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THESIS ABSTRACT

Matlakala Dinah Modiba

[262 words]

Water and nutrients are the key factors that determine the productivity of crops and are the most
limiting resources in the Limpopo province of South Africa. The effects of various irrigation
regimes and nitrogen fertilizer application rates on water and nitrogen use efficiency of maize as
well as on dry matter production, grain yield and physiological responses of maize crop have
been examined. A randomized complete block design in a split plot arrangement was laid out
with water applied at 12 and 6 mm irrigation regimes assigned as the main plot. Nitrogen
applied as urea fertilizer at 0,50,100 and 150 Kg N ha” was a subplot treatment with four
replications. Irrigation treatment positioning as the main plot imposed significant effects mainly
on dry matter production and agronomic characteristics of maize such as physiological maturity,
silking and flowering while similar results were evident for grain yields and yield components.
12mm application rate resulted in dramatic increase in dry matter production during the growing
season. Nitrogen fertilizer application significantly affected most of the parameters measured at
all locations although its effect was not consistent in increasing grain yield components and
agronomic characteristics. Nitrogen fertilizer resulted in quadratic responses in grain yields (R* =
0.86 - 0.99), NUE, N uptake in dry matter yields at all locations. Linear relationships were
evident between N uptake and dry matter yields at all locations with R> ranging from 0.04 - 0.98.
Application rate of 100 and 150 Kg N ha™! appeared to be the optimum levels for maize yields in this

study for 6 and 12 mm application rates respectively.

vii



CHAPTER 1

GENERAL INTRODUCTION AND LITERATURE REVIEW



GENERAL INTRODUCTION AND LITERATURE REVIEW

Maize (Zea mays) is an important cereal crop worldwide after wheat and rice, in terms of
production and it is widely distributed. It is one of the highest yielding cereal crops providing
food to meet the current and future needs of society. The United States is the world 's largest
producing country, occupying double the area of any other crop. It is grown in more countries

than any other cereal.

The crop is versatile and is endowed with tremendous genetic variability that enables it to thrive
well under lowland tropical, subtropical and temperate climates and has become an important
source of carbohydrate food for many societies. The crop is also a major component of the
human diet and a livestock feed in many communities of the province and for various industrial
purposes. Statistics shows that five hundred millions tons of maize are produced annually on
130 million hectares and developing countries account for 64% of the world's maize arca and

43% of global maize production (Van Rensburg, 1978).

In parts of Africa, maize has replaced sorghum and millet particularly in South Africa, Malawi,
Kenya and other countries. In South Africa, the crop occupies about four millions hectares of the
country‘s arable land and about one third of South African farmers are maize farmers (Van
Rensburg, 1978). In the Limpopo province, it forms a major component of the cropping systems
for both commercial and small holder farmers. Maize is the principal summer crop grown by
many smallholder farmers either in mixed cropping systems or as a sole culture in the Limpopo
province of South Africa. In intercropping systems, it is commonly grown with cowpeas,
groundnuts, watermelons, sweet sorghum, squashes and pumpkins. Despite the paramount
importance of maize, its productivity is still marginal on farmers' fields, even in situations where
farmers have access to irrigation. The major causes of declining maize yields in the province are
irregular water supply during the growing season and the low soil fertility, particularly with

respect to nitrogen and phosphorus.

a



Soil Moisture

Water is an important constituent of all living cells, comprising approximately 90% of the plant
tissue and is a medium for proper nutrition and healthy growth in higher plants. It is also required
for cellular activities and maintenance of turgor pressure within cells. The water in plant cells
keeps the stem upright and maintains expanded leaves to receive sunlight for photosynthesis.
Hence, any water stress during the course of growth constitutes a major limitation to crop growth
and development and final yield (Chapin, 1991). A major impact of water stress on
photosynthesis is the stomatal closure which inhibit gascous exchange mainly carbon dioxide
thereby reducing the photosynthetic rates (Gardner, 1983). In this regard, dry matter
accumulation, final grain yield and several metabolic activities such as conversion of
carbohydrates to lipids, nucleic acids, proteins and other organic molecules are also impaired
during periods of stress. Other effects of water stress on crop productivity include: reduced
transpiration, cell growth, cell wall synthesis, nitrogen and chlorophyll metabolism and the levels
of growth substances, all of these leading to suboptimal developmental processes and final
biological and economic yield in the crop (Hsiao, 1973). It is therefore crucial to effectively
address seasonal water availability to crops if productivity is to be enhanced or maintained in the
province. The initial effect of water stress could occur during the process of germination and
emergence. Germination of maize seed, like that of many field crops is very sensitive to water
shortage, and therefore reduced soil moisture potential during the germination process can limit
moisture movement through the seed coat which is required for embryo activation and

subsequent seedling growth.

Though low water availability during growth leads to reduced crop productivity, excess water
application could be equally detrimental. Excess water, either due to over irrigation on farmers's
fields or poor drainage of soil, results in waterlogging causing adverse effects on growth and
metabolism of plants. Its physiological and biochemical effects includes disruption of respiratory
metabolism, reduced root permeability, water and mineral uptake, nitrogen fixation and
endogenous hormone (Germain ef al., 1997). Uptake and distribution of essential nutrients are
also perturbed in plants subjected to waterlogging (Trought and Drew, 1980; Muchow et al.,

1990). Sadler and Turner, (1994) reported that water logging in peas causes inhibition in N



uptake from the soil, thereby reducing the nitrogen concentration in vegetative and reproductive
tissues. Muchow (1988) also reported retarded plant growth and lower productivity under
waterlogged conditions due to purturbance in uptake and distribution of essential nutrients. An
additional effect is increased leaching of mobile nutrient ions and pesticides into ground water
when plants are overirrigated (Benjamin et al., 1997). Pools of excess water on soil surface for
a long period of time following irrigation is very typical in the current smallholder irrigation
schemes in the limpopo province. There is therefore a pressing need to effectively manage water
application and its efficient use in these schemes to minimize some of the negtive attributes

associated with waterlogging.

Water use efficiency

Water use efficiency is defined as the amount of dry matter per unit evapotranspiration which is
expressed as grams of dry matter per kilogram of water used by the plant (Helweg, 1991). This
is expressed as the ratio of dry matter per evaporation or net photosynthesis or transpiration.
Increased irriigation water use efficiency is desirable in the smallholder irrigation schemes of the
Northern Province and in most areas where irrigation is a major user of water and where water

availability is limited or declining.

Proposed approaches of reducing the amount of irrigation water required or increasing the water

use efficiency while maximizing profit of the farmer include:

a) the usage of a shorter maturity cultivar, which has a short growing season and thus uses
less water (Fjell er al., 1993; Howell., 2001). However, the yield potential of short
maturity maize is often less than that of their long season counterparts (Fjell er., 1993;
Howell., 2001).

b) improvement of plant growth through nutrient management to effectively utilize applied
irrigation water (Clegg and Francis, 1994).

c) capturing more water from precipitation in the root zone of crop plants by i. improving
infiltration rate and reducing percolation; ii. reducing consumptive use which is the sum

of water lost through evaporation and amount contained in plant tissues (Kramer and

Boyer , 1995)



d) improving irrigation systems to minmize leakages and ensure accurate delivery of the

required amounts of water per application.

The plant's water use efficiency depends to a greater extent on the health and spread of the root
system, species variety and nutritional status. Management of irrigation water influences the
movement of mobile nutrients particularly nitrogen in soils and thus, its availability to plants
roots, which ultimately affects the efficiency of nitrogen use. One way of doing this is to match
irrigation water application to peak crop nitrogen demand during its growth cycle. Water use
efficiency can also be improved if the fertility status of the soil is high since additional water will
not necessarily improve crop yields in low fertile soils. Soil fertility is the ability of the soil to
supply essential nutrients to crops through soil solution and ion complexes for maximum plant
growth and productivity (Loomis and Connor, 1992). The concept of soil fertility includes not
only the quantity of nutrients but how well nutrients are protected in the soil from leaching, how
available the nutrients are and also the functional ability of roots to take up the nutrients (Plaster,

1992

Improved soil fertility will enhance root and shoot growth, which enables plant to make use of
available water. Thus, a thorough understanding of interaction between soil moisture availability

and fertility status on farmers' fields is critical for improving crop productivity.

Soil Nitrogen

Plants obtain the bulk of their nitrogen requirements primarily as nitrate and ammonium from the
soil. It is well documented that the mineral nutrition of plants is related, in many ways directly or
indirectly to soil moisture since root hairs absorb dissolved plant nutrients in the soil solution by
an active process that moves nutrients into root cells (Abrol,1990). Dry soils will obviously
result in lower nutrient uptake since the lack of water impedes nutrient flow and diffusion
whereas an increase in the amount of nutrient ions in the soil improves absorption. Nitrate is
very water-soluble and its movement through the soil via the process of mass flow to plant roots,

is reduced when soil moisture is low (Bennett et al., 1986). A plant ‘s demand for mineral



nutrients varies with growth conditions and its stage of growth. A well watered and therefore
vigorously growing crop has a much greater nutrient uptake than the one in which growth is
restricted for lack of water (Forbes and Watson, 1992). Thus, nutrient absorption is enhanced by

the availability of moisture and hence, adequate soil water supply is critical for mineral uptake.

Apart from soil water content, the uptake of nitrogen by maize crop also depends on the amount
of available soil nitrogen and the recovery of fertilizer nitrogen. Nitrogen, which is present in all
proteins including enzymes and nucleic acids, is an element recognized as the first major nutrient
ion that begins to limit normal growth in maize production under stress conditions (Ulger et al.,
1997). Without nitrogen fertilizer application, N uptake depends on the mineral nitrogen reserve
in the soil and the rate of nitrogen mineralization. The availability of nitrogen is determined by
the balance between nitrogen supply and mineralization, nitrogen immobilization by
microorganisms and losses either through leaching, volatilization or denitrification. Under
Nitrogen limiting conditions, maize growth is stunted with smaller than normal leaves that are
usually pale green or yellowish. Guardian er al., (1985) reported that nitrogen starvation
decreases photosynthetic rate, respiration and chlorophyll formation while Brown and Bolton
(1980) stressed that maize growth limitation by low nitrogen results mainly from decreased
photosynthetic rate. Variations in nitrogen supply affect the growth and development in plants
(McCullough er al., 1994, Hageman and Below, 1984)). Novoa and Loomis (1981), also found
that, nitrogen supply can affect plant growth and productivity of maize crops by altering leaf area

and photosynthetic capacity.

The ability of crops to translocate and mobilize stored nitrogen enables them to express visible
symptoms when suffering a deficiency. Since nitrogen is mobile within the plant, lower leaves
are the first to turn yellow and become necrotic. As deficiency becomes severe, chlorosis
appears higher up on the plant and eventually the plant becomes entirely chlorotic and dies. In
addition to the counter productivity resulting from low soil N on crop production fields, excess
nitrogen in the soil which may arise from too much fertilizer application often subject the crops

to lodging (Morgan, 1986) increased excessive vegetative growth at the expense of reproductive



yields (Greenwood et al., 1980). Nitrogen management is thus an important production
constraint if maize productivity is to be improved or sustained in the small holder irrigation

schemes of the Northern Province.

Nitrogen use efficiency

Due to the high cost of nitrogen fertilizer, it is important that applied nitrogen fertilizer to crops
on farmers' fields be effectively utilized for biological productivity and economic returns.
Biologically, nitrogen use efficiency is defined as the amount of dry matter or grain yield per
unit of fertilizer applied to the soil. Other definitions include: biomass production per unit total
above ground plant nitrogen (Borrel and Hammer, 2000) and also as grain production per unit
total above ground plant nitrogen (Maranville et al., 1980). Research aimed at N management
on farmers' fields must consider improving nitrogen use efficiency especially in a situation such

as the small holder irrigation schemes where farmers are too poor to purchase fertilizer.

Increased nitrogen use efficiency alone is not adequate in addressing the productivity problem on
farmers' fields. However, efficient use of nitrogen must be accompanied by increased yields,
which are necessary to meet the demands of the growing world population thus counteracting
malnutrition problems. As the economic costs and environmental concerns associated with
nitrogen fertilization rise, there is an increased emphasis on obtaining more efficient use of
nitrogen in maize production systems. In rice production, optimum nitrogen fertilizer use
efficiency has historically been found when urea was applied in split applications (Hargove et al,
1988). High crop nitrogen use efficiency is therefore desirable for reducing the cost and reliance
on fertilizer nitrogen, it may also assist in reducing ground water pollution (Traore and

Maranville, 1999).

[t has been documented that when nitrogen fertilizer is applied at rates greater than required for
maximum yield, plant biomass and long term soil organic carbon increase (Raun et al., 1998)

while nitrogen use efficiency decreases. Excessive use of nitrogen fertilizer is economically



unfavourable, because yield diminish with increasing amounts of nitrogen applied (Miner and
Sims, 1983). With appropriate nitrogen management practices it may be possible to limit the
accumulation of nitrates in leaves, optimize fertilizer nitrogen use and reduce potential
degradation of soil and water resources in these small holder irrigation systems. The proper use

of nitrogen fertilizer is fundamental for farm profitability and environmental protection.

Nitrogen fertilizer must be used judiciously to maximize profits, reduce susceptibility to diseases
and pests, optimize crop quality, save energy and protect the environment. Nitrogen use is an
issue of great concern in maize production, as the negative impact of maize production on
ground water quality has become a public issue (Cerrato and Blackmer, 1991, Klausner et al.,

1993, Schlegel et al., 1996, Schroeder et al., 1998).

Higher energy cost of nitrogen and its mobility in agricultural systems mean that good
opportunities exist to improve profitability by controlling losses and improving the efficiency of
use. Single large dosages of nitrogen fertilizer are most likely to suffer losses by volatilization,
denitrification and leaching than are applications more closely related to the uptake dynamics of
the crop. Improvement of formulation and application of nitrogen fertilizer offer significant
savings to inputs and environmental hazards. Due to the increase in costs of nitrogen fertilizer in
general, there is a greater need in identifying nitrogen amendments that result in efficient
nitrogen use. Apart from nutrients and water, maize also depends upon the availability of solar

radiation for its growth, maintenance and reproduction.

Crop Growth

Growth is generally a function of environmental factors such as mineral nutrition, solar radiation,
temperature along with genotype and production practices (Maman et al., 1999). Young maize
plants require ample supplies of nitrogen for unconstrained growth (Van Dijk and Brouwer,
1998). Nitrogen is particularly associated with the growth of leaves and stems (Loomis and

Connor, 1992) and has a more significant effect on crop yield than any other element (Kumar



and Abrol, 1990). Effective leaf growth and canopy systems in plants have a positive impact on
partitioning of carbohydrates and dry matter between shoots and roots and the overall
productivity per unit area (Marschner, 1995 and Marschner ef al., 1996). Nitrogen demand and
also deficiencies vary with the growth stage at which nitrogen becomes limiting (Frederich ef al.,
1979, Mills and McElhannon, 1982). Usually when nitrogen is adequate in early stages of
growth but becomes limited later, the yellowing occurs in older leaves while the new leaves
appear almost normal. Thus, management of N fertillzer application through split doses might

ensure adequate supply throughout the season.

Photosynthetically active radiation (PAR)

An important environmental factor that affects growth, development and yield of higher plants is
solar radiation and heat units, which are required for effective photosynthesis (Delvin, 1975;
Woodward, 1987). A crop intercepts light energy and through photosynthesis it is converted to
carbohydrate, which is then used by the plant for growth and storage. The amount of light
available for a crop varies seasonally and daily depending on latitude slope and cloud cover.
Theses factors determine the total radiation received by the crops during the growing season
(Clegg, 1972). From the plant's perspective, leaves are the key elements in light interception,
and they should be supplied with adequate water and nutrients to stay efficient.
Photosynthetically active radiation (PAR) is the amount of light energy in the visible range of
about 400- 700 nM and it is the portion of the electromagnetic spectrum utilized by plants for
photosythesis (Gardner er al., 1985). The amount of PAR intercepted by crop plants is expressed
as follows:
PAR = (1 - Pb/Pa) x 100

where Pa is the amount of incoming radiation and pb is the amount of light below the crop
canopy (Clark, 1990). Plant growth is related to its ability to intercept solar radiation and to
convert it to carbohydrates, or generally dry matter. The amount of radiation received and the
efficieny with which it is used, sets the upper limit of biomass production in crop plants

(Muchow et al., 1990).



Besides the role of solar radiation as a source of energy for photosynthetic reactions, Sawhney
and Naik (1990) out that light influences the general metabolic activity in plants, such as
photorespiration, chlorophyll synthesis, chloroplast development, protein and nucleic acids
synthesis, degradation of fat and starch and the synthesis of secondary metabolites. However,
production of organic matter by photosynthesis does not only depend on radiant energy but also
on inorganic nutrients, adequate supplies of water, CO,, favourable temperature and absence of
toxic substances from the immediate environment which in turn affect productivity. In a review
by Norman et al., (1984), it was reported that crops growing under ordinary agricultural
conditions, where moisture and nutrients are limiting do not convert greater than 0.1 - 0.3% of
usable radiant energy into plant organic matter. Under conditions of intensive agriculture, where
adequate moisture and nutrients were provided and where modern land management practices
are followed, crop plants convert between 2 - 3% of usable radiant energy into plant material. It
is important that crop canopies in the field are managed effectively for maximum capture of solar

radiation to enhance dry matter accumulation and final yield improvement.

From the foregoing discussion, it is evident that water and nitrogen arec major potential abiotic
factors that can severely limit maize growth and grain yield production. Since the Northern
Province of South Africa is relatively dry with suboptimal soil nutrient status on farmers' fields,
particularly nitrogen, it is critical that these resources are effectively managed to enhance
farmers' productivity and income. Although the effects of both water and nitrogen stress on crop
growth and development, physiology and yield have been the subject of many studies, relatively
little information concerning the interactive effects of these stresses, when imposed in
combination, is available in smallholder farming systems of the province. Thus, research
interventions that could efficiently maximize the use of these resources and improve maize
productivity in the smallholder irrigation schemes are required. The objectives of this study
therefore were to:

1. Determine optimum nitrogen fertilizer application under varying irrigation levels for optimal

grain yield and its components in small holder irrigation systems.



Evaluate the effect of irrigation and nitrogen fertilization on plant growth, nitrogen uptake

and nitrogen use efficiencies of maize in relation to the irrigation water applied.

Evaluate the influence of reduced water and nitrogen on the growth and agronomic traits of

maize in the smallholder irrigation scheme.

Estimate profit margins resulting from nitrogen fertilzer application in the smallholder

irrigation schemes.



CHAPTER 2

IRRIGATION WATER REGIMES AND NITROGEN FERTILIZER EFFECTS ON DRY
MATTER PRODUCTION, LIGHT INTERCEPTION, NUTRIENT UPTAKE,
NITROGEN AND WATER USE EFFICIENCIES IN MAIZE.



ABSTRACT [192 words]

Adequate water and mineral nutrient supply to a crop is an important factor determining its
optimum growth, development and yield in areas characterized by water deficits. To increase the
yield potential and maximize productivity for farmers in the province, a study was undertaken to
assess the impact of water and nitrogen on maize crop. Significant responses of dry matter yield
and agronomic traits were evident for both irrigation and nitrogen treatments at all locations.
Nitrogen fertilizer application significantly increased dry matter yield at all locations. Initially
intercepted PAR seemed to be increased by N fertilizer applications between 100 and 150 Kg N
ha' while midseason PAR contributed a substantial increase during mid season. Quadratic
responses of N uptake and NUE to nitrogen; and of nitrogen to phosphorus tissue contents were
evident in dry matter yields while efficiency of N use steadily decreased with increased N
fertilizer rates. Lower N uptake in dry matter yields was associated with limited soil moisture and
lower N fertilizer status. The findings indicated that management of both water and nitrogen in
this study can significantly influenced crop growth and development and also maintain the soil

nutrient status.



INTRODUCTION

Maize (Zea mays) is the most important crop grown in summer by smallholder farmers in the
Limpopo province of South Africa. It is also the staple food crop sustaining several rural
communites in the province. In addition to its use as a crop for humans, the residue after grain
harvest is the major feed for livestock during winter months when conditions of the natural

grasslands are too poor for sustaining livestock production.

Despite its importance in the province, productivity of maize is low and continues to be
marginal. The main identified reasons for low productivity are inadequate water and poor soil
fertility, particularly in terms of nitrogen and phosphorous. Since smallholder farmers usually
cannot afford adequate amounts of these resources, cost saving techniques on these resources is
essential | for long-term sustainability in this farming system. South Africa is classified as a
water-scarce country (Bruwer and Van Heerden, 1995) with most agroecological zones
characterised by low and erratic rainfall, which subject crops to frequent water deficits during the
growing season. In the Limpopo province, most parts receive an annual rainfall of about 500-
mm. Thus, judicious use of water for agricultural production is essential for long-term

sustainability.

The uncertainty about rainfall led to the development of several smallholder irrigation schemes
for farmers in the province. However, even after the establishment of these schemes, maize
production levels are still low and unsatisfactory. With rainfall being such a major limitation to
crop production, full or supplementary irrigation remains an attractive technological approach to
increase food and fibre production. Irrigation in South Africa uses approximately 51% of the
total water resources (Backenberg and Oosthuizen, 1995). According to the Bruwer and van

heerden (1995), 25 to 35% of the gross agricultural production in South Africa originates from



irrigated agriculture. Since irrigation water is a scarce resource, increased output is feasible and
sustainable only if the most efficient use is made of this resource in these irrigation schemes.

Although, water is fundamental to plant growth and protection, excessive water can lead to
certain unfavourable environmental conditions such as transport of herbicides and pesticides into
surface waters, salt intrusion into the soil surface, leaching of mobile nutrients, particularly
nitrate, soil erosion and overall land degradation (Fillery and Gregory, 1991; Sadler and Turner,
1994). Water use efficiency represents a given level of biomass or grain yield per unit of water
used by the crop (Hatfield et al., 2001). For improved water use efficiency, a proper co-
ordination of water application and fertilizer management of these resources in crop production
is critical (Cahudhury er al., 1982). Russelle ef al., (1981), reported a considerable reduction in
NO;-N leaching with proper management of irrigation water application. Viets (1962) first
described relationships between nutrients and water use efficiency and also observed that
increases in water use efficiency come from improved plant growth and yield that are a result of

a proper soil nutrient management.

Nitrogen is considered to be the most important plant nutrient due to its demand in greatest
quantities by plants, and in the Limpopo province it is a major limiting nutrient in the
smallholder farming systems. Given the economics of using N fertilizer in smallholder maize
production systems, it is vital that the available N is used efficiently by the crop. An
improvement of N use efficiency requires either an increase in crop use of applied N fertilizer or
similar or improved crop productivity with a reduced application of N fertilizer. Appropriate
management practices of inorganic fertilizer use can raise N-use efficiency (NUE). With
sorghum production, Maranville ef al., (1980) defined NUE as biomass production per unit total
aboveground plant nitrogen and as grain production per unit of total aboveground plants

nitrogen. Response curves resulting from nitrogen fertilizer application are often used to derive



N requirements for crop growth. Van Keulen and Stol (1991) had suggested however, such
recommendations, based on N fertilizer application alone have been found to be inadequate and
an alternative procedure involving relationships between crop response to increased soil N
availability (fertilizer application) as well as response to increase N uptake. With such an
approach, differences in N supply from soil derived sources (the uptake at zero N application)
and the differences in the recovery of applied N (the slope of N applied uptake regression) could

be made. This is essential for making better nitrogen recommendations for farmers.

From the foregoing discussions, it is obvious that a clear understanding of the interactive effect

of water and nitrogen is required if proper recommendations are to be made for farmers in these

small holder irrigation schemes. The objective of this research was to:

] assess the impact of reduced irrigation water application and nitrogen fertilizer on
seasonal dry matter accumualation, nitrogen uptake and interception of

photosynthetically active radiation.



MATERIALS AND METHODS
Study Area

Field studies were conducted during 1999 - 2000 growing season at three locations in the
Limpopo province of South Africa: Adriaansdraai, Veeplaats both under smallholder irrigation
schemes and at the University of the North experimental farm, at Syferkuil. The soil types were
sandy loam of Orthic type at Adriaansdraai and Veeplaats and a sandy loam of Hutton form at
Syferkuil. Before planting, land preparation was done by ploughing followed by disking and
harrowing at all sites. The maize variety SNK 2147 was planted manually on 11 November at
Adriaansdraai, 15 December at Veeplaats and 06 December 1999 at Syferkuil. To ensure plant
density of 45 000 plants per hectare and even distribution of plants in the plot, plots were

overseeded and later thinned out 10-12 days after emergence across locations.

Experimental Details

The experiments were laid out in a randomized complete block design (RCBD) in split plot
arrangement with four replications. Water was assigned as the main plot factor with two levels
of irrigation: (full =12 mm per application and half = 6 mm per application) while nitrogen was
assigned to the subplot factor applied as Urea at rates of 0, 50, 100 and 150 Kg N ha ', At
Adriaansdraai, the subplots consisted of 8 rows of 8 m length each while six rows of 6m length
were maintained at Veeplaats and Syferkuil; all at 0.9 m inter-row spacing. Phosphorus was also
applied to all experimental units at planting at a rate of 60 Kg P ha using superphosphate
fertilizer. The 12mm irrigation treatment was applied weekly for all the experimental units for 4
hours, whereas other plots were watered for 2 hours for the 6-mm treatment, using sprinklers.
Total seasonal rainfall was also recorded at all locations. The total water applied for irrigation
was 360 mm and 180 mm for full and half irrigation at Veeplaats, 336 and 168 mm at
Adriaansdraai and 280mm and 140mm at Syferkuil for half and full irrigation treatments
respectively. Irrigation treatments commenced 28 days after planting at Veeplaats and

Adriaansdraai but 2 months later at Syferkuil due to rainfall received. Nitrogen was split-applied



and incorporated into the soil using handhoe during planting and as side- dressing, 28 days after
planting. Phosphorus was applied as superphosphate at 60 Kg P per hectare during planting.
Hand weeding was done twice during the vegetative stage for each location while at Veeplaats
pre-emergence herbicide was used. Parameters measured included: dry matter accumulation,

photosynthetically active radiation (PAR), grain yields, yield components and stover yield.

Dry matter accumulation.

Above ground plant samples were taken at 56 and 78 DAP at Adriaansdraai ; 83 and 108 DAP at
Veeplaats; 44 DAP and 66 DAP at Syferkuil during the growing season. Samples were taken
from a total of 4 m” length per plot at Adriaansdraai and 12 m? at Veeplaats and Syferkuil
respectively from each plot area from the ends of the middle rows, leaving two to three plants as
borders. Plant samples were oven dried at 65 °C for several days. The samples were ground to
pass through a 0.1 mm sieve and thereafter were analyzed for Nitrogen concentration using the
Kjeldahl method (AOAC, 1990). Crop growth rate (CGR, Kgha™ d™') was calculated as the
difference in total above ground dry matter at two consecutive stages divided by the number of

days elapsed between the two stages (Dwyer et al., 1993).

Soil analysis

Soil nitrogen, phosphorus and potassium contents were determined from samples taken prior to
planting and also during the growing season from 0 -15 ¢cm and 15 - 30 ¢cm depths. Nitrogen
was determined on an autoanalyzer by Kjeldahl while the Bray 1 (Molybdenum reagent) method
was used to extract phosphorus from the soil at 1:5 soil water ratio. A spectrophotometer with
light band was used to determine the concentration of phosphorus in the soil extract and
potassium was determined by means of an atomic absorption spectrophotometer (Jackson, 1967).

Soil pH for water and KCI was also measured using a pH meter.



Interception of Photosynthetically Active Radiation (PAR)

The amount of light intercepted by plant canopies was measured using an Accupar Linear
ceptometer. Light measurements were taken from each plot at 63, 75 and 83 DAP at
Adriaansdraai; 56, 75 and 83 DAP at Veeplaats and 44, 66, 83 and 106 DAP at Syferkuil once
from above plant canopy and twice diagonally between adjacent rows from below the plant
canopy. The readings were taken between 1lam to 14h00 pm on days when clouds caused no
interference. Mean values for each plot were then used to calculate the percentage PAR
intercepted by the plant canopy of each treatment as follows: % PAR; = (1 - [PAR,; PAR,))* 100
(Carr ef al.,1995) where the subscript i designates intercepted PAR, and subscripts a and b

designate PAR above and below the plant canopy, respectively.

Stover yield

Stover yield was determined by harvesting five plants randomly from the harvested area and was
weighed using a mass meter after drying in the field. The samples were ground to pass throgh a
1.0-mm sieve and were analyzed for nitrogen content in the laboratory using the Kjeldahl

procedure.

Tissue N and P analysis

The adequacy of soil fertility is frequently evaluated by plant nutrient status. Total nitrogen
concentrations in maize plant tissue were determined by the Kjeldahl method in digested
samples. Before analysis, the plant tissue samples were dried at 65°C and ground to pass a
through a 1.0 mm sieve. N uptake in individual treatments was calculated from nitrogen
concentrations in the whole plant samples and the corresponding dry matter yield. Nitrogen use
efficiency under the various treatments and its component traits were determined using the

methods suggested by Maranville et al., (1980), and was calculated as the total above ground dry



matter divided by total nitrogen uptake in the dry matter. Phosphorus in each plant tissue was

measured using a dry ash procedure (Hue and Evans, 1986).

Finally, all data were subjected to analysis of variance (ANOVA) using a statistical analysis
program system (SAS) in order to detect the significant difference between treatment means
(SAS, 1989). The means found to vary significantly (P<0.05) were separated using Fishers
protected Least significance Difference (LSDggs) test (Steel and Torrie, 1980). Regression
analysis was used to examine models describing the effects of nitrogen rate and irrigation levels
on the parameters previously mentioned (Moll ef al., 1982)). Multiple regression was used to test
the association among grain yield related traits. Nitrogen response functions were generated

using the PROC REG procedure for linear and quadratic regressions (SAS. INST., 1995).
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RESULTS AND DISCUSSION

Soil Nutrient status

Analysis of the soil samples taken prior to land preparation indicates that the experimental sites
were very low in nitrogen and phosphorous at Adriaansdraai and Veeplaats whereas Potassium
levels were adequate (Table 1). Nutrient levels were fairly high at the Syferkuil experimental
station, particularly in nitrogen and this could be attributed to the long history of fertilization at
the site. Soil pH status was within the range of neutrality at all locations, which is an important
factor for nutrient availability to crop plants. The low soil fertility recorded at the farmers’
fields, Adriaansdraai and Veeplaats is a common feature of major soils in the Northern Province
and in South Africa as a whole. These low values are expected considering the sandy nature and
low organic matter content of the soils as well as the general lack of external inputs in the
farming system of smallholder farmers. Judicious use of inorganic fertilizer is an important

management strategy for improved and sustained productivity of the soils.

Table 1 Soil pH and nutrient content during the 1999/2000 growing season.

Location Depth  pHH,0, pHiken Total N P K
cm mgkg' ...
Adriaansdraai 00-15 T2 6..4 150 18.5 188.3
15-30 7.4 6.5 20.0 25.9 99.5
Veeplaats 00-15 6.6 6.5 19.5 22.8 195.3
15-30 7.0 6.6 20.0 259 103.5
Syferkuil 00-15 6.8 6.2 72.3 40 211.2
15-30 78 6.5 69.6 38 110.5

Dry matter yield

Dry matter production was measured as an indicator of overall plant growth. Both irrigation and
nitrogen fertilizer levels significantly (P< 0.05) influenced dry matter yields during the growing

season at Adriaansdraai. Dry matter, sampled at 56 and 78 days after planting was increased by
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12 and 20% respectively when plants received full irrigation compared to those that received half
the amount of water (Table 2.1). Maize responds to N by increasing vegetative growth and the
effect of nitrogen fertilizer on dry matter was evident. Under the half irrigation regime, the
highest dry matter accumulations were generally attained under 100 and 150 kg N ha™ at both
sampling dates whereas at full irrigation, the highest dry matter yield accumulation at these dates
occurred at 150 kg N ha™' application. The highest response of dry matter to nitrogen under the
full irrigation regime suggests that, further increase in maize growth response to an even higher
N application than the maximum rate applied in this study might be possible. This assumption
agrees with findings by Lemcoff and Loomis (1986) namely that higher maize dry matter yield
could still be obtained with addition of nitrogen N even under conditions where neither nitrogen

nor moisture was limiting.

At Veeplaats. the influence of irrigation on dry matter production at 63 and 83 days after
planting were rather similar. However, the effect of nitrogen fertilzer application was fairly
similar to that observed at Adriaansdraai (Table 2.2). Dry matter produced at 63 DAP generally
increased with increasing N application under the full irrigation regime. With the exception of
dry matter yield at 63 DAP under half irrigation, where nitrogen supply at 50 Kg N ha'
improved dry matter production by 9% compared to 100 Kg N ha™', dry matter accumulation
generally tended to increase with increasing N application as well. Both half and fully irrigated
crops attained the greatest dry matter production at 150 Kg N ha™', which ranged from 36 to 54%
and 36 to 38% higher respectively compared to the unfertilized plots. The lowest dry matter
yields observed in nitrogen deprived plots, emphasizeds the importance of adequate nitrogen

supply to the growth of maize plants in these irrigation schemes.

At Syferkuil, both irrigation and nitrogen influenced maize dry matter accumulation at 44 and 66
DAP. Pooled over nitrogen levels, plants receiving full irrigation produced 28 and 9% higher
dry matter at the two sampling dates respectively than those recelving half the amount of water
(Table 2.3). This is an indication of the significant role played by water on maize seasonal dry

matter production. Regarding N fertilizer application, dry matter accumulation of all fertilized



plots were similar under half irrigation but were on average 71 and 31% higher than the
unfertilized plants at both 44 and 66 DAP respectively. Under full irrigation, the highest dry
matter accumulation occurred at 100 and 150 Kg ha' at 44 DAP whereas dry matter
accumulation at 66 DAP did not differ across the treatments. The lack of clear response of maize
growth to nitrogen at Syferkuil comapared to the other locations could be attributed to the

slightly higher levels of soil nitrogen levels at this location (Table 1).

During vegetative growth, nitrogen supply had a marked influence on dry matter production.
Higher rates of dry matter production have been observed where nutrients and soil moisture were
not limiting. On average dry matter was 25% higher in full irrigation regime at all locations
relative to reduced irrigation. These results agree with findings by Frederick and Camberato
(1995), where the authors reported that vegetative weights of wheat were generally higher under

irrigated conditions, particularly at higher nitrogen rates.

Crop growth rate (CGR)

Crop growth was significantly influenced by both irrigation and nitrogen levels applied (P< 0.05)
at Adriaansdraai. On average, CGR of fully irrigated plants were increased by 21% relative to
those receiving half the amount of water (Table 2.1). With regard to nitrogen, a trend of
increasing CGR with an increase in N supply was observed with the highest rate of 319 to 328
Kg ha™' day™ being achieved at 100 to 150 Kg N ha application rates under half irrigation. The
results support findings by Greef er al., (1998) that 150 Kg N ha™ of nitrogen resulted in the
highest crop growth rate in maize production. However, under fully irrigated conditions, a clear
linear trend in CGR could not be established even though plants receiving 150 Kg N ha’
produced a very high growth rate but this was also similar to that of plants receiving 50 Kg N ha’
' Regardless, nitrogen promoted CGR by 19% for both irrigation regimes respectively
compared to where no nitrogen was applied. Stimulated growth rate by both water and nitrogen

is likely due to enhanced photosynthetic activities under optimum conditions of these resources

and hence higher biomass accumulation as reported earlier. The results support other research
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evidence that limited nitrogen conditions in maize resulted in minimum crop growth rate

compared to nitrogen fertilized conditions (Greef er al., 1998).

At Veeplaats, (Table 2.2) the effect of both irrigation and nitrogen was non-significant on crop
growth rate and linearity with N application was inconsistent at both irrigation regimes.
However, there was a general tendency of higher growth rate with increasing N application

under both irrigation regimes.

At Syferkuil, (Table 2.3) crop growth rates of plant receiving half irrigation were more
accelerated compared to fully irrigated crops. In terms of nitrogen fertilizer application, CGR
increased linearly with additional N fertilizer applied with the greatest rate of 463 Kg ha™ d ™'
occuring at 150 Kg N ha™' under half irrigation. This was different with full irrigation where the
highest rates occurred at both 100 and 150 Kg N ha”'. Without nitrogen fertilizer, CGR was

significantly lower than with the application of any rate of N fertilizer.

Stover yield

Both irrigation and nitrogen treatments significantly influenced stover yield at Adriaansdraai and
Veeplaats (Table 2.1 and 2.2). Stover yield was siginificantly hiher at 150 Kg N ha™ at both
locations under full irrgation regimes. At Syferkuil (Table 2.3), similar amounts of stover yields
were produced regardless of irrigation and fertilizer N application levels. Comparing late season
dry matter accumulation and stover yields at Veeplaats and Syferkuil under both irrigation and
nitrogen levels, stover yields were significantly lower, suggesting the possibility of carbohydrate
remobilization during the grain filling stage at these locations. Movement of stored carbohydrate
from maize shoots during the linear stage of grain fill had been reported (Shanahan and Nielsen,
1987). Similar to dry matter yields, stover yields tended to be higher under full irrgation relative

to half irrigation regime. Since maize grain is an outstanding feed for livestock, high in energy,



low in fibre and easily digestible (Purseglove, 1972), production of more stover can be used for

this purpose in the irrigation schemes and other parts of the province.

Percentage light interception

Photosynthetically active radiation (PAR) is an essential measurement for assessing the health
status of the plant canopy. PAR measurements indicate the extent of useful light that is available
to plants for photosynthesis. At Adriaansdraai, significant effects (P< 0.05) of both irrigation
and nitrogen on amounts of light intercepted by the maize crop were detected at 44 DAP (Fig
2.1). On average, plants receiving half irrigation intercepted more solar radiation than those
receiving full amount at this date but the percent interception between these two groups of plants
were similar by 83 DAP (Fig 2.1). This is an indication of rapid canopy development of the fully
irrigated plants after 44 DAP to cover the ground surface and capture maximum amounts of
light. The influence of nitrogen on the interception of photosynthetically active radiation at this
location differed with the level of irrigation water applied. Under half irrigated condition,
significant N effect was only detected at 83 DAP with unfertilzed plants intercepting about 20
percentage point lower than the average interception of all the fertilized plants (Fig 2.1). Under
fully irrigated conditions, differences in light interception due to nitrogen was recorded at 44
DAP and not at 83 DAP. The highest PAR interception at 44 DAP occurred at 150 kg N

application under this irrigation regime.

At Veeplaats, the effect of irrigation on PAR interception was nonsignificant at both 56 and 83
DAP whereas nitrogen influenced the interception at 56 DAP but not at 83 DAP. At 56 DAP the

highest PAR interception generally occurred in plants receiving 100 kg or more nitrogen per
hectare (Fig 2.1).

At Syferkuil, (Fig 2.1), the effects of both irrigation and nitrogen were similar at each sampling

date even though there was a tendency of higher interception at 100 Kg N ha™ application rate at
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both 44 and 83 DAP except under half irrigation at 44 DAP. Lack of significant effect of
nitrogen could again be attributed to the relatively higher levels of soil nitrogen at this location

compared to Adriaansdraai and Veeplaats.

The generally high levels of PAR interception due to N at Adriaansdraai and Veeplaats
emphasize the importance of this factor to crop canopy development. Nitrogen is essential for
chlorophyl development, which is required for the conversion of light energy to chemical energy
during photosynthesis and subsequent dry matter accumulation (Lemcoff and Loomis, 1986).
Higher PAR interception could partially explain the high dry matter accumulation recorded
under well-fertilized plants. Leaf senesce is also another plant characteristic that is tightly linked
to nitrogen stress. Less illuminated leaves tend to senesce earlier and thus contribute much less

to overall plant productivity (Marshner, 1995).

On average, light interception increased between 44 to 83 DAP, at all locations, namely: 25, 164
and 52% at Adriaansdraai, Veeplaats and Syferkuil respectively. The primary effect of lower
light interception earlier in a growing season is reduced photosynthesis, which could also reduce
assimilate supply for yield development. The amount of light intercepted during the midseason,
however, enhanced additional accumulation of dry matter. The findings support the conclusion
that light plays a critical role in promoting growth (Liang and Mackenzie, 1994). Increased dry
matter and solar radiation absorption were observed when water and fertility were not limiting,
suggesting that canopy photosynthesis and dry matter partitioning is dependent upon solar

radiation.

Nitrogen uptake
Plant nitrogen uptake at the end of the vegetative growth stage was significantly influenced by

applied fertilizer nitrogen at the irrigation schemes. Linear responses to increasing N supply for

above-ground plant N content were observed under full irrigation regimes whereas under
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reduced irrigation the responses were quadratic at all locations (Fig. 2.2). Janzen and Schaalje,
(1992) reported a strong linear relationship between N uptake and N fertilizer application. No
strong relationship was however observed at Syferkuil, (Fig 2.2), under full irigation. Generally
the coefficient of determination (R?) across these locations ranged from 0.85 to 0.99 which
indicates very strong relationships between nitrogen fertilizer application and plant N uptake in

maize.

Under half irrigation, the peak N uptake occurred at 100 Kg N ha™ at Adriaansdraai, (Fig 2.2)
and Syferkuil (Fig 2.2) and at 100 and 150 Kg N ha™ at Veeplaats showed a positive response to
nitrogen with the highest uptake attained at 150 Kg N ha”'. The linear relationship observed
under full irrigation indicates that additional application of nitrogen beside 150 Kg N ha™ could
have increased N uptake levels. In contrast, N uptake was higher under nitrogen-deprived
conditions in fully irrigated crops indicating that N uptake is enhanced by ample supply of
moisture. N uptake was also lower at nitrogen deficient plots under both irrigation regimes
indicating that the availability of plant nutrient to crops depends on nitrogen availability in the
soil. Thus, a thorough understanding of interaction between soil moisture availability and

nutrient status on farmers' fields is critical to improve crop productivity.

Nitrogen Use Efficiency (NUE)

NUE response to nitrogen fertilizer application at the onset of the reproductive stage generally
declined linearly or quadratically with increasing levels of applied fertilizer nitrogen for both
irrigation regimes at Adriansdraai and Veeplaats (Fig. 2.3. NUE was enhanced under nitrogen
deprived crops for both irrigation regimes. Related studies have also reported that NUE was at
maximum at low levels of applied N and declined rapidly with increasing amounts of applied N

(Hatfield et al., 2001; Eagle er al., 2000; Buah et al., 1998: Fischer, 1993).
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At Syferkuil, (Fig. 2.3) there was an increasing response of NUE with added nitrogen fertilizer
rates under both irrigation regimes. The most fertilized crops resulted in a maximum use of
nitrogen particularly under full irrigation. NUE was greatest at each level of added nitrogen
fertilizer under full irrigation relative to half irrigation indicating that nitrogen was used more
efficiently in well-watered plants at this location. However, reports of increasing NUE with

increasing N supply are rare.

Generally, these results demonstrated that limited moisture was associated with lower values of
N uptake and NUE that resulted in contrasting response on both N uptake and NUE (Fig 2.3 and
2.4). The gradual increase in NUE might be the result of a reduction in N uptake. The decrease in
NUE with increasing fertilizer N rates is consistent with other research studies (Zweifel et al.,
1987). These findings tend to support the fact that NUE 1is the inverse of plant N content
whereby more plant N results generally in lower NUE values. This relationship occurs because

plant N content increases proportionally more than dry matter production with increased fertility.

Relationship between N uptake and dry matter yield

There was a positive effect of N uptake on dry matter yields at all locations. Under both
irrigation regimes, N uptake rose linearly as the application of nitrogen fertilizer rate increased
(Fig. 2.5). The magnitude of variation among R® of the regression equations was small,
indicating that the relationship between N uptake and dry matter yield was highly consistent
across these locations. Full irrigation regime at Adriaansdraai (Fig 2.4) enhanced vegetative
growth with more N uptake than in half irrigated conditions. Surely, nutrient absorption is
enhanced by the availability of moisture and hence adequate soil water supply is critical for
mineral uptake. The tendency of improvement in dry matter yields with rising N uptake was an
indication of transfer of nitrogen fertilizer application to the vegetative parts. Thus, total N
uptake was largely a reflection of dry matter accumulation at all locations. According to Pan et
al., (1986), and Osaki, (1995), enhanced N uptake during grain filling might reflect the ability of

the plant to supply the root system with assimilates that assist in both root growth and N uptake.



Relationship between NUE and dry matter yield

Lower levels of NUE promoted dry matter yields at both irrigation regimes whereas the highest
NUE suppressed growth at Veeplaats (Fig 2.5). At Adriaansdraai (Fig 2.5), NUE was sustantially
higher under half irrigation regime (R*= 0.79) compared with that for fully irrigated crops (R*=
0.41). However, the (R* = 0.74 and 0.80) implies that NUE had a remarkable impact on dry
matter production under half and full irrigation regimes at Veeplaats. There was no apparent
response of dry matter to NUE under half irrigation regime however, fully irrigated crops
showed reduced dry matter with an increase in NUE at Syferkuil (Fig 2.5). NUE for total
biomass production decreased linearly as N application rate was increased like in the sorghum
study by Buah er al., (1998). Consequently, lower NUE crops had higher yields than the high

NUE crops averaged across the fertility levels.

Dry matter tissue P concentration and Nitrogen fertilizer

Dry matter P concentration showed a quadratic response as fertilizer N rates increased (Fig. 2.6).
P content in maize plant tissue gradually increased with added nitrogen fertilizer at all locations.
The highest P content at each level of N fertilizer applied was evident at Syferkuil. The
regression R* values are relatively higher at Veeplaats (R* = 0. 99) and Syferkuil (R* = 0. 98)
than at Adriaansdraai (R*= 0. 55). These results are supported by findings of Kamprath (1987)
who reported that N supply was the main factor affecting P content of maize plants on soils that
were low in available Phosphorus. Thus, enhanced phosphorous uptake in plants occurs when
avialable N to the plants is not limiting. The P content values observed in this study are
comparable with those reported by Gordon and Whitney (1995) which ranged from 0.35 to
0.37%. Lower dry matter yields were associated with lower P values. Numerous studies have
also demonstrated a reduction of photosynthesis when plants are subjected to P stress (Foyer and

Spencer. 1986; Freeden et al., (1989); Rao and Terry, 1989; Usada and Shimogwara, 1991).



CONCLUSIONS

Application of adequate amounts of water stimulated maize growth by increasing dry matter
production and accelerating the crop growth rate. Nitrogen fertilizer also played a dominant role
in dry matter production of maize at all locations. Thus, with irrigation, nitrogen appeared to
have been more efficiently used. Application of nitrogen fertilizer, 150 Kg N ha™'. resulted in
more dry matter production that can be useful as a livestock feed after harvest or alternatively, if
left in the field, will maintain organic matter as soil cover in this province. Research has shown
that leaving cereal stover in fields provides a physical barrier to soil movement, allows soil
organic matter to accumulate and increases soil pH, total N and crop yields (Mokwunye and
Batiano, 1991). The data demonstrated that mineral N could substantially enhance dry matter and

N uptake when applied in abundance.

Additional N from nitrogen fertilizer caused appreciable increases in tissue N and P content, N
uptake under both half and full irrigated conditions; however, additional N from the highest rates
of fertilizer application led to a decline in NUE. Therefore, optimizing N application rates with
soil test levels and crop needs are crucial, to avoid high levels of nitrate in the profile.
Nevertheless, with continuos cropping, addition of N may be necessary to obtain acceptable
yields at the irrigation schemes. Management of nitrogen and water availability to satisfy maize
demands was important for attaining desired yields goals and influencing the crop water and
nitrogen use efficiency, plant tissue nitrogen content and uptake. Overall, the results of this study
support the well-established idea that there is a tendency for the N concentrations in maize grain

to increase in response to additions of N that increase yields.

Both nitrogen fertilizer and availability of moisture enhanced growth parameters of maize with
an increase in crop growth rate, dry matter production, agronomic characteristics and crop
growth height. Regarding the importance of water and nitrogen in the irrigation schemes for
crop productivity, management practices should be strictly followed to avoid overirrigation and

minimize leaching of nutrients for sustainable environment. Application of fertilizers, especially



nitrogen, should match the crop's requirements. Furthermore. appropriate timing of application

should be taken into consideration.
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Table 2.1 Effects of irrigation water and nitrogen fertilizer rate on dry matter yield., crop growth rate and
stover vield at Adriaansdraai in 1999/2000 growing season.

Seasonal Dry matter Crop Growth Rate Stover yield

Irrigation Nitrogen 56 DAP 76 DAP 146 DAP

Kg ha' Kgha' d" Kg ha'
Half 0 3099.b 73lle 153d 9967¢g
Half 50 2410.¢ 89150¢ 2446¢ 10639¢
Half 100 4000b 9647b 319b 11799¢d
Half 150 3307b 9340b 328ab 10289fg
X 3204 6703 261 10674
Full 0 2373¢ 9425 281bc 12794b
Full 50 2084¢ 9985 328ab 11806¢
Full 100 3823b 10336b 284bc 11128de
Full 150 5215a 12493a 374a 1306a
X 3599 10560 317 12197
LSD(0.05) 988.1 1494 53 624
CV(%) 28 15 189 23

LSD= Least significant difference

CV = Coefficient of variation= nonsignificant (P < 0.05.)

DAP = Days after planting

Means followed by the same letter or letters within a column are not significantly different from each other
(P=005.)

32



Table 2.2 Effects of irrigation water and nitrogen fertilizer rate on_dry matter vield. crop growth rate and
stover yvield at Veeplaats in 1999/2000 growing season.

Seasonal Dry matter Crop Growth Rate Stover vield

[rrigation Nitrogen 63 DAP 83DAP 134 DAP
Kg ha' Kg ha'! d! Kg ha'

Half 0 8026e 10868d 135 6397¢
Half 50 11009ab 13235b 106 8272b
Half 100 10062¢ 13069b 155 8883b
Half 150 12318a 14872a 122 8428b
X 10354 13011 130 7995
Full 0 8954d 11051¢ 94 8717b
Full 50 9408d 12512b 112 7889bc
Full 100 11296b 12812b 109 9033b
Full 150 12355a 15014a 168 11300a
X 10503 12847 121 8985
LSD,; 45, 660.6 1312.3 ns 1495
CV(%) 9.1 9.7 448 16.5

LSD= Least significant difference

CV = Coefticient of variation

ns= nonsignificnt (P < (.05.)

Means followed by the same letter or letters within a column are not significantly different from each other
(P<005)
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Table 2.3. Effects of irrigation water and fertilizer nitrogen rate on drymatter yield, crop growth rate and
stover yield at Syferkuil in 1999/2000 growing season.

Seasonal Dry matter Crop Growth Rate Stover vield
[rrigation Nitrogen 44 DAP 66 DAP 154 DAP
Kg ha' Kgha'd" Kg ha

Half 0 1830d 9287¢ 308 6919
Half 50 2443¢d 11238ab 375 7617
Half 100 3058¢ 11992ab 418 7303
Half 150 3875¢ 13317ab 463 7019

X 2805 11459 391 7215
Full 0 1905d 10472ab 280 7611
Full 50 3274c¢ 11093ab 339 8869
Full 100 4229ab 11058ab 412 7561

Full 150 4967a 13646a 398 8175

X 3594 11567 357 8054
LSDg4s, 1900.8 27786 ns ns
CV(%) 26.8 1:5 2 27:2

LSD= Least significant difference

CV = Coefficient of variation

ns= non significant (P < 0.05.)

DAP= days after planting

Means followed by the same letter or letters within a column are not significantly different from each other
(P <0.05.)
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Fig 2.4 Relationship between N Uptake and dry matter yield under
two irrigation regimes at Adriaansdraai, Veeplaats and Syferkuil in
1999/2000.

_______ -
2 14000 - Adrigansdraal Full:y = 4680 + 38.9x
< I?? =0.77
© 12000
5 s ®
= 10000 - " n
5
£ 8000 TR Haify = 2000+ 51.3x
R?=0.89
@ 6000 , . . . . . . ;
70 90 110 130 150 170 190 210 230 250
16000 . 4
= Veeplaats
£ 15000 - .
2
% 14000 Half: y = 7041+39x -0.03x2
° R¥=/0.67,
> 13000 -
@
£ 12000
g Full : y = 7792 +13.6x-0.09%
10000 . . : . . .
70 90 110 130 150 170 190 210 230 250
16000 - e B
15000 Syferkuil
'w 14000 2
g 13000 |
o T A T
3 12000
= 11000 -
£ 10000 - alf:y = 633.6 +66.2x
E R?=0.86 |
£ 9000 . . : . . |
70 90 110 130 150 170 190 210 230 250

38



16000

. Adriaansdraai
b 14000
£
o . Full:y = 15396 -63.2x
X 12000 - R? = 0.41
T \
(1] L
S, 10000 - .
— i L ]
2 . MM
£ 8000 - v .
E Half:y =11583 -33.897x W
R*=0.79
E 6000 . . |
40 60 80 100 120 140
16000 A A A R A o R A S A S S A
Veeplaats
15000 - o
FIIU
< 14000 |
| & Halfy = 18965 -73.22x |
% 13000 - * R2 =0.80
=
E 12000
> Full:y
(=] 11000 -
10000 . . . %
40 60 80 100 120 140
14000
! . B/
. 13000 - Syferkuil
g |
= 12000 ‘
X
- 11000 - .
A
> 10000 | Full:y = 2-335.22}( +29150
2 R?=0.97
g 9000
[
O 8000 . : i
40 50 60 70 80 90 100 |

NUE (Kg ha™)

Fig 2.5 Relationship between NUE and dry matter yields under two

irrigation regimes at Adriaansdraai, Veeplaats and Syferkuil in 1999/2000.

39



Syferkuil

0.35

y = 2E-06x° - 0.0001x + 0.275

; Ay
0.3 - Adriaansdraai !
. |

v

£ & eeplaats

o ¢

&

E 0.25 -

o M
| R kS

y = 5E-06x° - 0.0005x + 0.2405
2 _
02 H R - 0.99
| s
0.15 . | :I
0 50 100 150 200

Nitrogen fertilizer rates (Kg N ha™)
Fig 2.6 The relationship between nitrogen fertilizer rate and
tisssue phosphorus concentration at Adriaansdraai, Veeplaats
and Syferkuil in 1999/2000. '

40



CHAPTER 3

INTERACTIVE WATER AND NITROGEN EFFECTS ON GRAIN YIELD, YIELD
COMPONENTS AND AGRONOMIC TRAITS OF MAIZE.

4]



ABSTRACT [259 words]

The Limpopo province of South Africa is a semi arid region and it is vital for farmers to optimize
water and nutrient use and minimize input cost to enhance and sustain productivity. Irrigated
experiments on maize at three locations were conducted to determine optimum nitrogen fertilizer
levels and assess the impact of reduced irrigation grain yield and its components, agronomic
characteristics and efficiency of water use in the schemes. The effect of irrigation water was
nonsignificant for grain yield at all locations, though more water appeared to be efficiently used
under a reduced irrigation regime. Quadratic grain yield responses to N fertilizer were observed at
all locations under both irrigation regimes, and the highest maize yields were obtained between 100
and 150 Kg N ha'. Without nitrogen fertilizer, maize crops depicted severe chlorotic stress
symptoms, which reduced crop growth, dry matter production and grain yield. Several grain yield
components responded significantly to both irrigation and nitrogen treatments at all locations. The
increase in grain yield was mainly connected to N fertilizer applied and the response of plants to
increase kernel number and number of cobs. Dry matter accumulation due to increased N uptake
and PAR interception during grainfill, also contributed significantly to increased grain yields. The
economic optimum N rate appeared to be 100 and 150 Kg N ha”'. Applying up to 150 Kg N ha™,
could be beneficial for increasing grain yield in the studied areas. Optimal management of
irrigation water usage as well as nitrogen fertilizer application is essential for obtaining maximal

returns in the areas studied.
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INTRODUCTION

Among environmental factors, water availability is the most limiting factor for crop production on
a global basis due to its direct effect on crop productivity. Nitrogen application is a known
necessity in crop production and water shortages can enhance the negative impact on N shortages
on productivity. Sound management practices in terms of N application and water usage are
essential to sustain crop growth and yields in the smallholder irrigation schemes under

investigation.

Rainfall variability constitutes the uncertain characteristic of agriculture in South Africa, while
adequate precipitation does not always coincide with critical crop growth stages. The demand for
irrigation therefore is increasing in most of the crop production areas in South Africa in order to
remove some of the risk involved. However, water is becoming scarcer and more expensive to
farmers. Hence, efficient use of water is becoming a more important consideration in crop

production systems than the availability thereof.

In agricultural terms, water use efficiency is generally defined by Viets, (1962) as WUE = crop
yield (usually the economic yield)/water used to produce yield. Water use efficiency can be
improved through nitrogen management, which in turn, influences yield components like grain
number per unit area. In a study conducted by Gardner, (1983) water use efficiency was found to
increase with the addition of nitrogen fertilizer. Varvel (1995) found that adding N fertilizer
increased water use efficiency in grain sorghum. Smika et al., (1965) found a similar response for

native grasses as did Campbell et al., (1992) for wheat and Varvel, (1994) for maize.

To increase and maintain sustainability of crop yields in this province, available water should be
efficiently utilized. Water use efficiency which provides a simple means of assessing whether
yield is limited by water supply or other factors (Angus and Van Herwaarden, 2001). Increased

water use efficiency is of greatest interest to growers when yields are maximized for the available

43



water supply during the growing season. Sinclair and Muchow, (2001) documented that economic
benefits from increased water use efficiency under limited water conditions are usually achieved

only if yield is maximized for available water

In addition to water, mineral nutrition is also a major determinant of maize productivity in the
smallholder irrigation systems. Maize is a popular crop forming a wide range of local dishes in the
province and with the availability of nitrogen fertilizers it enjoys a boom as a cash crop because it
is more nitrogen responsive than the other cereals, millet and sorghum (Winslow, 1991). Nitrogen
is the major nutrient required by maize crop for higher grain yields, the key resource in influencing
the phytomass and grain productivity of maize (Bratia and Mitra, 1990) and also a dominant factor
affecting plant chlorophyll, a content which is generally related to yield (Reeves et al., 1993).
Because the available nitrogen is limited in most soils, inorganic nitrogen fertilizers are usually

applied to maize (Sallah, 1991).

The application of inorganic fertilizers to crops therefore provides a more direct means of using
nutrition to reduce the severity of many diseases and thus increases yield. All cultivated crops
respond to nitrogen fertilizer by increase in grain yield especially in the presence of ample supply
of water, which depends on the level of water availability (Pala et al., 1997). In a maize field study
yield increase induced with nitrogen supply was the result of either increased partitioning to the
grain, increased total dry matter production, decreased percentage of aborted kernels or increased
number of ovules at anthesis (Simiciklas and Below, 1992). Surely, high crop yields require high
levels of nitrogen and without adequate nitrogen, crop yields will not meet the food requirements

of the human population resulting in poverty and of malnutrition.

Numerous investigations on maize yield responses to nitrogen treatments (Lemcoff and Loomis,
1986; Muchow and Sinclair, 1998) verified that nitrogen plays a dominant role in enhancing crop
yield. Growth and yield components of maize are enhanced by nitrogen fertilization with an

increase in kernel number, number of ears per plant, plant height, dry matter production and
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grain/stover ratio (Ulger er al., 1997). When other factors are not limiting, particularly water, grain
yields are approximately proportional to the amount of nitrogen made available to the plant (
Chatterjee and Nair, 1990). It has been emphasized by Sinclair, (1990); and Sinclair et al., (1995),
that increasing maize yields has been closely associated with increasing amounts of nitrogen

applied to the crop.

On the other hand, Rengel and Graham (1995) noted that nutrient deficiency shortens the time to
maturity and may decrease the length of the physiological stage. Nitrogen deficiencies seriously
reduce yield and economic returns for farmers in these small holder irrigation schemes. Baccl er
al., (1991) reported that nitrogen shortage diminished grain yield by reducing both kernel number

and kernel weight by 9 and 25 % and 14 and 80 % respectively relative to unstressed plants.

The poor maize yields in the province due to the low and unstable yield potential of the available
production technologies as well as dominant unfavorable climatic and soil conditions need serious
research interventions. To increase maize grain yields and maintain sustainability in crop
production through judicious use of available resources, in particular water and nitrogen,
accentuated the need for this study. The objectives of the research therefore were:

1. To determine optimum nitrogen for maximum maize grain yields and

2. To assess the impact of reduced irrigation on maize yields and efficiency of water use in these

smallholder irrigation schemes.
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MATERIALS AND METHODS

Study area and experimental details are the same as reported in chapter 2.

Grain yields and yield components.

Grain was harvested after physiological maturity at 167, 170 and 187 days after planting
at Adriaansdraai, Veeplaats and Syferkuil respectively. At final harvest 25 m?® at
Adriaansdraai, 12 m” area at Veeplaats and Syferkuil was manually harvested from each
experimental unit to determine grain yield, cob weight, number of kernels per cob, kernel
number per row and 100 seed mass. Plant height in each plot was measured right after
harvest (Ulger ef al., 1997). Harvested area for each location had a minimum distance of
0.9 m from the plot border to minimize border effects. Each grain bearing car was

machine shelled and oven dried at 65°C.

Water Use Efficiency (WUE)

Water Use Efficiency is generally defined (Viets, 1962) as:

WUE= Crop yield (usually economic yield)/ water used to produce yield, but in this
study WUE was calculated as WUE= Crop yield (usually economic yield)/ applied
irrigation water.

Harvest index (HI)

Harvest index was computed as the ratio of economic yield to biological yield *100

where economic yield = grain yield and Biological yield = grain yield + stover yield

(Donald and Hamblin, 1976)
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Agronomic traits

Days to tasseling, assessed by the emergence of tassels from the upper most leaves;
anthesis, measured as the emergence of anthers from the spikelets of the tassel; silking
indicated by the appearance of silks at the tip of the husks of the ear were recorded when

50 % of the plants in each plot had reached these stages.

Plant height

Maize crop height was measured during vegetative stage at 75 DAP (Adriaansdraai), 83

DAP (Veeplaats) and at 66 DAP (Syferkuil) and right after harvest. Measurements were

taken from an average of ten plant samples from each experimental unit using a

measuring tape.

Chlorosis

A major symptom of nitrogen deficiency that is mainly depicted by the yellowing of

leaves was visually scored for all plots.

Scores Description
1 No chlorosis
5 Severe chlorosis

Finally, all data were subjected to analysis of variance (ANOVA) using a statistical

analysis program system (SAS) to detect the significant differences between treatment
means (SAS, 1989). The means found to vary significantly (P < 0.05) were separated

using Fisher’s protected Least significance Difference (LSDys) test (Steel and Torrie,

1980). Regression analysis was used to examine models describing the effects of
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nitrogen rate and irrigation levels on the parameters previously mentioned (Moll et al,
1982).
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RESULTS AND DISCUSSION
Grain yield

Irrigation did not influence grain yields significantly at Adriaansdraai and Syferkuil as
the impact of irrigation on grain yields was similar regardless of irrigation levels at these
locations. The effect of irrigation at Veeplaats (Fig 3.1) could not be determined due to
the premature harvest of the fully irrigated treatment by a farmer. As such, the Veeplaats
results only focus on the nitrogen fertilizer effect on yield parameters measured. The
lack of a significant irrigation effect is contrary to results obtained on seasonal dry matter
accumulation where irrigation had a significant effect at all locations. However, highly
quadratic significances (P < (.05.) in grain yield responses to nitrogen fertilizer were
observed at all locations irrespective of the amount of irrigation water applied. At
Adriaansdraai and Syferkuil (Fig 3.1, peak grain yields of 3200 to 3299 and 4222 to 4246
kg ha under full irrigation was obtained at 100 and 150 Kg N ha” nitrogen fertilizer
applications respectively and the mean yields were statistically similar at these levels of
application. On average, addition of 100 and 150 kg N ha nitrogen under full irrigation
resulted in yield increases of 34 and 9%, relative to unfertilized plants at Adriaansdraai
and Syferkuil, respectively. Under half irrigation, nitrogen fertilizer application for

| w .
at Adriaansdraai whereas at

optimum grain yield production occurred at 100 Kg N ha’
Veeplats and Syferkuil, the optimum level was observed between 100 and 150 Kg N ha™.
Yield increase under 100 Kg N ha™ at Adriainsdraai was 40% relative to the unfertilized
control and at Veeplats and Syferkuil, the average yield increases of 100 and 150 Kg N
ha' application were 28% and 5% respectively. Russelle er al., (1981), also obtained
maximum grain yields of maize at about 150 Kg N ha™' in an irrigation-nitrogen fertilizer
study on all irrigation treatments however yield differences induced were comparatively
small. The lack of yield difference between 100 and 150 Kg N ha™' application is an
indication that economical yields of maize could be obtained at 100 Kg N ha! application
of fertilizer at these irrigation schemes. An application rate of 150 Kg N ha could lead

to excessive consumption which result in excess nitrogen uptake for carbohydrate

synthesis at the expense of grain yields (Woodward, 1987). The lack of significant
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irrigation effect on grain yield at the experimental sites also indicates that maize can be
successfully cultivated under half the amount of water currently being applied by
farmers. Maize is probably the field crop most responsive to irrigation but the lack of
significant effects of irrigation agree with findings of Lehrscher et al., (2001) and
Hatfield ef al., (2001) that irrigation water positioning as a main effect, did not influence
maize grain yield at all locations studied by the farmers. On the contrary, Bitzer ef al.,
(1983), reported an increase in maize yields with increments in irrigation although the
author concluded that yields were not influenced as much by the total amount of water

the crop received, as by distribution of the water.

Water Use Efficiency (WUE)

Water use efficiency, estimated as grain yield per unit of water applied, was significantly
influenced by irrigation at both Adriaansdraai and Syferkuil. At these locations the
WUE of partially irrigated crops were twice or more than that of plants receiving full
irrigation (Table 3.5). The effect of nitrogen on water use efficiency was significant at
Adriaansdraai and Veeplaats and not at Syferkuil. At Adriaansdraai the highest WUE
were recorded at 100 and 150 Kg N ha™ of application under reduced irrigation level
whereas at Veeplaats, WUE was similar at all nitrogen fertilizer application rates.
Unfertilized plots tended to have lower WUE than highly fertilized plots at these
locations. At Veeplaats, fertilized crops resulted in 25% more efficient water use than
unfertilized crops. When plants were fully irrigated, no differences in nitrogen
application rates on WUE were observed. Half irrigated crops appeared to have used
water more efficiently to produce grain yield resulting in over 100% more water use
efficiency than fully irrigated crops. Excessively lower WUE mostly arise from water

stress imposed during grain fill due to the unreliability of water supplies (ITPRID, 1999).

Even though, no significant differences were apparent at Syferkuil on water use

efficiency due to nitrogen, N fertilizer appeared to have enhanced efficient water use
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compared to unfertilized plots. Nitrogen supply generally improved WUE at all locations
which is in accordance with research findings by Varvel, (1995) (grain sorghum),
Campbell et al., (Wheat), (1992) and Varvel, (1994) (Maize). The results further support
Hatfield er al., (2001) who reported that increases in WUE come from improved plant
growth and yield that are a result of a proper soil nutrient status. Because water is a

scarce resource, it is important to use it efficiently in the small holder irrigation schemes.

Economic comparisons

Net returns from N were determined from the difference between the value of yield
increase due to N rates and the cost of N fertilizer (Vannotti and Bundy, 1994). Similar
to grain yields, quadratic responses were also evident for net returns of maize grain yields
at all locations (Fig. 3.2). At Adriaansdraai and Syferkuil, full irrigation resulted in
higher net returns at each applied fertilizer N compared to half irrigation except at 150
Kg N ha' at Syferkuil. Maximum returns were observed at 100 Kg N ha™ under full
irrigation while in half irrigation maximum was never reached at Adriaansdraai and it
was vice versa at Syferkuil. In contrast, under both irrigation regimes, negative returns
were evident where nitrogen was never applied indicating the importance of nitrogen
supply in maize productivity at Adriaansdraai. Both irrigation regimes had a similar
response of net returns to applied nitrogen fertilizer rates. At Veeplaats, half irrigation
also had a gradual increase of net returns with increasing fertilizer nitrogen application
rates thus N was consistent in increasing the net returns. Also, there was a similar
response of net returns at all locations which is confirmed by the coefficient of
determination values (R?= 0.99). The results indicate that, for all locations, it is usually
profitable to supply fertilizer nitrogen to a maize crop. These findings also support that
nitrogen fertilizers are essential for profitable production of maize (Binford er al., 1990).
By maximizing returns to the most limiting factor, producers can maximize the overall

profit.
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Harvest index

Harvest index is defined as the ratio of economic yield, that is, grain to the total
biological productivity of a crop (Ayisi, 2000) which gives an indication of how plants
partition dry matter into reproductive organs relative to vegetative parts. Harvest index
provides an estimate of the conversion efficiency of dry matter yield (Gebeyehou et al.,
1982). Harvest index was neither influenced by irrigation nor nitrogen levels at
Adriaansdraai and Syferkuil. However, plants under reduced irrigation, appeared to
partition more of its photosynthates to grain yield than fully irrigated ones at
Adriaansdraai (Table 3.2). Harvest index tended to be lower at low yield levels under
both irrigation regimes but the decrease was much less than the decline in grain yield
indicating the dominant effect of nitrogen supply on dry matter production across
irrigation levels. The lack of significant differences at Adriaansdraai and Syferkuil agree
with findings of Ofori and Stern, (1986) who reported that nitrogen and water had no

effect on harvest indices measured at harvest maturity.

In contrast, the proportion of dry matter to grain yield was significantly (P< 0.05)
influenced by nitrogen fertilizer application at Veeplaats. Trrespective of nitrogen
fertilizer levels, harvest index was statistically similar among the plots. The highest

harvest index value (39.8) was achieved at 50 Kg N ha".

GRAIN YIELDS COMPONENTS

Total weight of cobs

[rrigation effect on cob weight (grain plus cob) was nonsignificant at all locations but the
effect of nitrogen was significant (P<0.05) at these locations. There was also a linear

increase in cob weight per hectare with additional nitrogen fertilizer application

irrespective of irrigation regimes at all locations. At Adriaansdraai, the highest cob

52



weight appeared to occur at 100 and 150 Kg N ha™ rates of application whereas the
minimum weights were evident in nitrogen deficient plots (Table 3.3). Nitrogen
deficiency dramatically reduced total cob weight by 30 and 36%, compared to fertilized

crops at 150 Kg N ha™' fertilizer rate under half and full irrigation regimes respectively.

At Veeplaats (Table 3.4), maximum cob weight of 6464 Kg ha™ was also attained at 150
Kg N ha' with minimum of 4142 Kg ha”' weight in nitrogen deprived plots with a
decrease of 39%. Nitrogen appears to have had a greater positive impact on the weight

of maize cobs produced at all locations.

The maximum weight at Syferkuil (Table 3.5) was obtained at 100 and 150 Kg N ha
(Table 3.4). The nitrogen deprived crops had lower mean weights of 11184 and 11528

Kg ha™ with 17 and 36% decrease relative to fertilized crops at this location.

Weight per cob

The effects of both irrigation and nitrogen on weight per cob were not significant at
Adriaansdraai and Syferkuil. However, at Veeplaats, the effect of nitrogen on weight
per cob was significant. Nitrogen fertilizer rate of 150 Kg N ha™' again resulted in the

highest cob weight at this location.

Number of cobs per hectare
Significant (P< 0.05) differences in number of cobs per hectare was only recorded for

nitrogen fertilizer rates and not irrigation levels at all locations. Additional nitrogen

supply increased number of cobs up to 100 Kg N ha'' at Adriaansdraai, which was 99%
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higher than unfertilized plot. Nitrogen deficient plots resulted in the lowest number of
cobs per hectare. At Veeplaats, application of 100 Kg N ha™' again resulted in a higher
number of cobs per hectare relative to plants receiving no nitrogen fertilizer. The highest
number of cobs at Syferkuil. was obtained at 100 and 150 Kg N ha™' rates of application.
The high number of cobs per hectare generally obtained under higher levels of nitrogen
fertilizer applications could partially explain the greater grain yields recorded at 100 and

150 Kg N ha™ application rates (Abrol, 1990).

Number of kernels per row / Number of kernels per cob / Rows per cob

The effects of irrigation on these measured yield parameters were nonsignificant at all the
locations studied (Table 3.3, 3.4 and 3.5). The lack of significant effect is an indication
that these parameters are generally not environmentally dependent but rather genetically

controlled (Goldsworthy and Fischer, 1984).

-2
Number of kernels m

The effects of irrigation and nitrogen on the number of kernels per square meter were
nonsignificant at Veeplaats (Table 3.4) and Syferkuil (Table 3.5). At Adriaansdraai
(Table 3.3), nitrogen fertilizer application imposed a significant effect on number of
kernels per square meter. However, there was an inconsistent trend of nitrogen in

increasing number of kernels per square meter

Number of cobs per plant.
No significant irrigation and nitrogen effects were detected on the number of cobs per

plant (P <0.05) at Adriaansdraai (Table 3.3) and Veeplaats (Table 3.4). Significant

nitrogen effects were only detected for nitrogen supply on the number of cobs per plant at
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Syferkuil (Table 3.5) but the differences were only apparent between 150 and 0 Kg N ha™
'. However, additional nitrogen levels were not consistent in increasing number of cobs

per plant under both irrigation regimes.

Seedmass

Seed mass was not affected by irrigation and nitrogen treatments at all locations.
However, at Veeplaats the application of nitrogen fertilizer appeared to have increased

seed weight relative to unfertilized plots.

AGRONOMIC CHARACTERISTICS
Flowering

Flowering is an important phenological stage of crop development because it signals
change of growth of annual crops from vegetative to fruit and seed, essential for yield of
most crops. It involves the conversion of apical meristem of the shoot to the
reproductive structure. Significant differences (P <0.05) in days to flowering resulting
from both irrigation and nitrogen levels were recorded almost at all locations.
Irrespective of irrigation levels, tassel emergence tended to be earlier in fertilized crops
than unfertilized ones at all locations (Table 2.3, 2.4 and 2.5). This is an indication that
nitrogen deficiency delayed tasseling and lengthened days to flowering at this location.
Such delay in flowering periods due to stress was reported by Muchow, (1989) where
four days difference were observed.  Our findings were contrary to the findings of

Rengel and Graham, (1995) that stress plants flower earlier.



Silking

Similar to flowering, silking in maize was significantly influenced by both nitrogen and
irrigation levels (P< 0.05) at all locations. Nitrogen deficiency delayed the development
of silks in maize plants under both irrigation regimes and at all locations (Table 3.6,3.7
and 3.8). Without nitrogen fertilizer, the period from planting to silking was lengthened
by 1 to 2 days across irrigation levels and locations. Days to silk appearance relative to

tasseling period are an important yield determinant.

Anthesis silking interval (ASI)

The period a crop takes from pollen shed to silking, is one of the most important drought
parameters (Hall er al, 1981). Significant (P< 0.05) responses of ASI to both irrigation
and nitrogen levels were recorded at all locations (Table 3.6). Nitrogen deprived crops
had six days longer ASI than fertilized plots. Thus, nitrogen deficiency prolonged the
days from flowering to silking. Full irrigation regime reached silking stage eight days
later relative to reduced irrigation.  Fully irrigated crops had four days shorter ASI
compared to half irrigated crops which implies that full irrigation enhanced the days to
silking at Veeplaats. Nitrogen fertilizer increased ASI particularly with half irrigated
crops. In contrast to flowering and silking, ASI was prolonged under fertilized crops by
two days relative to unfertilized crops. Since the effect on ASI is similar at all locations,

that is an indication of consistency.

Physiological maturity

In annual plants, physiological maturity refers to the stage of growth at which there is no
addition of dry matter into seeds. Thus, at this stage the crop has acquired maximum

seed dry weight. The effects of irrigation on physiological maturity of the maize crop

were significant only at Adriaansdraai whereas that of nitrogen was significant at both
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Adriaansdraai and Syferkuil. Neither of the two parameters studied influenced
physiological maturity at Veeplaats. At Adriaansdraai, fully irrigated crops matured
about five days earlier than plants receiving half the amount (Table 3.6). Nitrogen
deficiency generally increased days to maturity at both Adriaansdraai and Syferkuil
irrespective of irrigation water application (Tables 3.6 and 3.8). These findings are
contrary to the report by Rengel and Graham, (1995), that nutrient deficiency shortens

time to maturity and in the process may decrease the length of the physiological stage.

Chlorosis

No clear-cut effect of irrigation on chlorosis were observed at Adriaansdraai and
Veeplaats but at Syferkuil exhibited more chlorosis than half irrigated crops. Significant
differences due to nitrogen fertilizer application rates on chlorosis were rather more
observable at all locations under study. Without nitrogen fertilizer application or when
plants received 50 Kg N ha' crops generally showed severe chlorosis compared to
adequately fertilized crops at all locations irrespective of irrigation levels (Table 3.6, 3.7
and 3.8). Yellowing of leaves usually depicts a major symptom of nitrogen deficiency in
most crops. This is common to many nutritional deficiencies particularly nitrogen and it
is a condition that result from the impairment of the ability of the crop to synthesize
chlorophyll (Binder et al, 2000). Chlorosis can lead to a loss in potential yield and has
also a growth reduction effect. The higher deficiency of N at lower levels of N
application in this study contributed to significant losses in vegetative growth, which had
a negative impact on dry matter accumulation and other agronomic characteristics under

limited N conditions.

Plant height

This parameter is the most manifestation of growth in most plants and its increase may

enable the plant an advantage in competing with other plants in a community. Plant
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height significantly (P<0.05) responded to both water and nitrogen levels at Adriansdraai
at both 75 DAP and at harvest. The height of fully irrigated plants was 9.0% and 8.3%
higher than plants receiving half irrigation at these sampling periods respectively (Table
3.4). Regarding N fertilizer effect, plants receiving 100 and 150 kg N ha' was an
average, 12 to 13% taller than unfertilized plants during mid season and 7 to 9% taller at

harvest at this location.

At Veeplaats, irrigation again influenced plant height at 83 DAP and at harvest whereas
the effect of nitrogen was only significant during mid-season. The height of fully
irrigated plants was 5.6% higher than plants receiving half irrigation at mid-season and at
harvest, the height for fully irrigated plants was 4.0% higher (Table 3.5). During mid-
season, the tallest plants were observed under plants receiving 100 and 150 Kg ha™' under
full irrigation whereas under half irrigation, the tallest were at 50 and 150 kg ha™. This
observation again emphasizes the importance of nitrogen in influencing plant height in
maize. Increase in plant height might have benefited the crop by displaying leaves in the
most favorable positions for interception of photosynthetically active radiation and

subsequent enhanced canopy photosynthesis.

Unlike Adriaansdraai and Veeplaats, plant heights measured during the growing season
83 DAP and at maturity responded nonsignificantly to both nitrogen and irrigation levels

at Syferkuil (Table 3.6).

Although the use of nitrogen fertilizer significantly affected grain yield, the effect of
nitrogen fertilization on yield components did not follow the same trend. Nitrogen
fertilizer was not consistent in increasing most of the yield components, indicating that
the fertilizer levels generally exerted little influence on the relative performance of these
traits. While no single yield component was predominant in determining grain yield, cob

weight and number of cobs per hectare showed that large number of grains per unit area
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was significantly correlated with higher yields. Thus, the major effect of nitrogen in
increasing yields in all locations was through increasing cob weight and number of cobs
per hectare. Reductions in grain yield due to stress during grain filling were reflected in
seed weight and not seed numbers at Adriaansdraai and Veeplaats irrigation schemes,

which was also supported by Eck, (1984).

Water and fertilizer effects on residual soil chemical properties.

The analysis of variance did not indicate any significant interaction between effects on
fertilizer and water on soil pH, P and K (Table 2.7, 2.8 and 2.9). In conclusion, soil pH,
available P and K were the greatest in subsoil at all locations except K at Adriaansdraai,
which was similar in both top and subsoil. Soil pH appeared to stabilize between 6 and
7. At Veeplaats P and K were greater in top than sub soil. In contrast to the study by
Powell and Fussell, (1993) it was concluded that soil pH and available P levels were
greatest in the topsoil while N was the same in both top and sub soil. High pH and P in
subsoil might have allowed roots to exploit the available soil water and N stored in the

soil to enhance crop growth and yields.
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CONCLUSIONS

The study has shown that water and nitrogen played a crucial role in improving maize
grain yields. The linear responses of N fertilizer indicate that the highest yields were
attained with applications of 150 Kg N ha™' at all locations under full irrigation, whether
higher rates of N would have further increased yields is not known. However, the
increase in yield at 150 Kg N ha” was not significantly different from that for 100 Kg N
ha with the increase in irrigation beyond optimum water needed by the maize crop. The
quadratic responses detected under half irrigation indicated that optimum nitrogen rates
for highest yields were 100 Kg N ha™'. Thus, limited irrigation made more efficient use
of irrigation water and was also more profitable than full irrigation. Improvement in
yields was related to water use efficiencies where grain yield production of 6mm of water
applied was greater than when irrigation rate was kept at 12 mm. Therefore exceeding
water requirements not only leads to water wastage, but also can affect the plant
performance and soil environment. The lack of minimal differences of grain yield
between full and half irrigation might probably be related to potential deep percolation

and nutrient loss to ground water.

Although more research is needed, results presented in this study indicate that with water
management and sustained soil fertility, crop production with reasonable higher yields
are possible at these irrigation schemes. The results suggest that, for optimum vyields,
farmers should not substantially decrease their N fertilization of maize because when
compared with other crop nutrients, N is required in relatively high quantities in maize
for optimum vegetative and reproductive growth. Both nitrogen fertilizer and availability
of moisture enhanced growth parameters of maize with an increase in enhanced
agronomic characteristics and crop growth height. Both water and nitrogen stresses
lengthened the time from tassel emergence and silking to physiological maturity which
contributed to a substantial loss in grain yield under limited N conditions. The superior
yields attained at Syferkuil in this study could be attributed to well distributed rainfall

throughout the growing season and higher soil nutrient status of the soil. The unreliability
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of water supplies has contributed significantly to poor performance of small holder

irrigation schemes in terms of productivity and profitability.

61



Grain yield (Kg ha™)

Grain yield (Kg ha)

Grain yield (Kg ha™)

3800 -

3500 -

2900 ~

2600

3200 +

2300 -

2000

Adriaansdraai

Half'y = 2502 +20.51x -0.12x°

®
f R®=0.78

\\i Py

Full:y = 2412 +9.9 x- 0.03x

R*=0.99

50 100 150

4800

4600
4400

4200 -

Veeplaats

Half: y=3617.8 + 14.19x -0.05

2 __
4000 R>=0.99
3800
3600 4
3400 -
3200 +— . - )
0 50 100 150
Syferkuil ]
e Full:y = 38882+ 42 9x -0.12x"
R* =099 I B
42000 g
1000 ' —_
l L
o Half y = 38472+45.6 -0.19x°
R2=07
19000 g
18000 -
37000 | )
¢ 50 100 %6

Nitrogen fertilizer (Kg N ha™)

Fig 3.1 Grain yield response to nitrogen fertilizer under two irrigation
regimes at Adriaansdraai, Veeplaats and Sferkuil in 1999/2000.

200

200

62



Rand per hectare

800

Fertilizer nitrogen (Kg N ha™)
Fig 3.2 Net returns of maize in response to nitrogen fertilizer application
rates under two irrigation regimes in 1999/2000.

. s y=-91.0 3x -0.
D — Half: y 912 5+ 8.3x-0.03%°
600 ?- R’=0.89
® Half
400 - @ Full
200 Full: y = -429 +12.04x -0.04x°
R?=0.99
0 4 , -
=g | 100 150 200
-400
-600
1400
1200 - Veeplaats
, 1000 ===e Half i
5 y = 426.4 +10.3x -0.04x
© 800 R?=0.99
=
& 600
-
=4
v}
© 400
200 | : !
0 50 100 150 200
185077 Syferkuil '
o 950 Full : y = 461+8.7x -0.036)7_ugais S — L
o i
@ 2 _ Full
g R*=0.99,
i 850 | ; v
s 750 | Half: y =458 +7.9x -0.029x°
2 R’=0.99
2 650 -
P4
550 |
450 ¥ .
0 50 100 150 200

63



9

('CO'0 = ) FPY10 Yord WO JUIIIJJIP AJUBDIITUSIS JOU 1B UUINOD B UIYHM

SI10113] 10 1a)19] duIes 3} Aq PIMO][0) SUBIN

Tco0 = J) weotjusisuou =su
UOHBLIEA JO JUAIIIJJA0)) = AD
20UIaJIP WEoYIUSIS 158 ~(IS']

Kl 9T 0¢l “AD
sH 0 6't =00 qgT
x
sl - 86 0sl1 mn4
vl - 2¢'6 001 [nd
Pyl S oe'8 0¢ 4
6'¢tl = WL 0 1n4
X
1'6C B['8C qea’Ll 0<l JIBH
00t BI'LT 8BS T 001 JeH
8T qeg'st qrel 0s JieH
LT qc’ic qr el 0 HEH
a3y By T
ANM ER[ITTN uonediL|
::f&mm sjeejdaap TRBIPSUBELIPY a

"UOSBas FuImoisd

0002/6661 Ul sawISa1 uoNESILL oM]) Japun  P[aIA UIRIS AZIew JO ASUDIDLJD IST IDIBM UO SAel uonedtjdde 19z1[1113] UABONIU JO SIAYH '€ 2qeL



£9

(CH0 = o) 1OYI0 Yora Woly JUIJJIp AJUBOLIUTIS 10U 218 UWN[OD B UIILM SIONR] 10 10112] QWIBS AUl AQ PAmO[[0] SUBIy

{('¢cnp = ) uedIugIsuou =su
UOIIBLIBA JO JURIIJJA0D) = AD
QDURLJIP JUBRIYIUTIS IS8T =(IST

su

[IYIJ4S

£6C
L'S1

Xapuj 1SaAlBH

9T LT
su
80T
ot 0s1
L'TC 001
1'0T 0s
1'81 0
r'ce
0°¢T 0<1
144 001
61T 0¢
9°0¢ 0
By By
UagOIN

.mmm_ doap

IREIPSUBRLIPY

2$>U
(o :..Q w.l_

*

[n4
M4
[m4

[md

JIBH
JEH
JEH
JIBH

uonesiu|

"u0seas JumoId ())0Z/6661 Ul 18 SawI3al uoeSLLIT 0M] JOPUN JZIBW JO XIpUl 1SdAIRH Uo sajel uonedrjdde 10z1]1119) usdoniu Jo $19345 7°¢ 9B



99

(€00 = d) F2YI0 Y98 WO JUIYJIP AJJUBDIFIUSIS JOU 918 UWN{OD B UIYIIA SI2113] 10 3D dWes ayl Aq pamo|[0j SUBaIA

("CO0 = ) uedyIudis uou —su
Sunued e skeq=dv(
UOIIBLIBA JO JUDIDLJIOD) = AD)
J0UDIBJJIP JUBDILIUTIS IS8T =(]S]

88T C6l SO'LI g1 6'S o S O 997 L91 Y%IAD
su su 1"Tve 8°¢€91 su su su su $'196 “00qg
I'LE <9 +811 vST9 09t ov rd| 791 9Z1¥ X
98¢ 00'C P-qL°8T11 epLEL £9SH 81t 1l 861 ep8ls 0S| [ng
'8¢ 180°C ey | ZS1 B7C98L  §°88t LOb £l 961 qe|LSH 001 [n4d
#9¢ Al POL9g] | Q®ryIL9  b6ch €8¢ zl 91 29700t 0S [n4
Tse 6Z | PT'0S6 P HETE  $SSE T6€ zl zel PSPLT 0 [n4
0S¢ <l 0811 LYLE LLY £'6¢ zl 8Pl v19¢ %
0°9¢ ol 2-ep 19€1 PLOTE  $°S0S 6°6€ ¢l LS1 29891t 0S1 HeH
1'z€ €1 2-ep 08¢ 1 2qL'8T09  9°08F $'8¢ rd| [¥1 2q0L6€ 001 JIeH
TLE 961 PSH901L WEPOEE  tSHE t'6¢ Il I#1 Pob9€e 0S JIeH
% LO'L P6EI6 3°LbYT  TSLY 1'6€ | pS1 PTS6T 0 JIeH
3 ou Fil By Y
EN_Q . L QB 1ad qoa Jad Mol 12ad qoa Jad _.,_Ou Jad 502 ,_O
SSBW paas J1od sqod SjauIay $QOd  S|owIy S[aUIY  smol ySam WySrom uadoniN uonedLu]

"uoseas 3umols ()007/666 |

“IBRIPSURBLIPY 1 S[2AJ[ JAZI[IM3) udgoaniu pue uonediul o} ssuodsar ozrew jo sjusuodwod plaik ureln) ¢ *¢ ajqe].



L9

(CO'0 = o) 1910 OB WO} WIFJIP AUBdLIUTIS J0U DIE UWN[OD B UIYIM SIONI| 10 JND] JWES AU AQ PAMO|[0) SUBIA
(‘€00 > d) IurOYIUTIS UOU —SU
UOIBLIBA JO JUIDIJJO0D) = AD
DU JIP JUBDIJIUFIS 1SBOTT =(1S']

€T €0'TC 6L701 $9l LTl LS ¥ES 9'81 ¥8'8 _ BN
e 80 L'L6S 96He 87001 t'S su 09 8T0SL DTS
ey b 280’ | qel 69T el COll BEISP  BR8E  PTI eT'897  BFOHO 0S1
BC6E ezl 899167 BRISEl BESOF  BCLE ¥TI qr-s6l 90995 001
BC68 €660 qezLi8T Brolbl BEI0S  Bl6E  S8TI qLvLl  q9g6t 0S
qe|'9¢ BL0'| q8¢THT BZ (871 ©Y'8TS BC6E  SHEI qr'ILl  dTvit 0

3 ou i By BY

yue[d .ad EITGREN] qod 1dd moraad  qod .d qod 1ad  sqod jo

SSEUW paas $qo2 12d $Q0O WU [2LISY  S[OWIdY  S[AUIY $MOL ydem  yTam uadoniN

-uoseas Sumoid (00Z/6661 Ul S1ee[dad A 18 S[2A2] 19Z1[119) usfoniu pue uONESLLIT 0} dsuodsal azrew Jo sjuauodwod plaIA ureln 4 "¢ Qe



89

(00 ) 19YI0 Yyora WOoL) 1UId)JIP ANUBdLIUTIS J0U U8 ULWIN[OD B UIYIM SIITII] 10 10))9] ALUBS ] AG P2MO||0f SUBIIN
("€00 = d) WuedYIUSIS uOU =su

UOLBLIEA JO JUDISLJ0T = AD
20URIIYJIP JUBDIJIUSIS 158 =S

o'f L9T g 3t L't 9 LY 836l ['6l (I a (2)AD
su b0 su su su co 9¢9| | su €061 = 0gT
8¢ Fl oL 168 ey 9¢l ECILS 1 C88CI x
6t BL CEI8E 65¢ 9T qi¢l BlIEyE9 181 eivifl 0<1 [m4
ot et 00Ty £C9 cotr el ¥l BCOSTY €T BLO0C 001 [m4
8¢ poqe’] PLEFE 119 COEr B’ El IqTYLTS T qezo8cl 0¢< [
9¢ pPaly 19L0¢ LS C8'TlF qei ¢l AELLGY 9¢T qocstl 0 [m4
it £l 0ESLE SOLS [ Ctl 186%F¢ ¢l S068CI x
¥t qeg’| c0E0rs 8LC b qr ¢l By68¢€9 £9¢ BOLFY 0¢<1 JIEH
t p-eg’| LSLSE 16€ SLIY q0T' ¢l BLCLOS e BOLEC] 001 JIEH
Ay paC’l 0c6le 8¢ Ny qecp el 2qL9F0€ SLT qocetl 0¢ JEH
& PO C0P8T 1LS Stey qelel ALERSY vic qr8ill 0 ,h_mm
3 ou 3 ou ey 3y
yuerd ad o qod dad o1 1ad oo 1ad ESTARET qoa 1ad sqoo
SSBW Paag $qoo s[ouIay SOUWIdY S|y SMOl 1ad sqod WFom Jowdom JOZIIMR) N uonesiu|

‘uoseas Fumoid ()00T/6661 UI [INYIAJAS 18 S[9A9] Joz1[11a] uadoniu pue uonediul 0y asuodsal jusuodwod ppais ureln) ¢°¢ A[qe],



69

('co'0 = o) 19410 Yyard Wwol) JudIdJJIP A[JUBDIJLUSIS JOU DIB UWN|OD B LILILM SI9ND| 10 19)J9] JWIES 1) AQ PIMO|[0] SUBDA
Sunue|d 1ayge sdeq = dva
[BAIDIUI SUI|IS SISAYIUY ]SV
UOMELIEA JO JUIDIJR20) = AD
22U JIP UL IUFIS 1SBT =(1S]

9°c L1 66t 81 <'0T 1" £t ..ﬁ..x,;u
S'L L1l Tl Tt 91 Ll 1'T 08T
£981 £erl 6'C €811 88 £8L L6S X
BTOI1 BG19] q0'c Il pPag8 9L 20°LS 0cl ln4
aqecyl ¥l q8°1l pell A6 qQeeL qe09 001 1n4
qegg| qL¥l eg'¢ q021 PEL q8L 290°65 0s 14
P-qZ81 PaLEl BO'F 290CI 2901 B08 qegco 0 [m4g
Ll g1l 8T 8¢l Sl £9L ['C9 X
PagLl qeetl q8'1 qlzl BC el aCL BC'|O <1 HEH
PSLI Iq6LE] q8'1 qlzl BCC] 9L BC' 1O 001 HeH
POSLI PALTI BEE eyl BCTI 9L eC'79 0¢< JEH
2£91 PETI L1 5 4 BCTI q<s ol q8.L LI 2 0 JIEH
1SaA1RY 1Y dvda st dva By Ty
wo Aumyeu
y3iay jueld SISOIO[YD) |eo130[0ISAY ] ISV sum[Is 3uramol 4 uaoaN uoljesLu

uoseas Jumold ()00Z/666 [ Ul IRRIPSUBRLIPY 1B 9ZIBW JO SONISLISIORIBYD OTWOUOIFE U0 S[IAS] JSZI[IL) UIZ01IU UB UONBTILI JO S193]JH 9°¢ d[qe ]



0L

('¢0°0 = d) 19YI0 yoea Wolj JUIJJIP APUBDIUSIS JOU I8 UWIN[OO B UIYITM SIONI] 10 JaNIa] SWES dY} AQ pamo[[0] SUBdN
Funueld soye sfe(] = dvd
[eAJIUL SUD[IS SISAYIUY ~[SV
UOUIBLIBA JO JUIDII0) = AD
DOURIRYJIP JWBDJIUTIS 1587 =(1S7T

911 8¢ 11z £C §0¢ 6'C 6’1 %)AD
su €L 1L0 su €l T <l Ny
¥'8LI 691 Le £et S¥'6 §08 CTIL %
0081 qe691 PEl cel PS8 20°9L JL9 0¢1 1n4
1’881 BCLI 20T FEI PaE'6 P08 PILL 001 [n4
€591 24991 2L €€l 2q0°01 PO08 PoTL 0¢ (4
7081 2q.91 eg'y vl 2G0°01 2858 qsL 0 [nd
L1L] 091 8'C eel £l 1'98 €L X
FOLI P2091 P3s:1 6Tl BCel SRR 0L 0¢l JEeH
9°9L1 PLEI e €€l BCEl 2qeTe8 PIL 001 JBH
1991 29991 q0°¢ €€l eC 11 qe98 AL 0¢ HeH
9Ll P8El egv £el q¢°01 e0'68 E8L 0 HBH
1S9AIRY 1Y dvda€s dva By 3y
TTE) Aunjew REFATIIER]
w3ay jue|d SIS0I0[YD) [eo150]015AY ISV Furyis duuomo| 4 uaBonIN uoijesLuy

-uoseas SuImoIs ()007/6661 Ul S1ee|das A 18 dZIeW JO SONSLIAOLIEYD JIUIOUOITE UO S[AAI] uoneS LI pue IdZI[1119) UdF0IU JO S £°¢ 2[qeL



1L

(600 = ) 19410 oBD WOL) JUdIdJFIP A[JUBSLIUSIS JOU 2B UWN[OD B UIYJIM SID1IA| 10 12)]3] SWRS Y] AQ PIMO]|0f SUBIJA]

(°€0°0 = d) weoyiuSis uou —su
Funued 1oye sAe=d v
[BAIDIUT SUI[IS SISAIUY =[SV
UOTJBLIBA JO JUDIDLJO0) = AD

L't 9C €6 £ve 81 €81 80 6'¢ (%)AD

su su su 90 b'T b'T L0 $T PEST
€981 £le 9°¢C 6l al L¥L 829 X
$981 £le pace 8L qcel BOPL P& 09 0s1 [nd
el 968 P8l qeeel 290t BLVL 2619 001 [nf
SL8l 6006 298¢ P8°CLl 2801 BRVL qov9 0s (o4
6'6L1 $eo qeg'e BELE] 8T BSCL BL°CO 0 1nnd
8°L8I €'lo £c 9Ecl 6°Cl 1'SL €79 X
Se8l 8'€6 2671 ICEC] 298°C1 BETL PE19 0s1 HEH
0ol ¢€6 9671 9gEC B3°Cl B6TL 2068 001 HEeH
8881 L'68 26°C 1Ll 29T1 BECL qee9 S JIEH
7981 1’88 BG¢ qescl 2801 BO9L BE'CY 0 JieH

JsoneY 1Y dvd 99 dva -BY 3
wo Aumnjew
3y jueld SISoI0[Y D) [ea180]01SAYd ISV Sunyis Suramol] usBoaIN uonedLL|

"u0Seas FuImMoI3 )00T/6661 Ul [INNIPAS 1B 2ZIBeW JO SONISLIDJORIRYD JIWOUOISE U0 S[OAI] J9ZI[1113) U2S011u pue uonesLLIT JO §193))5 §°'¢ 2[qeL



(SO0 = ) 19410 YorD Woly JUIAJIP APUBDIUTIS JOU D18 UWN[OD B UIYIM SIOII] 10 10119 JWES JYI £q PIMO|[0] SUBIA]

waQe -6 =g 'Wwag|-0 =V

("€0°0 > ) wedyy1udis uou ~su
UOLIBLIBA JO JURIDLIR0D) = AD
2OUIRLJIP JUEBDHIUTIS 1580 T =(IS ]

19 6°0F 0ce  I'LE 6T 69 't €91 WIAD
su su su su su su su su uagoN
su su su su su su Su su uolesLL|

<0 _:Dm\_

Sl S 91 99 99 9 'L 99 X

A 1’6 L'ES £6t 89 g9 Gt 69 0851 Im4

6'8 86 9°6C 9L L9 9 'L L9 001 Im4
1ol 811 9°¢cs 808 L9 9 69 7’9 0s m4
6’8 Tl ['6L L'8% €9 <9 L L9 0 [mnd
L8 9'8 L9t 0Ly 99 <9 I'L 7’9 Pt
88 L S8 7 0< g9 9 6’9 S 051 JeH
08 96 L'ty [ o L9 €9 | 'L 001 JeH
) '8 8y Ty L9 (Y] 69 69 0s JEH
68 <6 85y t0¢ L9 L9 L 89 0 JeH
.3y Sw 2y 8y
d v d V | v d v
1M O°H
WnissSelog sroydsotq Hda UaBOIN uonesLL|

"0002/6661 Ul TRBEIPSUBELIPY, JB 1S0AIRY d010 1o} € SJUSLINU [BISUIWT PUE [[d [T0S [BNpPISol U0 Uog0TU puUB UONE3IIT JO 193114 6 ¢ 9181



tL

('CO'0 = o ) IO (OB WO WUAIDJJIP A[JUBIIJIUTIS 10U 2B UWN[0D B UIYIIM SIINR| 10 12119] LS I} AQ PAMO]|0] SUBIJA]

wag -G = g "wWag[-0 =y

ﬁ..m._a ) = J) WBIIUSIS uou —su
UOMIBIIBA JO JUAIDJJI0D) = AD
2ouaI12J1p JuBdUTIS 15827 =(1S7]

L9t 6°C9 8'1c 1'¥C <L 6'¢ Ly 6'c WA
su su su su su su su su uadomn
€0°8 su su su su su su su UONBEIL]
te0 cqu,l_
cL 09 9°0¢ cle 1’9 8¢ L 9 X
9¢ I'6 8y 01 €9 LS | B €9 0S| [
101 Y 0°8% 9°0s 1’9 8¢ 69 99 001 14
[ v <'s9 oS LS LS 69 79 0s 14
o 09 Tty 0tk £9 8¢ 'L 9 0 14
e e e I'ece £9 6'C 69 $9 X
£c g€ ['8F (a 19 Y 6'9 €9 o<l JIEH
¢E 9t 6'1¥ £8r £9 9¢ 6’9 €9 001 JIEeH
3 ¥'e 8y or €9 19 Tt L9 0s JIBH
8l [ % ot 98t 9 8¢ 89 L9 0 JIBH
By By
d Vv d v d v R A4
B O'H

WNISSEI0d snuoydsotd Hd uadonN uojegLL|

"000T/6661 Ul SIBR[AIDA 1B JS9AIRY dOID I2]}E SJUSLINU [BI3UILL pUB Hd [10S [enpisal uo ajel uonedijdde J9ZI[I113] UdF0.IU pue UONEBSLUI JO S193]J3 O € 2]qe ]



vL

Am_.b 0 = C.._v 19410 oEa Wod) Jualajjip ..ﬁ::mu_l.:_._w_m JOU 218 ULNJO B UIYIIM SI3112] 10 19139 alues ayl %n_ pamo||0f SUBaN

woOE -G = ¢ "WIS[-0 = V

("c0°0 > &) wedY1uIs uou - su

UOIBLIEA JO JUAIDIJR0D) = AD

20UDIAJJIp JuedYLUBIS IS8T =(1S7]

cor 9'L6 1’69 ey ¥LY 19 (%4 8¢ R
su su su 661 su su su su uaSonIN
su su su su su su su su UONESLL|

t.,cEDMI—

98 £l €T Pt 1'9 8¢ L £€9 X

'L e L1¢€ 2¢°¢T €9 LS 'L 9 o<l 1n

L'8 L€l 11 qej'cy 1’9 8¢ 69 9 001 [N

CCl '€l 6'CTC 2LTE LS LS 69 ¥'9 0¢ [m
79 101 ) i 2q9°c¢ €9 8¢ 'L 9 0 14

6'8 6'8 C9¢ 8LE 9 L< 69 19 A x

901 08 6'CC 3q6'0¢ 19 g 0L €9 0s1 HEH

1’8 L'8 <e BE'QC £9 e 69 9 001 J1eH
6L 0Zl 6'1¢ AT9C €9 09 69 99 0S JIEH
6'8 89 9T 2q9°6¢ 1’9 6% 6’9 L9 0 JIBH
By fuw
d v d v 3| v d v
19 O'H
WNISSEI0] Sruoqdsotd Hd uafonIN uolesLLj|

000276661 Ul [TME3JAS 18 159418y d01D JajjE SIUaLANU [eaUIW PUE [d [10S [ENpISal U0 aJel UONEdI[dE JoZI[[18) USTOIIU puR UOHBSLLI JO ST 1°¢ 3[qeL



GENERAL SUMMARY AND CONCLUSIONS

The application of irrigation water imposed significant effects mainly on dry matter
accumulation at all locations without affecting grain yield. However, there was evidence
in the results that nitrogen management is linked to water use rates in cropping systems
since higher WUE values for grain yield were observed at higher soil N supply. Both
WUE and NUE were higher in reduced irrigation relative to full irrigation. Irrigation
could have stimulated N uptake and increased crop growth rate, which would account for

both high dry matter yield and N concentration in N fertilized plants.

At higher levels of nitrogen supply (N uptake < 150 Kg) dry matter yield was greatest
under both irrigation regimes at all locations. At higher rates of N fertilization, dry matter
yields tended to increase linearly with increases in rates of N fertilization. The greater
response of yield to N fertilization was due to increased N uptake when N was limiting
and increased N uptake at high N fertilizer rates due to increased growth. N fertilizer
enhanced plant N content, dry matter and grain yields but generally decreased NUE. The
results demonstrated that all sites were responsive to both N and P fertilizers. This
stresses that when P is banded, N is also needed in the band for stimulation of P uptake
(Engelstad and Allen, 1971). Crop residues are vital animal feeds, and they stabilize
food availability during the years of low rainfall when crop production is reduced or fails.
Thus, the increase in stover production may be an added advantage in crop production
since it can be used as an on-farm feed for livestock particularly during winter months
where there is excessive feed shortage. The contribution of N fertilizer to maize crop

determined in our study is comparable with other research findings.

Because N fertilizers are applied with the primary objective of increasing profitability
economic analysis is clearly needed to detect the net returns of production. The grain
yield response to N fertilizer was dependent on N availability. Borell et al., 1998; Olson

et al., 1976 also had similar results. Fertilizer N management has become increasingly
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critical in crop production for both economic and environmental stand points (Timmons
and Cruse, 1990). Thus, more efficient resource use can lead to reduced production

costs, less impact on the off-farm environment and more sustainable food production.

Higher maize yields mean more food and income for farmers; as such more efficient
resource use can lead to reduced production costs, less impact on the off-farm
environment and more sustainable food production. The results indicated that there is an
enormous potential to improve maize production and rural livelihoods for small holder
farmers in South Africa through water and soil nutrient management strategies. The main

results obtained in this study should now be tested in a wider range of field situations.
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RECOMMENDATIONS

Maize production in semi - arid climate areas like in the small holder irrigation schemes
in the Limpopo province can be improved significantly by using proper irrigation
scheduling and fertilizer recommendations. Irrigation scheduling can improve irrigation
and water use efficiencies especially in areas where water management is critical to crop
yield and water quality. In an effort to produce more food for expanding populations,
proper fertilizer recommendations are a necessity in order to improve soil fertility levels

and maintain soil nutrient status while increasing crop growth and yields.

Where rainfall is low and water scarce, people have to make the best use of what is
available. This means not only to improve water supplies, but taking measures to
conserve land, which will dry out and become eroded; and growing the most suitable
crops. The future research should continue to develop soil management practices with
the goal of improving WUE and NUE for a range of cropping systems by incorporating
knowledge on light interception patterns during the growing season to reveal how

management practices affect dry matter accumulation and grain yields.

Regarding the importance of N for plant nutrition, applications of nitrogen fertilizer are
required for improved maize growth and grain yields in the irrigation schemes. An
application of 100 Kg ha™ appears to be feasible in this study. However, subsequent
studies should focus on demonstration trials on farmers' fields where large areas of
maize, fertilized mainly on 100 Kg N ha™' are compared with unfertilized controls under
both irrigation schemes, before final recommendations are drawn for optimal nitrogen

fertilizer application rates for the irrigation schemes.
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Table 4.1.Grain yield response to varying irrigation and nitrogen levels at Adriaansdraai,
Veeplaats and Syferkuil.1999/2000 growing season.

Adriaansdraai Veeplaats Syferkuil

[rrigation Nitrogen Grain yield

Kg ha'
Half 0 2581cd 3611b 3942¢-e
Half 50 2999a-d 4232ab 3876de
Half 100 3622a 4555a 4198ab
Half 150 2872cd 4713a 4074bc
% 3019 4278 4023
Full 0 2428d = 3898e
Full 50 2794b-d - 4044b-d
Full 100 3200a-c 2 4222a
Full 150 3299ab < 4246a
% 2930 4102
LSD,y s 625 672.2 164.4
CV(%) 20.0 2.26 3.85

LSD= Least significant difference

CV = Coefficient of variationns= non significant (P < 0.05.)

Means followed by the same letter or letters within a column are not significantly different

from each other (P < 0.05.)
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Table 4.2 Irrigation and nitrogen fertilizer effects on N concentration, uptake and use efficiency in
dry matter yield at Adriaansdraai.

Irrigation Nitrogen Tissue N N uptake NUE
Dry matter

Kg ha' % Kg ha

0 0.87¢ 66 122
Half 50 1.43ab 142 76
Half 100 1.49ab 133 65
Half 150 1.60a 151 65
% 1.4 123 82
Full 0 1.25b 120 89
Full 50 1.32ab 132 87
Full 100 1.63a 169 62
Full 150 1.48ab 184 68
% 1.4 151 77
LSDg o5 0.34 ns ns
CV, 23.1 28.2 295

LSD= Least significant difference

CV = Coefficient of variation

NUE= Nitrogen use efficiency

ns= nonsignificant (P < 0.035.)

Means followed by the same letter or letters within a column are not significantly different
from each other (P < 0.05.)
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Table 4.3 Irrigation and nitrogen fertilizer effects on N concentration, uptake and use efficiency in
dry matter vield at Veeplaats.
[rrigation Nitrogen Tissue N N uptake NUE

Dry matter
Kg ha % Kg ha'
Half 0 1.03¢ 109 109
Half 50 1.23a-c 164 83
Half 100 1.51ab 198 67
Half 150 1.56a 232 66
% 1.3 176 81
Full 0 1.17bc 133 95
Full 50 1.40ab 176 72
Full 100 1.31a-c 170 77
Full 150 1.48abe 223 68
% 1.3 176 78
LSDg s 0.35 ns ns
CV, 17.4 18.5 25.1

LSD= Least significant difference

CV = Coefficient of variation

NUE = Nitrogen use efficiency

ns= nonsignificant (P < 0.035.)

Means followed by the same letter or letters within a column are not significantly different
from each other (P < 0.05.)
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Table 4.4 Irrigation and nitrogen fertilizer effects on N concentration, uptake and use efficiency in
dry matter yield at Syferkuil
Irrigation Nitrogen Tissue N N uptake NUE

Dry matter
Kg ha' % Kgha'
Half 0 1.43 149 70
Half 50 1.38 151 74
Half 100 1.50 168 68
Half 150 1.41 192 71
% 1.43 165 71
Full 0 1.19 111 85
Full 50 1.34 149 76
Full 100 1.46 175 71
Full 150 1.46 194 68
X 1.4 157 75
LSD g 0s) ns ns ns
CV, 13.8 17.8 13.4

LSD= Least significant difference

CV = Coefficient of variation

NUE= Nitrogen use efficiency

ns= nonsignificant (P < 0.05.)

Means followed by the same letter or letters within a column are not significantly different
from each other (P < 0.05.)
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Table 4.5 Effects of nitrogen fertilizer application on phosphorus content in dry matter production
of maize at Adriaansdraai, Veeplaats and Syferkuil in 1999/2000.

Adriaansdia_ai_ L Veeplaats Syferkuil

Nitrogen Phosphorus Phosphorus

content

Kg ha' g kg
0 60 0.27 0.24 0.31
50 60 0.29 0.23 0.33
100 60 0.27 0.24 0.34
150 60 0.31 0.28 0.38
LSDy g ns ns ns
CV., 2.18 2.18 3.01

LSD= Least significant difference

CV = Coefficient of variation

ns= non significant (P < 0.05.)

Means followed by the same letter or letters within a column are not significantly different from
each other (P < 0.05.)
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Table 4.6 Effects of nitrogen fertilizer on percentage light interception by maize under two
irrigation regimes at Adriaansdraai. 1999/2000 growing season
Photosynthetically Active Radiation

Irrigation Nitrogen 44 DAP 75DAP 83 DAP
Kg ha' %

Half 0 68a 55 69b
Half 50 72a 63 82a
Half 100 74a 63 85a
Half 150 68a 63 82a
% 70.5 59 79.5
Full 0 62bc 69 72a
Full 50 58¢ 62 89a
Full 100 S4c¢ 69 85a
Full 150 65ab 66 84a
% 60 67 83
LSD s, 8.6 ns 8.4
CV(%) 17.9 18.5 9.9

LSD= Least significant difference

CV = Coefficient of variation

DAP=Days after planting

ns= non significant (P < 0.03.)

Means followed by the same letter or letters within a column are not significantly different from
each other (P < 0.05.)
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Table 4.7 Effects of nitrogen fertilizer on percentage light interception by maize under two
irrigation regimes at Veeplaats in 1999/2000 growing season.

Photosynthetically Active Radiation

[rrigation Nitrogen 56 DAP 75 DAP
Kg ha' %

Half 0 18.7d 74.5 65.3
Half 50 23.7bc 62.9 70.1
Half 100 31.1a 64.8 63.4
Half 150 24.3bc 69.5 64.6
X 25 67.9 65.9
Full 0 24.9bc 57.5 70.1
Full 50 19.9¢d 69.4 70.1
Full 100 33.1a 58.4 60.2
Full 150 26.9a-c 62.8 64.4
X 26.2 62.0 66.2
LSD 05 1.8 ns ns
(Vs 29.7 14.6 143

LSD= Least significant difference

CV = Coefficient of variation
DAP = Days after planting

ns= non significant (P < 0.05.)
Means followed by the same letter or letters within a column are not significantly different

from each other (P < 0.05.)
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Table 4.8. Effects of nitrogen fertilizer on percentage light interception by maize under two
irrigation regimes at Syferkuil in 1999/2000 growing season.
Photosynthetically Active Radiation

Irrigation Nitrogen 44 DAP 66 DAP 83 DAP 106 DAP
Kg ha %
Half 0 55 81 77 74
Half 50 57 78 T 84
Half 100 50 80 85 79
Half 150 44 82 78 78
% 52 80 79 79
Full 0 55 81 81 81
Full 50 48 78 T 69
Full 100 58 81 83 79
Full 150 49 74 76 72
X 53 79 79 75
LSDyq g5, ns ns ns ns
CV(%) 17.7 6.5 10.7 7.5

LSD= Least significant difference

CV = Coefficient of variation

DAP=Days after planting

ns= non significant (P < 0.03.)

Means followed by the same letter or letters within a column are not significantly different from each
other (P < 0.05.)
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