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Abstract Vii
ABSTRACT

Two field experiments were conducted at the Irrigation Research Station,
Kadawa, Nigeria, during the 1989-90 and 1990-91 dry seasons, to investigate the
effects of two wheat varieties (Siete Cerros and Florence Aurore 8193), three row-
spacings (10, 20 and 30 cm) and four nitrogen levels (0, 60, 120 and 180 kg N ha")
on crop growth, yield, yield components and nutrient uptake and also to investigate the
effects of two varieties (Siete Cerros and Florence Aurore 8193), three nitrogen levels
(60, 120 and 180 kg N ha"') and three times of nitrogen application (seeding, seeding
+ tillering stage and seeding + flag leaf stage) on yield components and grain crude

protein content.

Variety Florence Aurore 8193 produced significantly more tillers, taller plants,
greater leaf area and leaf area index and more dry matter than Siete Cerros. Even
though the total dry matter accumulated by both varieties increased with crop age till
maturity, leaf and stem dry matter decreased after 70 days after sowing (DAS) while
spike dry matter continued to increase till crop maturity. The proportions of dry matter
in leaf, stem and spike at maturity were 9, 40 and 51 per cent for Siete Cerros and
9,49 and 43 per cent for Florence Aurore. Siete Cerros significantly excelled Florence
Aurore in number of grains per spike and grain yield. Florence Aurore however
produced grains with higher 1000-grain weight and also had greater N uptake than did
Siete Cerros; but the former significantly greater spike N uptake than that of Siete
Cerros. Leaf and stem N of both varieties decreased after 70 DAS while spike N
continued to increase till crop maturity. Total uptake of N, P, K, Ca and Mg at harvest

was signifi-cantly higher in Florence Aurore than in Siete Cerros. Spike uptake of N,
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P, K, Ca and Mg was highest followed by that of stem and leaf. Florence Aurore
produced grains with significantly higher crude protein content than Siete Cerros.

The 20 and 30 cm row-spacings gave the highest grain yield which were was
significantly better than the 10 cm row-spacing. Dry matter accumulation, nutrient
uptake and their distribution into component plant parts were greatest at the 20 cm
row-spacing.

Grain yield and dry matter accumulation increased with N levels up to 180 kgN
ha"' though increases in spikelets per spike, number of grains per spike and 1000-grain
weight were significant up to 120 kg N ha-'. The uptake of nitrogen and those of K,
Ca and Mg at harvest was significant up to 180 kg N ha'* but P uptake at harvest was
significant up to 120 kg N ha-!. Grain crude protein content also increased with
increase in N up to 120 kg N ha-' in 1989-90 and up to 180 kg N ha-' in 1990-91.
Split application of N at seeding time and tillering stage gave the highest grain yield,
straw yield, dry matter accumulation and longest spikes. Grain crude protein content
was greatest when N was split applied between seeding time and flag leaf stage.

Siete Cerros was more responsive to applied nitrogen than Florence Aurore and
N fertilizer requirement was different between the two years.

There were positive relationships between grain yield and spikelets per spike,
number of grains per spike, spike length, effective.tillers and 1000-grain weight. The
high direct effects of effective tillers, spike length, grains per spike and 1000-grain
weight on grain yield were due to their indirect effects through number of spikelets per

spike.
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Chapter 1
INTRODUCTION

Wheat ( 7riticum spp.), from which the comimon wheat evolved, belongs to the
Pooideae sub-family of annual grasses. Triticurn aestivum L. (the common bread
wheat), a hexaploid species from which most modern wheats have been developed,
is not known in the wild state (Purseglove, 1975). Wheat exhibits a wide range of
morphological and physiological variations and ecological adaptations. It is the most
important cereal crop in the world in terms of area sown and size of harvest (Armon,
1972).

Though wheat is essentially a temperate crop, it can be successfully grown at
higher altitudes in the tropics and sub-tropics and also in the tropical lowlands, where
it is grown during the cool dry season. Consequently, a number of varieties have been
developed for these tropical environments. There is evidence in support of the fact
that wheat has been grown for many centuries in Nigeria under irrigation by small-
holders in the northern parts of the country, usually in the fadamas and valley bottoms
(Yayock et al., 1986).

As a result of its low temperature requirements, wheat is grown under irrigation
during the cold-dry harmattan months of November to February, between latitudes 10
and 14 degrees North, which falls within the Sudan and Sahel savanna ecological zones
of Nigeria (Olugbemi, 1973; Kumar and Mavyaki, 1987). Attempts to produce this crop
under rainfed conditions on the plateaux of Nigeria have met with very limited success
due to high relative humidity which promote serious attack of fungal diseases, and

because of too high ambient temperatures,
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About 98% of wheat produced in Nigeria today is being processed into flour by
the flour mills, a product which is used by the numerous bakeries in the country for
making bread and confectioneries. It is also used for the production of "Semolina” for
the macaroni industry as well as for breakfast cereals,

Although awned wheat varieties constitute the majority of locally grown wheat,
a few awnless varieties are grown for their superior grain qualities. Local research
efforts over the years were therefore aimed at identifying varieties that combine good
grain quality with resistance to diseases and responsiveness to fertilization (Olugbemi
et al., 1979).

The present interest in planting wheat in narrower rows is to exploit the
benefits of two-dimensional spatial plant arrangement for higher grain yields. in the
past, wider rows were used to facilitate weed control by mechanical means. In
Nigeria, a 20 cm row-spacing is recommended for farmers (Palmer, 1988). Though
there are reports on the effect of row-spacing on grain yield, information on the
influence of row-spacing on growth and nutrient uptake by the crop and its distribution
among plant parts is virtually lacking.

One of the principal concerns of the Nigerian wheat farmer 1s how much
fertilizer nitrogen to apply to optimize and maximize yield under a situation of high
fertilizer costs and scarcity.  To achieve this goal, improvement in fertilizer use
efficiency will be needed, This therefore calls for intensive research work on the
nitrogen requirement of wheat as affected by rate and time of application,

The optimum nitrogen requirement for wheat is likely to be influenced by
variety, plant geometry, and number and time of N applications. Previous studies at

the Institute for Agricultural Research, Ahmadu Bello University, Zaria, Nigeria, on the
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nitrogen requirements of local and adapted wheat varieties with rates, source and
timing of applications, focused on yield, yield components and grain quality (Chari et
al., 1980). Information is however, lacking with respect to crop growth and nutrient
uptake and distribution of nitrogen among plant parts.

The present investigations consist of two field experiments conducted during
the 1989-90 and 1990-91 dry seasons to (1) study the effect of nitrogen level and
row-spacing on growth, yield and yield components and nitrogen uptake and its
distribution among plant parts and (2) study the effect of nitrogen level and time of N
application on vield, yield components and grain crude protein content.

The main objectives of these studies were therefore:

(1) to evaluate the effect of combination of varying levels of nitrogen and row-
spacing on growth, yield and yield components;

{2) to evaluate the effect ot N level and row-spacing on N uptake and its
distribution among plant parts;

(3) to evaluate the effects of N level and time of N application on yield, yield
components and grain crude protein content; and

(4) to evaluate the effects of level of N application on uptake and distribution of N,

P, K, Ca and Mg among plant parts at harvest stage.




|
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Chapter 2
LITERATURE REVIEW

Growth, yield, grain guality and nutrient uptake of wheat as influenced by

variety, nitrogen tertilization and row-spagcing are hereby reviewed.

2.1 Varieties

No single Iwheat variety bas all the desirable characteristics that a grower or
processor wants. Characteristics to be considered in selecting a wheat variety include
time of maturity, disease and pest resistance, shattering, lodging, vield and grain
quality {Schienhuber and Tucker, 1967}). Among the varieties recommended for
cultivation in the wheat growing areas of Nigeria, variety Siete Cerros (awned) is noted
for its high vields while variety Florence Aurore 8193 (awniess) is for its high grain

quality {Kubiczek et al., 1988)}.

2.1.1 Dry matter accumulation

Accumulation of dry rhatter in a wheat cultivar indicates its potentiality for yield
but its mabilization to the reproductive sink is important for economic yield. In a study
of dry matter production of wheat and triticale varieties in India, Lal e a/. (1978) found
that dry matter accumulatian in the whole pllant fO“IDWEd almost a sigmoid pattern with
respect to time. The leaf and culm dry matter increased with crop age but dropped
after reaching a maximuwm, depending on variety. Bauer et a/. {1987) determined the
relations of total aerial dry mass per cent in leaves, stems and spikes, of tillers per
plant, fresh and dry leaf mass and leaf area index {LAl) and found that growth stage

of the wheat pfant accounted for 32, 86 85 and 79 per cent of the change in total
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aerial dry mass and in per cent of aerial dry mass in leaves, stems and spikes
respectively and 52, 85, 59 and 59 per cent of tillers per plant, leal area index (LAI),

dry leaf mass and fresh leaf mass respectively.

2.1.2 Yield and yield components

Cultivar differences in wheat grain yield have been reported. Angus and Sage
(1980) reported that conventional tall wheat varieties were dependent for grain yield
on either a high number of ears or a larger number of spikelets per ear whereas the
semi-dwarfs were dependent on high spikelet fertility. Feingold et a/.(1990) also
reported that semi-dwarl wheat cultivars showed a greater capacity for grain yield than

the tall ones. This they attributed to its higher harvest index, which was associated

with higher number of grains per meter square.

2.1.3 Importance of awns

It has been reported that awns significantly increase the photosynthetic rate of
the wheat ear and thus contribute 10 - 20% of the assimilate supplied to the grain
during its main growth (Teare et al., 1972; Olugbemi et a/,, 1976a; 1276b). From
studies conducted in Texas, USA, Atkins and Norris (1955), working with ten pairs of
specially developed isogenic awned and awnless types of wheat, found that the awned
lines produced significantly higher yields, heavier kernels and higher bushel weights
than the awnless types. They noted that those differences were however, greater
under conditions of drought. In Wisconsin, McDonough and Gauch (1959) reported
that the contribution of the awns to the dry weigh& of the grains as compared to that

of the flag-leaf blade becoimes increasingly important as soill moisture levels were closer




Literature Review I 6

to the wilting point. At a time when the flag-leaf had practically ceased to contribute
photosynthates to the developing kernels, the awns were still making substantial
contributions to the dry weight of the kernel.

Patterson ér al, (1962), comparing twelve pairs of near isagenic soft red winter
wheat for vield, test weight and kernel weight at Lafayette, Indiana, USA, found that
awned lines were generally superior to awnless lines with advantages for kernel weight
and test weight than for yield. At Kadawa, Nigeria, Olugbemi et a/. (1981) found that "
the vield superiority of Siete Cerros (awned} wheat variety over Florence Aurore 8193

(awnless) was due to higher floret fertility and higher grain to straw ratio.

2. 1.4 Nitregen uptake

Nitrogen distribution to the wheat grain has heen found to vary significantly
with genotypes. Halloran and tee {(1879), w.‘lio examined five wheat cultivars for
patterns of nitrogen uptake and distribution to the above-ground plant parts at 10
different stages throughout the life-cycle, found that significant differences existed
.. among cultivars in terms of nitrogen percentages of culm, glume and rachis tissues in
the mature plant. Halioran (1981) also found that translocation efficiency was
significantly different among cuitivars. There were marked differences in trend in
translocation efficiency between cgertain cultivars as the soil nitrogen availability

increased.

2.2 Nitrogen Fertilization
The effects of levels and time of application of N on wheat with respect to crop
growth, vield, yield components, nutrient uplaké and N distribution among plant parts

of wheat are hereby reviewed.
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2.2.1T Crop growth

The growth of crop plants is more often limited by deficiency of nitrogen that
of any other nutrient (Tisdale and Nelson, 1975). Plants require nitrogen for their
normal growth and reproduction. Nitrogen is a constituent of all proteins, all enzymes,
many metabolic intermediates involved in synthesis and energy transfer and even
deoxyribonucleic acids that make up the genetic code (Viets Jr, 1965).

Excessive supply of nitrogen can however have adverse effects on the growth
of wheat plants, If adequate amounts of all the other essential elements are available,
too much supply of nitrogen may result in excessive vegetative growth; tall, weak-
stemmed plants that may lead to stem lodging. Crop maturity is also delayed by N
deficiency (Chapman and Carter, 1976). Nitrogen deficiency on the other hand causes
pale - green colouration, stunted growth and reduced tillering of wheat (Viets Jr,
1965).

Khalifa (1973) reported that early N application effectively increased leaf area
duration by increasing the leaf area index at the time of ear emergence while later N
supply had very little effect on leaf area index and consequently on leal area duration.

Pearman et al.{1977) reported that leaf area at and after anthesis was increased
throughout the range of N of 0 - 200 kg ha'. Addition of 200 kg N ha ' decreased the
amount of grain produced per unit leaf area by 25%. Increase in N application
increased leal dry weight both at anthesis and maturity. Pearman et al.{1978) also
reported that N in excess of 200 kg ha ' increased straw dry weight at maturity, shoot

dry weight at anthesis and leaf area more than it increased grain yield,
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2.2.2 Yield and yield components

Nitrogen fertilization is a primary factor influencing grain yield of wheat. Rhodes
(1963) and Woodward (1966) reported the effect of N fertilizérs on wheat tillering and
other yield contributing attributes. They concluded that N application increased tillering
and vield, but decreased test and straw weights. Sharma et a/(1970} studying the
response of dwarf and tall wheat varieties to nitrogen in northwest India, found that
irrespective of the wheat type, vields were increased by N application. Dwarf wheat
towever, gave higher vields than tall wheat at every level of N fertilization. The
supericrity of the dwarf wheat varigties resuited both from a higher number of ear-
bearing shoots per unit row-length and a higher number of fertile spikelets per ear.

In North Dakota, Power and Alessi {1978) reparted that N fertilizer application
significantly increased grain yie!d with additions of 80 - 270 kg N ha'. Most of this
resulted from increase in the number of ears per hectare arising from reduced tiller
mortality. At Kadawa, Nigeria, however, Olughemi (1984} reported that the higher grain
yield obtained with 100 kg N ha'' than 80 kg N ha'' was not significantly different from
that of 150 kg N ha™’. |

Differences among wheat cultivars in vield responses to N application have been
reported.,  Bhutta er a/.(1980) obtained a positive correlation coefficient for the
relationship between yield and number of graing per ear. Gehl et 4/ (1890} reported
an increase in grain yield with increase in N fertilization but the level of N reguired for

maximum grain yield varied among cultivars.
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2.2.3 Protein content

In wheat, both the quantity and the quality of proteins are major factors in
determining the quality of wheat flour and its suitability for making various bakery
products,

Many studies have shown that protein content of wheat grain may be markedly
micreased by nitragen application, Hotcheon and Rennie (19600 reparted that addivonal
N in excess of levels required to obtain yield increases, only improved the grain protein
content. Hutcheon and Paul (1966) from a growth chamber experiment found that
protein content of spring wheat could be controlled by nitrogen supply and soil
moisture stress. In a 4-year experiment with semi-dwarf spring wheat varieties,
Woodward (1866) reported that gramn protein content increased with N levels, the
magnitude of increase was however greater with the semi-dwarf than with the tall
varieties, In Canada, Alkier et a/. (1972) obtained large yield increases when 34 or 67
kg N ha' was applied broadcast to non-fallow land at seeding time but protein content
either decreased or increased only slightly.,  Protem content increased substantially
when 101-202 kg N ha ' was applied to non-fallow land whereas grain yields were not
increased above that obtained with 67 kg N ha '. Some other workers have however
(Russell er al1958; Dubetz, 1977) reported that increase in wheat grain protein
content, resulted in lower grain yield.

In England, Batey and Reynish {1976) reported that when rates of appled N
were increased, grain size decreased but grain N content increased in winter wheat.
Patil and Khuspe (1978} also reported that N fertilization improved grain protein content
and its grain production up to 100 kg N ha ' while Donald and Johnson (1987) reported

that applied N but rather it increased total protein per hectare by increasing yield,
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In Australia, Syme er a/(1976) working with three wheat cultivars which
differed in their grain protein content, found that grain yield and protein content
increased with N additions. Protein content was found to be inversely related to grain
yields, However, ranking of cultivars on the basis of grain protein content was

independent of nutrient regimes,

2.2.4 Nutrient uptake and distribution in plant parts

2.2.4. 1T Nitrogen

In wheat, nitrogen economy is principally regulated through nitrogen ahsorption
and partitioning between vegetative structures and the grain (Day et 3/, 198%). Some
of the factors that are likely to affect nitrogen uptake include time and rate of
application as well as the environment.

A number of investigators have found that nitrogen absorption does not depend:
on cultivars (Woodrufi, 1972; Day et o/, 19B5; Heitholt et a/., 1290; Sarandon and
Caldiz, 1990). Sarandon and Caldiz {1990} frﬁm a study on the effect of varying
nitrogen supply levels at different stages on nitrogen uptake and partitioning efficiency
in two wheat cultivars found that nitrogen content, N uptake and distribution at
maturity were significantly different and affected by nitrogen supply but nitrogen
content in the grain was similar in both cultivars.

The supply and availabitity for absorption of nitrogen at the root level is another
factor that affects hoth its uptake and distribution. Singh and Seth (1978) reported
that N content and N uptake by different plant parts of a dwarf wheat cultivar
increased with increase in N rates from 80 to 200 kg ha'. Of the total N uptake, 75%

was in the grain, 10 - 12% in leaves, 7% in chaff and rachis and 6% in the stem.
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Similar findings were reported by Kapur et g/ (1985) and Regasits and Berecz {1991)
wio founnd that N uptake increased with increasing N rates.

The rate of N uptake is influenced hy the stage of growth of the wheat plant.
Translocation of nitrogen from the vegetative parts into the grain also occurs {(Williams,
1958). Austin et a/. (1977) reported that for all the winter wheat genotypes studied,
the plants contained at anthesis 83% of the total N present in the plant at maturity,
while at this same growth stage, 68% of the plant nitrogen was present in the grain,
Withelmi {19786), studying the effect of soil N avéilability on N uptake and translecation
in three winter wheat varieties differing in grain protein content, reported that
approximately 85% of the total N absorbed by the roots from the soil was in the plant
by the heading stage, and that this increased to 89% at anthesis. Wabhhab and
Hussain {1957} reported that M uptake by wheat was highest at the tillering stage,
followed by a sharp decline at the jointing stage, while at heading, the decline became
gradual. This result was confirmed by Monem Balba et a/. {1972) who reported that
fartifiser N absorption was mainly during the period from tillering to ear emergence.
MeNeal et af. (1968} also reported that N percentage in the chaff was about the same
level as that in the stems and leaves and that each concentration level decreased with
successive sampling dates at nearly the sarne rate. Grain N percentage levels at the
late flowering and milk stages were similar but showed a significant increase by the
dough stage.

Sotne correiation studies had been undertaken for a better understanding of the
relationships between nitrogen uptake, dry matter accumuiation and grain protein
percentage in wheat. Day et a/.{1988) reported that high N percentage of plant parts

tended to correlate positively with grain protein percentage at first node and antlesis
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stages but correfated negatively at later stages. Dry weight was important in the
accumulation of N, however, neither dry weight nor tatal plant N correlated with grain
protein percentage. Kretschmer (1990) also reported that potential N uptake positively

highly carrelated with plant dry matter accumaulation,

2.2.4.2 Qther nutrients (P, K, Ca and Myg)

Nutrient supply is very important in crop production since photosynthesis, an
important factor in crop growth, is highlty dependent on mineral nutrient supply. Plant |
nutrient uptake s the best criterion for assessing the avaitability of mineral nutrients,
provided other growth factors are not limiting {Tisdate and Nelson, 1975},

Interactions among mineral elements influence nutrient availability and uptake,
A better utilization of P by cereal crops in the pre;;ence of N has been reported (Grunes,
1959; Bezdek and Zenesceva, 1979}. Walsh and Beaton (1973) reparted that when
No, - N is adsarbed to soil coloids, uptake of Ca, Mg and K is increased when these
are present in adequate amounts. Dean (1957) reported” that rate of nutrient
absorption was not independent of nutrient concentration in the soil solution and that
this rate was proportional to the concentration of a specific ion species, Hanway
{1962) reported that differences in soil fertility were reflected in the amounts of N, P,
and K accurmudated in the com plant, but that these did nat markedly influence the
distribution pattern of each of the nutrients in the different plant parts. Grewal (1989)
however reporied that the concentration of P and K in wheat grain and straw and their
uptake were not affected by N application.

Page ef a/. (1378) found that concentration of N, P, K, Ca and Mg in the foliage
of wheat plant decreased from Feeke's stage 4 but N, P and Mg cancentration in the

sar increased at Feeke's stage 11. N, P, and Mg accumulated in the ears at the
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expense of the foliage during stage 11, maximum uptake occurring at stages 11.3,
11.1, and 11,2 respectively. In contrast, K and Ca uptake ceased at stages 10.1 and
10.5 respectively. Rate of N uptake and soil No, - depletion correlated significantly,

Lasztity (1988) also studied nutrient uptake by wheat at 10 day intervals from
tillering to harvest. He reported that accumulation of N occurred until maximum
ripeness, that of P and Mg was until maturity and of K and Ca was up to flowering.
The rate of uptake was greatest for N and P during shoot elongation, that for K and Ca
at heading and for Mg at flowering. Most of the absorbed N and P was found in the
grain, but more K and Ca was found in the vegetative parts while Mg was distributed

equally between both grain and vegetative tissues.

2.2.5 Time of N application

Judicious use of fertiizer pitrogen by wheat requires a good understandmg of
its total need and an identification of time of its peak requirement during the growing
season, Some researchers have observed increases in grain yield and protein content
of wheat following N application at various periods after planting {(Van Dobben, 1966;
Darkwinkel ef al., 1986; Vaughan et af., 1990},

Van Dobben (1966) reported that spring dressings with small amounts of N at
tillering in addition to that applied at sowing led to shorter and stiffer straw and
increased number of kerels per spike in wheat. On the other hand, McClelland and
Griffiths (1972} failed to obtain any yield increases when N was applied after seeding.

Darkwinkel et al. {1986) reported that best results were obtained by applying
N at the end of tillering to supplement soil - N to a total level of 140 kg N ha', a

second dressing at Feeke's stages 6 7 and a third dressing of 30-50 kg N just before
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ear-emergence. Applying a second dressing at stage 5 increased the number of ears
but had adverse effects on the crop due to plant lodging.

In the Australian Darling Downs, Strong (1982) found that growth of semi
dwarf wheat under supplementary irrigation was increased by the application of 400
kg N ha' at planting. N at 50 or 100 kg ha' applied at the booting stage to
supplement the 100 kg ha ' applied at planting increased grain yield by 459 and 478
kg ha ' respectively. In contrast, supplementary N (25, 50 or 100 kg ha ') at or after
flowering, generally did not increase grain yields.

Hunter and Stanford (1973) evaluating the relationship between time and rate
of N application found that average protein contents were increased from 10.9% with
no - N applied ta 14.3% with N fertilizer. Spring applications consistently gave higher
protein contents than fall applications though the average differences were small, But
Stanford and Hunter (1973) did not find any significant interactions between rate and
time of N application on yields of grain, dry matter and N content.,

Christenseen and Killorn (1980) reported that when 100 kg N ha' was split
between seeding time and at irrigation, wheat yields decreased from 3.89 to 3.54 and
2.98t ha' as the amount of N applied at seeding was decreased from 100 to 75 and
80 kg N ha ' respectively. Differential responses to split applications of N were related
to differences in number of spikes per unit area at harvest. The number of spikes per
unit area decreased as the proportion of N applied at seeding decreased. Hamid and
Sarwar (1976) reported that when N fertilizers were applied at a rate of 120 kg N ha'
in a single application (at seeding), two split applications (at seeding and tillering), and
six split applicatons (at seeding, tillering, boot, heading, flowering and milk-ripe}, N

applied in two-split doses was found to be most productive for gram yield but six spht
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applications significantly increased the protein content of grain compared with single
or two-split applications.

Hamid (1973) working on the effect of time and rate of application on uptake
of fertilizer N by wheat found that splitting the application was only beneficial at the
maximum rate but two top dressings at tillering and boot stages were better for grain
production than basal dressing or single top dressing at stem elongation stage. Uptake
of fertilizer N was maximum from a single top dressing.

At Kat‘i;.aw'a. Nigeria, Okoh et al. (1985) studied the effects of increasing
amounts of urea fertilizer (50, 100, 150 kg ha ') and time of its application on protein
content and amino acid composition of seven wheat cultivars grown under irngation.
They found that increase in protein content which occurred with increase in appled
nitrogen was more marked when the lowest urea level was applied at the grain filling
stage.

Koch and Mengel (1977) reported that higher N levels applied during the
reproductive growth phase had a negative rather than a positive effect on grain yield.
Additional N supply mereased mamly the soluble ammo acids, namely, prolamin antd
glutelin content of the grain.

Effects of time of N application on yield components of wheat have been
reported. In England, Ellen (1987) reported that delaying the first N dressings resulted
in fewer shoots per plant at both low and high plant densities. Grain number per ear
increased but grainn number per meter square was hardly aftfected.  The 1000 gram

weight decreased as the N dressing was further delayed,
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In Colorado, USA, Vaughan et af.{1920) found that when fartilizer N was
applied in autumn, spring or in split applications, spring applied N increased grain yield
and Iprotein content more than did either autumn application or split applied N.

Time of application also influences nitrogen uptake and distribution in plant
parts. Baier et a/.{1989) reporled that when N rateé of 0, 40, 80 and 120 kg ha'' were
applied in split doses, average N uptake increased by 22.3, 39.6 and 55.6 per cent
respectively as N rates increased, N uptake was greatest from the N doses applied at
Feeke's stage 10. Heitholt er &/ {1990} also reported that redistribution of vegetative
N contributed significantly more to grain N than did post-anthesis N uptake. Vegetative
N at maturity increased as a result of suppiemental N applied at anthesis, but GNC,

total grain N and vyield were unaffected.

2.3 Row-Spacing

2.3.71 Yield and yield components
A review of studies on the effect of raw-spacing on the vield of cereal crops

(Holliday, 1963} led to the following CDI'IC“JSiOF'IS:.

1. At a constant seed rate, decreasing the row width below 17-20 cim has in most
cases led to small increases in cereal yields., Conversely, increasing the row
width above the standard in muost cases resulted in some decrease in yield,

2. There is evidence to show that vield advantages of narrow rows are more
pronounced at seed rates that are either below or above that which is
censidered standard; the decline in yield at wider rows therefore being more

pronounced at high seed rates.
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Kinra et al.(1963) reported that row-spacings wider than 17 cm resulted in
fewer culms per square meter in three out of four cases. This was attributed to
inhibition of tillering due to the close intra-row spacing of plants in the wider spaced
inter-rows. Plant height decreased when the distance between rows was increased
from 17 to 27 cm but increased as inter-row spacing was increased to 35 cm due to
increased interplant competition.  Yield was reduced by increase in row-spacing.

In India, Dubey and Lal (1970) reported that 25 cm row-spacing exerted
significant effect on grain yield compared to 30 cm. Others have also reported the
effect of closer row-spacing., Ram et a/. (1988) reported that wheat in 5, 17.5 and 20
cm rows gave yields of 4,08, 3.96 and 3.77 tonnes per hectare respectively.  Similar
findings were reported by Hoth er a/ (1984) who found greater yield increases when
row-spacing was further decreased to 12.7 cm. This increase was attributed to the
production of more productive tillers per umit area.

Joseph et af(1985) found that with soft red winter wheat, a 10 em row-
spacing produced grains that were 0.6 to 0.8 tonne ha ' higher than the 20 cm row-
spacing at similar seed rates. Plants in 10 cm rows produced more productive tillers
than a similar number of plants per m” in 20 cm rows. This was because there were
approximately twice as many plants per unit length of row in the 20 cm rows and thus
competition within rows was greater.

‘almer (1988) recommended a standard row-spacing of 20 cm for wheat
cultivation under the northern MNigerian conditions though no  significant  yield

differences were recorded between drilling in rows and broadcasting.
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Beverlein and Lafever (1990) in studies in Ohio found that when wheat was
planted in rows 17.8, 25.4, 35.6 and 50.8 cm apart, average grain yield decreased by

approximately 19% as row-spacing increased.

2.3.2 Nitrogen uptake and distiibution i plarnt parts

There is scanty available infarmation on the effect of row-spacing on nutrient
uptake by wheat. Holliday (1963) was unable to establish conclusive evidence to
suggest a greater efficiency of fertilizer use by wheat plants at narrow row-spacing.

Remerton ef al. (1984) reported that in spring wheat sown in 20 cm rows, total
Kjeldahl N uptake was greater compared to 30 and 40 cm rows. Singh et al. (1988)
also reported on the effect of row-spacing on nitrogen uptake by late sown wheat,
They found that when wheat was shown in rows 15, 17.5 or 20 cm apart, nitrogen

uptake values were 97.9, 98.0 and 92.9 kg ha ' respectively.
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Chapter 3

MATERIALS AND METHODS

3.1 Experimental Site

The experiments were conducted at the Irrigation Research Station of the
Institute for Agricultural Research, Alwnaduy Bello University, at Kadawa {11°39°N,
08°02°E; 500 m above sea level), Nigeria during the 1989-90 and 1990-91 dry
seasons. Kadawa is located in the Sudan savanna ecological zone of Nigeria. Records

of temperature during the period of the experimental are given in Appendices 1,2 & 3.

3.1.1 Soils of Experimental Sitaes

The soils of the sites used for the experiments have been classified as Eutric
Camnbisol (FAQ/UINESCO) and Typic UstrnpepI'(Ojanuga et al, 1879). The parent
material is acelian sandy drift over iron pan. The soils are moderately deep sandy clays
with loamy mps.l They are moderately to imperfectly drained to & depth of 89 cm
because of the perched water-tahle resting on the underlying iron pan at depths varying
between 21 and 152 c¢m.

Prior 1o the establishment of each year's trial, a composite soil sample from O-
15 cm depth was taken for physico-chemical analysis and the results of these are
shown in Table 1.

The soil samples were air-dried for several days, mixed thoroughiy, and ground
to pass through a 2 mm sieve and stored in plastic containers for subsequent analysis.

Particle size distribution was determined by the hydrometer method as

described by Day (1965). Soil pl4 was deterivined with 1:1 soil-water and
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Table 1. Physico-chemical properties of the soil samples taken from the
experimental sites at 0 - 15 em depth at Kadawa in 1989-90 and 1990-
91 dry season.

Years

Property

1989-90 1990~ 1
Chemical property
pH (H,0) 6. 30 H.40
pH (0.01M Ca C1,) 5.80 6.20
Organic carbon (g kg') T 0 9.2
Total nitrogen (g kg') 0.6 0.8
Available P (mg kg') 17.92 26.88
Exchangeable bases (emol kg') Calecium (Ca) 3.74 5. 29
Magnesium (Mq) 0.85 1.89
Potassium (K) 0.29 0.29
Sodium (Na) 0.11 0.37
CEC (cmol kg-') 6.0 6.8
Physical analysis
Sand (%) 56 ha
Silt (%) | 26 24
Clay (% 18 12
Textural class Sandy loam Sandy loam

also in 1:2 so0il-0.01 Ca C1, pastes applying the method described by Peech (1965).
Organic carbon was estimated by the Walkley - Black method (Jackson, 1958). The
total percentage nitrogen was estimated by the Kjekdahl method (Bremmer, 1965).
Cation exchange capacity and exchangeable K, Na, Ca and Mg were estimated by

using the NH,OAc method as described by Chapman (1965a & b). Na and K in the
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extracts were determined with an EEL flame photometer, while Ca and Mg were
determined with a Perkin Elmer, Model 2908 atomic absorption spectrophotometer.
Available P was estimated according to Bray’s | sulphuric acid reduction method as

described by Olsen and Dean {1965),

3.1.2 Cropping history
The cropping history of the experimental site used in each of the two dry

seasons is shown below:

Wet Season Dry Season
1989-90 field
1988 - Rice | Wheat
1989 Rice Wheat
1990-91 field
1988 Rice Wheat
1989 Groundnut .Wheat

1990 _ . Millet Wheat

3.2 Cultural Practices
3.2. 1T Land preparation

The land was ploughed and harrowed twice to a fine tilth. The field was then
divided into 5 x 3 m hasins separated by ha.lf-metelr dykes to reduce seepage of water
and nutrients into adjacent plots. Irrigation channels were constructed for efficient

water distribution to the plots.
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3.2.2 Varieties
The two wheat varieties used for the experiments were Siete Cerros and

F!oreﬁce Aurore 8193,

Siete Cerros

Siete Cerros is an introduction from Mexico. It has an average height of 72-80
cm. Its spike, which is borne on a kinky neck, has awns that are long, coarse and
arranged parallel tc one another. This variety is of medium maturity {120 days) a_nd
has a yield potential of about 4.5 tonnes ha'. It is generally toterant of pests and

diseases (F.C. Orakwue, personal communication).

Florence Aurpre 8193

Florence Aurore B193 was released from FAQ collection in 1965, Itis 99-118
cm tall, with a thick culm. Its spike is long, awnless and cream coloured. It is of
-1

medium maturity and has a vield potential of 3.5 tonnes ha It is moderately

resistant to pests and diseases (F.C. Orakwue, persona! communication).

3.2.3 Seeding

The seeds of these varieties were received from the Institute for Agricultural
Research, Ahimadu Bello University’s Seed Production Programme and sown at a rate
of 100 kg ha' on 19th and 8th December in 1989 and 1990 respectively. Sowing was
by hand-drilling aleng the rows at a depth of 3 cm. The varieties and row-spacings

adopted in each case were as given in the treatments,
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3.2.4 lrrigation

The 1989-90 trials were irrigated twice because of theqrather high water table
in the field. Water table was at a depth of 85 cm. During the 1990-91 cropping
season, the trials had to be conducted on a different field from that of the preceding
year in order to avoid the high water-table problem. Irrigation during the 1990-91

cropping season was therefore at weekly intervals with a total of eleven irrigations.

3.2.5 Weeding

Two weedings by hand pulling were carried out during the 1989-90 cropping
season to control weeds, However, during the 1990-91 cropping season, due to high
weed intensity and flushes, two weedings by hand pulling and two hoe-weedings were
done to control weeds. Volunteer millet from the preceding crop constituted the major

weed problem.

3.2.6 Fertilizers

Commercial urea (46% N) was used as nitrogen source throughout the study.
Rates and time of nitrogen applications were as specified in the treatments, A uniform
rate of 40 kg P,0. as single superphosphate (SSP) and 60 kg K,O ha ' as muriate of
potash (MOP) were applied to each plot and incorporated before sowing as basal

fertilizer dressing.

3.3 Treatments and Experimental Layouts
The studies were carned out in two experiments which were conducted side by
side during the period of study. The field layouts for the two experiments are shown

in Figures 1 and 2. Details of these are as given below:
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3.3.7 Experiment
Effect of nitrogen fevels and row-spacing on growth, yield, yield componenis

and nitrogen uptake and distribbution in plant parts.

Varieties
The twao varieties used were Siete Cerros {awned) and Florence Aurore 8193

(awnless).

Nitrogen levels
The four levels of nitrogen tested were O, 60, 120 and 180 kg M ha'. The
nitrogen fertilizer was split into two equal ‘parts and applied first at sowing and four

weels later by hand broadcast.

Row-spacing
The row-spacings compared were 10, 20 and 30 cm making, 30, 15, and 10

rows per plot respectively.

Experirmnental design
The axperiment was laid out in a split-plot design with four replicatiens. The
main plots comprised of combination of varieties.and row-spacing while subplots were

nitrogen levels, iaking the total number of treatments 24,

3.3.2 Experiment il
Effect of nitrogen level and time of N application on yield, yvield components and

grain crude protein content.
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Treatments
The wotal of 18 weatments comprised of factorial ‘#ombinations of varieties,

nitrogen levels and times of nitrogen application as follows:

Varietias

The two varieties used were Siete Cerros {awned! and Florence Aurore 8193

(awnless).

Nitrogen levels

The three levels of nitrogen tested were BQ, 120 and 180 kg N ha'. The

fertilizer was applied by broadcasting.

Time of nitrogen application

There were three times of N application:

{a) all nitrongen applied at seeding.
() half nitrogen at seeding plus half at tillering stage {4 weeks after sowing).
{c) half nitrogen at seeding plus half at flag leaf stage.

Experimental design
The experiment was 1aid out in a randomized complete block design with four

replications.

3.4 Observations

3.4.1 Emergence count
This was recarded at 15 days after sowing by counting plants from an area of

one square meter.




Materials and Methods 28

3.4.2 Days to 50% flowering

Days froin sowing 1o the time when about 50% of the plants within each plot

had flowered.

3.4.3 Days to physiological maturity
Bays from sowing to physiclogical maturity {i.e when rachis were dried in about

50% of spikes in each piot).

3.4.4 Tillars per plant
Number of tillers per plant was determined by destructive sampling of ten
contiguous plants along the row at 36 days after sowing. Tillers with visible

greenness, irrespective of size or leaf number, were counted.

3.4.5 Dry matter accumulation and partitioning

Above-ground plant materials from a half meter row-length were harvested
starting at 42 days after sowing and at 14-day interval thereafier up to maturity. The
harvested plant samples were immediately placed in a polythene bag and transported
te the laboratory where they were weighed with a top-loading Mettler balance {Metler
P1200). A sub-sampie of ten shoots was randomly removed from each b‘ulk samp;le,
weighed and each shoot dissected into component parts of leaves, stems and spikes,
as appropriate for developimental stage. The leaf sheaths and prior to onset of heading,
the develaping infiorescences, were retained as part of the stem. Each component part
from the sub-sample was weighed fresh, oven-dried to constant weight at 70°C for 24
hours and weighed again. The rernaining bulk sample was also oven-dried to a

constant weight at 70°C for 24 hours and weighed. The fractional mass of leaves,
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stems and spikes in the 1otal bicimass (from half meter length) was estirmated from the
sub-sample weights.

There were five sampling periods during ;he 1989-90 cropping season but due
to the shorter growth period, there were four sampling periods in the 1390-91% cropping

segason.

3.4.6 leaf area por shoot
The total area of green leaves from sandoimly selected shoots was estimated

with an L1 3100 Model area meter (Li-Cor Inc., Lincon, Nebraska) at 42, 56 and 70

days after sowing (DAS).

3.4.7 Leaf arca index
This was determined by multiplying the leaf area per shoot by the number of

shoots in a square meter and dividing the preduct by the land area.

3.4.8 Plant height
Ten plants from a one meter row-length were randomly selected at harvest and
their culm length measured from the ground level to the tip of the spike. The mean of

these measurements was taken as the plant height for the pilot.

3.4.9 Effective tillers
Before harvesting, fertile spikes from a half meter raw-length were cowtad at

two locations per plot and converted to toetal effective tillers per square meter,
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I.4. 10 Length of spike
This was estimated by measuring the length of five spikes from each plot and

finding the mean of the sum.

3.4.11 Spikelets per spike
This was determined by counting the number of spikelets per spike from five

spikes per plot and finding the mean of the sum.

3.4.12 Grains per spike
This was determined using five spikes from each plot at harvest and counting

the total number of grains after threshing.

3.4.13 Thousand-grain weight

Two lots of 1000-grains were counted from each plot and weighed.

3.4. 14 Total plant dry matter
Wheat plants within an area measuring 2 x 3 m at the centre of each plot were
harvested with a sickle at full maturity, tied, allowed to sun-dry in the field for two

days and then weighed with a spring balance to determine total plant dry matter.

3.4.15 Grain yield

The harvest from the 2 x 3 m net plot used for total dry matter determination
was threshed with a plot thresher. The grains derived therefrom were winnowed,
cleaned and weighed, The grain weight obtained was then used to determine total

grain vyield per hectare.
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3.4.16 Straw yield

This was determined by calculating the difference between total plant dry

matter and grain vield.

3.5 Chemical Analyses
3.5.7 Sample preparation

All the dry plant samples collected at various stages were ground with a Wiley
mill and sieved with a 0.5 mm sieve, labelled and stored in plastic containers for

subsequent chemicatl analyses.

3.5.2 Total nitrogen

Total percentage nitrogen was determined by the micro-kjeldahl method as
described by Bremner (1965). 0.20 g of the plant sample was weighed and placed in
a digestion tube. 15 ml of concentrated H,S0, was added and the tube gently swirled
until the sample and acid were thoroughly mixed. 5 g of Kjeldah! catalyst mixture was
added and the tube heated cautiously until the solution cleared. A few drop of 30%
H,S0, was used to wash isolated sample particles down the neck of the tube and then
allowed to cool down. The content of the digestion tube was then transfered into 100
ml volumetric flask and diluted with distilled water to where the tube is marked and
mixed thoroughly. 10 ml of 2% boric acid and 4_ drops of mixed indicator were placed
in a 250 ml - Erlenmeyer flask. 10 ml aliguot of the digest was transfered into a
distillation flask and attached to the distillation apparatus. 10 ml of 10 N NaOH was
added to the distillation flask containing the digest. Nitrogen was distilled into the

boric acid/mixed indicator receiver fask uvntil the 150 ml mark was reached. The
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distillate was then titrated with standard 0.02% N H,S0, to a pink end point. Per certt

N in the sample was caiculated

0.014 x Titre x Vol. of Digest x Normality of Acid x 100

Weight of sample x Vol. of aliguot used

Nitrogen uptake was expressed on dry weight basis,

3.5.3 Crude protein
The percentage nitrogen content of the wheat grains was deterrined by the
micro-kjeldaht method {(Bremner, 1965). Grain crude protein content was obtained by

multiplying percentage nitrogen by a factor of 5.83 (Guiragossian et af., 1977).

3.5.4 Analysis for P, K, Ca and Mg

Plant part samples taken at harvest were analysed for P, K, Ca, and Mg. Total

uptake of each of the nutrients was expressed on dry weight basis.

Phosphorus ‘ !

Phosphaorus was determined after wet 0xir.lati9n with perchioric-nitric acid
mixture by the vanadomolydo-phosphaoric acid yellow methed [Olsen and Dean, 1965},
0.5 g of the ground plant sample was placed in the digestion tubes, 5 ml of the HNGO, -

HCLO, acid mixture (2:1 by volume} was added to the digestion tube and mixed. The
ttbe was placed in a fume hood at 150°C and content allowed to digest for 1% hours,
The temperature was then increased to 230°C and digested for 30 minutes. The
digestor was then switched off. The tube was removed and 30 i of distilled water
added within a few minutes of removing it from the digestor. More distilled water was
then added to make up to the mark on the tube.and the content mixed. The P in the

solution was dete_rmined colorimetrically using a spectrophotometer,
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K, Ca and Mg
Digested samples used for total P determination were dituted and used for K,
Ca and Mg determination, Potassium was determined by flame photometry (Heald,

1965}, while Ca and Mg were determined by atomic absorption spectrophotometry

{(Pratt, 1965},

3.6 Statistical Analysis

All the data collected were subjected to a one-way analysis of variance 1o test
for significance of treaunent effects. Where treatment effects were found to he
significant, comparison of treatment means was made for the appropriate set of fata
using the test of least significant difference (LSD} at the 0.05 level of significance
(Snedecor and Cochran, 1967). Quadratic regression was developed fram data to
measure the degree of response of grain yields to applied nitrogen. Coefficients of
correlation were computed to find out the relationships of the different yield-attribtiting
characters with grain yield. Wright's path coefficient analysis was used to determine
the nature and extent of direct and indirect influence of the component characters in

building up the ultimate yield (Dewey and Lu, 1959},
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Chapter 4

RESULTS

Experiment 1
4.1 Growth Characters

4. 1.1 Tilers per plant

Data in respect of the number of tillers per plant for varieties, row-spacings and
nitrogen levels are presented in Table 2. The corresponding analysis of variance tables
are in Appendices 4, 5 and 6.

Variety Florence Aurore produced significantly more tillefs per plant than variety
Siete Cerros in each of the two years and the mean of hoth years. The differences
were about 29, 20 and 19 per gent in 1988-90, 1990-91 and mean of years
respectively.

Tillers per plant did net differ significantly with changes in row-spacing in both
yvears and mean of years.,

Increase in nitrogen levels significantly increased the number of tillers per plant
up to 120 kg N ha'' in either of the two years and the mean of both years.

There were no significant interaction of the factors on number of tillers per
plant.
4. 1.2 Plant height at harvest

The data on plant height at harvest for varieties, row-spacings and nitrogen
levels are presented in Table 2. The analysis of variance tables are in Appendices 4,

5 and 6.
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Florence Aurore had plants which were significantly taller than those of Siete
Cerros in both years and mean of years by of 35_3. 35 and 37 per cent in 1989-90,
1990-91 and mean of years respectively. Row-spacings did not cause significant
differences in plant height in both years.

Plant height increased significantly with nitrogen levels up to 180 kg N ha'' in
both years. In 1989-90, 60 kg N ha' increased ptant height by as much as 48 per cent
over Okg N ha', 120 kg N ha' by 12 per cent over 60 kg N ha' and 180 kg N ha ' by
4 per cent over 120 kg N ha™'. The corresponding values were 24, 15 and 4 per cent
in 19490-91 and 37, 14 and 4 per cent for mean over years.

Variety x nitragen level interactions were significant in bath years {Table 3} and
mean over years. Year x nitrogen level interactéon was significant (Table 2) in mean
value for the two years.

The difference between the plant heights of Florence Aurore and Siete Cerros

increased with nigrogen levels,

4.7.3 lLeaf area per shoot

Data on the effects of varieties, row-spacings and nitrogen levels on leaf area
per shoot at various growth stages are presented in Table 4. The cofrespondﬁwg
analysis of variance tables are in Appendices 12 and 13.

Florence Aurcre had significanly larger leaf area per shoot than Siete Cerros at

56 and 70 DAS in 1989-90 and at 42 and 56 DAS in 1990-91.
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Tabhle 2. Effect of variety, row-spacing and nitrogen level on number
of tillers per plant and plant height in wheat at Kadawa,
1989=3}.
Tillers/plant (No.) Plant height (cm)
Treatment - — — —
1989-90 1990-91 Mean 1989-90 1990-91 Mean
Variety
Siete Cerros 2.1 2.9 o 76.1 69.6 72.9
Florence hurore 2.6 2.4 25 105.8 94.0 999
SE 2 0.15 0.06 o.08 1.62 .94 0.93
LSD (0.05) 0.45% 0.18 0,34 4.85 2.82 2.81
Row-spacing (cm)
10 2.7 2.2 2.4 88.7 B1.8 85.3
20 | b . 92.3 BOD.9 86.6
30 22 2.3 2.3 91.8 82.6 87.2
SE % 0.19 0.07 0.10 1,98 1.15 1.14
LSD (0.05) ne NS NS NS NS NS
Nitrogen level (kg N ha')

0 1.3 1.0 1.1 61.6 63.3 62.4
60 2.0 1.8 1.9 51,8 78.8 B85.2
120 2.9 2.9 2.9 1n3.0 0.8 96.9
180 3.1 3.1 3.1 107.4 94,5 101.0
SE % 0.14 0.10 0.09 L+ 32 1:33 0.95
L5D (0.05) 0.40 0.28 0,26 3.64 3.68 2.64
Interactions NxV NxV NxV

YxN
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Table 3. Interaction of variety and nitrogen level on plant
height (cm) in wheat at Kadawa, [989-91.

Varieties
Nitrogen level (ka N ha') — —

Siete Cerros Florence Aurore
198990
0 54.4 8.8
60 78.1 105.5
120 84.7 121.4
180 87.5 127.4
L8Dh (0.05) 6.34
1990-91
0 54,0 72.6
60 67.9 g89.3
120 Thd 104.3
180 79.2 109.9
LSD (0D,05) 5.22

Effect of row-spacing on leal area per shoot vaned with sampling dates and
vears. Row-spacing had significant effect on leaf area per shoot at all sampling dates
in 1989-90 and at H6 and 70 DAS in 1990-91. Row-spacing of 30 cm gave a
significantly greater leaf area per shoot than 10 cm at all sampling dates in 1989-90
and 70 DAS in 1990-91. The 30 cm row-spacing excelled the 20 cm at 70, DAS in
1989-90 and 56 and 70 DAS in 1990-91, Row-spacing at 30 cm however maintained
its superiority at all sampling dates in both years.

Leaf area per shoot increased significantly with nitrogen tevel up to 180 kg N
ha' at all sampling dates in both years. The increase in leaf area with the first

increment of N was greater than subsequent ones at the earlier stages of sampling.
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Table 4. Leaf area per shoot (em’) in wheat at various stages of growth
ag influenced by variety, nitrogen level and row-spacing at
Kadawa, 1989-91,

1989-90

1990-91

Treatment Daya after sowing Days after sowing
42 56 70 42 56 70
Variety
Siete Cerros 49.5 25.6 1%.1 26.0 35.6 25.5
Florence Aurore 51.4 41.9 14.7 jl.8 40.2 272
SE 3 1.00 1.28 0.849 1.09 0,96 1.01
L5D (0.05) NS 3.85% 2.54 3.27 2.87 NS
Row-spacing (cm)
10 a43.7 0.1 10.2 26,8 36.1 24.5
20 53.4 34.2 10,23 30.1 35.0 23.2
a0 54.3 37.0 18.2 29.8 42.6 21:3
SE % 1,22 1.57 1.03 1 .33 1.17 1.23
LSD (0.05%) 3.66 4.27 0 s | NS 3, 52 3. 71
Nitrogen level (kg N ha')
0 24.4 18,1 Feod 14,6 19:.7 14.1
60 48.4 2B.7 7.4 26.1 33.5 22.3
120 62.6 325 14.4 32.8 43.7 29.9
180 66H.5 48.8 26,7 42.0 54.8 39.1
SE % 1.30 1.14 0.80 0.56 0,13 0.95
LSD (0.05) 3.59 1,15 2.23 1,55 2.02 2.63
Interactions VxR VxR VxR VxR VxR -
- BxN RxN RxN RN -

- VxN - VxN VN VxN

In 1989-90, leaf area per shoot decreased after 42 DAS but in 1990-91, it
reached its maxitmum at 56 DAS and decreased thereafter. Leaf area values at 42 DAS
were higher in the first year than the second year but the trend was reversed at 70
DAS.

A number of interactions were significant in both years. Variety x row-spacing

interactions for leaf area per shoot were significant at all sampling dates in 1989-90
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and at 42 and 58 DAS in 1990-91 (Appendices 7 and 8). Row-spacings x nitrogen
lavels interactions for this parameter at 56 and 70 DAS in 1989-90 and 42 and %6
DAS in 1990-91 (Appendices 9 and 10} and those of variety x nitrogen level at H6

DAS in 1989-90 and all sampling dates in 1990-81 {Appendix 17} were significant.

4.1.4 Leaf area index (LAY}

Leaf area index values as influenced by variety, row-spacing and nitrogen level
at various growth stages are presented in Table 5. The corresponding analysis of
variance tables are in Appendices 14 and 15,

The leaf area index of Florence Aurore was signifi- cantly higher than Siete
Cerros at 56, and 70 DAS in 1989-90 and 42 and 56 DAS in 1990-81. Even at stages
for which the differences were not significant in both years, Florence Aurore tended
to have greater teaf area index values than Siete Cerros,

Effect of row-spacing on ieaf area inn'eaé variad between sampiing dates and
years. In 1989-90, LA| values were Tavourable for the 20 cm row spacing at 42 and
56 DAS but for the 30 cm spacing at 70 DAS. In 1990-91, trends favoured the 20 cm
row-spacing at 42 DAS and the 30 cm at 56 and 70 DAS,

Leaf area index values increased significantly with nitrogen level up to 180 kg
N ha' at all sampling dates in both years. The increase in LAl values with the first
increment of 60 kg N ha ' gave the highest percentage increase on all dates in both
years relative to the other levels of N application.

The maximum leaf area index value was at 42 DAS in 1989-90. In 1990-91,
however, the maximum value was attained at 56 DAS. Leal area index values in
1990-91 were relatively lowear than those in 1989-90 at the earlier growth stages {i.e.

42 and 56 DAS).
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Table 5. Leaf area index (LAl) values for wheat at variouns stages of
growth as influenced by variety, row-spacing and nitrogen

level at Kadawa, 198HB-91.

1989-90
Treatment : =S
Dbays after sowing
42 56 70
Variety
Siete Cerros 2.60 1.34 .57
Florence Aurore 2:7% 2.22 0.76
SE ¢ 0.05 0.07 0.05
LSD (0.05) NS 0.22- 0.14
Row-spacing (cmj
10 2.54 1.74 0.59
20 2.95 1.80 .57
30 2.%0 1.70 0.84
SE ¢ ti, (16 .00 0,06
LSD (0.05) 0,19 NS 0.17
Nitrogen level (kg N ha')
0 1.28 .97 0.16
60 2.53 L-52 a.38
120 3.30 2.06 0.74
180 .53 2.58 1.38
SE ¢ 0.07 0.06 0,04
LSDh (0.05) 0.20 Dl Q.12
Interactions VxR VxR VxR
RxN RxHN »

VxN VxN -

42

1.29
1.44
1.28

.06
NS

0,66
1.20
152
1.94

0,03
.07

VxR
RxN
VxN

1990~

56

1.73
1.69
1.79

.05
0.16

0,89
1.62
2.01
2.52

D03
0.09

RxN
VxN

91

Days after sowing

70

1.16
La.22

0.04
NS

115
i A
1.32

0.05
0.16

0.65
1 i
1.33
1.79

0.05
0.13

VxN
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Significant interactions were recorded in both years. Variety x row-spacing
interaction for LAl was significant on all sampling dates in 1989-90 and at 42 DAS in
1990-91 (Table 6). Row-spacing x nitrogen level interaction was significant at 42 and
56 DAS in both years (Table 7). Vanety x nitrogen level interaction was significant at
42 and 56 DAS in 1989-90 and on all sampling dates in 1990-91 (Tables 8 and 9).

At earlier stages of growth e, 42 and 56 DAS the 20 cm row-spacing
significantly excelled the 10 and 30 ¢m row spacings only in the case of Florence
Aurore in 1989-90, but in 1990-91 (42 DAS) the 20 cm row-spacing was better than
any of the other row-spacings in Siete Cerros (Table 6).

In 1989-90, at 42 and 56 DAS, LAl increased with increasing nitrogen level up
to 180 kg N ha' for the 10 and 20 cm row-spacings and up to 120 kg N ha' for 30
cm. In 1990-91, LAl changes followed a similar pattern at 56 DAS but not at 42 DAS
(Table 7).

In 1989-90, Florence Aurore was significantly superior to Siete Cerros in LA
at lower levels of nitrogen at 42 DAS and Ingher levels at 56 DAS. In 1990-91,
Florence Aurore was significantly better than Siete Cerros at 180 kg N ha' for 42 and
70 DAS, 120 kg N ha ' and 180 kg N ha ™ for 56 DAS but not at the lower levels of

nitrogen application (Tables B and 9).

4.1.5 Dry matter accurmilation
Data on dry matter accumulation as influenced by variety, row-spacing an
nitrogen level at vanous growth stages are presented in Tables 10 and 11, The

analysis of variance tables are presented in Appendices 16 and 17.
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Table 6. Interaction of variety and row-spacing on leaf area index
(LAI} in wheat at Kadawa, 1989-91.

Varieties

Row-spacing (cm)
' Siete Cerros Florence Aurore

42 DAS (1989-90)

10 2.64 2.43
20 2.62 3.26
30 2,54 : 2.45
LsD (0.05) 0.27

56 DAS (1989-90)

' 10 1.44 2.04
20 1.52 2.64
30 1.42 1.98
LSD {0.05) ‘ 0.39

70 DAS (1989-90)

1D 0.67 0.51
20 0.28 0.85
30 0.76 : .92
LSD (0.065) 0.24
42 DAS (1990-91)

1o 1,06 ’ 1.52
20 1.47 1.41
ao 1.06 1.44
LsD {0.05) 0.27
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Table 7,

Nitrogen

O
60
120
180

LsD

60
120
1B0O

L5D

60
120
180

L&D

]
60
120
180

(0.05)

(0.05)

(0.05)

(0.05)

Interaction of
index (LAT)

level (kg N ha')

1.12
2.09
3.28
3.66

1,19
1.23
2.04

2.52

0.49
1.28
1.52
1.88

0.74
1.44
2.056
2.72

42

56

42

56

row=gpacing and nitrogen level on leaf

at Kadawa, 1989-91.

Row-spacings (om)

20

DAS (1989-90)

1.41
2.89
3.53
394

D.36
DAS (1989-90)
.06
12
L96
.BS

Bl e

0,36
DAS (1990-91)

.73
113
1.69
2.23

0.19
DAS (1990-91)
0n.84
Y.32
1.92
2.67

Q.19

30

1.30
2.61
3.10
2.98

0.67
1.60
2.19
2.36

0.77
119
1.34
1.71

1.10
1.80
2.05
2.19
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Table 8. Interaction of variety and nitrogen levels on leaf area
index (LAL) in wheat at Kadawa, 1989-90.

Varieties
Nitrogen level (kg N ha')
Siete Cerros Florence Aurors
42 DAS
0 1.34 1,21
60 _ 2.25% 2.81
120 3.27 3.32
180 3.55 3.50
LSD (0.05) 0.28
56 DAS
0 0.72 1.22
60 . 1.09 1.95
120 1.61 2.581
180 , . 3,55 3.20

LSD (0.05) 0.17
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Table 9., Interaction of variety and nitrogen levels on leaf area index
(LAI) in wheat at Kadawa, 1990-91.

Varieties

Nitrogen level (kg N/ha')

Siete Cerros Florence Aurore
42 DAS
0 0,59 0.74
60 1.08 1.34
120 1.44 1.59
180 1.71 2.16
LSD (0.05) 0,17
56 DAS
0 0.83 0.96
60 1.49 1,58
120 1.90 e+132
180 2.2% 2.76
LSD (0.05) 0.17
56 DAS
0 0.70 0.60
60 0.99 1.04
120 1.39 1.26
180 1.58 1.99

LSD (0.05) 0.19
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Table 10. Periodic dry matter accumulation (g.m°) as influencesl
by variety, row=spacing and nitrogen level at Kadawa

1989-90.

Treatment

Days after sowing

42 - 56 70 ad 98
Variety
Siete Cerros 289 449 605 632 717
Florence Aurore 286 516 704 725 a00
SE 11.9 19.7 22.0 17.9 57.7
LSD {0,065} NS 59.2 66,0 53,7 173.5
Row-spacing (cm)
10 253 385 553 613 761
20 344 622 721 727 865
30 267 4490 690 696 788
SE # 14.5 24.5 27.0 21.8 0.7
-LSD {0,08%) 43.6 72.6 81,0 65.6 NS
Nitrogen level (kg N ha™)
4] 162 267 215 293 264
60 278 439 669 599 844
120 a59 572 849 838 973
180 353 651 885 985 1151
SE * 9.0 17.4 23.2 23.2 71.40
LSD (0.05) 24.7 44.0 4.1 4.1 196.2
Interactions - VxR VxR VxR -
RxN Rxi RxN RxN -
VN VxN VxlN VxN -
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Table 11. Periodic dry matter accumulation (g.m’) as influenced by
variety, row-spacing and nitrogen level at Kadawa, 1990-91.

Days after sowing
Treatment

47 56 70 84
Variety
Siete Cerros 136 384 498 611
Florence Aurore 124 323 498 41
SE # 3.6 11.3 Tl 11.8
LSD (0.05) 10,8 34. 1 NS NS
Row=apacing (cm)
10 127 392 K3 665
20 158 387 541 HED
30 101 282 3199 555
SE + 4.4  13.9 8.8 14.5
LSD (0.05) 13.3 41.8 26,3 43.5
Nitrogen level (kg N ha')

0 6h 131 201 266
(318 119 3100 3756 456
120 144 429 614 0
180 186 554 801 1012
SE 3.7 1.3 12 .8 15.4
LED (0.05) 16.3 i3 el | o i ; 42.6
Interactions VxR - - VxR

RuM RxN RxM RxN
VxN VxN VxN VxN

In T989-90, dry matter accumulated by Florence Aurore was significantly higher
than that of Siete Cerros at all samphng growth stages beyond 42 DAS. [n 1990-91,
however, Siete Cerros was significantly superior to Florence Aurore in dry matter
accumulation at 42 and 56 DAS. Amount of dry matter accumulated by both vaneties
was similar at 70 DAS, but at 84 DAS, Florence Aurore accumulated more dry matter
than did Siete Cerros, Vanetal differences were greater and more pronounced in 1989

90 than in 1990-91.
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Effect of row-spacing on dry matter accumulation was significant at all sampling
dates in both years except at 98 DAS in 1989-D0, In 1989-90, the 20 cm row-spacing
produced the greatest dry matter accumuolation on all sampling dates followed in order
by 30 and 10 cm row-spacings. In 1990-91, except at 42 DAS when the greatest dry
matter accumulation was by plants in 20 cm row-spacing, the 10 and 20 cm row-
spacings were similar and produced sigmticantly more dry matter than did 30 cm at bb,
70 and 84 DAS.

Dry matter accumulated at all stages increased significantly with mtrogen levels
up to 120 kg N ha ' at 42, 70 and 98 DAS in 1989-90 but up to 180 kg N ha ' at b6
and 84 DAS. In 1990-91, the increase in dry matter accumulation was sigmficant up
to 180 kg N ha ' at all sampling dates.

Dry matter accumulation in both years increased with crop age, reaching its
maximinm at maturity. Dry matter production was higher in 1989-90 than in 1990-91,

Variety x row-spacing interaction was significant at 56, 70 and 84 DAS in
1989-90 (Table 12) and at 42 and 84 DAS in 1990-91 (Table 13) indicating that
variety Florence Aurore was significantly  supernor to Slnie Cerros i dry matter
accumulated in 20 and 30 cim row-spacings at 56 and 84 DAS and 20 cm row-spacing
at 70 DAS. But in 1990-91, vanety Florence Aurore excelled Siete Cerros at 10 om
row-spacing.

Row-spacing x nitrogen level interaction was sigmificant at all sampling stages
in both years except at 98 DAS in 1989-90 (Tables 14, and 15) indicating that n
1989-90, nitrogen application caused a significant increase in dry matter accumulation
up to 120 kg N ha " at 10 and 30 cm row-spacings and up to 180 kq N ha ' at the 20

cmrow-spacing. The 20 em row-spacing was better than 10 and 30 cm row-spacings
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Talkle Ll2. Interaction of variety and row-spacing on dry makter
accumulation (g.m") at Kadawa, 1989-90.

Varieties

Row-spacing {om)
Siete Cerros Florence Aurore

56 DAS
10 . . 418 351
20 564 681
Klaj 364 516
LsSD (0.05) 103.2

70 DAS
10 546 h59
20 604 838
30 666 713
LsD {0.05) 115.4 )

84 DAS
10 600 626
20 697 758
-30 600 192

LsD (0,05 . 31.5
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Table 13. Interaction of variety and row-spacing on dry matter

accumulation (g.m”") at

Kadawa, 1990-91.

Varieties

Row-spacing (cm)
Siete Cerros Florence Aurore

42 DAS
10 111 144
20 186 129
30 112 . 89
LSD (0.05) 19.3

B4 DAS
10 621 , 709
20 641 : 677
30 572 , 538
LSD (D.05) 62.6
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at 120 kg N ha'. In 1990-91, the extent of increase in dry matter accumulation with

180 kg N ha' over 120 kg N ha ' was higher at 10 and 20 ¢in row-spacings. The 10

and 20 cm row-spacings were superior to 30 cm row-spacing in dry matter
accumulation only at 180 kg N ha' {Tables 14 and 15).

Variety x nitragen level interaction was significant at all sampling growth stages

,in both years except for 98 DAS in 1989-90 (Tables 16 and 17}. Variety Fiorence

Altrore was significantly excelled Siete Cerros in dry matter accumulation at 120 and

180 kg N ha'in 1989-90 and at 120 kg N ha™ in 1990-91 (Tables 16 and 17},

4.7.6 Dry matter partitioning

There were variations in dry matter partitioning between plant parts in the two
wheat varieties in each of the two years. In 1989-90, Florence Aurore was
significantly superior to Siete Cerros in reépect of leaf dry matter at all the growth
stages fromn 42 to 98 DAS, stem dry matter during 56 to 98 DAS and spike dry matter
at 38 DAS, while the former was better than the latter with respect to spike dry matter
during 56 to B4 DAS. In 18920-91, Florence Aurare was significantly exceiled Siete

“Cerros in leaf and stem dry matter at 70 and 84 DAS. However, Siete Cerros produced
significantly mare stem dry matter than did Florence Adurore at 42 and 56 DAS and
spike dry matter during 56 1o 84 DAS (Figure 3).

Row-spacing effect on dry matter partitioning varied with years and sampling
dates. [n 1989-90, the 20 cim row-spacing was éignificantly better than 10 and 30 ¢m
in lead dry maner_ at 56, B4 and 98 DAS. The differences were not significant at 70
DAS. Stem dry matter at 20 cm row-spacing was significantly better than gt 30 and

10 cm row-spacings at 56 to 84 DAS. The differences between row-spacings were
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Table 14. Interaction of row-spacing and nitrogen level on matter
accumulation {g.m’) at Kacdawa, 1989-90,

Row-spacings {cm)

Nitrogen level (kg N ha™l)

10 20 30
42 DAS
0 126 209 151
60 213 379 242
120 341 375 361
180 331 411 315
LSD (0.05) 55.9
56 DAS
0 235 383 184
60 354 571 39z
120 436 697 © 582
180 513 839 601
LSD (0.05) : 98.8
70 DAS
o 191 237 217
60 S04 715 788
120 733 859 - 957
180 782 1075 799
LSD (0.05) 122.2
. 84 DAS
0 307 337 235
60 578 _ 607 613
120 758 792 963
180 808 1174 973

LSD (0.05) 114.7




Results 53

Table 15. Interaction of row-spacing and nitrogen level on dry
matter accumulation (g.m ') at Kadawa, 1989-90.

Row-apacings {om)
Nitrogen level (kg N ha') _ -

10 20 30
42 DAS
0 57 68 69
60 118 131 109
120 148 172 112
180 187 259 112
LED (0.08) 20.5
56 DAS
0 148 145 101
60 314 53 234
120 466 461 160
180 641 591 430
LSED (0.05) 61.8
70 DAS
0 212 200 191
60 409 179 336
120 702 677 463
180 884 8910 604
LSD (0.08) 55.6
84 DAS
(6 280 285 233
60 471 476 420
120 794 810 708
1B0 1114 1063 A58

LSD (0.05) 795
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Table 16. Interaction of variety and nitregen level con dry matter
aceumulation {g.m’) at Kadawa, 1989-90.

vVarieties
Nitrogen level {kg N haly
Siete Cerros Florence Aurore
’ 42 DAS
0 152 172
60 262 294
120 396 322
180 345 361
L3D (0.05) 45,4
: 56 DAS
4] 263 ' 272
a0l 152 426
120 51 642
180 . 578 724
L3D {(0.05}) . o 80.8
TQ DAS
0 224 206
60 : 587 751
120 829 B6H8
180 781 929
LSD (0.05) 59,2
84 DAS
& 270 ile
60 618 581
120 377 898
180 863 1106

LsSD {0.05) 93
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Table 17. Interaction of variety and nitrogen level on dry matter
accumulation (g.m?) at Xadawa, 1990-91.

Varjieties
Ritrogen level (kg N lha') -
Siete Cerros Florence BAurore
42 DAS
0 312 63
60 : 121 117
120 154 134
180 204 168
LSD (U.05) 16.2
56 DAS
4] 154 108
&0 364 237
120 450 408
180 . 568 540
LSD (0.05) 49.3
70 DAS
0 231 . 172
60 413 336
120 645 582
180 ' 702 901
LSD (0.0%) . ' 45 .5
84 DAS
0 248 284
60 448 464
120 711 830
180 1038 986

LSD {0.05) 62.4
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however not significant at 98 DAS. In 1990-97 leaf dry matter at 20 cim row-spacing
was significantly supenor to 10 and 30 cm row-spacings at 42 and 70 DAS and 10 cm
significantly excelled the 20 and 30 cm row-spacings at 56 DAS. Stem dry matter for
the 20 cm row-spacing was significantly greater than that for 10 and 30 cm at 42
DAS, The 10 cin row-spacing was significantly better than the 20 and 30 cm row
spacings at 70 DAS. Spike dry matter for the 20 cm row-spacing was significantly
higher than that for 10 cimn at 56, 70 and 84 DAS, The 30 cm row-spacing excelled
the other two row-spacings in spike dry matter at 98 DAS (Figure 4).

Nitragen effect on dry matter partitiomng vaced witly years, I 198990, there
was significant increase in leaf dry matter with nitrogen levels up to 180 kg N ha ' at
42,56, 84 and 98 DAS. At 70 DAS, there was significant increase up to 60 kg N ha '’
Stem dry matter increased significantly with nitrogen levels up to 180 kg N ha ' at 56,
84 and 98 DAS and up to 120 kg N ha-1 at 42 and 70 DAS. Spike dry matter
increased significantly with nitrogen levels up to 180 kg N ha " at 56, 84 and 98 DAS
and up to 120 kg N ha ' at 70 DAS, In 1990-91, leaf, stem and spike dry matter
mereased significantly with increase in nitrogen levels up to 180 kg N ha' at all
samphng dates (Figures 5 and 6),

In general, leal and stem dry matter declined alter they respechive peaks had
been reached while spike dry matter contnued to increase with advancement in crop
age.

In 1989-90, percentage dry matter for leaf, stem and spike at final harvest were
7. 31 and 62 per cent in Siete Cerros and 6, 35, and 59 per cent i Florence Aurore,
I 1980-91, the corresponding vatues were 11, H0 and 39 for Siete Cerros and 12, 60

and 27 per cent for Florence Aurore,
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4.2 Yield and Yield Compounents

4.2. 7T Grain yield

Data an grain yield as influenced by variely, row-spacing and nitragen level are
presented in Table 18, The analysis of variance tables are shown in Appl.endices 20,
27 and 22).

Siete Cerros out-yielded Flarence Aurare by 15, 22 and 17 par cent in 1989-90,
1990-91 and mean of years respectively. The differences were significant in 1990-91
and mean of years but not in 1989-30.

Row-spacing did not cause significant differences in the grain yield in either of
the two years or iln mean of the years. The trend, however, favoured the 30 cm row-
spacing in 1989-90 and 20 cmon 15190—5}1'. With the for the two years, the 20 and
30 cm row spacings were similar but slightly better than the 10 cm row-spacing.

Grain yield increased significantly with nitrogen levels up to 180 kg N ha ' in
1989-90 and 120 kg N ha' in 1990-91. A comnhined analysis over years showed
significant increase in grain yield up to 180 ky N ha'. Application of nitrogen at 180,
120, and 60 kg N ha'' produced 223, 175 and 124 per cent higher grai yiekds than
0 kg N ha ' in 1989 90. The corresponding increases were 214, 198, and 91 per cent
in 1990-91 and 220, 182 and 114 per cemt when pooled over the two years.

A comhinell analysis over years showeﬂ significant interaction between year
ait nitrogen tevel (Table 181 The level of response to each level of nitragen was
higher in the first year than in the year that followed.

In general, grain yicld levels were higher in 1989-90 than in 1980-91.
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Tahle 18, Grain vield of wheat as influenced by varieties, row-
¥ y
spacing and nitrogen level at Kadawa, 1989-91.

Grain vields (kg N ha')
Treatment ~ === : =

19R89-90 1990-9] Mean
Variety
Siete Cerrog 2569 1202 1885
Florence Aurore 2233 989 1611
SE 2 133.5% 55 .6 Tea3
LSD {D.05) N 1671 217.2
Row=spacing (cm)
10 2199 1016 1608
20 2442 1199 1821
30 2561 1071 1816
SE # 163.5 6l 1 BR.H
LSD (0.085) N& NS NS
Nitrogen level (kg N ha')
B 1092 485 T63
(£168) 2335 926 1630
120 2864 1444 2154
180 1162 1527 2445
SE # 22327 56.8B 67.9
LSD (0.05) 341.8 157.0 187.6
Interactions YxN

4.2.2 Straw yield

Data on straw yield as infiuenced by variety, row-spacing and
nitrogen level are presented in Table 19, The analysis of variance
tables are shown in Appendiceg 20, 21 and 22.

Varietal differences were not significant in either of the two
years or for the mean of the years. The trend was strongly in favour
of Florence Aurore in 1989-90 only.

In both years and mean of the years, differences in row-spacing
did not cause significant differences in straw yield. The trend was in

favour of the 30 cm row-spacing in 1989-90 and mean of the two years.
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Table 19. Straw yield and harvest index of wheat as influenced by
variebty, row-spacing and nitrogen level at Kadawa, 1989-91.

Straw yields (kg ha') Harvegt indiceg (%)

Treatment

1989-90) 1990-91 Mean 1989~-90 1990-91 Mean
Variety
Siete Cerros 4049 20320 3040 18.6 39.8 39,2
Florence Aurore 45940 1932 1261 34.5 37 .8 35.8
SE # 243.4 162.7 146. 4 R 1.4 1.0
LSD (0.05) M5 NS NS NS MN& 2.9
Row-spacing (cm)
10 4238 1984 e, i Al 33.9 16.9 15. 4
20 4058 2042 INLO 38,7 40.% 19 .6
i0 d66 3 1915 1289 37.2 7.8 3%.5
SE 2 298.) 199 ._2 179.3 N Y. .2
LSp (0.05) NS NS NS NS s NS

Nitrogen level (kg N ha')

0 1652 7G3 1177 39.1 41.8 an. 5
(21¢] 4441 15358 2989 i5.3 19,3 37.3
120 E6T1 2737 42604 33.9 36.5 35.2
180 5514 2948 4231 B0 35.9 37.0
SE # 226.4 136.2 133.2 . 15 1 |
LSD (0.05) 625.6 176.,5 i6B. 1 4.1 4.2 2.9
Interactions YN RxV

Straw yield increased significantly with nitrogen level up to 120 kg N ha ' in
both years and for the mean of the two years,

Year x nitrogen level mteraction was significant for the pooled data (Table 19),
showing a greater response to levels of nitrogen in the first than second year. Straw

yield in 1989-90 was significantly higher than in 1990-91 by about twice as much.
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4.2.3 Harvest index
Harvest index values for varieties, row-spacings and nitrogen levels are
presented in Table 19. The analysis of variance tables are shown in Appendices 20,

27 and 22,

There were no significant varietal differences in harvest index values in either
of the two wheat varieties but Siete Cerros tended to have higher harvest index values
than Florence Aurore,

Harvest index values were not significantly inflsenced by row-spacing in either
of the two years or the mean of the two years. The trends were, however, in favour
of the 20 cm row-spacing in both years and mean of the two years.

The control {O kg N ha'} gave the highest harvest index value in each of the

two years and for the pooled data which was significantly higher than 120 kg N ha’
in 1989-90 and 120 and 180 kg N ha'' in 1990-91,

Variety x row-spacing interaction was significant in 1990-91 (Table 20},
indicating that Florence Aurore had a higher harvest index at 20 ecm than 10 and 30 ¢cm
row-spacings wheregas there was no significant difference due to row-spacing in Siete

Cerros.

4.2.4 Effective tillers
Data on number of effective tillers per square meter as influenced by variety,
row-spacing and nitrogen level are presented in Table 21. The analysis of variance

tables are shown in Appendices 4, 5 and 6.
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Table 20. Interaction of variety and row-spacing on harvest index of
wheat at Kadawa, 1989-90.

Varieties

Row=gpacing (om)

Siete Cerros Florence Aurore
1O Gt $2.2
20 3IR.0 43.0
i0 a0, 2 15.4
LSD (0.05%) Tl

There were no significant differences between varieties in both years.  The
trend, however, was in favour of Florence Aurore,

How-spacings cavused significant differences in number of effective tillers per
square meter in hoth years.  The 20 cm row-spacing gave the highest number of
effective tllers per square meter in 1989-90 and that of 10 em in 1990-91. Both
the 10 and 20 cm row-spacings produced significantly more effective tillers than the
30 am raw-spactig 0 both vears and mean over years,

The number of effective tillers increased significantly with N levels up to 180
kgN ha ' in both years. In the case of the pooled data over years, 180 kg N ha’
mcreased the eftective tiller nomber by 85, 39 and 16 per cent over 0, 60 and 120 kg
N ha ' respectively.

In general, the number of effective tillers per square meter was higher in 19849
90 than in 1990-91. None of the interaction was however significant,

4.2 .5 Spike length

The data on wheat spike length in respect of vaneties, row-spacings and

nitrogen levels are presented m Table 22, The analysis of variance tables are shown

in Appendices 23, 24 and 25,
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Tahle 21, Effect of variety, row-spacing and nitrogen level on
effective tillers 1n wheat at Kadawa, 1989-91.

Number of effective tillers (m7)

Treatment - - -
1989-90 1990-91 Mean

Variety
Siete Cerros 347 .4 265.6 306.5
Florence Aurore 358.1 270.9 314.5
SB % 16.82 Q.56 Q.67
LSD (0.05) NG NS NS
Row-spacing (cm)
10 142 .9 333.1 338.0
20 4011 .3 258.1 329.7
30 314.2 213.5 263.8
SE 4 20.60 117k 11.84
LSD (0.05) 61.91 3%5.18 15.59
Nitrogen level (kg N ha')
0 240.,9 188, 6 214.8
0 A25.9 246.9 286.4
120 396.5 290.,6 343.5
180 447.8 47,0 397.4
EE 2 15.23 Q.98 B.91

LSD (D.08) 42.10 27.58 24.64
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Table 22.

,'111'1 ke

Kadawa,

Treatment

Variety
Siete Cerros
Florence Aurore

SE 4
LSD (0.05)

Row-spacing (cm)
10
20
10

SE ¢
LSDh (D.05)

Nitrogen level (kg N
§]

1

120

180

SE ¢

LSD (0.05)

Interactions

Length
influenced by variety;
1989-51,

andd

Spike

1989-90

7.6
B.2

0.0%9
0.26

7.8
7.9
8.0

NS

ha')

9.1

8.5

0.11
0. 41

RxN
VxN

mnbier o

lengbhe

1990-91]

7.4
8.7

0,13
.41

.0
B.0

0.17

spikelets peq
rov=spacing and nitrogen

{em)

Mean

T25

8.5

.08
0.24

749
B0
R

0n.10
NS

0,09
N.24

YN
Y=y

apike of
level

wheat as

at

Spikelets per spike

1989-90

13.1
13.49
1452

0. 27
0.81

B
13.8
16.1
16.4

0.29

0. 79

1990-91

14.5
14.4

0.18
NS

D:22
NS

10.8
13,5
16.3
17.1

0. 30
0,084

Mean

13.06
14,3
4.3

0,17
.52

9.7
16:7
16.2
16.7

D.20
0. /D
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The average spilke of Florence Aurore was significantly longer than that of Siete
Cerros i both years and maean of e two years.  The margn of difference was
however, qreater in 1990-91 (18%} than i 1888-30 (8%).

Row-spacing did not have sigmificant elfect on spile length n both years and
mean of the two years.

Apphication of nitrogen significantly moreased spike length with the trend being
strongly in favour of 180 kg N ha ' in 1989-90 and 120 kg N ha ' in 1990-91. Mean
values over years also mereased significantly up to 180 kg N ha . The increase i
spilee length withy 180 over 120 kg N ha " was smaller than with 60 over O or 120 ove
6O kg N ha '

I 198990, row-spacmig x nitragen level and vanety  x nitiagen level
interactions were significant (Tables 23 and 241 A combined analysis over the years
showed significant interactions hetween year and vanety as well as between year and
nitrogen level (Tahle 221,

I 198990, spilee length ot row-spacings of 10 and 20 cm ncreased
signtficantly up to 120 kg N ba " and up to 180 kg N ha " at 30 em. Spike length for
the 20 ar 30 cim row-spacing was significantly greater than that for the 10 cm at 180
lkp N ha ' respectively. Florence Aurore was significantly superior to Siete Cerros at all

the levels of N except 60 kg N ' {Table 24),

4.2.6 Spikelets per spike
Mumber of spikelets per spoke as mtlnenced hy vanety, row-spacing ane
nitrogen level are presented in Table 22, The corresponding analysis of vanance tables

are shown in Apprendices 23, 24 and 25.
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Vareties chd not differ signiicantly i mmamber o spikelets par spike in hoth

vears and data pooled over years,

Tabhle 23. Interaction of row-spacing and nitrogen level on spike
length (cm) at Kadawa, 19849-90,

Row=spacings (om)
Nitrogen level (kg N ha')

10 . )

) 5.2 P | 5.2

60 RO 1.4 7.8

121} 9.0 9.3 9.1

180 5.3 9.8 9.7
LSD ¢(0.05) 0.9%5

Table 24. Interaction of variety and nitrogen level on spike
length (em) at Kadawa, 1989-90D,

Varieties
Nitrogen level (kg N ha')

Siete Cerros Florence Aurnre
0 4.7 5,6
60 2.7 1.8
120 A.B q_5
180 9.1 10.0D

LSOy (0.,05) 0.44
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Effect of row-spacing vaned vath years. In 1089-90, the 20 and 30 cm row
spacings produced significantly more spikelets per spike than did the 10 cm row-
spacing. In 1990-91, although the differences were not significant, the trend was in
favour of the 20 cm over 30 cin, An analysis of data pooled over years showerd that
row-spacings of 20 and 20 cm produced the same number of spikelets per spike that
were significantly higher than that of the 10 cm row-spacini.

The number of spilkelets per spike increased significantly with nitrogen levels

up to 120 kg N ha ' i bath yvears and the mean of the two years.

4.2.7 Grains per spike

Data on the effects of varieties, row- spacings and nitrogen fevels on number of
grains per spike are presented o Table 250 The corresponding analysis of vanance
tables are shown in Appendices 23, 24 and 25H.

Siete Cerros had a significantly ligher number of grains per spike than Florence
Aurore in each ol the twa years and the mean of the years, The ohserved increases
were i the range of 28, 21 and 24 per cent in 1989-90, 1990-91 and mean over
VERTS respectively.

Effect of row-spacing was significant in 1989-90 and for the mean data pooled
for the years. In 1989-90, the 20 and 30 cm row-spacings resulted in similar mumber
of grains per spike that was significantly more than the 10 cm row-spacing.  Though
row-spacing had no sigmhicant etfect in 1990-91, the trend was i favour of the 30 cm
row-spacing. The combined analysis also showed that the 30 and 20 cm row-spacing
were at par hut only the 30 cin row-spaciy was sugruficantly higher than 10 cm row

Spacing.
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Table 25,

inf luenced by variety,
at Kadawa,

Treatment

Variety

Siete Cerros
Florence Aurors

+

o
ok =

LSD (0.05)
Row-spacing (cm)
10

20

30

SE 2

LSD (0.05)

19R9=9] .

Grains

1980-9()

19,3
0.8

8 .33
2.80

Nitrogen level (kg N ha')

0]
HO
120
180

SE 2
SD (D.D5)

Interactions

15.7
32.6
45 .7
46.1

1.21
3. 36

RxN
VxN

per spike

1990-9]

42 .0
34.8

1.603
Jall

37.2
3f.1
40,0

18.1
3l.2
51.0
53.4

o |
PR

3,35

VxHN

Mean

40.7

32.8

0.70
2.09

34.5%
6.8
38.9

.85
2.56

16.9
3149
48.4
49.8

0.89
2.50

NxR
Y=
VxiN

Craines per spike and ]rlﬂ()—(_;rain weight of wheat as
row-apacing and nitrogen

level

1000-grain weight (qg)

1989-90

12.4
ih.9

0,40
1.20

25 .8
4.6
315.8

.49
1.46

3L
34.7
361
36 ]

0.48

1990~-91

32.6
37.3

.40
1.21

35,
5.3

.49
NS

33.8
34.7
16.2
3h.2

0:'55

Mean

32.5
37.1

0.28
1,85

i4.3
35 .0
35.2

(), 35

32.8
4.6
6.1
35.6

0,36
0n,98
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Nitrogen levels significantly increased the number of grains per spike up to 120
kg N ha' in both years and the mean for the t\;'vo years. Nitrogen at 120 kg N ha''
increased the grain number hy 52 and 89 per cent over 60 and 0 kg N ha'
re_spectively.

Row-spacing x nitrogen level interaction was significant in 1989-90 and for
meaan of the years {Table 26) and variety x nitragen level interactions in hoth years and
for mean of the years (Table 27). Year x nitrogen level interaction was also found to
be significant {Table 25). Response to nitrogen at 120 kg N ha ' over 80 kg N ha'' was
higher at the wider row-spacings of 20 and 30 cm than at 10 cm. '[)iflerertés
between narrow (10 cm) and wider (20 and 30 ¢m) row-spacings were greater at
higher levels {120 and 180 kg N ha') of nitrogen. Differences between varieties in the
number of grains per spike were not significant at 0 kg N ha' but were significant at

the other N levels,

4.2.8 Thousﬂnd-émin weight

The effects of variety, row-spacing and nitragen leve! on 1000-grain weight in
wheat are presented in Table 25. The corresponding analysis of variance tables are
shown in Appendices 23, 24 and 25.

Florence Aurore had significantly higher 1000-grain weight than did Siete Cerras
in both years and for mean of the years. The margin was 14 per cent in-both years
and mean of years.

Effect of row-spacing was significant only in 1382-90 when the 30 cm row-
spacing produced grains, with significantly heavier grains than the 10 ¢m row-spacing.
In 1990-21, and with respect to mean of the' 1wo years, differences due to row-

spacing were not significant.
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Table 26. Interaction of row-spacing and nitrogen level
on number of grains per spike in wheat at
Kadawa, 1989-90.

Row-spacings (cm)

Nitrogen level (kg N ha')

19 20 30
1989~90
0 14.8 14.6 17.8
60 33.0 29.4 35.4
120 _ A41.0 48.0 48.1
180 38.3 50.4 49.6
LSD (0.05) 5.94

Combined analysis
(pooled data)

0 158 16.4 18.5
60 32.1 28.9 34.8
120 45.3 49.8 : B0.0
1BO 44.9 o242 52.2

LSD (0.05) 3.34
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Table 27.

Nitrogen level (kg N ha')

0
60
120
180

LSD (0.05)

(&}
60
120
180

LSD (0.05)

4
60
120
180

LED (D.0%)

Interaction of variety and nitrogen level on number of
grains per spike in wheat at Kadawa,

1989-91.

Varieties

Stete Cerros Florence Aurore

1989-90
16.1 15.3
37.9 2T3
52:5 38.9
50.7 41.5
1.76
1990-91
17.0 19.2
35.8 28,7
85,7 46.13
61.8 45.1
5.0

Combined analysis
(pooled data)

i S 1.3
A58 28.0
54.1 42.6
56.2 43.3
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In both years and the mean values over years, the 1000-grain weight increased
significantly with increase in nitrogen levels up to 120 kg N ha'. A comhbined analysis

over years showed that year x row-spacing interaction was significant (Table 25).

4.3 Nitrogen Uptake
4.3.1 Total nitrogen uptake

Data on nitrogen uptake by wheat at various stages of growth as influenced by
~variety, row-spacing and nitrogen level are presented in Tables 28 and 29. T_I'le
corresponding analysis of variance tables are shown in Appendices 26 an.d 27.

There were no significant differences between Siete Cerros and Florence
Aurore at any of the stages in both years. The trend, however, favoured Florence
Aurore at all stages in 1989-90 and at 70 and 84 DAS in 1980-91.

Row-spacing effect on nitrogen uptake was significant at alf stages in both
year's 8XCept at 70 DAS in 1989-00. In 1989-80, nitrogen uptake under row-spacings
of 20 and 30 crn was significantly higher thén lhat‘under the 10 cim row-spacing at 42
and 58 DAS and under 30 om at 70, 84 and 98 DAS. n 1990-91, nitrogen uptake
under the 10 and 20 cm row-spacings was higher than that under 30 cm at all stages.

Nitrogen uptake increased significantly with nitrogen levels up to 180 kg N ha'!
in both years at all the sampling dates. In 1989-90, nitrogen at 180 kg N ha
increased N uptake by 482, 94 and 24 per cent over 0, 60 and 120 kg N ha’
ragpectively at 98 DAS. The corresponding increase.s in 1990-91 were 376, 159, and
44 per cent respectively.

Nitrogen uptake in 1989-90 increased with crop age up to 70 DAS but
decreased therzafter at 84 DAS. No further decline was observed at 98 DAS. In

1980-91, howaver, nitrogen uptake increased with crop age up to 84 DAS.
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Table 28. Uptake of nitrogen
of growth as influenc
level at Kadawa,

Treatment

Variety

siete Cerros
Florence Aurore

SE4
LSD (0.05)

Row=-spacing (cm)
10
20
a0

SR+
LSD (0.05)

Nitrogen level (kg N ha')y
0

60

120

180

SE +
LSD (0.05)

Interactions

{ka N
ed by variety,
1989-20.

ha') by wheat at various

42

351
37.1

6.6
NS

13.6
43.0

pays after

56

70

46.9
53,3
54.7

3.8
NS

sowing

84

14.5
14.3
2.7
71.0

stages
row-spacing and nitrogen

3953
42 .8
46.3

12:0
35.3
55,3
6B8.6

2.3
€. 5

VxR
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Table 29. Uptake of nitrogen (kg N ha') by wheat at various stages aof

growth as influenced by variety,
at Kadawa,

level

1989-90.

Days after

row-spacing and nitrogen

sowing
Treatment - -
42 56 T0 a4
Variety
Siete Cerros 20.2 44.0 47.8 57«8
Florence Aurore 18.1 43.4 49,1 60.5
SE#* 1.6 2.5 1.3 3.3
LSD (0.05) NS NS NS NS
Row-spacing (cm)
10 18.8 49.0 53.]1 60.5
20 2.7 45.4 53.1 64.9
30 15.0 36.7 38.2 52.1
SE 2 2.8 3.0 17 1.5
LED (0.05) 6.0 9.1 5.6 1.6
Nitrogen level (kg N ha')
0 6.9 11.9 16.8 B B
(518] 19.0 32.0 33,1 39.8
120 22.2 49.9 59.0 Tl 2
180 14.5 80.9 85.0 103.2
SE ¢ I+ b | ! 2.4
LSD (D.05) 2.9 5.9 4.3 6.6
Interactions VxN
RxN

Variety x nitrogen level interactions was significant at 56 and 84 DAS in 1989-
90 and at 70 DAS in 1990-91 (Table 30). In 1989-90 at 56 and 84 DAS, differences
between Siete Cerros and Florence Aurore in nitrogen uptalke was significant at 180
kg N ha'., In 1990-91, at 70 DAS, differences between the two varieties in nitrogen

uptake were significant at 60, 120 and 180 kg N ha ",
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Table 30. Interaction of variety and nitrogen level on nitregen
uptake (kg N ha')y by wheat at Kadawa, 1989-91.

Varieties
Nitrogen level (kg N ha') —_— —
Siete Cerros Florence Aurore

56 DAS (1989-90)

0 20. 1 19,2
60 37.9 313.5
120 49,5 58,5
180 3.3 76.9
LSD (0.05) 13.0

84 DAS (1989-90)

0 Y3.,77 18,3
(14 ig.0 307
120 54.0 531.8
180 59,2 82.7
LSD (0.05) 8.0

70 DAS (1990-~91)

0 19,2 14,3
HO 36,5 29,56
120 62.4 585.6
180 73.0 55 P |
LSD (0.05) 6.4

Row-spacing x nitrogen level interaction was also significant at 84 DAS m
1989-90 and at 70 DAS in 1990-91 (Table 31). (n 1989-90, at 84 DAS, the
difference between row-spacings in N uptake was significant at 180 kg N ha ' while
at 70 DAS in 1990-91, the difference was significant at 120 kg N ha ',

Variety x row-spacing interaction was significant at 98 DAS in 1989-90
indicating that N uptake by Siete Cerros was highest at 10 cim row-spacing though not
significantly higher than at 30 cm row-spacing while in Florence Aurore, N uptake at
20 and 30 cm row-spacing were at par but significantly greater than at 10 em row-

spacing (Table 32).
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The total uptake at harvest averaged 42.8 and 9.1 kg N ha ' in 1989-90 and
1990-91 respectively. During the first 42 days crop uptake was 84% in first year and
32% in second year. Thus, rate of uptake was maximoum during 42-56 DAS period in

the 1990-91 season.

Table 31. Interaction of row-spacing and nitrogen level
on nitrogen uptake (kg N ha') by wheat at
Kadawa, 1989-91,

Row-spacings (cm)
Nitrogen level (kg N ha') R S

84 DAS (1989-90)

0 1342 18.4 11.4
60 34.4 33.2 35.3
120 47.3 47.3 63.6
180 54.0 76.8 82.1
LSD (0.05) 9.7

70 DAS (1990-91)

0 18.3 16.6 15,5
60 36.4 32.9 29,9
120 67.5 H5.4 44.1
180 o90.5 97 +5 &8

LSD (0.05) y N
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Table 32. Interaction of variety and row-spacing
on nitrogen uptake (kg N ha') at 98 DAS by
wheat at Kadawa, 1989-90.

Varieties
Row-spacing (cm)
Siete Cerros Florence Aurore
10 45,4 33.3
20 35.6 50.0
30 41.2 51.4
LSD (0.05) 8.1

DAS = days after sowing,

4.3.2 Nitrogen distribution in plant parts
There were variations in nitrogen distribution in plam parts of both varieties in
both years. in 1989-80, Forence Aurora \;fvas apbreciablv superior to Siete Cerros in
leaf nitrogen at 56 and 84 DAS; stem nitrogen at 56, 84 a.nd a8 DAS and spike
ritrogen at 56 and 70 DAS. In 1990-91, Florence Aurore excelled Siete Cerros in leaf
nitrogen at 70 and 84 DAS; stem nitrogen at 42, 70 and 84 DAS and spike nitrogen
-at 56 and 70 DAS. In general, nitragen was higher in component parts of Florence
Aurore than in those of Siete Cerros (Figure 7).
Effect of raw-spacing on nitrogen in plant component parts varied with years.
In 1989-90, leal nitrogen far the 20 cin row-spacing was significantly higher than that
for 10 or 30 om at 56, 84 and 98 DAS and that for 30 cm significantly higher than for
the 20 or 10 cm row-spagings at 70 DAS. Stem nitrogen for the 20 em row-spacing
was significantly Higher han that for 30 or 10 cm at 42, 56 and 98 DAS; while that

for 30 cm was significanly higher than 20 or 10 cim row-spacings at 84 DAS. Spike
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nitrogen for tre 20 cm ros-spacing was significantly higher than 30 or 10 cm at 56
and 70 DAS.  In 1990-91. leat mtrogen for the 20 cm row-spacing significantly
excelled than +nat for 10 or 30 cm at 42 and 70 DAS. That for 20 crn was similar to
that for 30 cr but significantly higher than that for 10 cm at 84 DAS. Stem nitrogen
for the 20 cm row-spacing was significantly higher than that for 30 or 10 cm at 56
DAS; while trat for 10 cm was significantly higher than that for 30 cm at 70 DAS.
Spike mitroger ~as significantly tigher for the 20 em than tor 10 or 30 cim row-spacing
at b6 and B4 AS; however that for 10 and 20 cin significantly excelled than that for
the 30 cm ro . -spacing at 70 DAS {(Fiqure 8).

There ~as sigmficant increase in mitrogen content in all plant .parts with
increase in nitcogen level up to 180 kg N ha ' in both years (Figures 9 and 10).

In 1898 .90, nitrogen content i leaf decreased after 42 DAS and after 70 DAS
in stem but oo ~unued to mcrease i the spike with advancement in plant age from 56
DAS. in 199C-321, mtroger content in leat decreased after 56 DAS and after 70 DAS
n stem but cotinued to mcrease In the spike with advancement in plant age from 56

DAS.

4.4 Nutrient Uptake

Data intake of 1 “erent nutnents at harvest as influenced by vanety, row
spacing and ¢ trogen level are presented in Tables 33 and 34, The corresponding
analysis of var ance tables are shown in Appendices 30 and 31.
4.4.1 Nitrogen

Varieta differences in nitrogen uptake were not significant in both years but the

trend was in t=. wur of Florernce Aurore. Etfect of row-spacing o « tracen tptake vonas
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Table 33. Uptake of N,P, and K (kg ha') by wheat at harvest as
influenced by variety, row-spacing and nitrogen level at
Kadawa, 1989-9],

Nitrogen Phosphorus Potassium
Treatment — -— — - ———— .
'89-90D '9p-91 'B9-90D '90-91 "89-9D 'ap=91
Variety
Siete Cerros 40.7 57.8B 1.8 9.4 47.4 36.3
Florence Aurore 44.9 60.S 3.3 117 58.3 43.9
SE 2 1.6 0.05 0.6 2.9 0.7
LSD (0.05) NS NS 0.20 1.9 B.8 2.2
Row-spacing (cm)
10 38.3 60.56 2.1 10.2 44.8 42.2
20 42.8 64.9 2.9 9.7 58.8 42.5
3o 46.3 52.1 2.6 11.7 54.9 35.7
SE % 1.9 1.5 0.07 0.8 3.6 0.7
LSD (0.05%) Bra? 4.6 0.20 NS 10.7 2.7
Nitrogen level (kg N ha')
0 12.1 21.7 1.0 4.8 20.5 16.4
a0 35.3 9.8 2.0 8.6 49.2 29.8
120 55.3 71.4 3.5 12.2 66.2 49.0
180 68.6 103.2 3.5 16.7 75.2 65.3
SE 3 2.3 2.4 0.10 0.9 &£+'9 1.7
LSD (0.05) 6.5 6.6 0.40 2.5 E.E 4.8
Interactions VxR VxR
RxN RxN HExN

VXN VxN VxN
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Table 34. Uptake of Ca and Mg (kg ha') at harvest as influenced by
variety row-spacing, and nitrogen level at Kadawa, 1989-

91.
Calcium (Ca) Magnesium (MQq)

Tr&atment — —— — . - — — —

"H9=-90 'ap-93 '85-90 »90-91
Variety
Siete Cerros 10.8 4.2 6.6 5.4
Florence Aurore 9.3 5.4 7.6 5:9
SE ¢ 1 0 ¢ 0.2 n.2 0.1
LSD {0.05) NS 0.5 0.7 0.4
Row=-spacing (cm)
10 8.0 4.9 6.0 €39
20 10.0 5.1 ¢ 1 4 5.8
30 12.1 4.4 7.6 5.2
SE * 1.3 0.2 0.3 0.2
LSD {0.05) NS NS 0.9 0.5
Nitrogen level (kg N ha')

0 3.5 23 2.8 -5
60 9.3 3.4 6.3 4.2
120 13.0 6.4 9.0 7.0
180 14.4 7.4 10.3 8.8
SE : 1.2 2 2% 0.4 0.2
LSD {0,04) i.4 0.7 1.2 0.6

Interactions VxR
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significant in both years. In 1989-90, the 30 and 20 cm row-spacings resulted in
stmilar but significantly higher in N uptake than for the 10 cm row-spacings. In 1990-
91, the 20 cm row-spacing resulted in greater N uptake than that for 10 and 30 c¢m
row-spacings by 4.4 and 12.8 kg N ha' respectively. Nitrogen level significantly
increased N uptake by wheat plants up to 180 kg N ha ' by 472, 94 and 24 per cent
in 1989-90 and 376, 159 and 44 per cent in 1990-91. Nitrogen uptake was generally
greater in 1990-91. Nitrogen uptake was generally higher in 1990-81 than in 1989-
90. Varnety x row-spacing mnteraction for N uptake was significant in 1989-90 (Table

28).

4.4.2 Phosphorus

Florence Aurore had significantly higher phosphorus uptake than Siete Cerros
in both years. There was significant effect of row-spacing on phosphorus uptake n
1989-90. The 20 cm row-spacing resulted in significantly greater uptake than 30 and
10 em row-spacings. Phosphorus uptake mcreased sigmficantly with increase n
nitrogen up to 120 kg N ha " in 1989-90 and 180 kg N ha ' in 1990-91. Phospharus
uptake was higher in 1990-91 than 1989-90 though values were generally very low.

In 1989-90 vanety x row-spacimg, varety x nitrogen level and row-spacing x
nitrogen level interactions were signoficant (Tables 35, 36 and 27). There were no
significant mteracuons in 1990-91.

Phosphorus uptake by Siete Cerros did not change with row-spacing, whereas
the 20 cm row-spacing significantly increased P uptake in Florence Aurore (Table 35).

oy or CliElLe Adiore ) P Uplake was greater 1nan uign 01 Slete Lerros

at 120 and 180 kg N ha " than at 0 and 60 kg N ha ' (Table 36).
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Table 35. Interaction of variety and row-spacing on
phosphorus uptake (kg P ha') at harvest by
whoat at Kadawa, 1989-90. :

Varieties
Row-spacing {cm)
Siete Cerros Florence Aurore
10 1.8 2.3
20 1.6 4.3
30 1.9 3.3
LSD {0.05) 0.30

Table 36. Interaction ot variety and nitrogen level on
phosphorus uptake (kg P ha') by wheat at
harvest at Kadawa, 198%9-90.

Varieties

Nitrogen level (kg N ha')
Siete Cerros Florence Aurore

0 0.7 1.4
GO0 1.4 2.7
120 2.4 4.7
180 2.6 4.4

LSD (0.05) 0.60
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Table 37. Effect of row-spacing X nitrogen level
interaction on phosphorus uptake (kg P ha')
by wheat at harvest at Kadawa, 1989%-90,.

Row=-spacings (cm)

Nitrogen level (kg N ha')

10 20 10

0 0.7 1.1 1.3

60 1.9 2.0 2.1

120 2.6 5.0 3.0

180 3.0 3.6 3.9
LSD (0.05) 0.80

Superiority of 20 cim row-spacing with respect to P uptake was significant over

10 and 30 cm at 120 kg N ha' in 1089-90 (Table 37).

4.4.3 Potassium

Potassium uptake by Florence Aurore was significantly greater than that by
Siete Cerros in both vears with margins of 23 and 21 per cent in 1989-30 and 1990-
- 91 respectively, The 20 and 30 cm row-spacings resulted in significaht!v greafer
potassium uptake than the 10 em row-spacing in 1989-90, with margins of 14.0 and
10.1 kg K ha' respectively. n 1990-91, row-spacings of 10 and 20 cm were at par
and had significantly greater K uptake than 30 cm with an increase of 7.0 kg K ha''.
Potassium uptake increased significantly with increase in nitrogen levels up to 180 kg
N ha in both vears. Variety x nitrogen levels and row-spacing x nitrogen level
interactions were significant in hoth years MTahles 38 and 39 The K intake levels by

the wheat crop averaged 52.9 and 40.1 kg ha'' in first and second years respectively.
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Florence Aurore was significantly better than Siete Cerros only at 120 and 180 kg N
ha' in both years (Table 38).
Tabhle 33. Interaction of variety and nitrogen level on

potassium uptake (kg K ha') by wheat at
Kadawa, 1989-91.

Varieties
Nitrogen level (Kg N ha'}
Siete Cerros Florence Aurore
1989-90
v 17.2 23.7
60 . 1.6 46,8
120 53.7 78.0
180 67.0 84.1
LSD (0.05) _ 14.0
1990-91
D . 14.3 18.5
G0 27.7 32.0
120 - 42.5 55.5
180 60.8 . 69.8
1LSD (G.05) 6.0

In 1289-90, a row-spacing of 20 cm was significantly better than the 10 and
30 am row-spacings at 120 kg N ha ' and 20 and 30 cm row-spacings hetter than 10
em row-spacing at 180 kg N ha' (Table 39). In 1990-91, the differences between
faw-spacings were significant at 120 and 180 kg N ha'. At 120 kg N ha ' however,
EO‘ﬂ*iruvhspacﬁg Yrud Sifielae oy ent oHE Uy L ek apating DOt at 18U kg N
ha'', 10 cim was significantly better than 20 cm, which was superior to the 30 cm row-

spacing (Tahle 29).
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Table 39, Interaction of row-spacing and nitrogen level
on potassium uptake (kg K ha') by wheat at
harvest at Kadawa, 1990-91,

Row-spacings (cn)
Nitrogen level (kg N ha') —

10 20 30
1989-90
0 19,2 20.1 22,1
60 46.9 49.1 51.7
120 49.0 85.3 64.2
180 63.9 80.9 81.7
LSD (0.05%) 170
1990-91
QO 14.9 18.6 1%5.7
G0 30.1 31.5 28.0
120 48.4 54.1 44.4
180 75.2 65.9 54 .8
LSD (0.05) g

4.4 .4 Calcium

Calcium uptake by Siete Cerros was greater than that by Florence Aurore in
1989-90 but lower than that by Florence Aurore in'1990-91. The difference in uptake
was significant in 1990-81. Row-spacing had no significant effect on calcium uptake
in either of the two years but results favoured 30 and 20 cm row-spacings in 1989.90
and 1990-91 respectively. Nitrogen levels significantly enhanced calcium uptake up
10 120 kg N ha ' in 1989-90 and 180 kg N ha " in 1990-91. Calcium uptake i 1989-
90 (10.0 kg ha ') was tugher than that in 1990-91 {4.8 kg ha'). No interaction was

significant in both years




Results ' N3

4.4.5 Magnesium
Magnesiom uptake by Florence Aurnre plants was significantly greater than that

by Siete Cerros by 15 and 9 per cenr a1 1089-90 and 1800-91 respectively. Row-

e

-2t wras significant bl veeess Toe 20 dand 300 ruwel petiiige Yo
significantly greater magnesium uptake than the 10 cm row-spacing in 1989.90. In
1990-91, however, 10 and 20 cim had greater uptake of Mg than 30 cm row-spacing.
Increase in nitrogen levels significantly increased magnesium uptake up to 180 kg N
ha' in both years; magnesium uptake being greater (7.1 kg ha ') in 1389-90 than in
1990-91 (5.6 kg ha '}, Vareues x row-spacing interaction was significant in 1989-20
{Tahle 40) indirating that Siete Cerros did not vary significantly in mmagnesium uptake
with changes in row-spacing, whereas uptake leve.ls by Florence Aurore at 20 and 30

cm row-spacing were signiticantly greater than at the 10 om row-spacing.

Table 40. Interaction of variety and row-spacing on
magnesium uptake (kg Mg ha') by wheat at
harvest at Kadawa, 1989-90.

Varieties

Row=-zpacing {(cm)
' . Siete Cerros Florence Aurore

10 6.4 5.7
20 6.5 8.9
30 6.9 8.2

LSD (0.05) 1.2
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4.4.6 Nutriant distribution in plant parts at harvest

Leat

In 1989-9Q, there were no significaﬁt diffellences between the two varieties in
terms of nutrient uptake with the exception of Mg. Florence Aurore, however, had
greater uptake values than Siete Cerros. Potassium uptake was highest followed by
Ca, N, Mg and P in that order in both varneties. (n 1990-81, uptake by Florence Aurore
was significantly higher than thart by Siete Cerros for all the nutrient elements. In both
varieties, K uptake was highest followed by N, Ca, Mg and P in that order (Figure 11).

Effect of row-spacing on leaf nutrient uptake varied with years. In 1989-90,
uptake of all nutrients was highest at 20 cm row-spacing, which was significantly
higher than 30 and 10 cm for N, P and Mg, The 30 cm row-spacing was significanthy
better than that of 10 cm for PP and Mg. In general, uptake was highest for K followed
by Ca, N, Mg and P in that order. In 1390-91,_ there were significant differences
between row-spacings with respect 10 uptake of N, K and Mg, the 10 cm row-spacing
being hetter than 30 and 20 cm for K and Mg, At all row-spacings, K uptake was
highest followed by N, fI:a, P and Mq (Figure 11} |

In 1989.90, application of nitrogen increased significantly the uptake of N and
Pupto 180 kg N ha' and that of K, Ca and Mg up to 120 kg N ha ', Potassium uptake
was highest followed by Ca, N, Mg and P in that order. {n 1890-97, uptake of all the
elements significantly increased with increase in nitrogen level up to 180 kg N ha’
though P uptake at 0 and 60 kg N ha-1 were not significantly different. Potassium

uptake was highest, followed by N, Ca, P and Mg (Figure 11},
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Stem
i 1989-90, uptake of all natrients i the stemm by Florence Aurore was
significantly higher than that by Siete Cerros. The highest uptake was for K, followed

PN, % Bier=kn MinEets e 'n 100091, Merence

Aliu e Mas Siglhinanuy
higher than Siete Cerros in uptake of all the nutnents. In Siete Cerros, the uptake of
nutnents was in decreasing order of K, N, Ca, Mg and P. The order in the case of
Florence Aurore was K followed by N, P, Ca and Mg (Figqure 12).

Effect of row-spacing on nutrient uptake by stem varied with years. In 1989-
90, 20 cm was equal to 30 ¢m but significantly higher than 10 cm in uptake of N and
Mg and 30 cm was higher than 10 cm in P uptake. The uptake was highest in the
case of K followed by N, Ca. Mg and P at all row-spacings. In 1990-91, the
ditferences between row-spacings were significant only in the case of K uptake, when
row-spacings of 10 and 20 cm were at par bt caused significantly more uptake of K
than at 30 cm (Figure 12).

In 1989-90, application of mitrogen caused significant increase in uptake of N
and Ca up to 180 kg N ha " and for K. P and Mg up to 120 kg N ha . Calcium uptake
at 60 and 120 kg N ha  were not significantly differeni. At all levels of nitrogen,
uptake was highest for K followed in order by N, Ca, Mg and P. In 1990-91, uptake
of N, K, Ca and Mq increased significantly with increase in levels of nitrogen up to 180
kg N ha'. Phosphorus uptake was significant up to 120 kg N ha ' but difference
between 0 and 60 kg N ha ' was not significant. At 0, 60 and 180 kg N ha ', the
uptake was highest for K followed in order by N, P, Ca and Mg. The order at 120 kg

N ha ' was K followed by N, Ca, P and Mg (Figure 12).
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Spike

In 198O, the differences between vaneties were sigrmificant anly for P when
Florence Aurore wvas sigmifi-cantly better than Siete Cerros i spuke P ouptake.  The
order of uptake was N, K, Ca, Mg and P in Siete Cerros and N, K, Mq, Ca and P
Florence Aurore. 1 1990-91, the two vaneties differed significantly in Ca uptake; the
uptake by Siete C rros being signihcantly higher than that by Florence Aurore. In both
varnetes, the upti <e was highest for N followed by K, P, Mg and Ca (Figure 13).

In 19899 | effect of row-spacing was significant on spilke uptake of P, K and
Mg. For P, a row spacing of 20 cim was sigmificantly better than those ot 30 and 10
cm. For K, 20 an 30 cm row-spacings caused significantly greater uptake than the
10 cm row-spacit | The 20 and 30 cm were at par in Mg uptake buat significantly
better than 10 cm ow-spacing.  Amaongst the nutnents, highest uptake was for N at
all spacings, and it was generally follnwed by K, Ca, Mg and Pn that order. In 1990
91, there was s ficant
pffect of row spac g on all the nutnents except P Uptake of N and K at 20 cm was
significantly hugher than that at 10 cm and 10 cm greater than that at 30 cm. Caleiam
and Mo uptake leve s at 10 and 20 cm were similar but significantly tngher than at 30
cm row-spacing.  he uptake was highest for N followed by K, P, Mg and Ca at all
row-spacings (Figu e 13).

I 1989-90  spike nutnent uptake mocreased significantly  with crease in
nitrogen levels up 1 180 kg N ha ' for N, up to 120 kg N ha ' for P, K and Mg and to
60 kg N ha " for Ca At 0, 120 and 180 kg N ha ', N uptake was highest followed by

K, Ca, Mg and P. Thye order at 120 kg N ha  was N followed by K, Mg, Ca and P. In
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1990-91, uptake of all the nutrients increased significantly with increase in nitrogen
levels up 10 180 kg N ha'.
The uptake was highest for N followed by K, P, Mg and Ca at all the levels of

nitrogen (Figure 13).

4.5 Regression Studies

Regression of grain yield on nitrogen fertilizer levels for 1989-30, 1980-91 and
combined analysis are presented in Figures 14 and 15, As depicted by the regrassion
curves, grain yields of Siete Cerros and Florence Aurore increased with increase in
nitrogen levels. Siete Cerros however had a grea.ter' response at all N levels in both
years and mean over years. Responses to N levels in 1990-21 was about 50 per cent
of those of 1989-90,

Nitrogen levels that produced maximum grain yields were calculated from the
mean respanse functions of Siete Cerros and Florence Aurore {Figures 14 and 15). The
nitrogen rates for Siete Cerros were 196, 241 and 208 kg N ha'' in 1989-80, 1990-91
and combined analysis respectively while those of Flbrence Aurore were 217, 186 and
202 kg N ha'' for the same periods. The crorresponding maximum yields were 3583,
1829 and 2691 ‘g ha for Siete Cerrcs 2 S o163, 1356 and 2230 kg ha' for Florence
Aurore. The response ratios (kg grain per kg N} were 18.3, 7.6 and 12.9 for Siete
Cerros and 14.6, 7.3 and 11.0 for Florence Aurore in 1989-90, 1990-91 and combined

analysis respectively at those nitrogen levels that gave rise to maximum grain yields.

f
|
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4.6 Correlation and Path-Coefficient Analyses
4.6.1 Correlation

A correlation analysis was done to determine the relationships among six
agronomic characters (Table 41). There was significant positive correlations between
grain yield and effective tillers, spike length, spikeletsper spike, grains per spike and
1000-grain weight. Spikelets per spike and grains per spike had the highest correlation
coefficients (0.985 and 0.984) and 1000-grain weight (0.469) the lowest correlation
coefficient with grain yield. The 1000-grain weight also had the lowest correlations

with the other agronomic characters tested.

Table 41. Correlation coefficients among six agronomic
characters in wheat.

Characters Effective Spike length Spikelets/ Grains/spike 1000-grain Wt,
tillers spike

Grain yield 0.855" 0.929" 0.985"" 0.984" 0.469"

Effective tillers 0.874"" 0.861"" 0.820"" 0.498"

spike length 0.970" 0.913" n.722"

Spikelets/spike 0.972"" 0.058"

Grains/spike 0.424""

1000-grain wt.

* *Significant at P=0.01.

4. Path- e 1

The path coefficient analysis of the interrelationships of effective tillers, spike
length, spikelets per spike, grains per spike and 1000-grain weight with grain yield is
shown diagrammatically in Figure 16. Estimates of both direct effects and indirect

effect path-coefficients are presented in Table 42.
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Table 42. Path coefficient analysis showing direct and indirect effects of the yield
components i characters in wheat.

Characters Effective Spike length Spikelets/ Grains/spike 1000-gratn wt,
tillers spike

Effective tillers D.067 <0.143 0,856 0.137 -0.046

Spike length 0.050 0. 164 0. 964 0,146 -0,067

Spikelets/spike 0.049 -0.15% 0. 996 0.156 -0.055

Grains/spike D.047 -0.150 0.966 0.160 -0.039

1000-grain weight 0.028 0.118 0.584 0.068 -0.093

Underhned values denote the direct effects.

Spikelets per spike was found to have the greatest direct (0.994) and total
(0.985) effects on gram yield. Ws indirect effects through effective tillers and grans
per spike were positive even though small. Its effects through spike length and 1000-
gram weight were negative and small. Grains per spike had a large total effect (0.984)
but small direct effect (0.16). Its effect through spikelets per spike was large (0.966);
its effect through effective tillers was positive but negligible; and that through 1000-
grain weight was negative and small. Effective tillers had a neqgligible direct effect
(0.057) but a large positive total effect (0.855). Its effect through spikelets per spike
(0.856) was large and positive.  The effect of grams per spike on gram yeld was
positive hut small, while those of spike length and 1000-gram weight were small and
negative. Spike length had a large 1otal effect (0.929) but negative direct effect (-
0.164). s indirect effect through spikelets per spike was positive and quite large
(0.964); 1ts effects through ettective ullers (0.05) and grains per spike (0.146) were
bath small; ns effect through 1000-gram weinht was nangative and small. Tha 1000

graim weight had the lowest total effect (0.469) and a neghgible direct effect (0.093).
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Its positive effect through spikelets per spike {0.584) was large; while those through
effective tillers (0.028) and grains per spike (0.0688) were negligible. Its effect through

spike length was negative and small.
Experiment |
4.7 Yield and Yield Components

4.7.1 Grain yield

Grain yields as influenced by varieties, nitrogen levels and times of nitrogen
application are presented in the data shown in Table 43. The corresponding analysis
of variance tables are presented in Appendices 34, 35 and 36.

Siete Cerros significantly out-yielded Florence Aurore by margins of 24, 34 and
28 per cent in 1988-90, 1990-91 and the pooled year data respectively. The
superniority of the former over the latter variety was more pronounced in -the second
year.

Nitrogen had significant effect on grain yield in both years. Grain yield
increased significantly with increase in nitrogen level up to 180 kg N ha'' in 1289-30
but was upto 120 kg N i.v' in 1990-91. Cor.:i .4 uaws for the two years showed
significant increase in grain yield with nitrogen level up to 180 kg N ha™'. In 1889-90,
application of 120 kg N ha'' increased gréin yieid‘ b\} 63 per cent over 60 kg N ha’
while 180 kg N ha'' application increased grain yield by 20 per cent over the 120 kg

N ta'.
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1985-91.

Straw yields (kg ha')

1989-90 1990-91 Mean

2304
2059

140
NS

1625
2378
2541

171
472.4

2353
2164
2027

171
NS

2830
2541

111
306,3

1920
2846
3290

136
375.3

2537
2988
2531

136
375.3

YxT

Table 43. Grain and straw yields for varieties and levels and times
of nitrogen application in wheat at Kadawa,
Grain yields (kg ha')
Treatment - —
1989-90 1990-91 Mean
Variety
Siete Cerros 2246 1692 1969 3356
Florence Aurore 1816 1260 1538 3023
SE 2 a4 63 52 166
LSD (0.05) 231.5 174.4 143.7 NS
Nitrogen level (kg N ha')

60 1300 1185 1247 2216
120 2118 1601 1859 3313
180 2675 1633 2154 4040
SE % 103 72 64 204
LSD (0.05) 283.6 213.6 176.0 562.5
Time of N application
S 1723 1535 1629 2721
S+ T 2322 1433 1878 igll
S + F 2047 1460 1753 3036
SE ¢ 103 77 64 204
LSD (0.05) 283.6 NS 176.0 562.5
Interactions VxN VxT VxN

YxT

S = all N at seeding; 8§ + T =
S+ F = half N at seeding + hal¥® -+

-

1g leaf stage.

half N at seeding + half at tillering;
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Effect of time of mitrogen application varied with years. In 1989-90, spht
application of N at seeding plus tillering gave sigmficantly more grains than a single
application at seedng time by 35% and that of split applications at seeding plus flag
leaf stage by 13%. In 1990-91, the differences between times of application were not
significant but the trends were in favour of application of a single application of
nitrogen at seeding time. Grain yields in 1989-90 were generally higher than those in
1980-91.

A combined analysis over the years showed that variety x nitrogen level and
year x time of nitrogen apphcation interactions were significant.  The yietds of Siete
Cerros increased significantly with levels of nitrogen up to 180 kg N ha ' but those of

Florence Aurore were increased up to 120 kg N ha ' (Table 44).

Table 44. Interaction of varieties and nitrogen level on
grain yield (kg ha') in wheat at Kadawa (pooled
data for 1989-91).

Varieties

Nitrogen level (kg N ha')
Siete Cerros Florence Aurore

60 1370 1125
120 2014 1706
180 2523 1785

LSD (0.05) 250.2
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4.7.2 Straw yield

Data in respect of straw yieids for varieties, nitrogen levels an.d times of
nitrogen application are given in Table 43. The analysis of vanance tables are
presented in Appendices 34, 35 and 36.

Although there were no significant differences between both years, higher
values for Siete Cerros in hoth years resulted in significantly higher yields of this variety
over Florence Aurore when the two-year yield data were pooled.

Straw yield increased significantiy \;'vith incfeése in nitrogen level up to 180 kg
N ha'in 18989-90 and 120 kg N ha ' in 1990-81. The magnitudes of yield increase
with the application of 120 over 60 kq N ha"' were to the tunes of 1097 and 753 kg

ha

in the first and second years respectively. A further increase in nitrogen
application to 180 kg N ha’' increased yields over 120 kg N ha'' additionally by 727
and 163 kg ha'' respectively. Analysis of means data pooled over two years showed
that wheat straw yields increased significantly with increase in N application up to 180
kg N ha'. Application of 120 kg N ha' increased the yields over 60 kg N ha’' by 48
per cent and application of 180 kg N ha' over 120 kg N ha' was hy 16 per cent.
Effect of time of mitrnpan applicatign varied with years. The interaction
bet veen time of‘N application and vears was therefore significant.  In 1989-90,
application of nitrogen in splits at seeding plus tillering produced 40 and 26 per cent
greater straw yields than a single application at seeding and application in splits at
seeding plus flag leaf stage respectively. The yield differences in 1990-81 were not
significant but trends were in favour of a single application at seeding time.

Combined analysis of data over years showed that there were higher yields in

the first year than in the secand year; that there were significantly higher straw yields
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with application of nitrogen in split doses at seeding time and at tillering stage than a
single application at seeding; split application at seeding time plus flag leaf stage, and
that there was significant interaction between years and times of nitrogen application

as earlier reported (Table 43).

4.7.3 Dry matter

DCata in respect of dry matter production at harvest as influenced by variety,
nitrogen level and time of nitrogen application are presented in Table 45, The
corresponding analysis of variance tables are in Appendices 34, 35 and 36.

Siete Cerros produced significantly more dry matter than Florence Aurore in
both years and mean of the two years. The differences were 16, 21 and 18 per cent
in the first, the second and the combined years respectively.

Dry matter production increased significantly with increase in nitrogen level up
to 180 kg N ha' in the first year but up to 120 kg N ha ' in the second year. Pooled
data for both years showed that there was significant increase up to 180 kg N ha’.
The first and second increment N application levels produced 49 and 15% increases
respectively,

Time of n'stmge[\. u;;;;:uiicatiun had siénificam effect on dry matter yield in 1989-

90 when spiit application of nitrogen ar seeding time and at tiliering stage produced the
[

maximum amount of dry matter and was significantly better than a single application
at seeding time or a3 split application at seeding time plus flag leaf stage. In 1990-91,
differences were not significant but the trends were in favour of a single application

at seeding stage.
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Table 45. Dry matter yields at harvest and harvest index values as
influenced by variety N, level and time of nitrogen
application in wheat at Kadawa, 1989-91.

Dry matter yields Harvest index (%)
Treatment (kg ha')

1989-90 1990-91 Mean 1989-90 1990-91 Mean

Variety
Siete Cerros 5602 3995 4799 40.5 44.4 42.5
Florence Aurore 4839 3292 4065 37.4 39.2 38:3
SE 232 193 152 0.91 0.94 0.66
LSD {(0.05} 640.7 533.7 420.8 2.52 2.60 1.83
Nitrogen level (kg N ha'j
60 3515 2820 3167 36.8 43.2 40.0
120 5431 3979 4705 39.9 42.2 41.1
180 6715 4132 5424 40.0 40.1 40.1
SE ¢t 284 236.5 186.5 ) [ 5 1,15 0.81
LSD (0.05) 784 .8 653.7 515.5 NS NS NS
Time of N application
s 4445 3889 4167 38.6 39.9 39.3
S+ T 6133 3597 4865 37.9 41.0 39,5
S +F 50823 3444 4264 40.3 44.6 42.4
SE ¢ 284 237 187 1.11 1:15 0.81
LSD (0.05) 784.8 NS 515.9 NS J<19 2.24
Interactions YxT YxN
YxN

s = al' N & rv2ding; S+T = half N at seeding + % at tillering;
S+F = halt N at seeding + % at flag leaf stage.
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The combined data over the two years revealed that dry matter production in
1989-90 was significantly higher than 1980-91: and that there were significant year

x time of nitrogen application and year x nitrogen level interactions (Table 45).

4 7.4 Harvaest index

Harvest index valles for varieties, nitrogen levels, and times of nitrogen
application are presented in Tahle 45, The corresponding analysis of vanance tables
are shown in Appendices 34, 35 and 36.

Siete Cerros had significantly higher harvest index values than Florence Aurore
in each of the two years and the mean for both years. Nitrogen levels did not cause
significant differences in the harvest index values, the trends however, were in favour
of higher rates in first year and lowest in second year., Time of nitrogen application
caused significant differences only in 1990-91 when split application of nitrogen at
seeding time plus flag leat stage produced a significantly higher harvest index than a
single application at seeding or a split application at seeding time pius tillering stage.
Mean values for years also showed that trends \;vas similar to that of 1990-91. There

were significant year x nitrogen level interactions (Table 45).

4.7.5 Spike length

Effects of varieties, nitrogen levels and times of nitrogen application on spike
length at maturity are shown in Table 46, The corresponding analysis of variance
tables are presented as Appendices 37, 38 and 39,

Florence Aurare praduced significantly longer spikes than Siete Cerros in both

years with margins of 8, 15 and 11 per cent in the first, the second and combined for
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both years, respectively. Spikes of hoth varieties were longer in 1990-91 than in
1989-90.

Spike length increased significantly with increase in nitrogen levels up to 180
kg N ha' in 1989-80 but only up to 120 kg N ha'" in the succeeding year. In 1989-90,
there was an increase of 0.5 cm in spike length for every increase of 60 kg N ha'. In
1990-91, increase in spike length with application of 120 kg N ha' over 60 (1.4 cm)
was greater than that hbetween 120 and 180 kg N ha' {0.2 cm).

Time of nitrogen application had significaht effect on spike tength only in 1989-
90. Apnplication of nitragen in split doses at seeding time plus tillering stage produced
the longest spikes,

A combhined analysis over the two years indicated that Flarence Aurore
produced significantly longer (11%) spikes than Siete Cerros; that spike length
increased with increase in nitrogen level; that spikes were longer in 1990-91 than in
1989-80; and that varieties x nitrogen levels and years x nitrogen levels interactions
were significant {Tables 46 and 47).

The spike length of Siete Cerros increased significantly with nitrogen application
up to 180 kg N ha ' but that of Florence Aurore was only up ta 120 ke N ha”’ {Table

47},

4.7.85 Spikelets per spike
The data on number of spikelets per spike as influenced by variety, nitrogen
level and time of N appiication are given in Table 46. The corresponding analysis of

variance tables are in Appendices 37, 38 and 39.
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Table 46. Spike length and number of spikelets per spike for

varieties, levels and times of nitrogen application in

wheat at Kadawa, 1989-9]1,

Spike lengths {cm) Spikelets per spike
Treatment - S
1989-90 1990-91 Mean 19829-90 1990-91 Mean

Variety
Siete Cerros 7.8 8.2 8.0 15.2 177 16.4
Florence Aurore 8.4 9.4 8.9 14.3 17.3 15.8
SE & 0.13 0.23 0.09 0.28 0.19 0.17
LSD (0.05) 0.37 0.37 0.26 0.76 NS 0.47
Nitrogen level (kg N ha')

60 7.6 7.8 % 13.8 16.3 15.0
120 8.1 9.2 8.7 14.7 18.0 16.3
180 8.6 9.4 8.0 1.8 18.2 17.0
SE 2 D.16 0.16 0.12 0.34 0.24 0.21
LSD (0.05) 0.45 .45 0.31 0.93 0.65 0.58
Time of N application
S Bid 8.8 B.5 15.1 17.7 16.4
S + T 8.4 8.7 8.5 15+ 17.5 16.3
S+ F 7.8 8.5 B.4 14.0 i e P 15.6
SE = 0.16 0.16 Q.32 0.34 0.24 0.21
LSD (0.05) 0.45 NS NS 0.93 NS 0.58
Interactions VxN VxN VxN

YxN
5 = all N at seeding; S+T = half N at seeding » % at tillering;
S+F = half N at seeding + % at flag leaf stage.
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Table 47. Interaction of variety and nitrogen level on
spike length (cm) in wheat at Kadawa (data
pooled for 1989-90 and 1990-91.

Varieties

Nitrogen level (kg N ha')
Siete Cerros Florence Aurore

60 T3 8.1
120 8.0 D3
180 B.7 9.3
LSD (0.05) 0.44

Siete Cerros produced significantly more (6%) spike'ets per spike over Florence
Aurore during 1989-90 and also based on means of two years (4%). Even in 1990-91,
the trend was strongly in favour of Siete Cerros.

Effect of mtrogen levels on number of spikelets per spike was significant in both
years. Spikelet number increased significantly with increase in nitrogen level up to 180
kg N ha' in 1989-90 and up to 120 kg N ha' in 1990-91. The mean values for two
years showed that number of spikelets increased significantly up to 180 kg N ha ' by
9 per cent from 60 to 120 kg N ha " and 4 per cent frem 120 10 180 kg N &

Number of spikelets per spike was significantly affected by time of nitrogen
application v 1989-90. Single dose application of N at seeding time and split
application at seeding time plus tillering staqge produced similar numbers of spikelets per
spike in both years and mean of the two years but these were significantly more than
that of split application at seeding plus flag leaf stage.

The combined analysis for both years showed, significant interaction between

varieties and mitrogen level (Table 48). The number of spikelets per spike increased
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with increase in mtrogen levels up to 180 kg N ha ' in the case of Siete Cerros but up
to 120 ka N ha ' in the case of Florence Aurore.
Table 48. Interaction of variety and nitrogen level

on number of spikelets per spike in wheat at
Kadawa (data pooled for 1989-90 and 1990-91).

Varieties

Nitrogen level (kg N ha')
Siete Cerros Florence Aurore

60 15.6 14.5
120 16.2 16.5
180 17.5 16.4
LSD (0.05) 0.83

4.7.7 Grains per spike

The data on number of grains per spike for vaneties, nitrogen levels and times
of nitrogen application are presented i Table 49, The corresponding analysis of
variance tables are presented in Appendices 37, 38 and 39.

Siete Cerros produced significantly more grains per spike ** . lorence
Aurore by margins of 28% in 1989-90, 37% in 1990-91 and 33% in mean of the two
years.

Nitrogen levels had sigmficamt effect on number of grains per spike.  The
number of grains per spike increased significantly with increase in nitrogen level up to
180 kg N ha " in 1989-90 and to 120 kg N ha' in 1990-91. The mean value for two
years showed significant increase up to 180 kg N ha '. Application of 120 kg N ha''

ncreased it by 21% over 60 kg N ha ' and 180 kg N ha ' by 9% over 120 kg N ha .
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Table 49. Number of grains per spike and 1000-grain weight as
influenced by variety, level and time of nitrogen
application in wheat at Kadawa, 1989-91.

Grains/spike 1000-grain weight (g)

Treatment -— — . - B =3

1989-90 19%0-91 Mean 198%-90 1990-391 Mean

Variety

Siete Cerros 39.2 45.9 42.5 30.9 32.7 Jl.8

Florence Aurore 30.6 33.4 32.0 37.0 37.2 37.1

SE % 1.39 1.21 0.23 0.49 0.57 0.37

LSD (0.05%) 3.84 3.33 2.56 1.36 1.57 1.03

Nitrogen level (kg N ha')

60 11.1 32.3 31.7 32.1 33.3 32.7
120 13.8 42.8 38.3 34.2 36.1 35.1
180 39.8 43.9 41.9 35.6 315.5 35.5
SE = 1.70 1.48 1:13 D.60 0.70 0.46
LSD (0.05) 4,70 .08 .13 1.66 1.92 1.27
Time of N application
5 32.8 39.9 -36.4 33.4 34.5 33.9
S+ 7 36.5 38 .1 37.3 34.7 35 .5 35,1
S + F 35.4 41.0 8.2 3i.B 34.8 34.3
SE ¢ 1.70 11.48 1.13 0.60 0.70 0.46
LSD (0.05) NS NS NS NS NS NS

Interactions

s
S+F

all N at seeding: S+T
half N at seeding + &

= half N at seeding + Y% at tillering;

at flag leaf stage.

Time ot N application had no significant effect on number of grains per spike

in both years. Mean values for the

two years showed a trend that seemed to tavour

sphit application aver a single dose application at seeding time.

Varieties x nitrogen level for number of grains per spike interactions were

significant in 1990-91 (Table 50) indicating that the differences between the two

varieties were significant at 120 and 180 kg N ha' and greater by 12.5 and 20.2

grains per spike as against no significant differences (4.7) at 60 kg N ha '.
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4.7.8 1000-grain weight

Thousanrl-grain weight values for varieties, nitrogen levels and times of nitrogen
application are given in Tahle 49. The analysié of vanance tables are presented in
Appendices 37, 38 and 39.

Varietal differences were signiticant in both years, Florence Aurore had
significantly greater 1000-grain weight than did Siete Cerros by margins of 23, 14, 17

per cent in 1989-90, 1990-91 and the two years mean values respectively.

Table 50. Interaction ot variety and nitrogen level on
grains per splke in wheat at Kadawa, 1990-91.

Varieties

Nitrogen level (kg N ha')
Siete Cerros Florence Aurore

60 34.7 30.0

120 43.0 36.5
180 54.0 33.8
LSD {0.05) _ o 5.8

Nitrogen tevel had a significant effect on 1000-grain weight in both years. It
was observed that 1000-grain weight increased with levels of nitrogen up to 120 kg
N ha ' in both years and mean values for the two years.

Time of nitrogen application had no significant effect on 1000—gr;3in weight,
However, the trends were in favour of split applications at seeding time plus tiliering

stage.
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4.8 Grain Crude Protein Content

The grain crude protein content values for vaneties, nitrogen levels and times
of nrogen apphcation are presemed in Table 51, The analysis of vanance tables are
in Appendices 40 and 41

Florence Aurore produced grains with significantly higher protein content than
Siete Cerros in both years and mean of two years. Protein content increased
significantly with increase in nitrogen levels up to 120 kg N ha ' in 1989-90 and 180
kg N ha' n 1990-91. Combmed mean values for the two years showed significant
ncrease 1 grain crude protein content up to 180 kg N ha ', Analysis of data for
individual years and the means of two years showed that split application of nitrogen
at seeding plus flag leaf stage produced sigmficantly tigher grain crude protem than a
single dose applications of N at seeding time or spht apphcation at seeding plus tillering.

There were significant vanety x time of nitrogen apphcation and year x time of
application interactions.  Varnetal differences were significant with nitrogen split
apphcation at seeding nme plus tllering stage and split application at seeding time plus
flag leaf (Table 52) but not when single dose of N was applied at seeding. Effects of
time of nitrogen application were significant at 120 and 180 kg N ha ' (Table 53).
Grain crude protein content was significantly higher in 1990-91 than in 1989-30 (Table

51).
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Table 51. Grain cyude protein content as influenced by variety, level
and time of nitrogen application in wheat at Kadawa, 1989-

21.
Grain crude protein (%)

Treatment

1989=30 1930=91 Mean
Variety
Siete Cerros 6.08 2.19 . 7.14
Florence Aurore 6.57 8.7% 7.66
SE * 0,08 0.09 0.07
LsD (0.05) 0.24 0.24 0.20
Nitrogen level (kg N ha™)

60 5.68 7.77 6,72
120 e 62 §.25 7.44
180 6.68 9.40 8.04
SE * 0.10 0.10 0.09
LSD (0.05) . 0.28 0.29 0.24
Time of N application
5 5.73 . B.32 7.03
S + T 6.25 8.06 7.15
S + F 7.00 9.03 8,02
S5E * ) 0.10 0,10 .09
LSD {(0.05) 0.27 0.29 U.24
Interactions - VxT VXT VXT

TxN TxN TxN
. ¥YxT
5 = all N at seco:ding; S+T = half N at seeding + % at tillering;
S+F = bhalf N at seeding + % at flag leaf stage.
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Table 52. Interaction of variety and time of nitrogen application
on grain crude protein centent (%) in wheat at
Kadawa {data combined for 1989-90 and 1990-91).

Yarieties

Time of N application

' Siete Cerros Florence Aurcre
s 7.03 7.03
5+ T 6.93 : 7.38
S+ F 7.46 8.57
LsD (0.05) Q.34
Table 53. Interaction of nitrogen level and time of N application

on grain crude protein content (%) in wheat at Kadawa {data
poocled for 1089-80 and 1290-%1).

- Nitrogen level (kg N ha')

Time of N application

60 120 180
s 6.74 6.83 7.51
S+ T . 6.57 | 7.19 7.70
S + F 6.86 8.29 8.90

LD {(0.05} 0.42
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Chapter 5
DISCUSSION

in the presemt study, the effects of variety, row-spacing and nitrogen supply on
growth, dry matter accumulation, yield, yield components and nutrient uptake of wheat

were investigated.

5.1 Growing Season Condition

The growth and yield of wheat in the wheat growing areas of Nigeria are very
mu-h influenced hy prevailing air temperatures during the growing season. Wheat
yields varied with the graowing seasons. During the period of this study, daily air
temperatures were relatively more conducive for wheat growth in 1989-90 than the
1990-91 growing season. Growth duration in 1980-91 was therefore shortler than that
of the 1989-90 growing season by about fourteen days. This resulted in higher grain
yields in 1983-20. Similar effects of high temperatures on wheat growth were earlier
reported by Asana and Williams {1965); Ford et a/.(1978) and Wardiaw et a/. {1980)
who found that high fnmpP'P'Llres experienced hetween anthesis and maturity
ir.creased growtlfrate of the ear and therefore decreased that of the stem and these
hastened senescence of the ear and theref-nre deéreésed final grain vield. Marcellos
and Single {1972} reported that an increase in the mean daily temperature from 17.5°C
to 22.0°C during the post-flowering period reduced the duration of this developmental

phase by about 30 per cent.
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5.2 Effect of Variety

5 2.1 Growth characters

The supenaority of variety Florence Aurore over varnety Siete Cerros in leaf area,
leaf area index (LA, plant height and number of tillers per plant may be explained by
the fact that these characters are genetically controlled. Crop growth was better in
1989-90 than in 1990-91 when daily air temperatures were generally high, especially
during the gram filling period. Similar finding was reported by Ford et a/{1976) who

reported reduction in wheat growth under high temperatures.”

5.2.2 Dry matter accumulation and partitioning

It was observed that dry matter accumulation by the two wheat varneties varied
with sampling penods in both years. Florence Aurore however had a greater dry matter
accumulation at harvest in both years. The increase in dry matter accumulation by
both varieties with advancement in crop age until maturity shows that both varieties
continued to absorb nutnients and synthesize carbohydrates until matunty (Pal, 1966;
Lal and Sharma, 1973),. Varnetal differences in dry matter accumulation in wheat has
been reported hy Asana and Williams (1965); McNeal et a/. (1966); Asana and Sarin
(1968); Lal and Sharma (1973) and Lal et a/.{1978). The low level of dry matter
accumulated in the 1990-91 growing season may be due to the high temperatures
which persisted throughout the season and which adversely affected crop growth.
Similar finding were reported by Ford et al., (1980) who found that high temperatures
reduced wheat crop arowth and dry matter accumulation.

The present result shows that leaf and stem dry matter of both varneties

increased with advancement in crop age but declined after reaching a maximum level.
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These foss in weight by the teaf and stem may be attributed to the transiocation of
assimilates 1o the spike since the decrease in leaf and stem dry matter was
accompanied by an increase in spike dry matter. Leaf losses through senescence and
death also contributed to the loss of leaf dry weight with increase in crop age. Similar
varietal differences in dry matter partitioning were reported by McNeal er a/.(1966); Lal
and Sharma {1973); Lal et a/.(1978); Waldren and Flowerday (1979) and Bauer et
al. (1987 who attributed losses in dry matter to the transiocation of photosynthates
from the leaf and stern to the spike. Significant varietal differences were Dbserved_ in
dry matter partitioning. Translocation of dry matter from leaf and stem to the spike
was higher in Siete Cerros than in Florence Aurore. This was ultimately reflectec ir the
higher harvest index and grain yields of variety Siete Cerros. This varietal difference
was said to be due to the introduction of Norin 10 dwarfing genes into Siete Cerros
which is responsible for its reduced vegetative growth and greater partitioning of
photosythates to the spikes. Such findings were reported by McClung et af.(1986);
Perry and 0 Anthuono (1989) and Feingola et a!.(‘1 990) who found that higher yield
potential in wheat is associated with efficient partitioning of dry matter in favour of the

reproductive grgans,

5.2.3 Yield and yield components

Siete Cerros out-yielded Florence Aurore by margins of 185 and 22‘ per cent in
1989-90 and 19390-91 respectively, though these differences were significant only in
1990-97. The higher grain yields of Siete Cerros is attributed to its higher nuimber of
spikelets and grains per spike. The observed superiority of Siete Cerros (awned) over
Florence Aurore (awnless) may be due to one or more of the following reasens; (i)

intraduction of Narin 10 dwarfing genes which reduced excessive vegetative growth
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and enhanced partitioning of more dry matter to the developing spike and (i) the direct
role of awns in the supply of assimilates throuqh increase in the photosynthetic rate
of the wheat ear (Patterson et al,, (1362; Teare et a/., 1972; Olugbemi et a/., 1976a,
1976b). Similar varietal differences had been reported by Angus and Sage (1980);
Olugbemi et a4/ (1281}, Gents and Kiyomoto {1955}; Perry and D’ Anthuono (1989} and
Feingold et a/. (1990) who found that the yield superiority of the semi-dwarf variety

is due to a better allocation of dry matter into the.reproductive organs,

5h.2.4 Nitrogen uptake and distribirtion

The decline in N uptake in 1989-90 after 70 DAS may be due to crop
senescence resulting in N losses fram the leaf and stem. The lower N uptake in 1989-
90 may be due to the dilution effect resulting from a greater dry matter production
since total dry matter was higher in 1989-80 than in 1990-91. The higher N uptake
by Flerence Aurare may be due to its greater potential far soil and fertilizer N extraction
or its higher N requirement for growth. McNeal et /. {1968); Woodruff (1972); Austin
et al. (18977} and Day er a/.{1985) had reported'significant genetic variations in most
of the component attributes determining N uptake and *hat N uptake of the whole plant
was more closely related to dry weigi t than to nitrogen ¢Gi:...ueut.. Dry matter was
found to be important in nitrogen accumulation {Day et a/., 1985},

The present result suggests that varietal differences exists in wheat with
respect to the proportionate allocation of nitrogen ta the component parts of the wheat
plant. Florence Aurore had more nitragen in all its component parts at all stages of
growth than did Siete Cerros. This difference may be due to differing genetic
capacities of the varieties for N uptake and allocation of plant nitrogen 10 component

parts of the plant. Varietal differences in efficiency of translocation of N fram plant to
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the gran have been reported by Johnson et a. (1967); Lal ef a/. 11978) and Halloran
and Lee (1979). Halloran and Lee (1979) reported sigmficant differences between
cultivars in the N percentages of culm, glume and rachis tissue n the mature plant.
The rapid increase n spike nitrogen of both vaneties which was accompanied by a
decrease in leaf and stem nitrogen indicate that N was translocated from leat and stem
to the spike. The results are similar to those of McNeal et a/. (1968); Lal and Sharma
(1973); Lal er al. (1978) and Feingold et a/. (1990) who reported that a rapid increase
in N accumulation of the kernels was accompanied by its decrease n stem and leaf and
that the losses owing to translocation from different plant parts to the grains varied

depending of vanety.

5.2.5 Nutrient uptake and distribution at harvest

Significant varietal differences in nutnent uptake at harvest were observed. The
higher uptake of these nutnents by Florence Aurore may be attnbuted 1o its hgher dry
matter production.  The low phosphorus uptake by both wheat varieties may be
attributed to the low basal application of phosphorus (40 kg P,O. ha ') as against the
recommended rate (40 kg P,O. ha ') for Kadawa. The vanetal differences in leaf, stem
and spike uptake may be & ributed to differenc. . k. dry matter partitioning
abilities. While Flarence Aurore had greater leaf and stem nutrient concentration, Siete

Cerros had greater spike nutrient concentration.

5.2.6 Grain crude protein content
Varetal differences in gram crude protein content were observed. The greater
distribution of plant N to the spike of Florence Aurore may be responsible for its higher

gran crude protein content (Day ez &/, 1985). The lower gram crude protein content
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of Siete Cerros may he attributed to the dilution of grain N by grain dry matter as a
consequence of its higher grain yteld. Varietal differences in grain protein content were
reported by Austin et 3/.{1977); Terman (1979); McClung et &/. {1986), and Feingeld
et al. (1930 who reported cultivar variations in grain protein concentrations.

The tower grain crude protein content in 1989-90 may be attributed to a

dilution of grain N hy grain dry matter as a consequence of higher grain yields,

5.3 Effect of Row-Spacing

5.3. 7 Growth characters

The highest tiller production associated with the 10 cm row-spacing may be
attributed to low interplant competition betweén the wheat plants along the rows
thereby providing an environment conducive for tiller production. The tallest plants at
30 cm row-spacing may be due to interplant competition in the denser stands while the
shorter plants of both wheat varieties in 1990-81 compared to those of 1989-90 may
be due to stress resulting from the high temperatures that prevailed during the 1990-91
growing season. According to Kinrg et al. (19631 row-spacings wider than 17 cm
resulted in fewer L ilms per square met. " e L2y attributed to inhibition of tillering
due to close intra-row spacing of plants in the wider spaced inter-rows. The increase

in plant height with increase in imer-row spacing is due to interplant competition.

5.3.2 Dry matter accumulation and partitioning
Significant differences between row-spacings in dry matter accumulaticn were
observed. The higher dry matter accumulated at closer row-spacings may be attributed

1o increased tiller production resuiting from reduced interpiant competition.  Similar
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finding was reported by Roth er a/. (1984} who found greater vield increases when
Fow-spacings were decreased. They attributed this to the praduction of mare tillers per
Lnit area.

Though leaf, stem and spike dry matter were greatest at 20 cm row-spacing in
1982-90 and 10 and 20 cm row-spacings at par in 1990-91, the percentage
composition of dry matter in the component parts Qid_not change with changes in row-

spacings.

5.3.3 Yiald and yield components

Though differences between row-spacings in grain yields were not significant,
the highest grain yield at 30 cm row-spacing is associated with spike length, number
of spikelets per spike, number of grains per spike and 1000-grain weight which were
greatest at 30 cm row-spacing. This observation does not agree with the findings of
most waorkers whe reported that grain yields increased with decrease in row-spacings.
Holliday (1963) reported increases in grain yield by reducing inter-row spacing, He
suggested that increased interplant competition at wider row-spacing {at the same seed
rate) may reduce the number of spikes per unit area and grain weights. Dubey and Lal
{(1970); Be her a/(1984) and f gy I988) re-ported increases in grain yield with
decrease in row-spacing. They attributed this to the production of more productive
tillers per unit area resulting from reduced inter plant competition. The difference
obhserved in this study may be attributed to poor seed distribution when drilled by hand
in narrower rows (10 and 20 cm). Hand dritling was therefare most efficient at 30 em

Fow-spacing.
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5.3.4 Nitrogen uptake and distribution

Signibicant effect of row-spacing on N uptake and distribution in component
plant parts were observed in this study but there were no definite trends in the
relationshig between row-spacing and N uptake and distribution. The felationship
between row-spacing and N uptake in 1990-91 when the 10 and 20 cm row-spacings
were at par in N uptake is similar to that reported by Reinerton et a/.{1284) who found
that 20 c¢m row-spacing increased total N uptake when compared to 30 and 40 cm
rows. The percentage of N in component parts did not change with changes in row-

spacings.

5.3.5 Nutrient uptake and distribution at harvest

Effect of row-spacing on the uptake of N, P, K and Mg at harvest was
significant, even though no definite trend was estahlished in the relationship between
their uptake and row-spacings. The distribution of the nutrient elements in component
plant parts is closely associated with their dry matter content; spike uméke of bbth

wheat varieties was greatest followed by stem and leaf.
5.4 Effect of Nitrogen

54.1 Growth characters

It was observed in both years of the present study that number of tillers per
plant, plant height, leaf area and leaf area index increased significantly with increase
in N levels. The greater effect of incremental N on all growth characters in 1989-30
compared to 1990-91 may have been due to stress created by the high daily
temperatures in the 1990-31 growing season which might have reduced the plant

growth cycles. Similar effects of incremental N levels on growth characters were
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reported by Khalifa (1973); Pearman et a/.{1977); Graham et a&/.(1983); Pun et
a/.{1988) and Jadhav (199Q). According to Pearman et a/.{1977} leaf area at and after
anthesis was increased throughout the range of N of O to 200 kg ha'. Puri er
a/.{1988) reported that increasing N rate increased tiller number up t0 360 kg N ha™
but the increments n tiller pumber beyond 180 kg N ha'' were of progressively smailer

magnitude.

5.4.2 Dry matter accumudation and partitioning

The study established ihat there was varizbility between growth stages and
years in the effect of incremental N on dry matter accunnuiation.  The observed
increase in dry matter accumulation with incremental N may be due to increased
photosynthetic apparatus by increasing tillering, leaf area and chlarophyll concentration
in the wheat planfs to capture energy and hence produce more dry matter. This resuft
corresponds with those of Singh and Seth {.1 978) and Jadhav {1990). Singh and Seth
{1978} reparted that dry matter praduction of a dwarf wheat cultivar increased with
applied N and with increases in N rates from 80-200 kg ha'. Jadhav {1990} also
reported that dry matter increaséd with increase in N fertilizer application. The increase
n leaf, stem and spie cf-ry :;m.-ater with incremental N may be attributed to increased
tilering and increase in Iieaf area. This is similar to the findings of Singh and Seth

(1978} who reported that dry matter production by different plant parts increased with

increase in applied N,

5.4.3 Yield and yield components
Seasonal variations in the effect of incremental N levels on grain yields were

observed. This diffarence in response may be attributed to the seasonal variations in
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air temperature.  Air temperatures were lower during the 1989-90 growing season
thereby providing a conducive environment for wheat growth and greater utihzation of
soll and fertilizer N. The increase in gram yield with incremental N s attributed to the
corresponding increases in spikelets per spike, number of grains per spike and 1000
grain weight. Results of this study agree with those of others. Sharma et a/(1970)
had earlier found that mrespective of vanety, gran .yields mcreased with N apphication.
Power and Alessi [1978) also reported that N fertiizer application significantly
increased grain yield with additions of 80-270 kg N ha'. They attributed such an
ncrease to increase in numhber of ears per hectare and reduced tller mortality.
Olugbemi et al (1984) found at Kadawa, Ngeria that 100 kg N ha  increased gramn
yield over 50 kg N ha ' by 10% but was not significantly different from that of 150 kg
N ha'. Balasubramanian and Singh (1982) reported that grain and dry matter yields
mcreased significantly with increasing levels of N application. Entz and Fowler {1989)
reported that increase in gram yields due to incremental N was attributed to a higher

number of kernels per m-.

5.4.4 Nitrogen uptake and distribution

Ti tudy show an increase in N uptake with increase in N levels. This
1s clasely associated with increase in dry matter production with increase in N levels,
This observation 1s in agreement with those of Singh et a/ {1979) and Balasubramanian
and Singh (1982). Singh et a/,.{1979) reported that N uptake increased with increase
in N rate but was not significantly affected by N rates greater than 80 kg N ha .
According to Balasubramanian and Singh (1982) N uptake of wheat at different stages

mcreased significantly with increasing levels of N application.
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The increase m the N uptake of componem plant paris with imcremental N s
attributed to increase 10 dry matter production.  This observation is similar to that of
Grewal (1989) who found from a two-years study that N concentra-tion of grain and
straw increased up to 120 kg N ha ' while total N uptake increased up to 180 and 120

kg N ha " in the first and second years respectively.

5.4 5 Nutrient uptake and distribution at harvest

Observed increase in the uptake of N, P, K, Ca and Mg at harvest with
meremental Nis due to increase in dry matter production. The highest nutnient uptake
by the spike with incremental N s associated with its dry matter content at harvest.
This result agrees with those of Sarandon and Caldiz (1990) who reported that N
distribution at matunty were significantly atfected by N supply.  Grewal {1989),
however reported that the concentration and total uptake of P and K in wheat grain and

straw was not affected by N application.

5.4.6 Grain crude protein content

It was observed that qgrain crude protein content increased with N levels. This
1s associated with greater uptake o, fertilizer nitrogen and its translocation t the spike
with increase in fertilizer nitrogen. This make more nitrogen available in the grain for
protein synthesis thereby resufting in an increase in the gran crude protein content.
The result agrees with those of Batey and Reynish (1976); Balasubramanian and Singh
(1982) and Okoh er a/.(1985) who reported increases in grain protein content with

increase in N.
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5.5 Effect of Time of N Application

5 5.1 Yield and yield components

The highest gramn yield associated with split apphcation of N at seeding plus
ultering 15 attnbuted to the correspondimg ncreases m spike length and number of
spikelets per spike. The N applied at the tillening stage increased vegetative and grain
growth resulting in higher grain yield. This result agrees with those of Harmid (1973):
Harmid and Sarwar (1976) and Randhawa et a/.(1976) who reported that twao split

applications {at seeding and tilleringl was most productive in grain yield.

5.5.2 Grain crude protein content

It was observed that crude protein content was highest with spiit application
of N at seeding ume and tlag leaf stage. This s because most of the N applied at the
flag leaf stage is translocated into the developing spike thereby providing the N needed
for protein synthesis. Similar results were reported by Koch and Mengel {(1977);
Hunter and Stanford (1973) and Okoh et a/(1985) who found that grain pratein

content increase with increase in N applied at the reproductive stage.

5.6 Interactions

5.6.1 Variety x row-spacing

The interaction between variety and row-spacing was significant on leaf area,
leat area index, dry matter accumulation and uptake of N, P and Mqg. The interaction
s due to the morphological differences of the vasnieties. Though no definite trend was

estabhished in the course of this study, Florence Aurore which has greater vegetative
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growth s more prone to interplant compettion at wider row-spacings. The two wheat

varieties differ in growth with changes in row-spacing.

5.6.2 Variety x nitrogen

The mteraction between vanety and N was significant on gram yield, spike
length, spikelets per spike and number of grains per spike. Gran yieid of Siete Cerros
was signiticant up to 180 kg N ha ' and 120 kg N ha ' for Florence Aurore. Spikes of
Florence Aurore were significantly longer than those ot Siete Cerros at 120 and 180
kg N ha . However, Siete Cerros had significantly more spikelets per spike and grains
per spike at the same levels of N, Varety x mitrogen interaction was also significant
on leat area, leaf area index, plant height and dry matter accumulation. These
interactions indicate that the two wheat vaneties differ in their ability to absorb and
utilize applied nitrogen. The significant interaction between variety and nitrogen in the
uptake of N, P and K is due to enhance veqgetative growth at higher levels of N,

resulting in greater dry matter production.

5.6.3 Raw-spacing x nitrogen

Significant row-spacing X nitroaen interactions were observed on leaf area, leaf
area inde. and dry matter accumulation. Also sigmficant were those on spike fength
and number of grains per spike. The differences between row-spacings were however
greater at higher levels ot N, The observed differences may be due to increased
vegetative growth at higher N levels thereby creating differing levels of interplant

competition at the respective row-spacings.
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564 Vén’ery x time of nitrogen application

The nitrogen x titne of N application interaction was significant only on grain
crude protein content. Varietal differences were _significant with N split between
seeding time and Hag leat stage with Florence Aurore producing higher grain crude

protein,

5.6.5 Nitrogen x tima of N application

The interaction between N levels and time of N application was significant for
grain ¢crude protein content, The interaction was significant when N was split between
seeding time and tilering stage at 120 and 180 kg N ha' when split hetween seeding

time and flag leaf stage.

5.7 Regression Studies

Resuits of the regression studies show that Siete Cerros was more responsive
to N fertitizer application than did Florence Aurore. The response ratios in 1989-90 and
combined anaiysis show that Siete Cerros has a higher efticiency in grain production
for every kilogram of nitrogen appited. The haréh weather condition:s caused by high
ter- seratures in 1930-9°, 7..; "o . ponsible for the poor response ratios. The results
also show that the optimum N requirement for both varieties is beyond the highest level
of N (180 kg N ha') used for the study. This agrees with the finding of Geh! et
2/{1990) who reported an increase in grain yield with increase in N fertilization but the
level required for maximum grain yield varied among cultivars.

The high optimum N requirement indicate that there was a higher N demand

under the harsh growth conditions as a result of the high temperatures. The quantity
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of N required for the very short growth duration is therefore higher to enable for the

attainment of an optimum prochuction,

6.8 Correlation and Path-Coefficient Analysis

The correlation coefficients highlighted the importance of yield components
studied in determining wheat yield. The result is similar to that of Bhutta ez af. {1980}
who computed simpile carrelation coefficient among yield per ptant, 1000-grain weignt,
grains per spike and tertile tillers and found high positive correlation for relationship
between vield and number of grains per spike,

The high positive direct effect path-coefficient of spikelets per spike, which is
mare than the total correlation coefficient and the relatively unimportant indirect effect
path-coefficient values indicated thar the majornity of the variation in grain yield was
accounted for by its association with number of spikelets per spike. Path analysis was
able 10 show that the high simpie carrelation coefficients of yield versus effective
rinérs, spike length, grains per sptke and 1000-grain weight are not due to their direct
effects but indirect effects through spikelets per spike. The apparent contradicrionl in
carrefation and direct path-coefficient values ns due to the fact that the cl:c-rrelations
simply measure mutua! association without regards to Zausation, whereas .o udun-
coefticient analysis specifies the causes and measures their relative importance, Asana
ang Mani (1958} also emphasized the importance of spikelets per spike. They believed
that with adequate water supply spiketets per spike had the most potent effect an grain
yield. Bhatt (1973} found from a sirnple correlation and path-coefficient analysis that
spike number and kernel weight are impor.tant pri-mérv componerts ¢f grain yield in

wheat.
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Chapter 6

SUMMARY AND CONCLUSION

6.1 Summary

Two field experiments were conducted side by side at the mgation Research
Station, Kadawa during the 1989-90 and 1990-91 dry seasons to mvestigate the
effects of vaneties (Siete Cerros and Fiorence Aurore 8193}, row-spacmgs (10, 20 and
30 ecm) and nitrogen levels (0, 60, 120 and 180 kg N ha ') on growth, yield, nutnient
uptake and distnbution i componen plant parts; and also to deter-mmne the effects of
vaneties (Siete Cerros and Florence Aurore 8193), nitrogen levels {60, 120 and 180
kg N ha ') and nmes of N appheation (seeding, seeding + tilenng and seeding + flag
leaf stage) on yield, yield components and grain crude protein content.

In experiment |, vanety Siete Cerros out-yielded variety Florence Aurore by
margins of 15, 22 and 17 percent m 1989-90, 1990-91 and mean of the two years
respectivety.  This is attnbuted 1o the sigrificantly higher number of grains per spike
of Siete Cerros. Florence Aurore however produced significantly heavier grains, more
tllers, taller plants, greater leat area, and leaf area index and greater dry matter than
Jid Siete Cerros, Total dry matter accumulated by both varieties 1 creased with crop
age but leaf and stem dry matter decreased after 70 DAS while spike dry matter
continued to increase till maturity.  Averaged over the two vyears of the study,
percentage dry matter of leat, stermn and spike at harvest were 9, 40 and 51 per cent
for Siete Cerros and 9, 49 and 43 per cent for Florence Aurore. There was no
significant difference between the vareties in total mtrogen uptake and distnbution into
component plant parts. Leal and stem nitrogen decreased after 70 DAS while spike

nitrogen increased tll maturity. Florence Aurore had significantly greater uptake of N,
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P, K, Ca and Mg than did Siete Cerros at harvest. The spikes of hoth wheat varigties
bad the greatest uptake of N, P, K, Ca and Mg.

Even though row-spacing did not cause significam differences in grain yield, in
both years, the two years mean showed that 20 and 3D ¢ row-spacings were at paf
but significantly higher than the 10 cm row-spacing. This was closely associated with
number of spikelets per spike, leaf area and leaf area index whose means were highest
at 20 and 30 cm row-spacings. Dry matter accumutation, uptake of N, P, K, Ca and
Mg and their distribution into plant parts were gre'atest at the 20 cm row-spacing.

Grain vield was significantly increased with nitrogen ievels up to 180 kg N ha’
though increases in number of spikelrts per spike, grains per spike and 1000-grain
weight were significant up to 120 kg N ha'. Dry matter acclumulatinn and uptake of
N, K. Ca and Mg increased significantly with nitrogen levels up to 180 kg N ha while
P uptake was significant up to 120 kg N ha™.

The effect of variety x nitrogen interaction was significant on plant height, leaf
area, leaf area index, dry matter accumulation, spike leagth and number of grains per
spike. Varety x row-spacing interaction was significant on leaf area, leaf area index,
dry matter accumutation, N and Mg uptake at harverst in 1989-90 and P uptake at
harvest. lnteractihn effect of nitrtagen x row-spacing was sinificant an leaf area, ..t
area index, dry matter accumulation, number of grains per spike and the uptake of N,
P and K,

Variety Siete Cerros was more responsive 1o nitrogen levels than Florence
Auvrore, having a response ratio of 12.9 compared to 10.8 for Fiorence Aurore. The
guantity of fertilizer nitrogen required to produce maximum grain yield varied among

varieties and years.
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There was a significant positive correlation between grain vield and a number
of yield components. The high effects of etfective tillers, spike length, grains per spike
and 1000-grain weight on grain yield was due 1o their indirect effects thraugh number
of spikelets per spike,

in experiment i}, vanety Siete Cerros out-yielded variety Florence Aurare by
margins of 24 and 34 per cent in 1989-20 and 1990-91 respectively. Total dry
matter, harvest index, spikelets per spike and grains per sptke of Siete Cerros were also
significantly grearer than that of Florence Aurore. Florence Aurore, however, produced
longer spikes and heavier grains. The grain crttae protein coment of Florence Aurore
was significantly higher than that of Siete Cerros.

increases in nitrogen level caused significant increases in grain and straw yields,
total dry matter, spike length, spikelets per spike, grains per spike, 1000-grain weight
and grain crude protein content up to 180 and 120 kg N ha'' in 1989-90 and 1990-91
respectively,

In 1989-90, split application nf nitrogen at seeding time and tillering stage was
significantly better than other times of application in grain and straw vields, total dry
matter, and spike fength. A single application at seeding and spiit at seeding time and
tilering stage were at par in spikelets per spike but signit zantly higher than span at
seeding time plus flag leaf stage. Times of nitrogen application did not cause
significam differences in vield and yield componems in 1990-91. Appiication of
nitrogen at seeding time and fiag leaf stage produced significantly more grain crude

protein than ather times of application.
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6.2

Conclusion

Based on the results of these experiments, it can be concluded that:

The higher grain vield of the awned Siete Cerros over the awnless Florence
Aurore 8193 is attributed to i1 abiliw 10 {rahsiocate more assimilates to the
spike thereby resulting in a higher number of spikelets énd gramns per spike.
The tatal N uptake and distribrtion in Siete Cerros and Florence Aurore 8193
show that the greater gain crude protein content of Florence Aurcre is
attnbuted to its ability to translocate more plant N 1o the spike. |
The 20 cm row-spacing was appropnate for crop growth, grain yield and
nutrient uptake,

Crop growth, grain yieid and nutrient uptake increased with N levels over the
range of O - 180 kg N ha''. The increases were most significant between 0 and
60 kg N ha''.

Response of wheat to N levels vary with sleasonal changes in temperatures.
Grain yield is greatest when N is spiit between seeding time and tillering stage.
Grain crude protein content is greatest when N is split between seeding time
and tillering stage.

The high direct effect of effective tillers, syike length, grains pe. Lowke aid
1000-grain weight aon grain vield is due to their indirect effects through number

of spikelets per spike.
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Appendix 1

Mean maximum and minimum monthly temperatures (%C) at

Irrigation Research Station,

Kadawa,

1989-91

November December January February March April

1989-90
Max.
Min.
Mean
1990-91
Max.

Min.

31.8
14.9
23.4

34.0
18.8
26.4

28.5
13.1
20.8

34.3
16.3
29.3

28.8
14.0
21.4

27 .4
14.2
20.8

27.6
13.1
20.4

33.3
16.9
25.1

30.1
15.2
22,7

3.1
19.7
26.4

38.0
23.0
30.5

37.1
23.5
30.3
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Appendix 2
Maximum and minimum daily temperatures (°C) at Irriagation
Research Station, Kadawa for November 1989 through
April, 1990.
Day of Novenber Necenber January February March Apri!
month pix, mn,  max, @, max, min,  max, mn, mar, min, WY, mn
i i 1% 27 1 12 12 29 1 28 13 3 20
? " i 32 16 1 12 29 4 29 14 16 17
3 3? 15 3 14 29 13 25 13 30 16 38 1§
4 kY 1% 29 14 28 14 21 12 K} 1% 38 13
5 32 19 29 1 31 13 25 15 13 15 39 1§
B 33 16 21 13 29 14 24 13 K 13 19 21
T 1 18 78 12 2 13 8 " 12 18 18 14
] k7 15 28 17 21 13 26 1 k)] t4 13 19
: /IR T 13 2 1’6 2 09 w7 N
10 37 16 24 k) i 15 % 12 4 14 k] ¢!
11 1 15 1 11 7N 13 2% 17 2 1 17 1
12 3 15 i3 L) 21 13 25 12 21 13 18 24
13 306 W Kk} 12 78 1 % 13 78 11 13 ]
i1 a0 L 15 29 13 29 14 29 11 39 21
15 29 Fa 37 " 30 1" 30 13 30 15 39 22
1§ 3 13 0 13 (| 1" 1 18 kY, 11 1 8
17 30 13 8 12 32 1§ 32 17 kK| 16 38 »
18 3? 4 2§ 12 3?2 18 3? 18 k¥l 1§ K} 27
19 31 w7 17 kY] 18 3 16 LY 18 £ 7
20 n 14 28 12 k1 | 15 29 15 2% 18 36 78
21 33 14 27 13 33 13 79 i 21 13 38 78
27 2 1328 13 35 14 (L} 13 24 13 k] 8
23 3 13 2 1? KK 15 30 11 29 14 40 20
2 3? 1% 28 13 ki 14 28 1 29 1" 19 21
: kY] {1 71 13 30 14 1 10 0 il g 27
26 k) 15 25 12 27 1 25 11 %0 11 kb 23
27 kR 12 13 25 13 3 i k¥ 17 38 76
78 k¥ 1 2 13 27 18 21 11 U 17 18 21
29 12 13 29 17 23 16 - - 16 18 1 "
30 3? 13 28 14 25 14 - - 21 19 39 23
i - - 8 12 79 19 - - 27 20 - -
1 3.8 14,9 285 13,1 .8 WD 27,8 13,1 30,1 15,2 38.0 23.0
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Appendix 3

Maximum and minimm daily temperatures (°C) at Trrication
Research Station, Kadawa for November 1990 throuah
April, 1991.

Dav of November December lanuary February March Apr1l
nonth max, R0, mWar,  MA,  BAaY.  WIp, MAr.  RiD, ma¥, BN, mar,  win,
1 u 2 u 18 25 17 # 1 13 1 n 23
? 5 3B 18 2 11 2¢ 14 k1 20 38 "
] 18 27 15 14 23 1 8 % 1 20 ki (]
'l k1 W15 17 25 13 % 1 2 4 i1 2
§ kL 15 N 17 3 18 33 16 k} 19 37 2
B 15 5 13 15 24 17 u 17 28 17 1A bl
1 kK| A S 18 o 13 32 16 79 16 8 72
8 k| 11 i 1 7% 14 i 17 9 1 3 27
§ 34 15 3 18 29 32 15 29 16 35 27
10 u 17 35 ' 7 ' 30 i kKl 1 13 7
1" 35 1 U 1§ 7 1 28 16 a3 17 k) 27
12 35 17 3§ 13 i 1 R 18 35 18 35 23
13 kL g 37 18 28 13 U 16 36 2 1 pll
iyl 1% 23 35 1 25 i 13 11 18 " 3 22
1] 35 P2 S 18 21 1135 17 kY 23 18 23
16 u 38 17 28 13 36 18 28 2? 1 23
17 35 w3 17 29 13 ¥ 18 37 27 kY] 23
18 14 2735 17 28 1 36 18 13 21 38 25
19 kY 16 33 1% &1 1335 17 13 19 38 26
70 3 15 AU 11 71 18 35 18 i A 38 2"
# 32 fp M 16 28 1335 19 36 2? 38 25
2? 32 15 3 16 28 nm n 15 3? 23 k3] 2?
23 k! 18 35 17 27 u 14 13 22 38 2?
]! 3 16 36 18 79 16 37 18 35 21 38 2?
25 il 1§ 35 13 28 B 17 1 17 39 25
26 u 16 M 13 26 16 32 18 3 18 33 26
27 3 1 A 12 28 17 33 18 36 19 38 22
28 kx| LI 1" 79 13 13 19 1 18 19 2?
23 33 18 13 16 30 15 - - 15 19 k¥ 23
30 u 19 32 15 32 18 - - 37 A 8 2
K}l - - 3 12 32 16 - = 7 27 - -

o 188 33 163 24 W23 169 331 197 3T 215
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Appendix 4

Mean sum of squares for tillers/plant, plant heiaght
and effective tillers as affected by variety,

row-spacing and nitroagen level: 1989-90

Source of df Tillers/ Plant Effective
variation plant height {em) tillers {cm')
Replications 3 0.74 420.33 30622
Variety (N) 1 6.00% 21066, 34%* 2763
Row-spacinag (R) 2 3.03 124.72 63028%
VxR 2 0.22 139,23 27310
Residual 15 1.09 124,55 13500
Nitrogen level (N) 3 17.63 10247 .14** 193297%*
RxN 6 0.86 37.86 4158
VxN 3 0.64 786 . 67*% 1496
VXRXN 6 1.86 170,91 %x 1228
Residual 54 0.49 41.39 5538
Total 15 - - -

* gianificant at P=0.05.
** gianificant at P=0.01.
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Appendix 5

Maan sum of squares for tillers/plant, plant height
and effective tillers as affected bv variety,
row-spacing and nitrogen level: 1990-91

Source of df Tillers/ Plant Effective
variation plant height {cm) tillers (anE
Replications 3 0.18 56.09 9518
Varietv (N} 1 2. 34%x% 14359, 49%* 677
Row-spacing (R) 2 0.07 23.04 116887
VxR 2 0.22 64 .27 6071
Residual 15 0.17 42.11 43546
Nitrogen level (N} 3 24.09 47877 . 69** 107994 **
RxN 6 0.16 30.28 3577
VxN 3 0.45 176.27%% 2299
VxRxN 6 0.25 23.78 1774
Residual 54 0.24 42.21 2376
Total 95 - - -

* sianificant at P=0.05,
** gs1anificant at P=0.01.
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Appendix 6
Mean sum of squares of combined analvsis for tillers
per plant, plant heiaht and effective tillers as
affected by variety, row-spacing and nitrogen
lavel: 1689-91
Source of df Tillers/ Plant Effective
variation plant height (cm) tillers lcng}
Replications 3 0.70 240.28 1.37 x 10’
Year (Y) 1 0.63 4024 .17* 3.43 x 10°*
Residual 3 0.21 236.16 2.65 x 10*
Variety (V) 1 7.92%%  35105.49%% 3,09 x 10'%
Row-spac.ng (R) 2 1.29 66.06 1.06 x 10°**
VXR 2 D.11 18.99 2.00 x 10*
YXR 2 1.82 81.70 7.43 x 10'*x
Yxv 1 0.42 320.33 352
YXRxV 2 0.33 184,51 1.36 x 10*
Residual 30 0.63 83.33 8.93 x 10°
Nitrogen level (N) 3 41.42*%  14371.14%% 2,94 x 10’
RxN 6 0.62 38,30 3.96 x 10’
VxN 3 1.01 834,96%%  1.46 x 10°
YxN 3 0.30 633.68%*  7.14 x 10’
VxRN 0.69 120.71% 2.14 x 10’
VXRXN 6 0.40 29,84 3.77 x 10°
YxVxN 3 0.09 126.98% 2.34 % 10’
Residual 114  0.42 43.49 3.79 x 10°
Total 191 - = -

* gianificant at P=0,05,
** gianificant at P=0.01.
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Appendix 7

Interaction of variety and row-spacing on leaf
Area per shoot (cnf) at Kadawa, 1989-90

Varieties
Row-spacing (em)
Siete Cerros Florence Aurore

42 DAS
10 45.6 41.9
20 47.6 59.2
30 53.3 53.3
LSD (0.05) 5,17

56 DAS
10 24.9 35.2
20 21.0 47 .4
30 31.0 43.0
LSD (0.05) 6.67

70 DAS
10 11.5 8.8
20 5.2 15.4
30 16.5 19.9

LSD (0.05) 4.39
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Appendix 8

Interaction Of variety and row—spacing on leaf
area per shoot (cmf) at Kadawa, 1990-91

Varieties
Row-spacing (cm)
Siete Cerros Florence Aurore

42 DAS
10 . 22.1 3.6
20 30.7 29.5
30 25.3 4.3
LSD (0.05) 5,68

56 CAS
10 . 33.4 38.8
20 32.0 38.0
30 31.4 43.7

L3D {0.05) 4.99
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Appendix 9

Interaction of row-spacing and nitroaen level on
leaf area per shoot (cw’) at Kadawa, 1989-90

= Row-spacing
Nitrogen level (kg N ha™)
10 20 30
56 DAS
0 20.4 19.3 14.5
60 21.2 30.2 34.7
120 35.2 35.5 47.7
180 33.4 51.9 51.2
LSD (0.05) 6,41
70 DAS
0 2.8 3.2 5.4
60 5.5 5.4 11.2
120 10.5 119 2171
180 21.8 23.1 35.1

LSD (0.05) 4.39
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Appendix 10

Interaction of row-spacing, and nitrogen level
on leaf area per shoot (cm@) at Kadawa, 1990-91

Row-spacing
Nitrogen level (kg N ha’l)

10 20 30
42 DAS
0 10.3 15.1 18.3
60 26.6 23.5 28.3
120 31.4 35.2 31.9
180 39.0 46.5 40.7
LSD {(0.05) 4,37
56 DAS
0 156.3 17. 4 26.2
60 29.9 27.6 42.9
12¢ 42.6 39.5 43.9
180 56.6 55.6 52.2

LSD (0.05) 4.42
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Appendix 11
Interaction of variety 1 nitrogen level on leaf
area per shoot (cmf) at Kadawa, 1989-91
, Varieties
Nitrogen level (ka N ha)
Siete Cerros Florence Aurore
56 DAS (1989-90)
0 13.4 22.8
60 21.2 36,2
120 31.3 47.7
180 36.7 60.9
LSD (0.05) 5.22
42 DAS (1990-91)
0 12.9 16.3
60 23.1 29.1
120 3.2 34.5
180 37.0 47 .1
LSD (0.05) 3.57
56 DAS {1990-91)
0 18.1 21.2
60 32.8 34.1
120 41.6 45.7
180 49.9 59.6
LSD (0.05) 3.62
70 DAS (1990-91)
0 15,3 13.0
60 21.8 22.7
120 30.3 29.6
180 34.7 43.4

LSD (0.05) 2.76
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Appendix 12
Mean sum of squares for leaf area per shoot (cmi) at
various arowth stages as affected by variety,
row-spacing and nitrogen level, 1989-90
Days after sowing (DAS)

Source of
variation daf 42 56 70
Replications 3 0.40 18.68 218.53
Varieties (V) 8 | 89.13 6344, 00** 323.03%x*
Row-spacings (R) 2 1103.00%% 391.93* 679.35%%
VxR 2 560 . 68*% 618.26%« 333,02%*
Residual 15 47.25 78.35 34.05
Nitrogen level (N) 3 8716.40%% 4251 .BOxx 2538 . 68%x*
VxN 3 190.58% 222.24%% 40,21
RxN 6 144, 48% 214.76%% 50.00
VXRxN 6 84,57 173, 58%* 167,82%*
Residual 54 40.17 30.90 15.46
Total 95 - - - -

* gignificant at P=0.05.
** gignificant at P=0.01.
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Appendix 13
Mean sum of squares for leaf area per shoot (m;1 at
various arowth stages as affected by variety,
FoWw-8pacing and nitrogen level, 1990-91
Days after sowing (pAS)

Source of
variation af 42 56 70
Replications 3 5.86 25,51 270.46
Varieties (v) 1 786.04*% 492.77x* 69.53
Row-spacings (R) 2 103.59 532.35%x 602.10%x
VxR 2 289, 75% 39.42 64,76
Residual 15 56.54 43.65 48,44
Nitrogen level (N) 3 3210.11%x 5364 . 50%% 2727 .23*x
VxN 3 60.04 78.23%* 142.80*x
RxN 6 77.58 169,71 %% 18,19
VXRxN 6 79.47 187, 00%% 72.90%x
Residual 54 7:52 12.72%% 21.56
Total 35 - -

* significant at P=0,05,
** significant at P=0.01,
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Appendix 14
Mean sum of squares for leaf area index (TLAI} at
various growth stages as affected by variety,
YoWw-spacing and nitrogen level, 1989-30
Days after sowing (DAS)
Source of
variation af 42 56 70
Rerlications 3 0.01 0.05 0.60
Varieties (V) 1 0.28 18.50%* 0.86*
Row-spacings (R) 2 1.,92%% 0.34 0, 73%%
VXR 2 1.00%% 2.19%x 1.04%*
Residual 15 0.13 0.25 0.10
Nitrogen level (N) 3 24, 72%* 11.51%* 6.88%*
VKN 3 Q0.57** 0.58%% 0.10
RxN 6 0.63%* 0.47*x 0.04
VXRXN 6 0.24 0.53%* 0. 46%x
Residual 54 0.12 0.09 0.05
Total : 95 - - -

* giamificant at P=0.05,
** gignificant at P=0.01.
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Appendix 15

Mean sum of squares for leaf area index (LAT) at
various arowth stages as affected bv varietv,
TOW-spacing and nitrogen level, 1990-91

Days after sowina (DAS)

Source of

variation daf 42 56 70
Replications 3 5.86 25.51 270.46
Varieties (V) 1 786.04%* 492.77** 69,53
Row-spacinas (R) 2 103.59 532.35%x% 602.10%%
VxR 2 289, 75% 30.42 64.76
Residual 15 56.54 43.65 48.44
Nitrogen level (N) 3 3210.11%x 5364 . 50%x 2720.23%x
VxN 3 60, 04xx 78.23%* 142 .80
RxN 6 77.58%x 167.71%x 18.19
VXRxN 6 79.47%* 187,71 % 72.90*
Residual 54 7.52 12.72 21.56
Total 15 - =

* significant at P=0.05.
** significant at P=0.01.
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Appendix 16
Mean sum of scuares for drv matter accumulation (q.mql
at various arowth stages as affected by variety,
row-spacing and nitrogen level, 1989-91
Days aftar sowing (DAS)
Sourca of
variation Af 42 56 70 B4 98
Replications 3 11753 ARA49 414613 106819 103510
Variatims (V) 1 101 1N8RTHX 231939x+ 209291 %% AN3IGT4x
Row-mpacinags (R) 2 TRA4 A% 4945Rq%s 287279%4 T121N6%% Aq10&
VxR - ] 205613 111449% 112981 ANARS [SLLE]
Re=idual 15 6713 18547 23108 18192 158941
Nitrogen level (N) 1 201262%%  BTREAAXK 2279938x%  21976624% 35227454
RxN 6 AlGAr% r TSR TAMNTxx GI95AxK 29531
VN 3 14314%% 4R9ARAR ARTRARS B4T1ARE 132800
VxRxN A 18819 % 44526% % 1118 1% 4NR2A% 2206851
Residual 54 1911 1141 12846 12024 120285
Tontal 13 - - =

* significant at P=0.05.
*x mignificant at P=0 01.




Appendices 169
Appendix 17
Mean sum of squares for dry matter accummulation (gmz) at
various qrowth stages as affected hy variety,
row-spacing and nitrogen level, 1990-91

Source of Days after sowing (DAS)
variation

af 42 56 70 84
Replications 3 46.9 3991 1814 31328
Varieties (V) 1 5772.2**  88246%% 0 21606
Row-spacings (R) 2 26009.6%% 125093%%  237383%x*  122667*%
VxR 2 16844.8**x 19815 8220 29550+
Residual 15 619.0 6139 2445 6680
Hitrogen level (W) 3 £1930,1%%  7TB4671%x 1668237%* 262901H%*
RxN 6 8670.3x*x  11578%x 48829* 21158%%
VXN 3 1545.7xx  12113x%  105986** 29589~
VxRN 6 3123.4%%  21227*% 55172*% 53207%*
Residual 54 329.1 3036 3439 5674
Total 95‘W - - - -

* significant at P=0.05.
** significant at P=0.01.
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Appendix 18

Dry matter partitioninag tqm'zl at various agrowth stage
of wheat as influenced by variety, row-spacing
nitrogen level at Kadawa: 1989-90

Logf Sten Spwe

Traatpent Days After Sowing (DAS) Davs After Somng (DAS) Days After Sowing (DAS!

2 5% 0 84 9B &£ 56 0 8¢ %8 42 8 70 8 8

Yariety

Stete Cerros  R2,3 192 53.5 42.8 A0.' 205.8 268.8 3247 220.3 .9 100.7 222.7 3685 #1.0

Florance Aurore 97.1 103,5 88.2 56,5 60.4 32,7 3405 65 3549 2507 745 1583 3.2 6040
E e L1 3,76 8.3 1.5 0.8 .04 135 1347 B3 .M LA B850 9,85 1108
15D (0,05) $.36 1091 25.04 457 2.45 NS 39501207 116.3 22,18 13,85 19,3 N NS
fow-spacing (ca)

10 8.9 79.3 50.7 444 48,8 170.8 240.3 336.1 256.2 241.9 §3.9 156,5 312,27 364.0
20 9.2 1163 84T 550 62,9 2403 904 4343 164 M8 16,8 2476 356.% 4690
0 B2.1 803 756 49.3 54,2 2838 2829 4141 291.3 2847 M9 1975 3549 730.0
S + LA 453 10,2 1,85 .00 100 16.00 1650 10.16 9.0 585 8.0 11,87 163 .8

LSD (0,051 144 13,62 NS 5.60 3.00 33.79 46.37 49.87 30.54 27.17 16,95 24.23 35,52 XS

Nitrogen level (kg N ha™ Y

0 B0 5140 23,2 19.9 18.3 1234 167.3 920.7 116.3 91,5 43.6 711.2 156.8 153.0
80 ZA fho L1 B35 1958 2843 M1 2462 2647 75,4 1937 3099 385.0
120 1063 103,7 83.0 $4.7 6%.8 250,56 3842 §15.9 3817 3918 102,86 2438 4.8 5410
180 1265 131.4 96,6 70.8 78,3 7661 402,4 53,7 436.2 4361 17,4 2537 &77.1 10111
SE + 3,82 429 10,30 179 2.8 7.9 1051 1430 507 12.%% 3,92 9.0 14,35 188.%

LSD 10,05) 10,00 11,86 28,46 4,34 7,76 19,87 29,04 39.51 25,07 33.%7 10.84 25.42 39,67 521.8
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Appendix 19

Dry matter partitioning {qm4} at various agrowth stage
of wheat as influenced by variety, row-spacing and
nitrogen level at Kadawa: 1990-91

Leaf Gtep Spike

Treatuent Days After Sowing (DAS) Dave After Sowina (DAS) Dave After Sowing (DAS!

2 5 n M 4 5 n M % n L

Variety

S1ste Cerros 5.4 662 530 3.2 809 T8 9 1932 1000 1957 384.3
Florenca Aurore 54 851 G4 427 659 1855 3024 2681 525 1376 94
8 ¢ 1.9 115 0 267 562 540 L8 205 179 .88
18D 10.05) B OB 34T 277 B0 169 1828 2.9 616 840 1IW
Row-spacing {ow)

10 %1 980 %91 88 T3 M4 MR 1S 808 1813 3.8
20 B3 720 s66 1 937 1846 %6 21311 85 1828 133
30 B3 560 503 W4 5319 1817 M9 2088 fl4 1284 383
8+ 146 1047 1 112 1B 689 66 512 151 314 g8
15D (0.05) 19 N4 LB K 085 20.71 19.9% 15.39 15 10,27 8.9
Nitrogen level (kg N ha~')

0 M8 B8 2 189 B8 M3 1105 Wb B8 1.5 1506
§0 8.8 611 8.9 M9 2123 1617 5.5 1233 260.1
120 f1.1 889 TS 459 830 6.9 3209 2912 93,2 2113 4338
180 82.0 1249 101.6 61.3 1042 3087 450.2 M2 1204 2495 580.9
8% + 1.63 4% 126 1.5 231 13 101 5.2 .26 511 10.43

18D 10.05) £ 131 348 AT 855 1997 195 WM 823 W1 BA
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Appendix 20
Mean sum of squares for grain vield, straw vield and harvest
index as affected by variety, row-spacing and nitrogen
laval: 1989-90
Source of ar Grain Straw Harvest
variation viald vield index
(kg hal) {kg hal) (2)
Replications 3 s5.26x100  7.51 x 10° 434.11
Variety (V) 1 2711 x108  7.02 x 108 400.98
Row-spacing (R) 2 1.09x 100 3.09 x 10§ 197.26
RXV 2 2.45x 100  3.40 x 10f 72.62
Residual 15  8.50 x 10°  2.83 x 10 93.07
Nitrogen level (N) 2.39 x 10'** 8,31 x 10/*x 140.05%*
RXN 1.62 x 10°  1.73 x 10 55.15
VXN 3.50 x 10° 1.16 x 10° 32.96
VXRxN 6 1.78x10°  2.36 x 108 83.96
Residual 54  3.65x 100 1.22 % 10} 52,00
Total 95 - - -

* gsignificant at P=0.05.
** gignificant at P=0.01,
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Appendix 21
Mean sum of squares for grain vield, straw vield and harvest
Index as affected by variety, roWw-spacing and nitroaen
level: 1990-91
Source of af Grain Straw Harvest
variation vield vield , index
(kg ha') (kg hal) (%)
Replications 3 3.8x10 3.37 x 10° 46.23
Variety (V) 1 1.09 x 105 2.31 x 10} 183.71
Row-spacing (R) 2 2.83x10 1,29 x 10f 111.57
RXV 2 1.51 x10°  3.82 x 10} 395, 60*
Residual 15  1.48x%x10° 1.26 x 10° 88.62
Nitrogen level (N) 3 5.68 x 10'% 2,67 x 107x 177.72%
RXN 6 9.37 x 10  4.90 x 10} 62.22
VN 3 1.24x10° 8.10 x 10’ 57.05
VXRXN 6 9.92x 10" 8.42 x 10° 65.83
Residual 54 7.69 x 10'  4.43 x 10 54.27
Total 95 - - -

* significant at P=0,05,
** significant at P=N0.01,
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Appendix 22
Mean sum of squares of combined analysis for arain
vield, straw yield and harvest index as affected
by variety, row-spacing and nitrogen
level: 1989-91

Source of af Grain Straw Harvest
variation yield vield 1ndex

(kg ha'l) (kg ha™) (%)
Replications 3 3.64x10° 9,70 x 10° 110.79
Years (Y) 1 8.18 x 10'** 2,63 x 10%** 115.88
Residual 3 2.00x 10" 1.18 x 10° 369.55
variety (V) 1 3.62 x 100  2.35 x 10° 285. 41
Row-spacing (R) 2  9.48x10°  9.90 x 10° 563, 76%
VXR 2 2.78x 100 2.40 x 10 180.82
YR 2 4.20x 100  2.23 x 10 23.43
¥YxV 1 1.8 x10° 4,90 x 10% 20.94
YXRXV 2  3.68x 100  4.83 x 10° 287.40
Residual 30 4.99 x 100  2.04 x 100 90.84
Nitrogen level (N) 3 2.61 x 10'** 9.91 x 10' 232.59%%
RxN 6 1.95x10°  7.93 x 10' 83.76
VXN 3 4.02x10  5.37 x 10° 60,81
YN 3 3.45 x 10°%%  1.06 x 10'%* 25,18
VXR - 6 8.17 x 10" 2.11 x 10%* 109.86
YXRxXN 6 6.07 x10' 1.43 x 100 33,60
YXVXN 3 7.8 x10" 7.08 x 10° 29,19
Residual 114 2.20 x 10  8.47 x 10’ 52. 44
Total 191 - “ "

* gignificant at P=0.05.
** gignificant at P=0.01,
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Appendix 23
Mean sum of scuares for spike length, spikelets per spike,
arains per spike and 1000-arain weilght ag affected
by variety, row-spacing and nitroagen
level: 1989-90
Source of Spike Spikelets Grains 1000~
variation df lenath per spike per grain
(cm) spike spike welght (a)
Replications 3 1.49 11.13 526.24 27.13
Variety (V) 1 10.14%* 0.38 1751 .04%* 469 .49
Row-spacinag (R) 2 0.22 10.32 292 .89** 43.14
VxR 2 0.48 0.84 25.45 3.51
Residual 15 0.37 2.29 41.57 7.56
Nitrogen level (N) 3 G3.A0%* 308,85%% 4924, 13%* 101.70
RxN 6 0.69% 0.67 102.51% 3.05
VN 3 0.87* 1,46 182.07** 3.37
VxRxN 5] 0.26 0.30 22.35% 5.98
Residual 54 0.30 1.96 35,21 5.42
11 95

* significant at P=0,05,
** gignificant at pP=0.01.
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Appendix 24
Mean sum of squares for spike lenath, spikelets per spike,
grains per spike and 1000-arain weilght as affected
by variety, row-spacing and nitroaen
level: 1990-91
Source of Spike Spikelets Grains 1000-
variation daf lenath per spike per arain
(cm) spike spike weight (qg)

Replications 3 0.35 6.69 49,93 0.14
Variety (V) 1 39.53%x 0.38 1254, 26%* 516.62%*
Row-spacing (R) 2 .73 2.9 65,.07*% 5.61
VxR 2 0.39 3.88 103.20 T.20
Residual 15 0.87 1.49 51,01 7.7
Nitrogen level (N} 3 102.00 198.69%*  §789,96%* 22.95
RxN b 0.85 1.74 16.85 15.39
VN 3 0.06 4.64 372.76%x* 9.61
VxRxN 6 0.58 2.14 94 ,78% 4.55
Residual 54 0.45 221 35.07 7.33
Total 95

* significant at P=0.05.
** significant at P=0.01.
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Appendix 25

Mean sum of sauares of combined analysis for spike lenath,
spikelets per spike, arains per spike and 1000-grain
welaght as affected by variety, row-spacing and
nitrogen level: 1989-91

Source of Spike Spikelets Grains 1000~
variation df length per spike per grain

(cm) spike spike weight (qg)
Replications 3 1.28 2.13 286,76 15.11
Year (Y) 1 1.80 22.69 556.92 5.07
Residual 3 0.56 15.69 290. 41 $2.15
Variety (V) 1 44.85%x 0.75 2984, 63** 985.55%%
Row-spacing 2 0.83 10.41* 306.77*x 12.57
VxR 2 0.23 2.08 60 .40 9.92
YxR 2 0.12 2.08 51.19 36.18%
Yxv 1 4.81%* 0,00 20.67 0.56
YxRxV 2 0.64 2.64 68.25 0.79
Residual 30 0.62 1.89 46,29 7.64
Nitrogen level (N) 3 193.24** 494 52%% 11542, 48** 105.33**
RxN 6 0.47 0.56 88.45% 12.24
VxN 3 0.52 2.06 447 ,73%* 8.31
YxN 3 2.36%x 13.02 171.60** 19,31%
VxRXN 6 0.61 1 86 35,99 3.61
YXRxV 6 1.07* 1.85 30.91 6.20
YxVxN 3 0.41 4.08 107.10* 4.66
Residual 114 0.36 2.00 37.56 6.09
Total 191

* gignificant at P=0,05,
** gignificant at P=0.01,
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Appendix 26
-
Mean sum of squares for total nitrogen uptake (kg N ha ') at
various arowth stages as affected by variety,
row-spacing and nitrogen level, 1989-90
Days after sowing (DAS)
Source of
variation daf 42 L1 70 a4 L L]
Raplications 2 n.9a8 9.79 35,00 4. 48 B, a7
Variatias (V) 1 n.76 3.31 0.23 2 .84 3,08
Row-spacings (R) 2 g.81s 24,48 4.13 7.09% 2.88
VxR 2 n,49 7.88 5.30 4 B0 2. P4
Rasidual 10 1.7 4.08 3.48 1.13 0.87
Hytrogen lTevel (N} 3 TA.R2e» AB.3Rxx 174,208 105,.A3=s 108, 57s
RXN 3 0.9 3.15 2.75 A. 3= 1.13
Waul ] 0. 60 1.64 2.13 4,15% 0.89
VxRxN 6 3.93% 3.97 f.5Rxx 1.38 2.A0¢
Residual 36 1.56 1.23 1.52 0,80 0,98
Total " - -

+ significant at P=0.05,
=+ gignificant at P=0,01,
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Appandix 27

Mean sum of squares for total nitrogen uptake (ko N hal) at
various growth stages as affected by variety,
row-spacing and nitrogen level, 1990-91

Source of Days after sowina (DAS)
variation

af 42 56 70 84
Replicat jons 2 0.22 0.68 1.98 7552
Varieties (V) 1 0.85 0.07 0.31 1.27
Row-spacings (R) 2 4.60% 9,72% 15,59** 10.15%*
VxR 2 1.06 3.42 1.99 1.86
Residual 10 0.96 2.19 0.65 0.57
Nitrogen level (N) 3 26.69%%x 154 28%*%  161.44%% 232, 98%x*
VxN 3 0.46 2.03 10.39%* 2.66
RxN 3 2.14xx 1,09 3.45%% 2.21
VxRN 6 0.53 2.76% 3.86%% 4. 18%*
Residual 36 0.21 0.79 0.43 1.02
Total 7 - - - -

* sgignificant at P=0.05,
** gignificant at P=0.01,
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Appendix 28

Nitrogen distribution (kg N hal) in different plant parts
at various growth stages 1n wheat as influenced by variety,
row-spacing and nitrogen level at Kadawa, 1989-90

Leaf Stem Sorke

freatnent Davs After Sowing |DAS) Davs After Sowing [DAS} Days After Sowing (DAS)

g % 1 o 8 44 % N s« 8 4 % N U »

Yariety
Siete Cerros 151 120 8§49 21 1.8 199 159 187 &5 312 - 4 0H e B
Plorenca Aurore 181 158 113 2.9 1.¢ 204 22! 7231 1.3 57 - 431 178 871 118
58 ¢ 1.3 18 1.0 01 01 1.3 1§ 1Y 06 02 - 1.1 0.9 14 14
18D {0.05} B 3t N 04 NS N 43 W 17T DF - 33 2T NN
Row-spacing (cm)
10 160 134 &4 2.0 1.6 168 148 .2 831 16 - 00 173 1.2 M
P 192 115 87 30 2.2 263 2.2 n1 100 446 - 158 134 3.0
i0 15.4 107 13.2 2.4 1.7 173 191 195 130 44 - 115 2.0 336 0.1
8E ¢ 16 131 L% 0% 0% 18 20 2% BT 0 - 13 14 1.7 1.8
LD 10.05) B8 37 45 04 48 6§03 ¥ 2t 07 - 40 33 KX
Nitrogen level (kg N ha™')

0 &7 56 1. 06 OF 81 B2 39 41 10 - 5B a7 109 105
80 127 187 84 1 B2 13 8% 33 - 1.0 200 %0 ;
10 WY o 13 11 24 30 Ny W1 1l 585 - 18 261 B4 4T
180 w1 11 15 M2 40 BL 5 T0 - 177 07 01 R
SE ¢t 15 1.1 0.9 0.2 01 18 111 04 ¥ - ¢ 1.3 1§ 2
1S 10.05) &1 31 18 0% 04 49 32 44 2% 01 - 1.7 431 549
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Appendix 29

Nitrogen distribution (ka N ha"') in different plant parts
ar various agrowth staces 1n wheat as influenced by variety,
row-spacing and nitrocen level at Kadawa, 1990-91

Leaf Sten Spike

Tragipent Javs After Sowing JAS) fays After Sowing (743 Davs After Sowing IDAS

4 % n 4l 56 1 i 7 5% n U

Variety

§:ate Carros e T 83 1% 1My WY 0 22 - 136 65 50.0
'arsnce urora Y Vs WY 18 sl s 8 i1 - T4 M1 O
Bt Y 23 0 .97 ! 0.8 07 )3 - D.5 D.4 1.1
50 10.08] LR 1.3 &2 117 W 71 0 - 16 13 OB
Row-spacing [cu)

0 At HE Y 1 81 w1l s 13 - 11.F e 808

tr 4 13 24 8 177 18 it - 118 BoL N

0 3 %% 83 L4 5.1 126 22 5.5 - §3 ‘#* )
3 ¢ ] 219 06 0 11 31 0% M - 06 0% 1)
LSD (0.3 3 K8 1§ 0.3 L5 7] 3 L 1.8 1.3 4
¥itrogen level (kg W ha™}

0 & 4 13 04 5 AT %1 2.1 g Y 182
af . 53 15 j¢ 187 W7 ‘6 - £5 T4 WO
20 BT OWT Ny 1o LR S L S R 8.1 1.4 BT B
30 A LI S I R 170 KB Bl Ui 8.0 3¢ 8
% . Toug 88 H ne g & Il 0.z 1.0 1.9
D00 & B % S B R N 14 20 4 ! - § 21 &3
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Appendix 30

Mean sum of souares for N,P,K.Ca and Mg uptake {ka N ha‘l)
harvest as affected hy variety, row-spacing and
nitrocen level: 1989-90

Sogyrea of Variation of Hitroagern Phnshhor s Potassium Calcaum Magnos s um

Faplications 2 f.47 nongaz L 6,849 n,a
Varieties (V) 1 3.08 M. 4714%¢ea 21,394 0,41 0D.1R1+
Rew-aparing (R) Py 2.p8 AT Sl 12.6fRs 0,98 0,Z21ux
WER 2 Z.24x%s N APYIEs 2.2 0. 5R 0.14=
Saeddual tn f,av o N1 3.04 .43 n.az
Litrogen lavel (H} 3 108 67=s N 2BRTRE: 105, 1R 4, 208 1,883+
Veld _ k1 1,13 A niagp. 7 R n.o4% 0,01
EPH| . 5 (1, #9 N oNZARZ 4 543 fnoa 0,06

Y RxH 6 2. BN= N NI7cRax 2,30 0,33 Q,nax
Cazidual 26 T R TOTNEE 1.8% 7R 0 O
S B FE] - - - - -

sigrificant at P=n, Q5
gigrificant at P, 01,
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Apperdix 31

Mean sum of cpiares for N,P,¥ Ca and Mg vptake (ka N ha"')
at harvest as affected by variety, row-spacing and
nitrogen level: 1990-91

Sourre of variaton ar Wy Trogan PhospRorus Potaseium ralcium Hagnesium
Replications 2 7. 514 n 87 * RY 0. 11 n.n4
Varieties (V) 1 ey D.90. 10,45+ D,7230s D, Das
Row-spacing (R) 2 1. %548 n.z4 3.5%:0 0,03 0. Nas
VxR 2 1.66 .81 1,53+ n.m n.no
Residua) 0 0.%7 n.4% 1,80 0.0 0,01
Witrogen level (N) 3 C32.598 4. 680 82.9Nas 1,08 1,442
Wl 3 2.68 .08 n.78 0,02 n,.n2
oy 7 £.21 (S} 1.54s 0,02 0,04
VaHak 2 4,18+ 0.33 1.6dx 0.08=w 0,03=
CEERE [FER a6 1.02 0,15 0.55 0.01 0.01
Total kA - - - - -

» significant at P=0,08
2 gignificant at Pz0,01,
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Appendix 32
Uptake of N P, K,Ca and Ma (ka N ha4] in plant parts of wheat
at harvest as influenced by variety, row-spacing and
nitraen level at Kadawa, 1989-90
Laaf Stam Sorhe
Tregteant
N ] ( f1 Mg y » 4 fa M N p 4 ¥ ] L
Variety
Stete Cerros t8 0.3 6! 1.3 08 3.2 03 24 20 1,2 BT 1.2 N, §.1 46
Florenca Ayrars 19 03 78 22 09 52 08 N8 33 19 38 24 BB 319 A7
SE ¢ 3.1 0.0 060 0,20 D02 0.2 062 210 0,80 009 1.4 D04 D80 0.3 07
50 19.05) NS NS NS NS 108 008 005 6.4 150 030 NS 01D NS MO
Row-spacing (ca)
th] 6 02 84 1.7 0.7 356 03 235 1.7 10 342 16 187 47 &)
n 4 04 75 22 10 45 08 287 34 1§ 360 2.0 22,6 45 48
0 .7 0,2 69 231 0¢ 44 04 286 2.7 4.7 40 1.8 209 LR
Sk ¢ 0. 0.0t 2.30 D20 D02 0.2 002 B0 D30 D0 VB OODS M LW DR
18D 10.0%! 0.4 D04 NS NS D06 D7 D.6 NS NS D30 NS 02D 33D WS 0D
Nitrogen leve) kg W ha ™)
0 0. 01 2.4 07 DY 1D DY W4 DS DS WS DB TS 2.0 2.0
80 ' 4003 6.4 19 DB 1.3 08 264 25 14 A 14 182 4% 319
120 2.4 D4 BB 27 1 5% 06 MAO29% 20 414 25 N1t £2 53
180 1.0 0.5 0.0 3.0 2 7.0 0B 3B A2 2.3 588 25 5.4
SE ¢ 6.y 0,03 0.7 0,20 0,87 0,2 0,03 2,30 050 010 2% 150 150 0.10 0.30
LSO (0,05} 0.4 0,10 20 0,86 0.20 0,7 00 830 150 0.40 59 410 &,10  2.00 t.00
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Appendix 33

Uptake of N,P,K,Ca and Ma (ka N ha4) in plant parts of wheat
at harvest as infiuenced by variety, row-spacina
and nitraen level at Kadawa, 1960-91

[eaf Stap Savee

Treatnent

N P K Ca Mg N P ¥ 3 Mo N P KN ¥g
Yariety
Siete Cerros i 0.6 47 1,2 0.5 6.2 08 20,3 1.5 1.0 500 8.0 M3 & 3.8
Floransa Ayrors 28 0.8 54 1.6 0.7 82 3.0 o6 2.3 14 48 18 up 4 37
3t ¢ 0.07 0.03 0.20 0,04 0.02 0,3 5.8 050 D0.08 0.04 san 4 88t 4an
.SD 13,08 0,00 0.50 .50 0.10 0.06 1.0 V.80 1.40 020 030 S T - S B
Row-spacing (cal
i 24 0.8 54 1.4 07 T9 10 287 20 1.3 3¢i: RS 1t 15 3.3
20 2.4 0.8 5% 15 06 1.8 V2 M9 20 1.2 s T 125 1§ 4,0
30 24 0,7 46 14 06 6.6 34 23 17 o1t &£ TH 98 13 3d
SF * 0.1 0.04 0,20 0.05 0.02 0.4 0,70 0,60 0.10 008 -3 0.40 030 2.08 0.10
(SD 10,06 0,3 NS 080 NS D07 NS NS 1,70 NS NS L0K 1.00 0.20 0.40

Nitrogen level (kg N ha™')

0 0% 0.4 2.6 0.7 03 2.2 0.9 %0 6.8 0% 35 35 49 T
&0 15 0.5 37 10 0% 45 14 173 13 0.8 WO 6.6 B3 o189
120 27 08 &1 18 08 87 2.0 M98 2.8 15 A8 44 13 13 47
180 &L 10 18 2.3 1.0 Wt %2 o 30 ot S 2 11.8 24 59
SE + 0.10 0,08 D.20 0,08 0.04 0.40 0,80 0.0 0,10 0.05 :.30 0.50 0.50 0.70 0.30

LSO 10,05) 0.4 0,20 0.70 0.20 0.10 1,20 1,80 320 0.30 0.'0 350 .40 .40 0.20 0.50
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Apperxlix 34
Mean sum of squares for agrain vield, straw vield, drv
matter and harvest index as affected bv varietv,
level and time of N application: 1989-90

Sourca of ¥ firain yiald Straw r‘ald Niry matter Harvest
variatinn (ko ha ) (kg na~ ) fkg ha-1) index (%)
Replications 1 1.81 % 108 .50 x 108 A 95 « 108 A5 A8
varisty (V) 3 1,33 x 0% 2.0 x40® 1,05 x 10k 177 03
Time (T) 2 216 « 10 7 85 « 1nfhe 478 « 10T 15 Bh
Nitrogsen Teval (M) 2 1.14 x 10%s 202 « $0"s 6,22 x 1DTex 7866
VxT 2 2 10 % 100 2.45 w 0%  3.83 x 10" 28,71
Txh 4 5 &3 % 100 2.22 » 6% 4. 49 x ¢af 43 91
Vo 2 7 97 % 100 1.40 « 18% 3,31 « 106 2 79
UxTxh 4 3.78 % 104 1.68 « 10% 1,72 « 108 17, AR
Raaidua)l 51 2 81 w30 a.88 ¥ 105 1.82 x 10f 28,77
Total 71 - - - -

. sranificant at
ve significant at

P=0.08
P=0,01,
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Appendix 35
Mean sum of squares for grain vield, straw vield, dry
matter and harvest index as affected by variety,
level and time of N application: 1960-G1

Source of df Grain yiald Straw %1g1d Dry matter Harveast
variation (kg ha"} (kg ha™ ') (ka ha=") index (%)
Replications 1 8,95 x 10* 1.22 x 10" 1.78 x 108 90,32
Variaty (V) 1 3,35 x 108 1,08 x 108 8,91 x 108 a5 AAe.
Time (T) 2 &.74 x 10% 6.46 x 10°  1.22 « 108 144, 43+
Nitrogen laval (N) 2 1.43 x 104 5.74 x 10%s 1,24 x 10%s  57.53
UxT 2 & 17 »« 105 206 « 10° 4.09 « 10% R.79
Txh 4 £.47 » 104 .24 « 105 8.380 % 1a° 4R B2
Yul ? 2 43 x 10" 1,68 x 10% 1,01 x 105 5,72
Tt 4 1.43 % 105 T.34 % 0% 1,43 « 108 21,47
Residua) 51 2,38 x 107 £.97 x 10° 1,33 x 10 31.78
Total 71 - - - -

. significant at
*+ gignificant at

P=0, 08
Pz=0, .01,
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Appendix 36
Mean sum of squares of combined analysis for arain vield,
straw vield, drv matter and harvest index as affected bv
variety, level and time of N application: 1989-91

Sourcea of af firain yiald Straw yiald Dry mattar Harvest
variation (kg ha~ (kg ha~} (kg ha- indax (%)
Replications 3 R.12 x 10° 1.94 x 10% 4 .75 x 108 94.33
Years {Y) 1 1.10 x 10% 3,68 x 10 8,95 x y0h 06,54
Rasidual 3 7.90 x 10%s 2 78 x 108 5. 95 « 10° 81.67
varisty (V) 1 A.AR x 10+ 3,00 x 10 1,94 x 10%s 624,58
Time (T) 2 7.41 x 10% 3,20 x 10%  B.87 x 10%: 151,84
Nitrogen laval (N) 2 1.03 x 10hs  2.35 x 107« A 3R x 107 1741
VxT ? 1.44 % 10° 1.95 « 10% 3. 18 x 108 8.37
TN 4 1.58a » 107 9.70 x 1% 1.42 « 108 58, A4
VN 2 B.58 x 10 7.41 x 10° 3,18 x 10" 4.47
VT 2 1.48 x 10%: 4. 91 « 10f%e 118 x 107 28.25%
¥xv 1 10 7.08 x 10% 3,15 x 104 1a.13
YxN 2 2.85 x 10™e 2.8 « 10% 1,08 « 10Ts 118,78
VxTxN 4 7.86 x 104 3.62 x 10%°  7.16 x 10° 12,57
Yxtxy ) 6.84 x 10% 2.56 x 10% 5. 34 x 108 29,18
YT xH 4 4.83 x 10° 1.78 %« 10 2,81 x 1nb 19,89
YxVxN 2 1.82 x 109 5.24 x 10% 1,14 x 108 4,04
Residual 106 1.93 x 10" R.80 x 10°  1.88 x 10P 21.37
Total 71 - - -

significant at Pz="
significant at Po
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Appendix 37

Mean sum of squares for spike length, spikeletg per spike, grains per
spike and 1000-grain welght as affected by variety, leve] and time of
N application: 1989~G0,

Source of Vgriation qf Snike length snikatats/ Graing/spike 1080-qramn
fem) spike weight fg)
Renlicat iong 3 0,15 ERY 53,79 8,00
Yariery fv) 1 8,008 14,232 1326, 138 78,4640
Timg (1] 2 1.99 10,138 87.26 H 6L
itrogen laval ti) ¢ B.05es 23,04 478,93n0 11,838
VT : ? S {.51 141,54 &Ln
TxN 4 8.93 5.29 §1.54 17,84
Yk 2 0.4 3.75¢ 10,04 1.2
VaTul ' 4 2,010 8.05 183.02 T
Residua’ 51 0.53 2.12 §3.15 8,46
Total T - - - -
t osigr ' ¢.05

¢ significant g p=g pt.
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Appendix 38

Mean sum of squares for spike lenath, spikelets per spike. agrains per
spike and 1000-arain welaht as affected by variety, level and time of
N application: 1990-91.

Source of ¥ariation af Spike Tength sprkelets/  Grates/spike  '000-3rain
fom) spike weight (gl
Replizationg ] 14 3,80 131,13 6.88
Varwety W ! 73,45 2.17 27R7,.58ex 188 AQet
Twme (7 ? 0.30 .31 52,17 §.29
Nitroaan Teve® [N ? 18, 140t 75 Akax 975,172 EVEER
it 2 1 1.76 54.06 £3.3°%
Tik 4 0.35 2,08 726,08 |
Vi B 1.57 110 180,338 T8
Vit 4 0.08 N, 14 7.4 19
Resigua’ LY 0.62 1,33 52.01 11,52
Total 71 - = - -

s significant at P=5.05
gnificant at Pz0.01.
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Appendix 39

Mean sum of squares of combined analysis for spike lenath, soikelets
per spike, grains per spike and 1000-arain weight as affected by

variety, level and time of N application: 1989-91,

Source of df Spike lenath apikalats/ firains/spika 1000-grain
variation fem) spike waight (g}
Raplications 3 0.58 1,48 AR 41 48 213
Years (Y) 1 17.29+ 26R, TRxx 817,01 36,40
Residual 3 0,92 2.50 120 56 36,75
Variaty (V) 1 29, 4300 14, RS RGT7G, 51w 1010, 1R =
Timea (T} 2 0,41 9.3R: 41 28 17.52
Nitrogan lave]l (H) 2 ?1. AR+« 45 ARes 12RR RN« 114 TTes
Ty ? 0.24 1,51 19 A4 11,19
T«N 1 n.73 31,09 7N, 18 12.84
Vel 2 2.12¢ B . A3s A0, 3n 17.51
YuT 2 1.78 2.28 98 17 (A & ]
Yxy 1 2.03 2.2% 134 17 25 R7
YxN 2 2.51s 2.53 186 30 13.63
TxVxN 4 0.9 Ay T2 B9 44 A 4R
YeTuV ? 1.3R n.717 175,76 38,33
YxTxN 4 0. 45 4. .78 17.%4 7.25
Yuxh 2 0,26 2.3 ARD, 13w f.82
Rasidual 106 0_f5 2.08 A1.35 10.01
Total 7 - - -

* significant at P=0,058
tr gignmficant at Pz0.01.
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Appendix 40

Mean sum of scuares for arain crude protein content
as affecred by variety, level and time of N
application: 1989-90 and 1990-91

Crude protein (per cent)

Source of variaftion daf

1989-90 1990-91
Replications 3 0.15 0.49
Variety (V) 1 4 35%* 5. 58%x%
Time (T) 2 9, 77%% 6.12%x
Nitrogen level (N) = T7.87%x* 16 79%%
™=V 2 1.01% 3.06%x*
TxN B 1.67*x 1.63%*
VN 2 0.07 0:32
TRV=N - 1.40%% 3.52%%
Residual 51 0.25 0.26
Total T - -

* gionificant at P=0.05
** gignificant at P=0.01.
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Appendix 41

Mean sum of squares of combined analvsis for grain
crude protein content as affected bv varietv,

level and time of N application:

1989-91

Source of variation af Mean sgquare
Replications 3 0,30
Year (Y) 1 165.27%%
Residual 3 0.34
Variety (V) 1 9., gn*x
Time (T) 2 13.92%%*
Nitrogen level (N} 2 20 .81 %%
VxT 2 3.72%%
TuN 1 2: 367X
VxN 2 0.27
YxT 2 1.97%%
YxV 1 0.04
YxN 2 3.55%%
VxTxN & 1.73%x%
YxTxV ’ 0.35
YxTxN 1 0.96%*
YxrVxN 2 0.12
Residual 106 0.37
Total 143

* gignificant at P=0.05
** sijgnificant at P=0.01.
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