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Abstract

Agruo-morphological response of two maize (Zea mays L.) cultivars viz., Neelum and Akbar to water
stress at their different development stages was studied at the agronomic research area, University of
Agricullure, Faisalabad. Each cultivar was subjected to water stress either throughout vegetative
development, throughout reproductive development or during tasseling and silking only. Water stress
enhanced plant maturity and plant sterility substantially compared to control but decreased significantly crop
growth rate, number of fertiie plants m?, cobs plaflt‘l, grains cob " 1000-grain weight, grain yield and
harvest index. Water stress during vegetative development delayed tasseling and silking significantly. Both
maize cultivars were statistically similar to each other in all parameters except grain yield and harvest index
which were significantly greater in Neelum than Akbar. Neelum grown without water stress produced
maximum grain yield of 5.74 t ha", while Akbar subjected to water stress throughout vegetative development

gave the minimunr of 2.96 t ha !
Introduction

In Pakistan, average maize (Zea mays L.) grain yield is 1.42 t ha”' (Anon, 1993)
compared with .the production potential (8.93 t ha') of the existing cultivars
(Mahmood, 1994). Among various constraints responsible for this low average corn
yvield ha', inadequate supply of water at its critical development stages and high
sensitivity of different 1naize cultivars to water stress are of immense importance. Any
degree of water stress may produce deleterious effects on growth potentials (El-
Monayeti er al., 1984). Water deticit imposed after planting reduces plant growth and
yield significantly (Harold, 1986). However, sensitivity of a plant to water stress varies
with its development stage (Grant, 1989). Thus, to bridge up gap between the realised
and potential yields of domestic maize cultivars, an efficient use of limited water
rescurces is required. There is therefore need for an adequate understanding of the
maize development stages that are highly sensitive to water stress and selection of
relatively drought tolerant cultivars. The present report describes the agro-
morphological response of maize cultivars Neelum and Akbar to water stress at their
different development stages.

Materials and Methods

Effect ol water stress at different development stages on growth and yield of two
maize cultivars was studied at the agronomic research area, University of Agriculture,
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Faisalabad, Pakistan. The study comprised of 4 water stress treaiments viz., water
stress throughout vegetative development from seedling establishment to 1nitiation of
tasseling, water stress throughout reproductive development from initiation of tasseling
to grain maturity, water stress during tasseling and silking only, and control
recommended irrigation schedule, using 2 maize cultivars viz., Neelum and Akbar. The
experiment was quadruplicated in a split-plot design with a net plot size of 7x3 m.
Maize cultivars and water-stress treatments were placed in main and sub-plots,
respectively.

Crop was sown on a sandy clay-loam soil in 75cm spaced single rows with a
single-row hand drill. Plants within each row were thinned-out at six-leaf stage to
maintain within row inter plant distance of 25 cm. Crop was fertilized @ 175 Kg N as
Urea, 90 Kg P205 as SSP and 70 Kg K,O as SOP ha''. All fertilizers were applied at
the time of seed bed preparation just before sowing. Water stress was imposed by
withholding irrigation water supply during the aforementioned crop development stages.
All sub-plots were separated from one another by 30 x 20 x 30 cm drains, along with
heavy earthen ridges on both sides of each drain, to prevent lateral flow of surface soil
moisture and drain out the rainfall water. All other agronornic practices were uniform
in all treatments kept normal according io the recommendations of the Punjab
Agriculture Department, Government of the Punjab, Pakistan.

Standard procedures were followed to record observations on number of days to
tasseling, silking and maturity, number of fertile plants m™®, number of cobs per plant,
number of grains per cob, 1000-grain weight and grain yield. Plant mortality, plant
sterility, crop growth rate and harvest index were calculated by using the following
formulae:

(1) Plant Monality (PM)

No. of plants m* at thinning - No. of plants m? at harvest
PM (%) = x 100

Number of plants m™” at thinning

(ii) Plant Sterility at harvest (PS)
Total no. of plants m? - No. of cob-bearing plants m*
PS (%) = x 100
Total no. of plants m*

(ii1) Average Crop growth rate (ACGR)

ACGR(g m*? day")=

where,
= Plant dry biomass g m™ at thinning
Plant dry biomass g m™ at maturity
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T = Time corresponding to W (Days)
T2 Time corresponding to W, (Days)

(v) Harvest Index (HI)

Grain yield (kg per plot)
HI(%) = x 100
Total above-ground plant biomass (kg per plot)

In Table | and 2 within each column, the value against each of the WSI, WSZ,
WS3 and WS4 is the mean of the values of interaction of CV and CV_ with the
respective water stress (WS) stage under treatment combinations, while the value
against each of the CVl and CV_ is the mean of the values of interaction of WS}, WSZ,
WS, and WS, with the respective cultivar (CV) under treatment combinations. Data
collected were statistically analysed by using the analysis of variance technique and
differences among the treatments’ means were tested for significance by the Duncan's
New Multiple Range Test (Steel & Torrie, 1984).

Results and Discussion

Results pertaining to the mmpact of water stress at different development stages on
development parameters, grain yield and components of yield of maize are:
A. Development parameters
Data regarding various aspects of crop development are presented in Table 1.
Plant mortality: Water stress increased plant mortality significantly over control. Water
stress during reproductive development caused the maximum plant mortality of 31.8 %
but did not differ significantly from water stress during the vegetative development.
The results suggest that prolonged water stress during vegetative or reproductive
development of spring maize poses an equal threat to plant survival. Both maize
cultivars Neclum and Akbar on the coutrary, exhibited statistically equal plant mortality
of about 24.5 %. Thus, both cultivars seem to be equally sensitive to water stress.

Interactive effect of water stress and maize cultivars on plant mortality was
significant. Maize cv. Neelum subjected to water stress during reproductive
development (WSZCV|) exhibited the maximum plant mortality of 32.4 % but did not
differ significantly from other treatment combinations except WS,CV, and WS CV,
which were statistically similar to each other. Both cultivars grown without any
exposure to water stress (WS4CV1, WS,CV) exhibited the minimum plant mortality.
Plant Sterility Water stress at any of the maize development stage under study increased
plant sterility significantly . The maximum plant sterility of 34.0% was observed in
crop subjected to water stress during its reproductive development against the minimum
of 4.2% in control. Greater plant sterility in response to water stress might be due to
the enhanced pollen sterility. An increase in pollen sterility due to water stress has been
previously reported by Anikiev & Dontsov (1978).

Both cultivars exhibited statistically equal plant sterility that varied from 20.7 to
22.2%. This might be due to similar sensitivity of pollen grains of the two cultivars to
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water stress. Interactive cffect of water stress and cultivars on plant sterility was
significant. Maize cv. Neelum subjected to water stress throughout reproductive
development (WS,CV ) showed maximum plant sterility of 36.2% but did not differ
significantly from the treatment combinations WSICV2 and WSzCVZ. In contrast, cv.
Akbar grown without water stress (WS4CV2) exhibited minimum plant sterility of
3.57% but was statistically equal to the cv. Neelum grown without water stress
(WS, CV).
Average crop growth rate: Average crop growth rate (ACGR) was reduced drastically
by water stress at any of the development stage compared to control. Crop subjected to
water stress during its vegetative development (WS]) had the minimum ACGR (11.2 g
m*d"), while control plants (WS,) exhibited the maximum (16.7 g m?d"). Suppressive
effect of water stress on ACGR was due to significant lower plant height, leaf area per
piant and subsequently less dry weight per plant than that of the crop grown without
waler stress (Data not shown). The slow growth rate might be due to the shortened cells
under water stress as reported in root (Fraser er al., 1990). Similar decrease in crop
growth rate of miaize in response to water stress has been reported by Alam (1985), and
McPherson & Boyer (1977). Maize cultivars on the contrary, had statistically equal
ACGR varying from 13.8 to 14.2 gind”". Interactive effect of water stress and cultivar
on ACGR was significant. lrrespective of the maize cultivars, water stress during
vegetative development gave the minimum ACGR of 11.2 g m™d", while control
plants (WS4CVI, WS4CV2) exhibited the maximum (16.6 - 16.7 g m?d™).
Time taken to complete tasseling, silking and maturity: Water stress during vegetative
development delayed both tasseling and silking, significantly while stress during
reproductive development did not delay tasseling and silking compared with the control.
In contrast, water stress at any of the development stage of maize enhanced grain
maturity significantly. However, crop subjected to water stress throughout its
reproductive development ranked first in maturity. Delay in tasseling (Nesmith &
Ritchie, 1992) and silking (Villegas er al., 1985 & Frederick er al., 1989), while
earliness in maturity (Chiaranda er al., 1977) in response to water stress has also been
previously reported. Contrary to the significant effect of water stress, neither effect of
maize cultivars nor interactive effect of water stress and cultivars on tasseling, silking
and maturity was significant.
B. Grain yield and its components: Data regarding different yield components and grain
yield of maize as inﬂuenced by water stress and cultivars are presented in Table 2.
Fertile Plants m™?: Water stress either during vegetative (WS ) or reproductive (WSz)
development of maize decreased number of fertile plants m’ 51gn1flcanlly, while stress
at tasseling and silking only (WS)) was statistically at par with control (WSI). The
decrease in fertile plants m? in response to water stress was ascribed to higher plant
sterility (Table 1). A decrease in number of fertile plants per unit area in water stressed
maize crop has also been previously reported (Anikiev & Dontsov, 1978). On the
contrary, maize cultivars did not significantly differ in number of fertile plants m™ that
varied from 4.02 to 4.03.

Interactive effect of water stress and cultivars on fertile plante m™ was significant.
Maize cv. Neelum grown without water stress (WS4CV) produced the maximuiu
number of fertile plants m* but was statistically equal to WS CV In contrast, Neelum
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subjected o waivr stress duriny

putalive dcvdopmcm (WS, CV ) exhibited the
i Cettaitoy i WSOV

minttsum tmbce ol S JRRREIRER A Jid not

\NS‘(',‘V‘. WS OV oand WS OV
Cobs per plant: Water =fress at difterens

Fonaize reduced number

of <obs per plant sipnsi W o the (hree waler stress
FCULCin W CTe ~iatiniy el A s aumber of cobs per
plant of m/e woder wat s Sovse epetione v Puste & Rumar 19885,
Marse callivals in contnasd Produate siestioain cguad nuinber ol cobs per plant that

vatted from O Yon oyl

As regerds smeraviiee cftedr om0 Seelum grown without water stress bore

sttt nambet of cobs per plant ©F 290 bur was statistically equal (0o WS LV, all
other treatment combiitanons exhibiied steniticantdy iess but equal number of u)bs per
plant.
Grains per cob: Al water stress treatments decreased number of grains per cob
significantly. However, water stress during vegetative development caused maximum
reduction of 36.16% in wrains per cob compared with the control plants which produced
cobs with the maximum number of 531 grains per cob. Bajwa er al., (1987) and Grant
(198Y) have also reported significant reduction in number of grains per cob due to
cxXpusure ol Crop te waler Stress.

Both nawse caitivins produced stahistically equal number of grains per cob that
vatted from 409 to 411 Interactive etfect of water stress and cultivars on number of
grains per vob was significant. Each cultivar subjected to water stress at any of its
development stage produced significantly less number of grains per cob compared with
the crop grown without water stress. However, differences among various treatment
combmations mctuding water stress were non-significant.
1000-grain weighit: Water stress at any of the development stage of maize decreased
(000 grain werght sizmlcanty compared with the control. However, water stress
throughout reproductr e developmen (WS caused  maximum reduction in 1000-grain
weight but did not diffee signtfeantty trom water stress during asseling and silking
onby (WS A teducnion of Tlas 0 22X and 19.94% i 1000-grain weight was
recorded  due o wai stress chrouchout vegetative  development, reproductive
developinent aed tessetonz s respectively, Such reduction in grain weight of
HEIZ0 0 T ol o et ot B e e IwurMi oy Baywa er al.. (1987).

Muize cobr o ter from cach other in 1000-grain
weiglt e v e ombInaons contaiming water
stress CRMILIed stghirlivanay o oAl SOD than those without water stress

\NS CV WS OV bt wese sttt
(:mm yuld Water slress w1 the duunn'nuw stage undcr study reduged grain
vield ha ' sigmheent!ye Wader aress durning the vegetative development (WSI) caused
maximum ceduceon op 4300 s cnun vield compared with the control and was

preceded by warer siress dhiroaghour reproductive development (WS}, and water stress
during tasscimg and silking only (WS 5 which reduced gram vield by 36.6 and 27.1 %,
respectively Al water stiess treatments ditfered  from one  snother  significantly.
Decrease 1 grmn yvield i ' i response 1o water stress was ascribed 1o its suppressive
elfect on vartous vield compenents of maize such as number of fertile plants m ", cobs
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per plant, grains per cob and 1000-grain weight. Similar suppressive effect of water
stress on grain yield of maize has also been reported by Puste & Kumar (1988) and
Harold (1986).

Both maize cultivars produced grain yield of 3.93 - 4.27 t ha' and did not

significantly differ from each other. Interactive effect of water stress and cultivars on
grain yield ha' of maize was significant. All treatment combinations including water
stress decreased grain yield significantly compared with the crop grown without water
stress. The minimum grain yield (2.96 t ha') was produced by cv. Akbar stressed
throughout vegetative development (WS CV)) against the maximum of 5.74 t ha' in
Neelum grown without water stress (WS,CV ) that did not differ significantly from
WS, CV..
Harvest mdex: Harvest index was reduced significantly by water stress at any of the
development stage. However, crop subjected to water stress during reproductive
development (WS ) exhibited the lowest harvest index of 22.9 % . Maize cv. Neelum
produced significantly higher harvest index than cv. Akbar. Different treatment
combinations also significantly differed from one another in harvest index. All
treatment combinations pertaining to water stress exhibited significantly lower harvest
index than either of the cultivar grown without water stress (WS4CV1, WS4CV2)A

It would suggest that water stress at any of the maize development stages
significantly suppresses various crop development and yield parameters and
consequently grain yield ha' which indicates that maize is a highly sensitive crop to
water stress throughout its development. Thus, adequate and regular water supply is
essential to harvest the maximum potential of maize. Moreover, Neelum is relatively
better grain producer than Akbar both under water stress and with adequate water

supply.
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