the study. The result indicates thagjating at 80 centibars resulted in significantlwéos TDM/plant
than irrigating at 40 and 60 centibars respectivslgr the course of the study period. The resdicated that
plant population had no significant effect on TDM#it throughout the course of the study.

Leaf areaindex (LAI)

The effects of genotype, irrigation scheduling afeht population on Leaf area index (LAI) at 8 WABring

the study period is shown in Table 2. The resulticiate that genotype significantly influenced laeda index
in 2007 and 2009. In 2007 and 2009, genotype EVAEB STR QPM recorded statistically higher LAI ththe

other two genotypes. This could be due to somer@mtteggenetic and physiological differences thaseletween
the genotypes. Growth characters are geneticaliyraited and to some extent influenced by the emrirent.

Table 2: Effects of genotype, irrigation schitty and plant population on Leaf area index (LARd Total
dry matter per plant (g) of QPM genotypes at harue2007, 2008 and 2009 dry season at
Kadawa.
L eaf area index Total dry matter per plant
(9
Treatment 2007 2008 2009 2007 2008 2009
Genotype
TZE-W Pop X 1368 QPM 2.80b 2.64 3.47b 231.98b 24154 375.79b
EV-DT W99 STR QPM 3.88a 2.86 5.26a 283.25a  267.35a523.08a
DMR-ESRW QPM 2.93b 3.00 3.51b 161.71c  276.58a Z88.3
SE (+) 0.16 0.12 0.02 11.95 13.02 21.66
Significance
Irrigation scheduling (1)
40 centibars 3.22 2.88 4.14 242.20a  272.50a 432.83a
60 centibars 3.38 3.02 4.29 232.57a  262.75a 410.05a
80 centibars 3.03 2.60 3.81 202.16b  224.16b 354.37b
SE (+) 0.16 0.12 0.02 11.95 13.02 21.66
Plant population (P)
33,333 plants ha 3.43 3.05a 4.36 228.33 259.73 410.13
44,444 plants hh 3.17 2.95ab 4.01 231.54 256.96 407.25
55,555 plants ha 3.30 2.82ab 4.28 219.91 250.61 393.37
66,666 plants ha 2.98 2.51b 3.69 222.79 245.24 385.59
SE (+) 0.19 0.16 0.02 8.17 9.42 14.88
Interaction
Gxl NS NS NS * o *
GxP NS * NS NS NS NS
I xP NS NS NS NS * NS

Means followed by the same letter(s) within a catuaind treatment group are statistically similangddMRT

NS -
*

Not significant
- Significant at 5%

Irrigation scheduling had no significant effect bAl throughout the course of the study. The resudlicates
that plant population significantly influenced LAhly in 2008 where plant population of 33,333 péalné™ had
significantly higher LAI values than plant poputati of 66,666 plants Habut was statistically similar to LAI

values of 55,555 and 44,444 plants-haspectively.

Discussion

Genotype EV-DTW99STR QPM had significantly higheslative growth rate and net assimilation rate.
Genotype TZE-W Pop X 1368 QPM however, exhibitedr&r days to 50% tasseling and silking. Genotype
DMR-ESRW QPM did not exhibit any superior traiteothe other two genotypes. Many workers have tegor
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growth and vyield differentials among different neizarieties and genotypes (Hamidu 1999, Bello 2001,
Ogunbodedet al.,2001, Mani 2004; Abduladt al.,2007, Abdelmula and Sabiel, 2007, Sharifi and Tzagteh,
2009 and Badu-Apraku and Fontem-Lum 2010). Varyirigation scheduling had significant effects onnya
growth parameters assessed. The results of thg siditated that irrigating at the less stressfid 8nd 0.6
centibars significantly increased crop growth ratel days to 50% tasseling and silking. This maybe to
abundant moisture supply which enabled the crams$pond to this growth resource favourably whicuted

in good growth. This supported the observation regoby Ibrahim and Kandil (2007). The significaesponse

to irrigation during the vegetative phase of growthy due to the fact that the roots were still dmpiag, and
hence had not reached deeper to tap moisture ilower soil layers and this meant that varyinggation could
affect the crop performance.

Increasing plant population from 33,333 to 44,444 85,555 plants Haproduced similar NAR at 8 weeks after
sowing in the first two years, but significantlyaieased the net assimilation rate per plant at6&6pants ha.
Similarly, during the first two years, at 12 WAS},444 plants hhhad significantly lower NAR than the other
treatments. In 2009, increasing plant populatiomfi33,333 to 66,666 plants heesulted in significantly lower
NAR at both sampling periods. This may be due t® iifluence of leaf area per plant. The lower plant
population may have had larger leaf surfaces riegulin higher leaf area per plant and thus highet n
assimilation rates than the higher population meaits. It may also be due to proportionally lessdase in dry
matter accumulation per unit area as comparedd®@ase in LAl This results are in line with thadings of
Ahmad alias (2010), Mat al., (2007), Maddonngt al, (2001), Mohsan (1999) and Naeem (1998) who dtate
that increasing plant population decreased nemission rate. Leaf area index, LAI, was also sfigaintly
affected by variation in plant population. The feswf this study indicated that increasing plaopwplation
resulted in significantly higher LAl at 33,333, 444 and 55,555 plants havhich had similar LAl but were
significantly higher than 66,000 plants/ha respetyi. Many workers have reported an increase in agplant
population is increased (Sulewaska, 1990; Dveteal., 1991, Esechet al, 1993, Hamidu, 1999, Ahmad alias
et al., 2010, Amanullatet al.,2010). This may be due to the fact that since gignation of LAl is based on
LAl/plant, the aggregate sum of the various plamils translate into higher LAI for the more numesoplant
populations. The higher the population, the moesds produced and the greater the leaf area ind&l. (
Nunez and Kamprath (1973) and Hurg¢ral.(1975) found that the total LAl increased lineanlith increases
in population from 34,000 to 69,000 plantshafter which the LAl would start to decrease. $amy Luqueet
al., 2006 and Liuet al., 2004, reported that increase in plant populatends$ to decrease LAI per plant but
increase LAI per unit area. Increase in plant pafioh may cause significant reduction in leaf greaplant due
to small leaf size. However, ground area per piamtecreased more steeply with increasing numbegiaofts
per unit area thus leading to an increase in LAlktlkermore, increase in light interception at higan at low
plant population may lead to higher LAL.

Conclusion

The results of this study showed a significant oesge to variations in plant population by many loé t
parameters. Increase in plant population signifigancreased net assimilation rate and days to &éelling,
amongst the growth factors. Based on the resuli@md, it can be concluded that the use of geroB¥-DT
W99 STR QPM, 60 centibars irrigation schedule afi55 plants hahad resulted in good agrophysiological
characters of quality protein maize at Kadawa. ltarristudies may be necessary to determine the paiqti®
fertilizer rate which may increase the yield undegated conditions.
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