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ABSTRACT

A study of dry matter accumulation and N, P distribution and
ather agronomic characters was condilcted on two hybrids of maize

(Zea mays L.) and their parental lines.

Highly significant difference was observed in total and ear
dry matter accumulation among the genotypes, the growth stages
and growth stage by genotype interaction. The highest total and ear
dry matter were produced at thd final stage of maturity. The analysis
of leaf and stalk dry matter indicated that there was highly significant
difference among genotypes and growth stages. Howevere, there was no
interaction. In general a decreasing tendency of dry matter accumula-
tion was observed in the non grain part as growth stage advancences.
This loss is assumed to be due to translacation of carbohydratds to
the grain late in the season as grain development advances. The
association between leaf number and total dry matter production was
found to be positive and significant (r= 0.86). 31.4% and 68.6% averaged
over all the genotypes was grain and non grain, respectively. The

translocation of shoot dry matter into the ear indicated that H61l1
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and its parental lines are more efficient than S.R. 52 and its

parental lines. Highest harvest index of 0.44 and 0.43 was produced

by H6ll and SR52, respectively. Further more, an increasing and

a decreasing trend of dry matter production was observed in the

different plant parts as growth stage advances except for the ear and - .~
grain. From this study it could be suggested that. Parental lines which .
are efficént in production and distribution of dry matter should be
included in future bireeding program to produce high yielding hybridss

The differences observed in the production and translocation of dry
matter after flowering suggested that genotypes having such characters
are very important. Eventhough, it is imposible to point out a
particular growth stage at which hybrid vigor is expresssed, insect
pests, diseases, moisture and mutrient deficiencies which affect the

rate of leaf development should be avoided - inorder to have a healthy

plant growth for muximum yield production.
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INTRODUCTICN

Use and Economic Importance of Maize (Zea mays L.)

Next to wheat and rice, maize is the most important cercal
in the world and is the highest yielding of all grain cropse.
It is a staple food, particularly in the tropics; it is used as
a livestock feed especially in the developed countries, and
is a raw material for many industrial products such as starch,
| syrup or sugar, oil alcohol, etcs. Numerous important products

and by-products are reported to be obtained from maize (¥FAO, 1972).

Classification, Origin and distribution

Maydae is one of the 15 tribes of the family Graminae into
which maize is claésified under the genus Zea. Many researchers
reported that maize originated in southern Mexico. Now it is
grown or cultivated throughout the world in areas with suitable
growing conditions. The resons for its popularity to be grown in
many parts of the world are (i) it gives one of the highest
yield per man-hour of labor invested on it, (ii) it provides
nutrients in a compact form, (iii) it is easily transportable,
(iv) the husks give protection against birds and rain, (v) it
is easy to harvest and hull, and it doesn't shatter, (vi) it
stores well if properly dried (vii) it can be harvested over

a long period of time (Purseglove, 1972).

Maize (Zea mays Le3 is said to have been introduced into

East Africa and hence into Ethiopia, by the Portugese in the 16th



or 17th centurys. There are many different varieties, the most
important among them are dent maize (Zea mays var indentata).
Flint maize (Zea mays var indurata). Most of the maize in
Ethiopia is very heterogenous. ILate types are prevalent

(Huffnagel, 1961; Acland, 1975).

Maize is one of the most popularly grown cereals in Ethio=-
piae It ranks first in yield per hectare, (10 to 16 Q/ha),
fourth in total grain yield (1,470,000 tons), and fifth in total
hectaroge it occupies (882,000 ha.) coming after tef, barley,
sorghum and wheat. There was a constant and gradual hectarege
increase for the production of maize. The principal maize
producing administrative regions of Ethiopia are Wollega,
Sidamo, Keffa, Illubabor, GamoGofa, and a high percentage of

cultivated garm in Hararge (Dejene, 1979).

According to the Food and Agricultural Organization of the
United Nations (FAC), the area under cultivation of maize has
increased from 742,000 hectares to 1,001,000 hectares from 1976
to 1979, respectively. Whereas, the yileld has decreased from -
14.5 Q/ha to 10.7 Q/ha which is far below the average world
production of (32.7 Q/ha) (FAO, 1980), This low yield could be
attributed to several factors such as unfavorable enviromental

conditions, genetic and management practices.



Dry Matter

The distribution of dry matter over the various parts of
the plant is not only important for the evaluation of the product
finally harvested, but also for the growth rate and yield
level, Differences in growth rate between species and even
varieties are mainly duc to the rate at which newly produced dry
matter is converted to assimilating tissue (VanDobben, 1962 - 63).
Owing to the inverse response of different crops and the mutual
effect of the various growth factors, research has been especially
directed to the gencral enter-relationship of assimilation and
dissimilation. The formative development of the plant is extremely

important to the grower.

Because it determines to what extent and during which
period of the year the crop is able to make use of available
solar energy, and moreover the valucs of production is largely
influenced by the distribution over the various parts of the
dry matter produced., The latter factor plays a very divergent role
in various crops because, ar for example, in green fodder crops,
all parts above ground are valuable as cattle feeds On the other
hand in many feed and food crops the harvest only constitute a
small part of the formative development. As a result the
influence of distribution of dry matter inside the plant has
become a field of research which is constantly expanding and

in which many phenomena occur which are difficult to fit into

general inter-relationships (Brouwer, 1962-63).



It also stands to reason that agriculture in many cases
will profit by a dry-matter accumulation which is as large as
possible in the product to be harvested for next to quality,
quantity is the most important aspecte. The parts which are not
harvested in certain sense keep balance of the plant but often a
necessity, as they serve to provide the product to be harvested
with essentials for its development., There is no gaining of
grain without straw or stalk or leaves. The question that may be
asked is whether it is possible to increase the useful output by
influencing the percentage of dry-matter in the product to be
harvesteds With this regard studies were carried out and an
increase of dry matter was achieved through the mainpulation of
population densites (Stivers et al, 1971; Allison, 1969; Adelana,
19723 Bashir and Shalaby, 1976), fertilizer rate (Hanway, 1962;
Brouwer, 1962; Spratt and Gasser, 1970; Moss and Peaslee, 1972;
Singh and Anderson, 1978; Jordan et al, 1950; Gasman et al, 1980),
moisture (Mcpherson and Bouwer, 1977; Alberda, 1968; Hodges et al,
1979; wardlaw, 1967; Denmead and Shaw, 1960; Doyel and Fisher,
1980), genotype (Hoshino and Uzihara,1978; Diaz and Rivera, 1960;
Hanway and Russel; 1969; Johnson and Tanner, 1872; Rhodes and
Jenkins, 1976), temperature (Cooper and Shaw 1980; Benoit and

Regland, 1965; Regland et al, 1965; Knoll et al, 1964),



Furthermore, the importance of dry-matter production and
distribution was emphasised by Brouwer (1962) in that an increace
in yield resulting from the use of better varieties may be limited
to a shift in the distribution of dry-matter to more valuabe organs
without an increment in total yield. In addition, Yoshida (1972)
in his review of physioclogical aspect of grain crops indicated that
the economic yield (grain yield) could be increased either by
increasing total dry-matter or by increasing harvest index according
to the following eguation : Yecon (economic yield) = Kecon _(harvest
index) X Yy iol (biological yield or total dry matter. Thus,

emphasizing the importance of the production and distribution of

dry-matter to the final grain yield.

Yield in the tropics in much lower than in the temperate
zones. <The tropical maize allocates less of its total dry-matter
to grain (35-40%) as compared to 50% of the total dry-matter of
the temperate maize (Inter-national Agric.Dev., 1980), This
being one of the many resons for obtaining low yield, the present
stduy is undertaken to indicete the trend of production and
distribution of dry-matter of two maize hybrids and their perental
lines at different stages of growth to acomplish the following

speoific objectives:



1.

To determine the
and distribution
different growth
To determine the

produced to help

basic principle of dry-matter production
to different maige plant parts at
stageso.

stages at which highest dry-matter is

indicate the active growth stage and

provide the necessary management practices in order to

obtain higher yield.

To find out the stages at which the considered hybrids

differ in dry-matter producticn, from their parental lines

and thus resulting in the increased final grain yield.

To identify those genotypes which are efficient in trans-

locating more of

the produced dry-matter to the sink (grain)

to utilize them in future breeding programme.



REVIEW OF LITERATURE
Translocation of Dry-Matter

The aim of most types of agriculture is to obtain high yield
of those plont parts which are of economic interest. The yield
depends on the total dry-matter present at harvest and on dry-
matter distribution over the parts of the plants. To analyze the
productivity of field crops one should know the actual and optimum
daily dry-matter production per unit of soil area and the actual
and optimum paterns of dry-matter distribution during the
development of the crop (Gaastra, 1962-63). Processes associated
with alleocation cf photosynthate to various plant organs arc one
of the most important factors determining the economic yield of
cropse Some aspects of these processes which underlie crop yield
have becen reviewed by Evans and Wardlaw (1976).

Grain yield depends on the dry-matter producing capacity of
the crope Hence, the dry-matter which is produced at the different
growing stages of the crop is very important for the grain yield.
Allison and Watson (1966), and Van Eijnattene (1963) have
indicated thaot the grains start accumulating carbohydrate after
floweringe. The carbohydrate starts to be translocated from the
stem to the ear within 2-3 wecks after silking (Dynard et al, 1966),
The dry-matter continues to be stored in the stem during the first

three weeks of silking due to inadequate sink, in the ear. The



eventual loss of photosynthate from the stem may be due to an
adequate car-sink capacity of the plant or to a reduction of the
plant or to a reduction of photosynthate by the leaf canopy
towards the end of the growing season (Asanum et al, 1967).

The decrease in stem weight occurred during the period in
which the crop growth rate declined to essentially zero, suggest-
ing an abrupt reduction in canopy effectiveness. (Adelana and Me
Melbourne, 1972)« The decrease reported in other experiments
(Dynard et al, 1969) scem to indicate situations of intermediate
canopy effectiveness during the ear filling period. It was alsc in
indicated by these researchers that there is 48 percent stem
weight losse. Eventhough, there is a general loss in the final
analysis of the stem and leaf weight, there is a tendency of
increase in sugar content of stems and leaves after silking
(Johnson et al, 1967). On the other hand, the findings at
International Center for Wheat and Maize Improvement (CIMMYT, 1974)
indicated that the stem soluble sugar which was 19 percent of the
dry-matter at tasseling was found to be 22 per cent at maturity
indicating the inability of the grain to store the available
soluble sugar. This suggests thet there is a room for improving
yield through selecticn.

The works of Allison and Watson (1966) indicated that sten
weight decreased in half-defoliated plants, but remained nearly

constant in intact plants from two weeks after floweringe The



result suggested in half-defoliated plants the dry-matter which
was supposed to be distributed to the leaves is translocated to the
ears. The possibility of such movement was shown by kceping pre-
mature harvested shoot in the dark for two weeks with their cut
ends in water, The dry weight of the grain increased and that

of the stem, laminae, husk and cob decreased. It was finally
concluded that the dry matter produced after flowering was more
than sufficient for grain growth and previous photosynthate
probably contributed little to the grain. Translocation of
dry-matter or nutrients from different plant parts to the grain

is reported as established fact. However, all plant parts do not
contribute equally. This was proven by Genter et al (1970) that
husks and the upper stalks showed the greatest decreases. Hence,
the higher the weight in the final grain yield the better the
distribution of dry-matter to the ear and the accepting capacity
of the grain (Karami and Weaver, 1980), Weight that is lost from
different plant parts is not always totally accepted by the sink
because certain energy is also required for respiration at the
expence of loss in accumulated dry-matter. According to Duncan et
al (1965), the average weight loss for stalk per day was 4.8 grams

while the average increasce in kernel weight was 2.8 grams per day,.

Effect of Genotype
The econimic yield of a crop is an outcome of many factors,

Comparison of different hybrids with their parental lines has
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revealed that the hybrids are more efficient to produce more

dry matter and hence, final grain yield, Regarding this view,

Major et al (1979), and Johnson and Taner (1972), have compared

the yield of 44 single cross hybrids with their parental lines over
a wide range of population by determining the yield at unit interval
of leaf area., The yield of inbreds was found out to be 60 percent
of the mean hybrids yield regardless of whether the yields were
compared at a common plant density or leaf area index. Under such
condition the difference was higher for the hybirds than for the
inbreds.

The rate of daily dry-matter production vary for different
varietiecs. However, there could be no differences in the final
grain due to the inability of the sink (grain) to accept the
produced dry-matter (Hanway and Russel, 1969).

According to Diaz and Rivera (1980) dry-matter produced per
plant was generally highest in those genotypes with the greatest
number of days to flowering. It was alsc reported that these
group of genotypes showed the lowest dry-matter accumulation in
graine. Compﬁrison of short and tall isogenic lines has revealed
that lateness is correlated with tallness. Even though lodging is
a problem, grain yield and total dry-matter have_ positive correlation
with tallness (Hoshino et al, 1978). Bucher and Ester (1976) noted
the efficiency of dry-matter production per unit phosphorus absorbed
was greatest for the later maturing hybrids which could be one of
the basic differences in the yielding ability of the late varietics

than the early oness
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Effect of Growth Stage

In many studies with maize, samples of the plants are
collected for dry weight determination and for various kinds of
laboratory analysis. In these studies, sampling is often made
based on the number of days after planting, the number of days
after plant emergence, plant height etc. It would facilitate and
improve thé evaluation and comparison of the data from different
studies to know the physiological and morphological stage of plant
developmentes

Nelson (1956) reviewed the works of Pearl and Surface in the
first-quarter of the 20th century that they have recognized and
grouped the growth stages of maize into four. The first or root
cycle, which is marked by a rapid increase in the root system;
the second, by rapid increase in the leaf areaj; the third, by
development of reproductive organs and the last, by development
of the ears and mat;ration.

This indicates the period of rapid dry-matter accumulation of
the respective cycles. Hanway (1963) reported ten stages of
maturity in the physiological development of maize plant. He
grouped the early stages before tasseling or silking based on the
number of days up to physioclogical maturity (black layer formation).
Accordingly, he recognized the third stage as a period when dry-metter

accunulation is rapid which coincides with the maximmm leaf area,
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Whereas, Gasigar (1965) mentioned that maize plants grow most
rapidly just before tasseling, and its vegetative organs reached
their highest weight in the next ten days. (Allison 1969), Allison
and Watson (1966), Williams et al, (1965), collected samples of
plant tissues and grain every two week intervals determining the
dry-matter accumuiation of maize plant. Except under very careful
controlled conditions in fields or experimental plots there will
be differences in dry-mpatter accumulation between different plants
that have received the same treatments.

The highest total dry-matter yield per acre appearcd to be
between dent and glaze stages (Johnson et al, 1966). At final
stage of growth the ear dry-matter was reported to be 60 percent
of the total dry-matter. On the other hand, Furlani et al (1980)

reported that the daily rate of nutrient uptake and dry-matter

accumulation was highest between 28 and 42 days after emergence.

Population Effect

Different varieties respond differently to varying population
densitics in accumulating dry-matter (Sato et al, 1978)., Bashir
and Shalaby (1976) indicated that sowing dates and spacing scem %o
affect accumulation of stem dry-matter. In their study they found
that wider spacing encouraged the accumulation of more dry-matter
than closer cnes (per plant basis)s On the other hand, Hoshino
et al (1978) found highly significant difference in tiller number,

dry-matter accumulation and leaf area per unit area of land among



i3

different plant densitiess That is, these characters were higher
in high densitics than in low densities. The relative proportion
of different maize plant parts varied between hybrids with differ-
ent maturity ratej; however, population has only slight effect (
(Bryand and Blaser, 1968).

Allison and watson (1966) in their experiment showed that
when maize was grown in a population near the bottom of the range
the leaves produced more dry-matter than grain could accomodate,
so that when some leaves are removed the grain received a larger
fraction of the total dry-matter produced after floweringe
Increase in population also evidently enabled the grain to acco=-
modate pgoportionately more dry-matter. ~Although the increase
with population created large sink for dry-matter, the supply of
dry-matter did not increase proportionately, presumably because
there was more mutual shedding and faster senescence of leaves
in the denser populations #Although total dry-matter increases as
population increaées, (Stiver et al, 1971; Adelana and Melbourne,
1972) the grain yield decreased beocause of competition for
resources below and above the ground. Hence, the interest in the
dry-matter production depends on the objective of the producer,
If the producer is interested in the biological yield (total dry=-
matter), as in the case of silage, large populations would be

preferred.
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On the other hand, if the interst of the producer is on the
economic yield (grain) optimum population should be determinede.
Allison (1969) found out that grain and total dry-matter of
maize at final harvest increased by about 50 percent and 30
percent, respectively, when the population increased from 23,000
to 48,000 plants/ha, but did not increase further with population
up to 74,000 plants/ha. He also mentioned that stem weight
increased until 3 to 4 wecks after flowering, then it remained
constant when population was 23,000 plants/ha, but decreased in
denser populations,

Eventhough, total dry-matter and grain yield increase with
increasing population upte optimum level the figures given here
could vary with variety, environmental condition, and other

management paractices.

Influence of Leaf Area

The dependence of rate of dry-matter production of crop
communities on quantity of leaf surface had been well established,
The rclevance of leaf arca is due to its influence on radiant
energy interception, This was justified by the wo;ks of Shibles
and Weber (1965), which indicated solar radiation and rate of
dry-mattcr production increased with increasing leaf area developwe
ments In relation to this Russel (1972), Eik and Hanway (1966),

Fakorede and Mock (1980) tried to identify the type of leaf
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arrngerent due to the shading effect of lower leaves by the upper
leavess. Hence, any factor influencing the rate of leaf developuent
could as well reflect upon leaf area there by causing a decrease or
an increase in the economic yield of the crop. Hanway (1962) has
clearly demonstrated the influence of soil nutrients on the leaf
area thereby reflecting on the rate of dry matter production,
Regland et al, (1965) reported the rate of growth of leaf area of
maize planted early was more correlated with temperature than any
factor measured, while the rate of leaf area growth of late plantcd
maize was equally correlated with temperature and relative humiditye.
The potential yield of maize grain which is produced late in
the season is determined by the leaf area which always complctes .
its growth relatively early in the season. However, less potential
yield of grain will be attained if a) such as moisture deficiencies
in the season or b) the leaf area prematurely reduced by some
factors that result in premature death of the leaves such as
nutrient deficiency, insect, disease or hail damage. Thus anything
that results in the reduction of leaf area reflects upon dry-
matter production thereby affecting the yielding capacity of the
crop (Hanway, 1962). In their sowing date experiment, Eik and
Hanway (1966) demonstrated that during the period of rapid dry-matter
accumulation the curves were linear for all sowing dates, except
that the phase of rapid dry-matter accumulation was mhorter for
late plantings due to short leaf area duration thus reflecting on

the final yields
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Defoliation Effect

Maize plant may be damaged by haii, mechanical injury,
insect or disease resulting in loss of photosynthetic area of the
plants, This loss in leaf area, which interfers with the produc- ,
tion of dry-matter, may occur at various times during the grow=-
ing period and is expected to reduce dry-matter production thereby
affecting the final grain yield, Defoliation researches have been
conducted by many investigators at different times. Igharebva
et al (1976) had observed significant dry-matter reduction in
total dry-matter when leaves are removed within 30 days after
silkinge They further indicatcd that complete defoliation was
deterimental (6.4 to 82 per cent yield loss) than partial defoliaw
tion (1.5 to 32.7 percent yield loss). However, these losses
varied with time and position of the leaves on the plant
(Pendelton and Hamond, 1969). The effect of 50 and 100 percent
defoliation Hanway, 1969) at various stages of development of
early, mid-scason and late maturing maize hybrids grown at three
plant peopulations revealed relative reduction in grain yield. He
further concluded that the loss in grain yield was associated
primarily with reduction in dry-matter accumulation during grain
formations On the other hand, Hick et al (1977) observed
almost identical results on defoliation at later stages; however,

the early complete defoliation or leaf removal in their experiment
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manifestcd 48 percent yield increase for which they were unable

to give any satisfactory answer for that particular period.

Effect of Temperature

Crop yield is determined by both the growth rate and length
of the greowth periode This period depends on the rythm of
developmente The effect of temperature on the lenght of the period
from emergence to flowering Es independent of the effect of
temperature on growth rate. This was demonstrated that when
temperature is raised from 16% to 250c vegetative growth in small
cereals and peas is distinctly accelerated in the seedling but only
slightly in the following stage whereas development is speeded up
considerably as a result the plant remained smaller at 250c.as
compared to 160c. A reversc relationship was observed for maize
and beans, ies when temperature raises from 16 to 2500 growth is
accelerated relatively more than development, so that the plant
finally becomes larger. Thus maize and beans have the faculty of
compensating thc¢ accelaration of growth at higher temperature by
relatively still greater increase in daily growth rate (Van Dobben,
1962-63),

For some tropical crop plants, high temperatures in many
regions are infact unfevorable. For example, for rice total grain 1
weight is higher when the grain develops and ripens under conditions

gradually rising and falling temperatures, which could be explained
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by the transport of carbohydrates to the grains. With high
temperatures the transport is rapid but lasts for a short period
onlye. Rencwed tillering is also accelerated which depietes much
carbohydrate and nutrient, whercas with low temperature the transe-
port of materials is low and lasts long followed by late occuring
senescence of leaves and the prolonged ripenning of the grains
which results in higher grainweipght than under high temperature
(Best, 1962-63), Low root zonec temperature affects development
and high root zone temperature likely stimulated growth (Knall

et al, 1964; Cooper, 1980; Benoit et al 1965).

Bashir and shalaby (1976) guantified the relationship between
dry-matter accumulation of stem plus leaf sheath and the mean daily
effective temperature from sowing till flowering timees Every of
one degroc centisr-dé rise in mean daily temperature was associated

by 7.69 g/plant. Low temperature affects crop yield in different

ages (Powers et al, 1964), The dry-matter production increases only

slightly with increasing of P concentrations in the plant tissue.
At above optimum temperatures, P concentrations were quite high,
but a small increase in percent phosphorus resulted in a large
increase in dry-matter production indicating the influence of
temperature on the uptake of nutrients thus affecting the dry-

matter producing capacity of a crope
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The specific difference in temperature responseg are greater
for development (Van Dobben, 1962-63), and since growth rate is
mainly governmd by the shoot-root ratio (the dry weight of the
shoot over the dry-weight of the root) it may be suggested that
the distribution of materials in the plant is the key to the
important problem of the influence of temperature on plant pro-

ductione

Effect of Mosture

The magnitude of yield reduction due to water deficits in
mazie (Zea mays L.) is dependent upon the growth stage at which
the water deficiency occures, and the meverity and duration of the
deficiencye The few days around ear emergence and pollination have
been identified as being most sensitive to drought, but substantial
yield losses also occur when A@rought.occurs during vegetative growth
and grain fill (Clausen and Show, 1970). Vaada (1961) reviewed the
works of Hobinson and Diamingo that in field experiment abundant
mosisture is essential during thce tasseling stage for maximum corn
yield., Water deficiency during this period caused an irriversible
reduction in yield. Even though there is a crop difference Alberda
(1968) had also emphasized that the yield of grass herbage has
increased significantly when optimum nutrient and moisturec is supplicd.
The works of Denmead and Shaw, (1960) and Clausen and Shaw, (1970)

has clearly demonstrated the importance of moisture at different
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growth stages and quagtified the reduction caused by meisture
gtress. They reported stress prior to silking caused 25%
yield rcduction, stress at silking rcduced 50% stress after silk-
ing caused 21% yield reduction whereas Clausen and Shaw reported
12-15% yield reduction at early ear shoot and ovule development,

Hodges ¢t al (1979) in modeling dry-matter accumulation and
yield of grain sorghum, reported potential gross photosynthesis
was reduced by a water stress factor when available moisture was
less than 35% of maximum available soil moisture.

In plants placed under stress 15-20 days after anthesis, there
is a progressive reduction in photosynthic rate of the wilted
leaves and the movement of the assimilates into the conducting
tissues was also prolonged, where as the veleocity of translocation
was not affected(wardlaw, (1967), Itrwas alse reported that wator
stress dircctly acts on leaves rather than indirectly through
effect on growth or movement of water through the conducting tissue,
Wilson et al (1980) showed that the dry-matter accumulation rate of
plants was greatly reduced by water deficit. This reduction occured
due to two reasons, 1) The leaf arca index was reduced, II) The
substrate production rate per unit of leaf area by photosynthesis
decreased,

Translocation is less inhibited than photosynthesis during
droughte This fact was demonstrated by Mcpherson and Boyer (1977)

that groin yield exceeded the small amount of dry-matter accumulated
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during grain filling. Thus translocation must have occured

despite the ceasation of dry-matter accumulation by the shoote

It was further indicated that water use by maize was influenced
markedly by the mcsitutc treatment, that when a severe deficit
occured during fertilization period, water use was lowered by
reduction in size of plants as well as by reduction of transpiration
during the deficit period which affects the dry-matter production

and the yield of the crope.

Influence of Nutrient

The distributicon of dry-matter over the various organs of a
plant is essentially due to the relative growth rates of these
organse. Since growth depends on the availability of various
essential nutrients to the growing tissues, correlation scems a
question of competetion. It is true that the Coordination is
contrelled in a very complex manner, that is both hormonal and
nutritive features play a role, the later heing the most important
in agricultural practice (Brouwer, 1962 - 63). That soil fertility
level plays important role in dry-matter accumulation in plants
was recognized long agos. Dry-mnatter accumulation through out the
growing period is lincear over the major part of the growing season.
Differences in soil fertility resultcd in different sized plants;
however it does'nt markedly influence the relative proportion of

each plant (Hanway, 1962; Singh and Anderson, 1978). Eventhough
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many researchers have demonstrated nutritional influence on the
production ond distribution of dry-matter, it should be noted

that nutrition represents only one of the many factors influencing
distritution of dry-matter in the plants; however, in agricultural
practice it is the most important factor. Nutrient deficencies

are reflected beth in leaf area and in the chemical composition

of the leavess Thus while grain yield is primarly a function of dry
areh, leafarea,is a function of nutrient status of the soil which
is reflected in the chemical composition of the leavese Deficic-
ncies result in reduced leaf-arca, which in turn-results in

reduced dry-matter accumulation and grain yield.

Accumulation of Nitrogen (N) and Phosphorus (P)

The curve for N accuhulation in the whole plant part parallels,
or slightly precedes the curve for dry-matter production until some
time following tasseling and silking (Syre, 1948); whereas Bromfielc
(1969) reported increased N uptake one week before the stage of
linear increase in dry-matter production. Between the fourth and
fifth weeks of growth stages N uptake averaged 2.3 1lb per acre per

day which decreased as the secason progresses. -

The daily rate of nutrient uptake and dry-matter accumulation
by two single maize hybrids was highest between 28 and 42 days af
after germination (Furlani et al, 1980). Syre (1948) reported

that one¢ month old plants contained about 3.5. 1b/plant ten days
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later, when the dry-matter production was increasing rapidly the
plants had accumulated 15 lb/acres. At about silking time during
most rapid dry-matter production, they were accumulating 41 1b
per acre per daye. Further more, following tasseling and silking
the pattern of N uptake was not clear-cut and apparently depends
upon other factors affecting absorption. He further notcd that
N, accumulation in the whole plant, after reaching a peak about
silking time, continued for another four weeks and then stopped some
what abruptly. However, Jordan et al (1950) abserved a continucus
accumulation up to maturity. During growth; the total N content
of leaves, sheath, husks, and tassels reached a maximum and then
decreased, (White head et al, 1948) the net loss being attributable
to gain in the ears.

Jaques et al (1975), Allison (1969), Karlan and Whitney
(1980), all have abseved similar situation that nutrient accumula-
tion is high early in the season and decreases late in the seasone
The grain as the major sink for N has been reported by Drysdale
(1965-66)a The general pattern for persent P in the different plant
parts is similar to those for percent N. Compared to N, there is a
slow decrease for percent P followed by rapid and then a slow decreasc
late in the season (Hanway, 1962).

The greatest part of P accumulation usually parallels the pericd
of most rapid dry-matter production as pollination approachs, P
starts to migrate into the developing, but yet seedless ear (Early

and De Turk, 1949; Mohamed & Marshal, 1979; Hanway, 1962) and then
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accumulates rapidly in the grain until maturity. The leaves, stalks,
sheaths, and cobs lose P to the grain alsos. With the approach of
productive period much of the P is translocated from the roots to

top than the amount of P actually abscorbed from the soil through

out the period of growth precedding pollination. A gradual decrease
in P concentrations was noted in the tops owing to more rapid produce
tion of plant tissue as compared with the ratc of P uptake from the
soil (Neson, 1965),

Regarding the behavior of differcnt varieties Agboola (1972)
observed differences in accumulation. However, the concentration
of P accumulation in the ears and leaves by the different hybrids
could not be cxplained on the basis of the P absorption character-
istics of the root but due to the existence of genetically controlled
character involving at least with two genetic factors with the
posibility of dominande (Baker et al, 1967).

On the other hand Barker and Thomas (1972) reported a significant
difference between P accumulation measured as the mean of P concen=
tration of the ear leaf blade of progeny in each classe. Their results
was considercd as indicative of at least one genetic locus that in-
fluence relative P accumulation.s It was also postulated here that
a minimum of six genetic loci that affect relative P accumulatione

Thus resulting in differences in P absorptive capacity of genotypese




25

Materials and letigﬂs

Experimental Site

The experiment was condmcted at fruit farm, Dire Dawa,
located in Horarge administrative region, estern part of Ethiopia
at latitude 09°31* N and longitude 41° 51 ° on an altitude of
1160m above sce level, The area receives a minimum amount of
rainfall throughout the growing seison.

The mean monthly rainfall, temperature and relatife humidity
of the area summurized for 20 years and for 1980 growing scason
are indicated in figure Aa. The mean muximum monthly temperature
during the growing period (June-Decembmr) ranges from 3100 to 3500
whereas the 20 years mean indicates a range of 31 - 3400. The
mean minimum temperaturc for the same years ranges from 18 - 22%
and 18 - 21%, respectively for which low relative humidity
(36 - 51%) is abserved,

Dire Dawa and its surrounding fall under semi~arid subetropical
belt of eaﬁtern Ethiopia. The soil type on which this particular
research conducted was a clay loam. Soil test at the College of
Agriculture, Alemaya, soil testing laboratory indicated that the
soil is 7.95pH in the plough layer, 1.52% organic matter, 3,25ppm
P.N content and cation exchange capacity of the experiment site

was not done due to facility problem,
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Land Preparation and Planting

The expcrimental area was ploughed in May of 1980 and the
normal sced bed preparation was carried out. One application of

75kg/ha of Pao under the sced at sowing was donc for which DAP

5
was a sourcece Recomended rate of Sceds were planted on June 19,
1980. UREA was applied at 75kg/ha as the side placement when
plants were at about a knee highe Precipitation was very low as
indicated in figure Aau Hence, moisture deficit was supplemented
with irrigation every fortnight teo facilitate normal plant growthe
Normal wceding, by hand or hoe was carried out inorder to
keep the experimental area frce of wced .5% DDT was appliecd to
protect the plants from larvae of stalk borer. It was also abserved
that plants were partly attacked by characeal rot ( caused by
fungus Microphomina phaseoli) at about the time of tasseclinge.
The experimental trcatment consisted two hybrids, H611

(varietal cross) and SR52 (Single cross), their parental lines,

Ec573,KeSyneII,N3233, and Sc 5522; respectively.

Treatment and Design
The expérimental plots were arranged in a split-plot to fit
intoc a randomized complete block design with three replications
in sﬁch a way that varieties are assigned randomly in the sub
plots and the stages at which the plants were sampled to determine
the dry-matter accumulation in the main plots. Bach sub-plot was

4 rows wide with rows 75cm appart and 30 cm between plants. There
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were five hills per row which make the row 1.5 m longe Two seeds
were planted /per hill which was later thinned to one plant per

hill after germinetion except at the two end hills.

Experimental measurement

Data were collected on the following plant characteristics
from the two middle rows of a four~row plot; date of emergence,
plant height at ecach sampling dat® which is referred to as growth
stages, the respective leaf number, date of tasseling, silking,
maturity, and final grain yield.

#ra samplcs were taken for dry matter determination from
eag plot. The first sample was taken, 14 days after emergence.The
rem~ining ; samples werc taken every two weeks intervals there
after till physiological maturity. For samples one and two the
whole plant part including the root from the two middle rows were
takens,

For the rest of the sampling dates plants were cut at ground ,
level from an area of 1.125m2 from the two middle rows. Fresh
weights were token immediately after harvest. These samples were
separated into ears (husks, cobs and grain), stem (stalk and leaf
sheath), and leaf (laminae only). for harvest stages fifth to the
eighth and into leaf, stalk, lcaf sheath and husk, cob, and grain
for sample nine and 10 to identify the proportion of dry matter

constituted by different plant parts around maturity.
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Representative sub-samples of about 500 gm from each se-
parated plant part were put into drying oven at 1050c for 24
hours for determining dry weight of the samples. The total dry-
matter produced was then computed by proportion from the dry
weight of the sub-samples.

The dried samples were ground in a Willey mill by passing
through a one mm sieve for total nitrogen (N) and phosphorus (P)
determination, in different plant parts at various growth stages,.

Nitrogen =nd phosphorus determination was carried out at
Holleta research station soil testing laboratory. N was deter-
mined by macre deeldhal digestion distilation method, whereas P

was determined by Malybdenum blue method.

Data Analysis

The dry-matter produced by each plant was determined
according to the following equation:

Dry matter/plant « fresh weight/plant x sample dry-weight

Sample fresh weight
The daily growth rate ( GR) in g/plant/day was calculated at
successive growth stages as follows

GR = Wauwl, where W2 is the dry weight

tB—tl

at t,yW. is the dry weight at t

29y t.and %, being any two con-

1t "1 2

secutive sampling dates.
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Regreasion equation and coefficients of correlation and the
normal statistical annlysis for split-plot design was carried
out for the following parameters, total dry matter and sampling
dates refered to as growth stages, between leaf, ear, stalk and
growth stages; and for leaf number, plant height and the dry
matter produced at various growth stages and with the growth
stages.

Curves W = a + bt +ct2 were fitted to the forthingtly dry
weight (W) values (Allison and Watson, 1966), the curves fitting
the data satisfactorilye.

Dry weight produced after flowering was estimated by
linear interpolations of the preceeding and succeding harvests.
The increament of dry weight after flowering éstimated by
subtracting dry matter produced at flowering from the highast
dry matter produced at or around the final harvest (Allison,
1971). Every data is reported in gram/plant.

Final grain yield was determined by harvesting ten plants
from the two widdle rows of ecach plot of the three replications
making 30 plants over all. This yield was adjusted to 12.5%

moisture and reported in quintals per hcctare.
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RESULTS (4ND DISCUSSIONS

Total dry matter accumulation

The hybrids and their parental lines hnd similar pattern
of dry matter accumulation throughout the growing period
(Fig. 1)« Since the pattern of accumulation appeared to be
similar for all genotypes considered in this experiment, the
regression equation for the total dry-matter production was
calculated by using the mean data for genotypes (Fig 2).

The rate of growth, as measured by the difference in the
dry matter weight for the sampling dates, was slow and similar
for all. genotypes upto 6th weceks after emergence (Table 2).

Only K.Syn.II has accumulated significantly higher dry ﬁatter
(119.4 g/plant) at this stage, The slow dry matter accumulatuion
was followed by a rapid acce¢leration upto 12th week after emer-
gence which subsequently slowed down from 14 weeks on wards.
There was no significant increase in dry matter production for
the last two growth stages (Table 1b).

The recsponse of genotypes in accumulating dry matter at
different growth stages was comparcd starting from 8th week after
emergence till to the final growth stage. H61l out yielded all
genotypes significantly at all growth stages with the exception
of the 12th weeck after emergence, At the 12th week after emerge-
nce, Kesyne II has out yielded all genotypes sinificantly by

producing 326,37 g/plant (Table 1ls).
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A non-significant yield difference was cbserved between the
parental lines of SR52 (N3233% and Sc5522) through out the growing
period. Bxcept for the period between 14 and 16 weeks after
emergencee. At this stage N3233, the male parent significanily
out yielded Sc5522. H.Syn. II competed with H61l, the highest
yielder, in dry mattcr production upto 1lhth week after emergence.
At the final growth stage, significant yield difference was
observed betwcen the hybrids and the parental lines. The lowest
yield of 283 g/plant was produced by Sc¢5522 and the highest
yield of 525.71 g/plant was produced by H61l.

Table 1b compares the response of the genotypes for total
dry matter accumulation at different growth stages. At the
early stages of growth (upto 4th week after emergence), there
is no significant yield differences However, all genotypes
accumulated significantly higher dry matter after the 4th week
after emergence with the exception of the last two growth stages.
The trend of dry matter accumulation is similar for all genotypess
Thiis trend of dry matter accumulation was high at early stages
of developmecnt and subscquently followed by an increase at a
decreasing rate. This trend and rate of accumulation has continued
upto the 18th week after emergences After 18th week after emerge-
nce there was no significant dry matter produced in all genotypese
This pattern of dry matter accumulation formed a segmoid curve

as reported by Syre (1948), Hanway (1969), Besset et al (1970),



TABLE 1la:

Total dry-matter (g/plant) accumulated

by the two maize hybrids, and their parental lines

WEEKS AFTER EMERGENCE

Genotype 2 L 6 8 10 12 1k 16 18 20 Mean
SR52 2.09a 18.30a 75.62b 142.20c  233.1kab 280.20bc 319.88c 332.0lc 394.L2c L40l.d2¢ 219.90c
N3233 1.09a 12.86a  66.33b 10k.76d  183.1hkde 215.82d 262.31d 276.60d 287.74e 302.87e 171.35e
5c5522 1.57a 5.36a  48.21b 101.79d 159.38e 197.37d 226.89e 234.68e 277.7le 283.52e 153.66f
H611 3.77a 25.65a 68.37b 179.44a  251.02a 297.21b  399.52a 473.09a 502.75a 525.79a 272.66a
K.SyneI 1.88a 16.83a 119.38a 170.53ab 216.76bc 326.37a  349.20b L05.60b 455.95b L466.87b 252.94b
Ec573 1.76a 15,23a 69.60b 145.08bc 205.83%cd 260.,18¢c  304,57c¢ 327.70c 346.14d 350.28d 202,64d

Means followed by the same letter along each columan

are not significantly different

according to Duncan's Multiple Range Test at 5% level of probabilitye.

(A



TABLE 1b:

Genotype 2 L 6 8 10 12 1k 16 18 20

SR52 2.09g 18.30g '75.62f 142,30e 233,144 280.20c 219,88bv 33%2.01b  394.L42a L0l1.02a
N3233 1.09g 12.86g 66.33f 104.76e 183,144 215.82¢ 262.31b 276.60b 287.74a 302.87a
Sc5522 1.57g 5.36g 48.21f 101.79¢ 159.38d4 197.37c¢ 226.89b 234.68b 277.71a 283.52a
H611 3.77h 25.65h 68,37g 179.4hg 251.02e 297.21d 399.52c¢  473.,09b  502.75a 525.79a
KeSyn.II 1.88g 16.83g 119.38f 170.53e 216.764 326.37c  349.20c  405.00b  455.95a L66.87a
Ecoe573 l.76g 15.23g 69,60f 145,08e 205,834 260.18¢c 304.57b 327.70ab 346.14ab  350,28a
MEAN 2,03h 15.71h  74,59g 140.65f 180,75e 262.86d 310.40c  341.61b  377.47a 388.39a

Means followed by the same letter accross the same row are not significantly

different by Duncan's Multiple

Range Test at 5%

€€
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From this data it is difficult tc suggest a particular stage
to which attention should be given to increase the rate of dry
matter accumulation. However, one can see that at early growth
stages, upto 6 weeks after emergence, the rate of dry matter
accumulation is slow; then followed by faster rate of accumula=-
tion. The fast rate of dry matter accumulation has coincided
with the high lecaf development rate. It was investigated that
the faster rate of dry matter accumulation is positively
correlated ( r = 0.86) at the 5% level of probability to leaf
number. Hence due to ite synthesizing capacity, leaf development
enabled the plant te accumulate dry matter at a faster rate.

This finding is in agrecment with the results obtained by Allison
(1971). Hence, anything that is responsible for reducing the
development of lcaves and photosynthetic area such as nutrient
deficiencies, diseases, inscct pests, shortage of moisture should

be avoided.

Leaf dry matter accumulation
Leaf dry matter accumulation of the two hybrids and their
parental lines is shown in table 3b. No significant yield
difference was observed among the genotypes regarding leaf dry
matter accugulation at 10th week after emergence. However, in
the latter stages of growth the genotypes behave differently.

At the 12th week after emergence Ko.Syn.II significantly outyielded



TABLE 2: growth rate (g/plant/day of the two hybrids, and

their parental lines,

Genotype

Days after SR52 N323%3 Sc5522 H611 KeSyn.II Eeo573

emergence
00 - 14 0.15 0.08 0,11 0.27 0.13 0,13
14 - 28 1.16 0.84% 0.27 1.56 1.07 0.96
28 - 42 4,09 3.82 3.06 .05 .33 3.88
L2 - 56 ho76 2.74  3.83 7.93  3.65 S.43
56 - 70 6.49 5.60 4.11 .11 3,30 bo3h
70 - 84 3:36 2433 2.70 5.50 7.83 3,88
84 - 98 6.07 3.32 2,12 7.31  1.63 3.17
98 - 112 0,87 1.02 0,56 5;26 L.03 1,65

112 - 126 4,46 0,80 3.08 2,12 3.60 1.32

126 - 140 0.47 1.08 0.41 1.65 0.78 0.3%0
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genotypes by accumulating 106.99 g/plant follwed by SR52
(65.73 g/plant), and Ec573 (57.79 g/plunt). The least yield of
42,31 g/plant was produced by N3233 at the same stage. The
analysis of variance (Table 10) indicated that there is highly
significant difference among the genotypes in leaf dry matter
accunulations

Attempts have been made to indentify the favorable growth
stages for mazimum leaf dry matter accumulation by genctypes.
There is a general trend of decreasing in leaf dry matter accumulae
tion as the growth stage advances. Neverthless, responses appear
to be different in comparing the hybrids and their parental lines
(Table 3a)., Hence, SR52 has high yield (65.73 g/plant) at 12
weeks after cmergence.

The leaf dry matter produced by N3233 and Sc5522 at all stage
of growth did not differ significantly. Probably earlier growth
stages than those considered here could have been appropriate to
identify at which growth stage the highest leaf dry matter could
be accumulated for the parental lines. H611 and its parental
lines showed an increasing and a decrcasing trend as growth stage
advances in leaf dry matter accumulation. K611l has accumulated
significantly high leaf dry matter (95 and 83 g/plant) at 14 and
16 weeks after emergence. K,Syn.II has produced significantly
high yield (106,99 g/plant) at 12 wecks after emergence. However,
no significant yield difference was observed for Ee573 at all

the growth stages considereds.



TABLE 3a: Leaf dry matter (g/plant) accumulation of two maize hybrids and

their parental lines at different growth stages.

WEEKS AFTER EMERGENCE

Genotypes 10 12 14 16 18 20
SR52 58.97ab 65.73%a 59.6lab 53.72ab 48,10ab L2.30b
N3233 48.22a L2.31a 40.67a 37.67a 34.38a 33.5ha
S5¢5522 42.31a L7.30a 39.00a 37.30a 35.5%a %1.83a
H611 57.88cd 46,184 95.69a 82.70ab 69.30bc 63.21cd
KySyn.II 69.3%3%b 106.99a 75.02b 70.43b 66.53b 60.23b
Ec.573 57.50a 57.79a 58.15a 52. 4ka 47.03a 39.68a

Means followed by the same letter along the row are not significantly

different according to Duncan's Multiple Range Test at the 5% level of

probability.

8¢



TABLE Zb:
WEEKS AFTER EMERGENCE

Genotypes 10 12 14 16 18 20 MEAN
SR52 58.97a 65.73b 59.61bc 53%.72bc 48,10bc 42.30bc 54.7Lb
N323%3 48.22a 42.31c L0o,67¢ 37.67c 34,38¢ 33,5khe 39.47¢
Sc5522 42.31a 47,30bc 39.00c 37.30c¢ 33.53¢ 31.83c 38.55¢
H611 57.88a 46,18vc 95.61a 82.70a 69.30a 63.21a 72.99a
KeSyneII 69.33a 106.99a 75.02b 70.42ab  66.53ab  60.23ab 74,75a

Ece573 57.50a 57.79b 58.15bc 52.4hbe 47.03be 39.68¢ 52.10b

Means followed by the same letter or letters along the same colum are not significantly

different according to Duncan's Multiple Range Test at the 5% level of probabilitye.

6€
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The high leaf dry matter produced by H611l and K.Syn.II could
be due to prolonged leaf age and latness in maturity as compared
to other genotypes. Hence, the preclonged groen leaves might have
provided the plants with enough photogynthates late in the season
which have accounted for high leaf dry matters This result is in
agreement with the findings of Van Eijnatten (1963).

The decreasing trend of leaf dry matter accumulation from
the 10th week to the 20th week after emergence was obserVGd; The
percentage decrease in leaf dry matter based on the respective
total dry matter for all genotypes for the 10th and the 20th week,
respectively was as follows: H611l 24% and 12% i K:Syﬂ;IIg 33%,
and 13%; Ec573, 19% and 11%; SR52, 29% and ll%; N3233; 26% and
11%; Sc5522, 29% and 11%. The low percentage of leaf dry matter
obtained at the final growth stage for all genotypes could not
be accounted only for differential translocation of dry matter
from the leaf part ' to the developing ears; but it could also be
due to the falling off of the sensced leaves. Similar findings
had also been reported by Allison (1969); Allison and Watson

(19€7); Hanway and Russel (1969); and Osafo (1972).

Stalk dry matter accumulation
Highly significant yield difference was observed among growth
stages and among genotypes in stalk dry matter accumulation
(Table 10)s Table 4a shows that there is no significant yield

difference at different stages of growth for SR52, N3233 and
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Sc5522 from 10 weeks to 14 weeks after emergencee The highest
stalk dry matter (136.69 g/plant) which is about 42% of the res-
pective total dry matter was produced by SR52 at 14 weeks after
emergence. However, at the final harvest stage the stalk dry
matter accumulation declined which commonsurate to 27% of the
total dry matter (Table .1,Fig 5)s N3233 and Sc5522 have also
accumulated highest dry matter 119.35 and 110.03 g/plant, recs-
pectively at 14 wceks after emergence. At the final stage of
growth 87 and 95 g/plant was obtained for the two parental lines,
respectivelye The reduction in stalk dry matter was 16% and 15%
for N3233 and Sc5522, respectively. A significant difference was
observed between the growth stages for H61ll and its parental
lines, K.SyneII and Ec 573 regarding stalk dry matter. H611
produced highest stalk dry matter yield of 195.0 g/plant at 16
week after emergence, (78 to L0 days after tasseling). A
significant difference was observed between the growth stages for
H61l and its parentals K.Syn. IT and Ec573 regarding stalk dry
matters,

The peak stalk dry matter, 161.92 g/plant which is about 40%
of the respective total dry matter was prcduced by K.Syn.II at
16 weeks after emergencee. This stalk dry matter percentage has
finally decreased to about 23% of the total dry matter at
physiological maturity. Ec573 has no significant reduction in
stalk dry matter at the final stage as compared to the first growth

stages Highest dry matter (133.85 g/plant) was obtained at 14
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weck after emcrpence. In this genotypes the stalk dry matter has
decreased from U4% at tasseling to about 28% of its respective
total dry weight at final growth stage.

Comparisons of the responses of genotypes to stalk ary
matter accumulation was considered at the same growth stage
(Table 4b). At 10th and 12th weeks after emergence, H61ll signi-
ficantly out yielded only the parental lines of SR52. It is
interesting to note that the parental lines and the respective
hybrids produced a non-significant yield difference upto 12 wecks
after emergence; and the gap between the stalk dry matter yield
was not so widee. However starting 14 weeks after emergence, H611
significantly out yielded all, except Ko.Syn.ITl.

Eventhough 8R52 and its parental lines seem to follow the
same trend as H61l and its parental lines, they did not out yield
them in stalk dry matter ~upto the physiological maturity. The
relatively late scason types, H61ll and its parental lines seem to
incorporate the current photosynthate produced because the leaves
of these genotypes remained green for longer period as compared
to SR 52 and its parental lines. This finding is in agreement with
the results obtaincd by Genter et al (1970), Van Eijnatten (1963),

The stalk dry matter at the physiological maturity for all
genotypes was not significantly different from that produced at
10 weeks after emergence. However, an increasing and decrcasing

trend is observed (Table 4a)., This shows the loss of stalk dry



TABLE ka:

Stalk dry matter accumulation (g/plant) of two maize¢ hybrids and

their parental lines at different growth stages,

WEEKS AFTER EMERGENCE

Genotypes 10 12 14 16 18 22

SR52 105.70a 116.06a 136.69a 128.38a 114,722 107.02a
N323%3 94.03a 99.57a  119.35a 108.65a 89.1k4a 87.26a
Sc5522 86.87a 95.06a  110.03a  10L.6la 96.11a 94.80a
H611 133.15¢ 138.48c  169.96ab 195.00a 149.96be  120.93c
K.Syn.II 120.17bc  147.38ab 152.92a 161.92a 117.00bc  109.63bc
Ece573 112.64ab  132.41a 133.85a 118.96ab  10329ab 97.49b

Means followed by the same letter in each row are not significantly

different by Duncan's Multiple Range Test at 5% level of probability.

A%



WEEKS AFTER EMERGENCE

Genotypes 10 i3 14 16 18 20 MEAN

SR52 105.70ab 116.06bc  136.69bc  128.38¢  114.72b  107.02ab 118.10c¢
N3233 9k.03b 99.57b 119.35¢ 108.65¢ 89.14b 87.14b 99,704
Sc5522 86.87b 95.06x 110.03¢ 104.61c 96.11b 94.80ab 97.914d
HE1l 133,15a 138.48a 169.96a 195.00a 149,96a  120.93a 151.2k4a
KeSyn.II 120.17ab 147.3%8a 152.92ab 161.92b 117.00b  109.63ab  134.8L4b
Ec.573 112,64ab 132.41a 118.96¢c  103.29b 97.49ab  116.k4kc

13%33.85be

Means followed by the same letter on each column are not significantly different

according to Duncan's Multiple Range Test at the 5% level of probability,

S



46

matter at the latter stage of development., Similar result was
also reported by Allison and Watson (1969); Hanway and Russel

(1969); Allison (1969); Osafo (1972); Hume and Campbell (1972),

In reference to related phenomena in small grains, Archbold
(1945) and Thorn (1966) have suggested that late season change
in stem weight is primarily a respiration loss. However,
measurments on wheat by Wardlaw and Perer (1967) and Lupton (1968)
has revealed that stem respiration rates are too low to account
for more than a small part of the stem weight reduction. ©On the
other hand such weight decrease has not been observed from the
data reported by Campbell (1964), and Allison and Watson (1969),
for unfertilized maize plants, and it seems unlikely that the stalk
weight loss in the fertilized counter parts is primarily a
respiratory loss. Therefore, it is suggested that changes in
the stalk dry matter late in the season could be due to differences
in the photosynthetic capacity of the plant and the sink capacity
of the ears, This latter suggestion is supported by earlier
findings showing an increase in the movement of assimilates from
the stalk when leaves are damaged or shaded (Hoyt and Bradfield,
1962; Allison and #atson, 1969) and an accumulation of stalk
assimilate when fertilization is prevented (Allison and Watson,

1969; Campbell, 1964),
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Bar dry matter accumulation

The analysis of variance (Table 10) shows that there is
highly significant difference among the genotypes in accumulating
ear dry matter at different growth stages. It was also observed
that certain genotypes gave good performance at certain growth
stages, while others did not. ids it is shown in Table 5a, all %he
genotypes except N3233 and Sc5522 gave similar yield response at
each growth stage. SR 52 produced ear dry matfer ranging from
69.1 to 225.91 g/plant at 10th and 20th weck after emergence, re-
spectively. 4 significant difference was detected among growth
stages.

N3233 and Sc¢5522 produced ear dry matter yield ranging from
40.89 to 157.58 g/plant, and from 30.20 to 143.0 g/plant, res-
pectively. The final ear dry matter yield of these parental lines
accounted for 70% and 63% of their counter part hybrid, respectivelys.

On the other hend, H61l produced ear dry matter yield renging
from 60 upte 310.51 g/plant., This was 24% and 59% of the respective
total dry matter yield at 10 wecks and 20 weeks after emergence,
respectively (Table Al, Fig 5)s The ear dry matter produced by
the two parental lines of H61l was from 27.56 to 269.91 g/plant
and from 36.69 to 217.91 g/plant fro K.Syn.II and EcS573, respecti-
vely. In general KeSyneII produced about 87% and Ec573 about 70%
of the total ear dry mattcr yield of their counter-part hybrid at

final harvest,



TABLE Sa: Ear dry matter accumulation (g/plant) of two maize hybrids and their

parental lines at different growth stages.

WEEKS AFTER EMERGENCE

Genotypes 10 12 1h 16 18 2c

SR52 69.10f 98. 404 123.52¢  150.21c 202.30b 225.91a
N3233 40,89 74,014 1C2.32¢  130.26b 144 ,66ab  157.58a
5¢5522 30.204d 55.01cd 77.86bc  92.77b 123.98a 143.39a
H611 59.99f 89.6ke 145,664 195.39¢c 247.68b 310.51a
KeSyn.II 27.56f 72.00e 121.26d 172.90c 225.43b 269.91a
Ec.573 35.69f 69.98e 112.57a  154.32c 186.74b 217.91a

Means followed by the same letter on each row are not significantly

different by Duncan's Multiple Range Test at the 5% level of probability.

87



TABLE 5b:

WEEKS AFTER EMERGENCE
Genotypes 10 12 14 16 18 20
SR52 69.10a 98. 40a 123.52ab 150.21be  202.30cd 225.91c
N3233 L0.89be 74.0lab  102.32b 130.26¢ 1&4.66& 157.584
S8c5522 30.20c 55.01b 77.86¢ 92.77d 123,98 143,394
H611 59.99ab 89.64ab  145.66a 195.39a 247,68a 310.51a
K.Syn.II 27.56¢ 72.,000b 121.26ab 172.90ab  225.43hc  269.91b
Ec.573 35.69¢ 69.98b 112.57b  154.32bc  186.744 217.91c

Means followed by the same letter on each column are not significantly

different according to Duncan's Multiple Range Test at the 5% level of

probability.

5%
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Genotypes werc compared under each growth stage for production
of ecar dry matter (Table 5b)e SR52 followed by H61ll have signi-
ficantly out yielded the rest of the genotypes. At 12 weeks after
emergence the rate of ear dry matter accumulation was high in
N3233, thus therc was no singificant difference betwecen N3233, SR
52 and H61l. At the first two growth stages, the rate of ear dry
matter accumulation was similar for all genotypes except for
Se¢5522 which was 2 g/plant/day. However, the ratec of accurulation
was not constant throughout the growth stages. H611 accumulated
2.12 to 4.49 g/plant/day, while KoSyn.II 3.17 to 3.75 g/plant day,
Such high rate of accumulation by the two genctypes could be
attributed to the slow death rate of their leaves, which actively
played a role in photosynthesis. This result is in agrcement with
the findings of Van Eijnatten (1963).

In general the parental lines of H611 have translocated more
photosynthates as compared to the parental lines of SR52. This
is so because K.Syn.IIl is a synthetic and Ec573 is a veriety with a
wide genetic background which enabled them to yiceld more than the
inbred lines. This result agrees with Allard's (1960) view.

The continued increase in ear dry matter in all genotypes
could be due to 1) trnnslocation of current photosynthate produced
2) translocation from previously storecd carbohydrates in the stalks
leaves, and other parts of the maize plant except the ear., Since

ear development was taking place when the stalks and leaves were
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loosing weight and increase in ear weight was also taking place
when the leaves were aging , it is most likely that assimilation
from the current photosynthate by the relatively late season types,
H611 and K.Syn.II and translocation lote in the scason from the
previously stored carbohydrates has taken place. This is in
agroement with the findings of Dynard et al (1967); Assanum et al
(1967); Adellana and Melbourne (1972b); Allison and Watson

(1969); and Genter et al (1970).

Sheath and husk dry matter accumulation

Sheath and husk dry matter was determined at the last two
growth stages, 18 and 20 weeks after cmergence. The analysis of
variance (Table 10) indicates that there is significant difference
ameong the genotypes. Eventhough, there is decreasing tendency of
the sheath and husk dry matter, as growth stage advances there is
a non-significant yield differcnce observed between the growth
stages (Table 6). This could be due to latenes in determining
rate of dry matter accumulatuon for this part of the plante.

Hanway and Russel (1969) determined sheath and husk dry
matter accumulation sc¢parately and found out that leaf sheath and
husk attained thcir highest weight at about stage 4.5 (9 weeks after
emergence). A decrease in dry matter accumulation has taken place
due to translocation as grain development procededs One of the
probable peasons in obtaining a value which did not differ
significantly between the growth stages in the present study could be

gdue to determiming: of the sheath and husk dry matter at late stages
of growth.
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TABLE 6: Sheath and husk dry matter (g/plant) content for the

last two growth stages of the two maize hybirds and

their parental lines

WEEKS AFTER EMERGENCE

Genotypes 18 20 Mean

SR52 59.15 50,97 55.06
N3233% 5%.63 49.05 51.3k4
8c5522 38.87 36,52 37+ 70
H611 71.10 62.30 66470
KeSyn.II 57.76 54,20 55.98
Ec.573 55«74 51.58 53466
Mean 56.04 50.77 53,41

L.8.D at 5%:

between growth stage means, 19.84

among variety means s 14503
between variety means at the same growth
stage, 20.51;

between the same variety means at

different growth stages, 24.31l.
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Cob dry matter accumulation

Analysis of variance (Table 10) shows that there is a highly
significant difference among the genotypes in accumulating cob
dry matter. However, there is nc significant difference between
growth stagese. Such result could be due to lateness in determining
cob dry matter as in the case of the sheath and husk.

H611 and K.Syne. II produced highly significant cob dry matter
yield than the rest of the genotypcse. Cob dry matter comprised
the following percentage of the total dry matter in cach genotypes
H611l, 9.2%; K.SynII, 10.1%; SR52, 6.9%; N3233, 8.7% 5c5522, 8.7%;
and Ec573 9.2%. It appears that there is a pattern of similarity
among the hybrids and their parental lines in dry matter content
of the cobe Honway and Russel (1969) observed that the highest
dry matter content of the cob was attained at about stage 6.5
(about 2 weeks after silking) Hence it secmes appropriate to
consider earlicr growth stopges than considered in the present

experiment for determining peak cob dry-matter.

Grain dry matter accumulation
Highly significant difference was oberved between the
parental lines and the counter part hybrids in accumulating
grain dry matter (Table 10). However, there was no significant

difference between the growth stages which could be due to the last
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TABLE 71 Cob dry matter (g/plant) content for the last two

growth stages of thce two maize hybrids and their

parentcl linese

WEEKS AFTER EMERGENCE

Genotype 18 20 Mean
SR 52 34,39 27:69 31,04
N 3233 28.27 26433 27.33
Sc 5522 30,26 24,65 27.46
H 611 54,02 48,34 51.18
KeSyn.II 52,62 47,10 49,86
Eca 573 35.91 32,16 3L 04
MELN 39,24 34,38

L.S.D At 5%

between growth
among genotype

among genotyype

among the same

stage mcans, 14.37;
means i 749

means at the same growth stage,

10:58
gentype means at different growth

stage, 164,22,
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few growth stagcs (18 and 20 woeks after emergence) considered

in the samplinge As the plants approached maturity the leaves
were almost aging ; hence, the dry matter expected to be trans-—
located from the current photosynthate is very minimale. Further,
the amount of dry matter translocated from the previously stored
carbohydrates in the different parts depends upon the size of the
graine Similar finding was reported by Dynard et al (1965).

When the grain approaches physiological maturity the amount of ary
matter that is accumulated by the grain is very minimmale This
agrees with the data of Table 3%a and 3b of leaf dry matter and
Table 4a and 4b of stalk dry matter because there was no signi.
ficant reduction in stem and leaf weight during the last two
growth stoges. The translocation taking place to the developing
grain duringtAhis period was minimim. This agrces with the results
of Hanway (1963), Van Eijnatten (1963).

At the final growth stages the grain dry matter accumulation
was significantly different for the genotypes H611 has out
yielded all the genotypes except KoeSyn.II. The grain dry matter
of the genotypes constituted in H611l, L44%; K.Syn.II, L42%; SR52,
L3%; Ec573, 36%, N3233, 35%; and Sc5522, 34% of the total final
dry matter (Table #7, ).

N3233 and Sc 5522 produced about 62% and 57% of the final
grain dry matter of their counter part hybrid grain dry matter.

KeSyn.II and Ec573 produced 85% and 56% of the grain dry matter
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of their counter part hybrid H611l final grain dry matter.

The reduction in percentage of grain dry matter in the
parental lines of both hybrids indicates that translocation of
dry matter tc the grain was not taking ploace at the same rate as
in the hybrids, This could be due to the difference in the dry
matter accepting capacity of the graine Similar result has also
been reported by Allison (1971). Morecover, the low percentage
observed in the parental lines rclative to the respective hybrids
could be due to a slower rate of grain growth towards the end of
growing period in response tc a decreased rate of production of
assimilates by the photosynthetic system, or because grain
growth has ceased shortly before those of the hybrids owing to
the exhaustion of the supply of materials which could be trans-
located to the graine. However the kernels appear to maintain
their set rate of growth, inspite of a substantial decrease in
the supply of currcnt asimilates, at the expense of the rest of
the plant parts, particularly, stem, husks, and .:r ccbse This

is in agreement with the findings of Wilson and Alliscn (1978).

Provortion of mrain and mon erain Parts at final harvest
H61l gave the highest total dry matter yield (525g/plant)
followed by KeSyn.II (446.87 g/pl-nt); SR52 (402/02g/plant),
Ec573 (350e28g/plant); N3233 /302,87 g/plaont); and lastly Sc5522

(283.52g/plant) (Table 9, Figeh)s An average of 39.13% of the
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TABLE 8: Grain dry matter (g/plant) content for the last two
grovth stages of the two maizce hybrids and their
parcntal lines.

WEEKS AFTER EMERGENCE
Genotype 18 20 Mean
SR 52 138.33 17273 1555%
N 3233 82,35 106,72 94,53
Sec 5522 79.04 95471 87430
H 611 158.09 231,02 194.56
KeSyn.IT 143.93 1:95.4"73; 169.82
Ec.573 104,17 129,41 116.79
LSD 5%: Dbetween growth stage means, 38.38

arong genotype means

, 31.72

betwecen the genotype means at the same growth stages

L, 86

between the genotype means at diffcrent growth

stages, 53.25.
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total dry matter weight was grain 2nd 60.87% was non grain (Table
9,Fig. 3)s However the relative proportion of grain and above
ground non grain part varied widely among the hybrids and their
parental liness The grain dry mattcr varied from 33,8% in -
Sc5522 to 43,9% in H61l. Of the 66.2% above ground non grain

in Sc5522, the stalks, leaves, leaf sheaths and husks, and cobs
constituted 51.17, 19, and 13%, respectively.

In N323%, the above mentioned non grain parts counstitutced
42, 17,25, and 13%; in SR52, 47, 19, 22, and 12%; in H611, 41,21,
21, and 17% in K.Syn.II. 40, 22, 20, and 18%, and in Ec 573, 4k,
18, 23, and 15%, respectivelys. The major part of the apove
ground non grain dry matter is constituted by stalk in beth the
hybrids and their parental lines.

The hichest % stalk dry matter was found in 8c5522 followed
by SR 52 and Ec 573, N3233, H61l, and K.Syn.II. In all cases the
parental lines cf SR 52 produced & non significant above ground
non-grain dry matter as comparcd te thelr counter part hybrids.
At the final harvest, the grain dry matter of 8r 52 and its
parental lincs diffcered significantly (Table 9 ). The parental
lines of H61l produced a non significant stalk dry matter as
compared to H61l. K.Syn.II and H61ll produced a non significant
grain dry matter as well as grain yicld (Table 9). Comparison
of the parental lines of the two hybrids revealed that the H611l

parental lines are more efficient in total dry mattcr production,

and finally total grain yield. This could be due to the relatively
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TABLE 9

: Mean dry weight (g/plant) produced at final harvest by different maize plant parts for the two

maize hybrids and their parental lines.

Genotype Sheath =
Leaf Stalk and €cb Grain Total Grain yield Non grain
arne kg
i % of total
SR 52 42 .61bc 107.02ab 50.97ab 27.69b 172.73b 401.02c 57.81 288.29 56.9
N3233 - 33.53¢ 87.25b 49,05ab 26.32b 106.72c 302.87e 0k.40 186,15 65.8
S5c5522 31.83c 94,80ab 36.52b 24.65b 95.71c 283.52f 29.50 187.80 66,2
H 611 63.20a 120.93a 62.30a 48.34a 231.02a 525.79%a 66.23 -°294.77 56.1
KeSyn.II 60.23ab 109.63ab 54.20ab 47.1Ca 195.71ab 4€6.87b 57.99 27116 58.1
Ec 573 39.68c 97.48ab 51.58ab 32.ldbc$ 129.40bc 350.28d 37.62 220.88 63.1
Mean 60.87

Means followed by the same letter on each column are not significantly different at the 5%

level of probability according to Duncan's Multiple Range Test.
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lateness in maturity oberved in parental lines of H611 which
enabled them tc exploit the longer grain filling period for
maximum dry watter and groin yicld production. Similrr result

has also been reported earlicr by Van Eijnatten (1963).

Vegetative weigh and Components

Successive dry mweight of the leaves, stems, ears and grain
was made at different growth stages at two week intervals starting
10 weeks to 20 weecks after emergence (Table 11). 4s shown in
Table 11, leaf weigh was lower than stem weight in all genotypese
This might suggest probably earlicer growth stages could be more
appropriate to determine the stage at which the leaf weight out
stripes the stem weigh. Similar finding was reported by Osafo (
(1972). In general, there is much tendency of more weight loss
from leaves than from stems which could parly be attributed to
the proportion of the leaf dry matter lost through decay or dropps
ing off of senesced lower leaves in addition to the translocation

processe.

Stem weight tc shoot weight ratio

This ratio determines the amount of shoot dry matter found in
the stem at any time. As it is shown in Table 11, it has declined
with time. The rapidity and extent of decline of the ratio is
determined by the rate at which the ears increased in weight

through current photosynthetic gains as well as the dry matter




TABLE 10: Analysis of variance for the different maize plant parts of the two hybrids and

their parental lines.

Mean Square

Source of Sheath and Husk

Variation Leaf Stalk Ear Husk Cob Grain Total

dry matter g/pl.

Main Plots
Replications 219.52 1099,.11 1409.48 45,28 380.00 23,04 877.92
Py * ¥
Harvest Stages(H) 943.49* 3?75.20** 78634.&5' 250,06 213.21 12637.71  388778.22
Error (a) 250,32 LL8,27 b1s5.52 191.31 100.54 215.73 SLL 67
Sub Plots
* * * % * %k - * %k * ¥
Varieties (V)  L4439.65 = 7605.98 = 17565.98 52k, 77 714.84 1128633 63068.25
* %
Hx V 205.13 227.12 171762 10.23 Lk, L5 670_.04 4165.,91
Errob (b) 126,24 329.52 216.02 144,98 38.63% 693.64 262.37

*, ** Significantly different at the 5% and 1% level of probability, respectively,

€9
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redistribution to the ears or lost by respiration from the stem.
The highest ratio of stem weight to shoot weight was recorded
for Sc 5522 {0.33) followed by N 3233 (0.29). The least ratio

was encountered by KeSyn.II and H611l (0.23, 0.23), respectively.

Ear weight to shoot weight ratioc

Sequential ratio of ear weight to shoot weight is presented
in Table 1ls The translocation of shoot dry matter into the ears
was initially more efficent in the two hybridse. SR 52 (0.30) and
H611 (0.24) followed by N3233, Ec573 and K.Syn.II. However,
this efficiency was maintained only by H61l which produced 0.593
K6yn.II has increased the efficiency level to about 0.58 which
was initially reclatively lowest. The lowest proportion at the
final grain filling period was encountered by Sc 5522, and N3233
which was 0,51 and 0.52, respectively. The probable reason for
such low value could be attributed to the inability of the
inbrads to accept more of the produced dry matter during the
current photosynthate production or by translocation due to lack
of -emough room in the ear. This finding is in agrcement with
the results of Allison, and Watscn (1969). On the other hand
H611l, K.SyneII, and Ec573, being relatively late maturing types,
they might have exploited the longer grain filling period in
assimilating more of the photosynthates in the developing carse
This result agrees with the previous works of Van Eijnatten

(1963); Allison (1971).



TABLE 11:

Proportion of different maize plant to one another for the two hybrids and their

parental lines at ditterent growth stages.

WEEKS AFTER EMERGENCE

CHARACHTER GENOTYPES 10 12 14 16 18 20
LEAF WEIGHT SR52 0.56 0.57 0O.44 o0.42 0.42 0.40
TC « N3%233% 0.51 0.42 0.34 0.35 0.39 0,38
STEM WEIGHT Sc5522 0.49 0.50 0,35 0.37 0.35 0.34
RATIO H611 0.43 0.33 0.56 0.42 0.46 0.52
K.S¥n.II 0.58 0.73 0.49 0.43 0.57 0.55
Ec.573 0.51 O.44 0.43 O 44 O.44  O.h41
STEM WEIGHT SR52 O.45 0.41 0O.43 0.39 0.30  0.27
TO N3233 0.51 0.4 0.45 0.39 0.31 0.29
SHOOT WEIGHT Sec5522 0.54 0.48 0,48 044  0.35 0.33
RATIO H611 0.53 O0.46 0.43 0.41 0.30 0.23
% KeSyn,II 0.55 0.45 0.44 0.40 0.26 0.23
Ec.573 0,55 0,51 O.44 0.36 0.30 0.28
EAR WEIGHT SR52 0.30 0.35 0.39 0.45 0.51 0.56
TO N3233 0.22 0.34% 0.39 0.47 0.50 0.52
SHOOT WEIGHT S¢5522 0.19 0.28 0.34 0.40 0.45 0.51
RATIO H611 0.24 0.30 0.36 0.41 0.49 0.59
K.Syn.II 0.13 0.22 0.35 0.43 0.49 0.58
Ec.573 0,17 . 0,27 0,37 0,47 0,51 0,57
GRAIN WEIGHT SR52 - - - 0.35 0.43
TO N3233 = = 0.29 0.35
SHOOT WEIGHT Sc5522 - - - - 0.28 0.35
RATIO H611 - - -~ - 0,31 O, 44
K.Syn.II - - - - 0.32 0.42
Ec.573 - - - - 0.30 0.37

79
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Grain weight to shoot weight ratio

The rate of translocaticn of shoot dry matter into grain was

determined at the last two growth stages (Table 11). H611l preduced

the highest proportion (0.4k4) fellowed by SR 52 (0.43) and K.Syn.
IT (0.42)., The least proportion was produced by Sc 5522 (0.34)

and N32%% (0.35).

Loss in Vegetative weight during grain filling

In this experiment the decline in vegetative weight from the
peak is given in Table 12. The decline which has occured after
initiation of ear growth was presumed to have been;partly due to
the remobilization of carbohydrate reserves into the ears (Dynard
et al, 1969; Van Eijnatten, 1963; Johnscn et al, 1966). GQuite
appart from respirntary losses, much of this dry matter loss is
due to the decline in leaf weight obviously, resulted frem the
fall or decay of senscent lecaves., However, such decay conditions
could nct normally occur under normal environment and in henlthy
maize stomse Stem respiratory losses are expected to be minimal
and reletively un-important (Osafo, 1972). Attenticn is given te
the decline of stem weight which, by virture ¢f its morphological

postion relative to the ears and leaves, is cconsidered by Osaf

(1972) to be important in the partiticn of dry matter in the maize

shoote.
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TABLE 12: Losses in vegetative weight during grain filling period.
Leaf weight Stem weight Total
g/plant rpeak g/plant vegetative

By ~ weight % weight peak peak weight peak weight loss

loss % loss% from peak
- (%)

SR52 65.73 23.43 36 136.69 29,67 22 27

N323%3 L8,22 14.68 31 119.35 32,09 28 28

Sch5522 L7.30 15.47 33 110.03 15.03 14 20

H611 95.69 32.48 33 195.00 7h.04 37 57

K.Syn.II 106,99 Le,76 48 161.92 52.29 32 N

Ec573% 58.15 18. 47 32 133,85 36,36 28 29
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In the prescnt experiment, the accumulation of dry matter in
the stalks after silking may most likely be due to a limited ear
sink campacity or possibidy, a2 rcduced photosynthatic abilitye.
According to Duncan et al (1965), the latter casec holds true under the
conditions where a pericd is characterized by warm days and with
low amount of incident daily solar radiation relative to the early
growing conditiong. However, this condition seems unlikely to
occur under our condition where enough daily solar radiation
occurse Thercfore, the most probable cause for the reduction of
stalk dry matter could be the enlarged sink capacitye

Morecver, according to Dyﬁar et al (1969), maize varieties
of a low yielding potential might be expected to show no re-
mobilization of stalk soluble carbohydrates. However, allison and
Watson (1969) showed that translocation of the stalk soluble
carbohydrate from the stem part did not take place in the un-
fertilized maize plant only. In the present experiment some of
the low yielding genotypes, N3233 and Sc 5522 (Table 12), scem
to translocate comparable stalk dry matter, though low grain is
obtaincd indicating relatively moreof the translocated dry matter

being accumulated in the non grain part of the ear,
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Dry matter producticn after flowering

Total dry weights at the time of flowering was mcasured by
interpolation of the welight at the predeeding and suoceeding
harvests at tasselinge The increment of dry weight after
flowering estimatced by subtracting these values from the total
dry weight at the final growth stage were 213.30; 147.72;
144,715 264,87; 200,11 and 136.69 g/plant for SR 52, N3233,

Sc 5522, H61l, K.Syn.II, and Ec 573, respectively (Table 13,
Fige#)e The distribution of grain dry matter as percent of
the total dry matter produced after flowering is also shown in
Table 13+ The proportionately greater amount of dry matter
was accumulated by the grain in the¢ hybrids than in the parental
lines. This was at the expense of stem, ear husks and cobs
(Table L4a; 4b, and Table 9)e The rcduction in these plant
parts of the hybrids has taken place at 14 and 16 weecks after
emergence in Sr 52 and H61l, respectively. Similar findings
have been reparted by Allison (1971).

Dry matter Attributes of the parcental lines
after flowering as the percentage of their hybrids.

Dry matter attributes of the parental lines as the percentagc
of their respective hybrids and all genotypes as the percentage of
the highest producer, H61l, is given in Table 14. The parental
lines of SR 52, N3233 and Sc 5522 produced 69,3% and 67.8% of

their hybrids total dry weight after flowering , respectively.



TABLE 13:

69

Total dry matter produced after flowering by the two
maize hybrids and their parental lines, and final
grain yield expressed as percentage of dry weight
produced after flowering.
Dry weight
Production Final Grain weight
Variety after flowering Grain as % of the dry
yield weight
Q/ha.
SR52 213.30 5781 81
N3233% 147.72 31.40 76
5¢5522 144,71 29.50 66
H611 264.87 66.23% 87
K.Syn.II 250.11 57.99 78

Ec.573 176.69 37.62 73
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Regarding thc grain yield, they produced about 54.3% and 51%;
respectivelyf

On the other hand the parcntal lines of H61l, K.Syn.II and
Ec573, produced about 94% and 68% of their hybrids dry mattor after
flowering, rcspectivelye

However , the grain yield was about 88% and 57% of their
hybrids grain yicld. ZEventhough the efficiency in converting
the produced dry matter after flowering into grain is less in the
parents of SR 52 as comparcd to thc parents of H61ll, in both cases
the parents werc not as efficent as their hybrids in producing dry
matter after flowering and even in converting the produced dry ma
matter into graine

The differcnce observed in the produced dry matter after flowering
could be due to lateness in leaf aging observed in the hybrids and
their parental lincs which might have resulted in differences in as' -
imilating rate during the later part of the plant growth. This is in
agreement with the findings of Allison (1971).

The grain yicld of the inbreds may also have been limitted by
the ability of the grain to accept the produced dry matter after
flowering. Thus, thc obse#ved difference in the final grain yield
between the hybrids and their parental lines in the present experiment
has taken place., Hybrid H61l and onc¢ of its parental lines, K.Syn.
IT may have not differed much in inhcrent e¢fficiency of the leaves
after flowering because it was observed that K. Syn.II had almost

the same pericd in leaf &@iDE, as its hybrids., The substantially



‘TABLE 14: Dry matter attributes of the parental lines after flowering, expressed aspercentage
of respective hybrids and all the varieties as the percent of the highest

producer, H 611,

Dry weight Dry weight

Production Production as Grain yield

after flowering percent of H 611 as percent of
Variety Grain yield after flowering H 611

Percent

SR52 100.C 100.0 80.5 87.3
N3%233 69.3 54.3 55.8 L7k
5c5522 67.8 51,0 54,6 LL,5
H611 100.0 100.0 100.0 100.0
K.Syn. II 9l bt 87.6 9l 1y 87.6
Ec.573 68.0 56.8 68.0 56,8

ZL
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lower grain yicld of K.Syn.II has taken place mainly due to the low
dry matter accepting capacity of the grain. This is so becuasec
K.Syn.II has produced 94% as much dry matter, but it has only
produced 88% as much grain yicld as its counter part hybrid
(Table 14).

Harv st index of the hybrids and their parental lines.

Harvest index (HI) is defincd by Denald (1962) as the ratio

of the grain dry weight to the total above ground dry weight
(biamass ) of a crop at maturity. It is one of the indices currently
used to cvaluatc a crop dry matter partitioning ecfficiency. Many
of the cereals like maize, develop to large extent a leaf and stem
structure in relation to grain yield hence there is inbalance of
time for vegetative growth and grain filling (Singh and Stoskopf,
1971), Selecting for those cultivars which produce higher prox=-
portion of grain to non~-grain parts would assist brceders to
produce plants on higher yielding capacitye. Since over 90% of the
dry weight of a plant is limitted by the time in the amount of
assimilate it can produce, a betber distribution of assimilate into
grain and less into non-grain should produce a more efficient plant,
Based on this fact, the hybrids and their parental lines used in
the present experiment were comparcd also on HI basis.

Comparison of all genotypes revealed thot those with the
highest total dry matter accumulation proved to have highest HI

(Table 15) except for SR 52 and KeSyneII, SRS2 produced lesser dry



TABLE 15: Comparison of the genotypes on harvest index basis at maturity.

Total Grain
Dry weight Dry weight Harvest Grain Yield

Variety at harvest at harvest Index Q/ha.
SR52 4ol.02 1923 0.43 7Bl
N3233 302.87 106.72 0.35 31.40
Sc5522 283.52 95771 0.3k 29.50
H611 525.79 231.02 0. 44 66.23
K.Syn. II 466.87 195.71 0.k42 57.99
Ece573 350.28 129.41 0.37 37.62

L
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matter (401.02 g/plant) as comparcd to K.Syn.II (466.87 g/plant).

The HI of SR52 and KeSyn.II were O.43 and O.42, respectively.
This indicates that SR 52 is slighly cfficient as compared to
KeSyn.II. The highest HI is produced by H611 (0.44) and the least

(0.34) by Sc 5522.

Hybrid vigor
The result obtained in the prescnt experiment seem to agree
with the findings of Allison (1971). There may be no simple
relation between vigo®.in young plants, a stage at which attention
has frequently been directed in studics on physiolegical basis of
hybrid vigor, and grain yicld, on which attempts at genetical
interpretations of hybrid vigor have coften been bascd.

In this study the young hybrid plants appcared to be more
efficient photosynthetically than the inbred plants which had
demonstrated itself by more dry matter accumulation. Austin
(1963) had similar view on this point. He pointed out that a
small difference in the photosynthetic capacity of a plant could

CAUGE a larger differences in plant size.

However, compctition in the field prevents the expression of
the potentially grcater size of the hybrid plants. The present
result indicated that there is little difference among the hybrids

and the parcntal lines in dry weight at the time of flowering.
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However, there was a large differonce in grain yield at final
harvest (Fig.4). The differcnce was apparcntly c-used by facters
such as rate of aging of leaves and ability of the grain to accept
dry matter, which has taken placc after flowering. Such factors,
according to Allison (1971), may not nccessarily be clossely re=-
lated physiotogically or genctically, to the factors that have
exerted an influcnce at carlicer stages of growth.

In general the present result scems to agree with the view
that hybrid vigor results from a general increcase in the efficiency
and coordination of the array of biochemical processcs taking

place during the life of the plant (Hegeman, et al, 1967).

Nutricnt Concentration and Uptake

Concentration of Nitrogen (N) and phosphorus (P) in all the
stems and lecaves of the six genotypes incrcascd and then decrcased
as the growth and maturation process progressed with the exception
of the incrcascd N and P in maturing carse.

The concentration of P in the leaves did nct vary much in

all of the genotypes; however, therc is a general declining tredd
in all of the growth stages (Table 16). There was no much diffcrence
in N and P concentraticns between the six genotypes but the percentage
of N in all plant parts was highcer as compared to P concentrations
(Table 16)s Further, the accumulation of N and P in various plant

parts in actual amont is shown in Table AE).



TABLE 16: Distribution of Nitrogen (N) and Phosphorus (P) in different maize plant parts as
percent of their respective dry weight.
S Time Leaf Stalk Ear Sheath + Husk Cob Grain
in % % % % % %
Genotype weeks N P N P N N P N P
10 2.38 0.33 0.78 0.09 .23 0.19 =~ - - - -
SR52 14 1.26 0.17 0.29 0.13 1.32 0.28 -~ - - -
18 1..23 O/ YL 1.26 0.10 - - C.B7 045 Q.70 0.08 1.74 0.45
20 1.20 0.12 1.15 .08 - - 0.78 0,08 0.58 0.07 1,90 0.62
10 2wil2 0.26 0.81 0.11 1,25 0.19 - - - - - -
N3233 14 1,20 0.23 0.98 0.13 137 0.27 - - - - - -
18 1.18 0.21 1.65 0.10 - - 1.75 0.20 0.87 0.12 1.74 0.59
20 1.12 0.15 0.95 0.05 - - 0.70 0.09 0.64 0,10 1.90 0.61
10 2.35 0431 0.78 0.09 108 0417 - - - - -
Sc5522 14 1:32 0:17 1.72 0.13 1.43 0.26 - - - - -
18 0.87 0.11 1.26 0.10 - - 1.09 Q.15 0O,.&4 0.13 l.82 47
20 0.12 0.06 0.92 0,05 - - 0.59 0.08 0.73 0.12 1.85 Q.52
HE11 10 2.52 0.25 0.98 0.08 1.43 0.18 - - - - - -
14 1.34 0,17 Lodi2 0.14 1.46 0.24 - - - - - -
18 1.3 0«12 1.00 0.13 - 0.87 0,12 1.34 0,25 1.68 0es7
20 1.09 0.11 0.90 0.08 - - 1.04 0.30 0.56 0.06 2.02 0,50
10 2.41 0.23 095 0.07 b3 0.18 - - - - - -
KeSyn,II 14 1.37 0.14 1.20 Dall 1.46 0.23 - - - - - -
18 1.20 0.12 0.95 0.10 - - 137 0.2k IL.12 0.20 1.68 0.50
20 L.od 7 0.10 0.84 0.08 - - 0,70 010 1.98 0.17 1.90 137
10 2.30 0.25 0.95 0.05 1.12 Q17 - - - - - -
Ec573 14 2.07 0.25 1.7 0x1) 1.62 0.25 - - - - - -
18 1.12 0.22 o155 0.06 - - 0.90 0.16 1.27 0.26 1.74 0.37
20 1.18 0.12 0.81 0.05 - - 0.78 0.12 0.87 J19 2.00 0.46
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Nitrogen (N) accumulation and translocation

Nitrogen concentration in the leaves droped in all the
genotypes as growth stage advances. The percentage N content of
leaves were 2.38% and 1.2%; 2.12% and 1e2%; 2.35% and 0.87; 2.5%
and 1.09%; 2.4% and 1.20%; 2.3% and 1.81% in SRS52; N3233; Sc5522;
H611; K.Syn.II, and Ec 573, rcspectively at about 10 weeks and
20 wecks after emergence respectivelye The highest cumulative
uptake in the lcaves was not possible to identify here because
the % N was declining in all genotypes due to the ear deveclopment
processes taking place at the samc time encouraging N translocation.
Subsequently, the amount of N decrcascd and much more markedly in
KeSyneII than the rest of the genotypese. At this growth stage,
during fast devclopment of ears, the demand for N could be very
high, thus the roots can not absorb all the nceded amounte
This encourges translocation of the previously abscrbed and
accumulated N, This view agr.es with that of Halvay (1976). 1In
all sampling detes of all the maize genotypos,rthe marked
reduction of N in the leaves could be duc to translocation to the
developing secdse However, in somc of the genotypes like Sc5522, :
some of the translocated N could have remained in the stem as
seen by their higher N concentrations in this part of the plant,.
The present result seem to agree with the findings of Allison

(1969); Joquest et al (1975); and Karl and Whitney (1980),..
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Phosphorus (P) accumulation and translocation

In the prescnt study therc was almost a decreasce in the
concentration of % P with age in most plant partss In the leaves,
the P concentration ranges betwcen 0.06% in Sc 5522 at the last
sampling date, 20 wceks after cmergence, to 0.33% in SR 52 at the
first sampling date, 10 wecks after emergencee

As it is shown in Table 16, there is difference in % P
concentraticn of the respective dry weight of the genotypee.
More % P concentrntion was found in Ece 573 than in the rest of
the genotypese. However, this doesn't necessarly mean larpger .
amount in actual P concentration; as this acutual amount which is
based on the percentage is influenced by total dry matter
accumulated by the total dry matters by the grnotype.

Stalk % P concentration tends to increase upto 14 wecks
after emergence in all genotypes and then starts declininge On
the other hand, car % P and grain % P ccntent increased all the
way. The decrcase in % P of leaves could be due to translocation
of absorbed P to the newly developing ears and thus to the grain.
Part of the translocation could have been ftrapped’ by the stem
which has manifested by the incrcase of % P in the stalk when a
decline in % P was taking place in leaves. This result is in
agreement with thce findings of Arnon (1953); Jordon et al (1950),
Hanway (1962); Early and DeTurk (1949), and Mohammed and Marshal
(1979).

Aalthough the trend of accumulation of P secems to be
similar in all genotypes considered here, the efficincy of

‘ 3 A ¢
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accumulation and translocation is diffcrent which is due to the
inherent absorbing characterstics of the genotypes Sdmilar find-
ings were also reportcd by Bakcer et al (1967); Thomas (1972);

and Agboola (1972).

SUMMURY J/ND CCNCLUSICN

Two hybrids and their parental lines, planted at Dire Dawa
fruit farm werce studied for tetal dry matter accumulation, N.P.
distribution and other agronomic characters. Samples were
collected at 14 days interval to determime total dry matter
accumulation and N,P distribution in diffcrent maize plant parts
(leaves, stalks, sheath and hus, cob, and grain). Final grain
yield was also determincd.

The hybrids and their parental lines considered in this study
had a similar pattern of dry matter accumulation. However,
significant defference in total dry matter yicld was abserved at
different growth stages for the genotypes. & non-significant
total dry matter yield was observed betwcen the parcntal lines
of SR52. The parcntal lines of H61l have accumulated higher total
dry matter than thc parental lincs of SR52, The highest total
dry matter yield (525,72 g/plant) was produced by H61l, followed
by KeSyn.II (466,87 g/plant). The lcast producér was Sc5522
(283.52 g/plant)s. The long growing cycle and slow sencscnoe of
leaves of H61l and its parental lines have favored for high dry

matter accumulations



82
There is a general decreasing trend in leaf dry matter as

the growth stage advances. Nevertheless, responses appear to be
different for the hybrids and their parental lines for different
growth stages. In general highly significant leaf dry matter was
observed among the genotypes. The highest leaf dry matter was
produced by H61l and K.Syn.II at final growth stage. The lowest
leaf dry mattcr yicld was producdd by parental lines of SR 52.
Highly significant difference was observed among genotypes and
among the growth stages in stalk dry mattor accumulation., At 14
wecks After cemergence SR52 =nd its parcntal lines produced their
respective highest stalk dry matter. VWhereas H611 and its parental
lines produced highest stalk dry matter at 16 wecks after emergence.
Total stalk dry matter was not significantly different at final
growth stage as compared to the 10th week after emergence. Loss
of stalk dry matter at latter stage of growth is also observed.
This loss could be attributed to translocation of the previously
stored carbohydr: tc to the developing ear.

Bar dry matter accumulation incrcased as the growth stage
advances for all genotypes. In the early stage of growth the
accumulation rate was similar for all the gnotypes. However the
similarity did not appear to be the same at the final growth stage.
Hence, highly significant differcencc was observed among the genotypes
in accumulating ear dry matter at different growth stage, as the
growth stage ~dvancese. diccordinly, H61l significantly out yielded

all the genotypes by producing 310.51g/plant at final growth stage.
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The final ecar dry matter of the parental lines of SR52 (N3233 and
S¢5522) accounted for 70% and 60% of their counter part hybrid
respectively; whercas, thosc of the H611 parental lines, KeSyneII
and Ec573 accounted for 87% and 70% of their counter part hybrids,
respectivelys, In general the parental lines of H611l proved to be
better in ear dry matter accumulation than those of SR52. The
daily ear growth rate was also found to be different for the
different genotypcse

The last two growth stages werc considered for sheath, husk,
cob and grain dry matter accumulntion. The analysis of variance
table indicated that there is no significant difference between the
growth stages; however, there is significant difference among the
genotypese H61l has produced the highest grain dry matter
whereas the least pgrain dry matter was produced by Sc5522.

An average of 31.14% of the total dry matter was grain and
60,86% was non grain averagoed over all the genotypes. However
the relative proportion of grain and above ground non grain parts
varied widely among * the hybrids, parcntals, and hybrids and
parentals. The major part of above ground non grain part is con=-
stituted by stalk in both hybrids and their parental lincs.

The comparison of ratio of vegetative weight and components
for the genotypes indicated that leaf weight was lower than stalk
weight in all gnotypcse The highest stalk weight to sheoot weight
ratio wes recorded for Sc5522 followecd by N3233. The least ratio
was cncountercd by K.Syn.II and H61ll. The translocation of shoot

dry matter into the cars was initially more efficient in the two



84

hybrids. From thc result obtaincd, H611l followed by KeSynoIl

seem more c¢fficient in dry matter production and translocatione
N3%233% and Sc5b522 were found to be the least efficient in trans-
locating shoot dry matter to car,

Loss in vegetative weight after the penck weight is attained
by the different maize plant parts wns identified. The loss has
taken place during grain filling period. Thercefore, it was
suspected that weight loss other than falling off of senscced leaves
could be due to translocation to the developing graine

Comparison of the dry matter productioﬁ after flowering was
made among the gnotypes. The hybrids were found to be more
efficient in production and distrbution of dry matter after
floweing.

Harvest index is one of the yardstick in mcasuring the
yielding efficicncy of a genotypes

In the proscnt experiment, the hybrids and K.Syn.II were found
to have the highest harvest index«N and P concentration in the tissue
of all the genotypes was also determinceds In all the obscrvations
made there was increcasing and then a decreasing tendency of N and
P in stems and le~ves dxerept in the cars where there was a con-
tinous increase.

From this study it is obscrved that responses and ratc of dry
matter accumulation was different for the different genotypess

It was also observed thrt peack dry matter accumulation for the
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different plant parts was observed at different growth stages for
different genotypes. In all the paramcters considered, H611l proved
to be the highest dry matter producer; and hence the highest grain
yielder. K. Syn.II, one of the parcntal line of H611l, has produccd
the next highest dry matter followed by hybrid SR52. In gencral
the late maturing types scem to be the highest dry matter and grain
yield producers due to their efficiency to exploit the longer
growing period because of the slow death rate of lcavese.

In this study thc hybrid which came from the parents of high
dry matter producers proved to be highest yielder. From the result
of this study it may be suggested that the parental lines that bear
good potential in producing and translocating dry matter to the
economically important pleont part could be considered in the future
breeding program for the hybrid production.

It was alsc oberved thot dry motter which was accumulated early
in the growing seascn of the plants is translocated to the developing
ears late in the season. Therefore, in the future breeding program
attention should be given to genotypes with good translocation
effigtency of dry matter to the graine

The analysis of the present study indicated that there is no
as such a particular growth stage to which attention should be given
to promote the rate of dry matter accummulation. However, any
thing that prevents the rnte of leaf development such as inscct
pests, discases, moisture and nutrient deficiences should be

avoided at early growth stages.
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The translocation of N and P to the developing grain suggests
that genotypes with better abos.rbing and translocation efficicncy
are very important. Hence selection geared towards such effi
efficierd gcnotypes would also secm to increcase biological as well

as economic yield of maize plante.
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TABLE A1:

Mean weight of different parts of maize plant at different growth stage as pernce of

total of the respective harvest stages.

STALK LEAF TAR

CGenotype Days after emergence Days after emergence Days after emergence

70 84 98 112 126 140 70 84 98 112 126 1Lko 70 84 98 112 126 1ho
SR52 k5,3 41,4 42,8 38.7 2941 26,7 23.3 24,2 18.6 16.2 12.3 10.5 29.6 35.1 38.6 45.2 51.3 56.3
N3233 51.1 45.1 45.5 39.3 31.0 28.8 26.3 19.6 15.5 13.6 11.9 11.1 22.3 34,3 39.0 47.1 50.3 52,0
S¢5522 54.5 48.2 48.5 Lu4.6 3L4.6 33.4 26,5 24.0 17.2 15.9 12.1 11.2 18.9 27.9 34.3 39.5 LLk.6 50.8
H611 53.C 46.6 42.5 41.2 29.8 23.0 23.1 15.5 24.0 17.5 13.8 12.2 23.8 30.2 36.5 26.2 54.3 59.1
KeSyneII 55.4 45.2 43,4 29,9 25,7 23.5 32.0 32.8 21.5 17.4 14.6 12.9 12.7 22.1 34.7 48.2 49,4 57.8
Ec.573 54.7 50.9043.9 36.3 29.8 27.8 27.9 22.2 19.1 16.7 13.6 11.3 17.3 29.9 38.0 52.8 51.0 56.1

Sheath + Husk COB GRAIN
Genotype Days after emergence Days after emergence Days after emergence
126 140 126 140 126 140

SR52 15: 1247 847 6.9 3543 4z,1

N3233 18.6 16.2 9.8 8.7 28.6 352

Sc5522 14,0 12.9 10.9 &7 28,5 2%.8

H611 14.1 11.8 1077 9.2 31.h 43,9

K.Syn.II 12.7 11.6 118 it % § 31.6 41.9

Ec.573 16.1 14.7 10. 4 9.2 30.1 36.9
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TABLE A2: Distribution of Nitrogen (N) and Phosphorus (P) in g/plant in above ground different maize
plant parts of the two hybrids and their parental lines at different growth stages.

Time
in LEAF STALK EAR SHEATH + HUSK COB GRAIN TOTAL
VARIETY WEEKS N P N P N P N P N P N P N P
10 1.40 .19 .82 .10 B85 .13 = - . - - - 2,07 0O.42
SR52 14 «75 w10 172 18 163 435 = - - - - - 4,52 .63
18 .59 .05 1.48 .11 - - .51 .09 20 .03 2. 40 .62 5.18 .90
20 .51 .05 1.23 .09 = - .40 L0L .10 .02 Z.20 1,07 S.61 1.27
10 l.02 .13 .76 .10 .51 .08 - = o = - - 2.29 |
N323% 14 A48 .06 1l.17 .16 1l.4k0 .28 - - - - - - 3.05 .50
18 239 JO07  L.b47 o4 < - .38 .05 0.8 .03 1.43 .50 3.75 .69
20 40 .08 83 .09 - - .86 .10 s 03 2,03 ..63 L,35 .93
10 .99 .13 .68 .08 .36 ,05 - - - - - - 2.03 .26
Sc¢5522 14 05 JOF 1.01 1% 1,11 .20 = — = = - - 237 .38
18 Lo L06 1.65 .05 - - .23 0.06 2P .04 1,88 .37 3,82 .58
20 .27 .02 1.19 .09 - > 40 .03 .20 .03 1. 77 .50 3.83% .67
10 1.6 ,1% 1,30 ,1l1 B0 w1l = - - - - = 3.64 .36
HA11 14 1.28 .12 1.90 .24 2.08 .35 - - - - - - S5.24 <71
18 .93 .12 1.50 .19 =~ - 62 .09 M = b 2,66 79 6.4% 1.33
20 .69 .08 1.09 .10 - - .65 .06 27 .03 L,66 1,09 7.36 1.36
10 1.67 .16 1.14 ,08 40 .05 = = - - - - 3.21 .29
K.Syn.II 14 1.03 .08 1.45 .15 1l.66 .28 - - - - - - L1t .51
18 .78 .09 .98 .09 o = 40 .06 .52 .09 2.h42 .72 5,10 1,05
20 22 A07  L1.U45 12 - - . 74 o % « 5% .09  3.77 72 9,06 IJli
10 1:%2 JIh 1,07 o7 .58 .09 - - - - - - 2.97 . 30
Ec.573 14 1.20 .15 1.54 .15 1.26 .19 - = 4,00 .49

18 858 L10 1.77 ;05 = - +50 7 .31 48  1.81 .48  L.42 77
20 47 <05 «79  «05 - = . 40 .08 A1 » 1,59 .60 L,66 .86
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