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ABSTRACT

Maize is the main staple food in South Africa and its production in the country constitute 50 percent of
the output in Southern African Development Community (SADC) region. This study was conducted to
determine the effect of nitrogen (N) and phosphorus (P) on maize growth and yield and to use the data
collected in Agricultural Production Systems Simulator (APSIM) to predict the response of maize to N
and P applications as observed in the field. The study was conducted over two seasons, 2005/2006 and
2006/2007. The study evaluated the biomass production, grain yield, plant tissue N and P content and
soil N and P content during maize growth. The APSIM model was used to predict biomass and maize
yield. Treatments consisted of N ferlilizer application at 0 and 75 Kg/ha in 2005/2006 season and 0,
37.5 and 75 Kg/ha in 2006/2007 season as Limestone Ammonium Nitrate (LAN). Phosphorus was
applied at 0 and 30 Kg/ha as Single Super Phosphate (SSP) at planting in both seasons. Maize (Zea
mays L) was the test crop and was planted at a spacing of 90 x 25 cm. Individual plot sizes measured
5m x 4.5m and were laid out in Randomized Complete Block Design with three replications. Biomass
was collected at three stages of maize growth, 6-8 weeks after planting, tasseling and at harvest. At

maturity, grain was harvested and the yield was determined. Analysis of the variance (ANOVA) using

the General Linear Model procedure (GLM) was used to assess the variation of biomass production,
grain yield and plant tissue N and P content among treatments. Chi-square test was used to assess the
redicted biomass and grain yield. The predicted Pearson

differences between the observed and the p

correlation was used to determine the relationship between soil N at different stages of maize growth

and the plant tissue N content and again between soil P at different stages of plant growth and plant

tissue P content. There was a significant (P<0.05) difference in maize biomass among plots treated

with N and those without N at 6-8 weeks at Univen in both seasons. There was no significant (P<0.05)

v
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biomass amongst all treatments at tasseling and at harvest at both sites and seasons. There was no
significant (P<0.05) difference in maize grain yield amongst the treatment plots at both sites and
seasons. There was no interaction between N and P in biomass and grain yield at both sites and
seasons. There was no significant (P<0.05) difference in plant tissue N and P among the treatments.
Plant tissue N was not correlated to soil N at all stages of growth. Plant tissue P was strongly
correlated to soil P at different stages of maize growth. The predicted grain yield and biomass yield
using APSIM were higher than the observed yield in most treatments. There was a strong relationship
between the observed and the predicted biomass yield at 6-8 weeks (r’=0.940) and at tasseling
(*=0.919) at Univen site in 2005/6season. There was an agreement between the observed and
predicted grain yield at Univen in both seasons (’= 0.654 and r’= 0.755). The chi-square results

showed a significant difference between the observed and the predicted biomass and grain yield.

Therefore, for APSIM to estimate more acceptable results, the environmental management window

should be incorporated.
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CHAPTER 1:INTRODUCTION

1.1 Background Information

Maize (Zea mays L.), is the most important cereal crop in Africa when compared with
rice and wheat (Heisey and Smale, 1995). Maize production is a popular practice among
smallholder farmers and the crop is commonly grown around the world. Maize is high
yielding if conditions are optimal, easy to process, readily digested, and costs less than
other cereals. Maize is also a versatile crop, growing across a range of agro-ecological
zones. Each part of the maize plant has economic value in that they are used to produce a
large variety of food and non-food products. Maize is an important source of

carbohydrate, protein, iron, vitamin B, and minerals (Brinton, 1985).

Maize is a major source of food to the fast growing population in developing countries
such as South Africa and also supplies raw materials to several industries. Maize is
utilized more indirectly in developed countries i.e. as animal feed. In South Africa, maize
is the staple diet for more than half of the country’s population (FAO, 1995). Maize is
used as porridge, while when processed it can be used as fuel and starch. Maize is also
used as popcorn instead of granules, and also as a packing material in crates (Gokmen ef
al, 2001). Green maize (fresh on the cob) is eaten baked, roasted or boiled and plays an
important role in filling the hunger gap after the dry season. Failure to increase

production of maize can result in food shortage. It is therefore necessary to increase the
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production of maize to fill the gap betwe@gl%ifﬂ%;?gaand demand. Measures to increase

maize yield need to be considered (du Toit, 1999).

Limpopo Province is the poorest and most arid province in the country and people rely

heavily on agriculture for household food security. Crop production in Limpopo Province

is practiced in areas with mean annual rainfall between 400 and 600 mm. Vhembe

district, located in Limpopo province of South Africa has a high percentage of resource

poor smallholder farmers. A Large proportion of the population in Vhembe district

depends on maize as their primary staple food. The vast majority of population in this

area grows maize mainly to meet their subsistence requirements. Maize in Vhembe

district is mostly produced under rainfed conditions and drought is the most important its

constraint to production. Drought affects production at any stage of plant growth and the

maximum damage is experienced when it occurs at flowering (du Toit, 1999).

Another major factor that threatens the production of maize in Vhembe district is soil

fertility. The soils, mostly Hutton and Shortlands forms (Soil Classification working

group, 1991) are highly weathered and have low fertility. Phosphorus and nitrogen

deficits are severe and a major constraint to smallholder maize productivity. Due to

shortage of land, farmers in Vhembe also cultivate on steep slopes to meet food demand

n. High percentages of the soils in Vhembe

and this contributes tO severe soil erosio

district are susceptible t0 erosion, and this has an effect on maize production. The

availability of nutrients and uptake by the crop depend on the amount and distribution of

n during the growing seasons (Okalebo et al., 2002).

precipitatio
2

© University of Venda



)

U
Nitrogen is a vital plant nutrient and a major yield-determining factor in maize production
(Adediran and Banjoko, 1995). Nitrogen must be available in adequate quantity
throughout the growing season since it is essential for optimum maize growth (Ojiem et
al, 2000). It makes up 1 to 4 percent of the drymatter in plant (Anonymous, 2000).
Nitrogen nutrition has dramatic effects on plant growth and photosynthetic characteristics
of mature leaves (McCullough et al, 1994, Oikeh et al, 1997, Ojiem et al, 2000). Increase
in nitrogen supply results in greater biomass production, shoot/root ratios, and high rates
of leaf expansion during the day. Nitrogen mediates the utilization of P, K, and other
nutrient elements in plants there its deficiency or excess can results in reduced yields in
maize (Osanyama, 2009). Nitrogen is not only the key nutrient for obtaining maximum
yield and quality, but also the one most difficult to optimize. Nitrogen encourages leaf
growth and an inadequate supply means smaller leaves, reduced photosynthesis, and less
total yield and protein (Onken and Wendt, 1989). If the nitrogen supply is too high, then
excess leaf will be formed at the expense of grain, starch content will be reduced and
yields may decline. Too much nitrogen may also delay maturity and result in lodged

crops. The average maize crop yielding 40 t/ha removes 160 kg N/ha of nitrogen although

peak uptake is 210 kg N/ha (Sobulo, 1980).

Phosphorus is required particularly by the growing tips of the plant, hence its importance
for root growth. Any shortage, especially in the very early stages, reduces root growth

and nutrient uptake and affects the crop for the rest of the season (Glass and Bomke,
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1980). Typical phosphate removal is 0.60@@1"3‘:#&19&“1] crop - that is 23 kg/ha P for an

average 40 t/ha crop.

Simulation models are valuable tools in the analysis of farming systems for assessing
impacts of climatic variability and long-term results of management strategies (Keating et
al, 2003). They are complementary to the experimentation, which is invariably
constrained by the seasonal conditions, treatment imposed and duration of the
experiments. Models are means of extrapoletion of knowledge from experimentation
including crop sequence, tillage, residue and fertilizer management practices. Most crop
and ecosystem models exclude the appropriate routines for simulating N dynamics

following incorporation of organic inputs of diverse nature found in the tropical cropping

system.

Agricultural Production System Simulator (APSIM) allows models of crop, soil water,
nutrients and erosion to be configured to simulate (Carberry and Abrecht, 1991). Unlike
other models APSIM treats the soil organic matter in soil N as a three pool instead of the

two pools as used e.g. in Crop Environment Resource Synthesis (CERES).

In this experiment, APSIM was used to evaluate the performance of maize under the
exact soil condition and the amount of fertilizer added. Since the model also takes into
consideration the amount of moisture during planting, and all the amount of rainfall

received, it could also help in understanding the best times of planting maize.

© University of Venda
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In South Africa, about 70% of the total population use maize as a staple food and a large
portion of the 70% live in rural areas. Vhembe district is part of rural areas in Limpopo
province where almost the whole population depends on maize. Most smallholder
farmers in this area depend on natural nutrients in the soil for crop production under rain
fed agriculture. The yield of maize is declining every year but the demand for maize is
growing with population increase. Supplementing the natural nutrient in the soil can help
to meet the nutritional demand of the maize crop and improve maize yield. Since the
nutrient requirements of crops differ from crop to crop and variety-to-variety it is
important to know the effect of a particular nutrient at certain levels. Fertilizer
recommendations are not based on soil and climate but on the crop, whereas soils differ
in the nutrient content from place to place. Hence the fertilizer recommendations for
maize might not be applicable for the whole Vhembe district. Nitrogen and phosphorus
are known to play an essential role in the growth, development and yield of maize. If
nitrogen and phosphorus can increase yield, then both nitrogen and phosphorus fertilizer
should be added in the fields where maize is produced. Increases in maize yield will
contribute towards food security and better nutrition and potential for income generation
by smallholder farmers in Vhembe district. Farmers in Vhembe district are resource poor
smallholder farmers who cannot afford to purchase the recommended amount of
fertilizers. Consequently, the use of APSIM can assist farmers to make predictions on
what yield levels to expect by applying a given amount of fertilizer while taking into

consideration the crop, soil, intent of weather parameters and management factors.
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1.3 Objectives

The overall objective of this study was to determine the effect of nitrogen and phosphorus
on maize growth and yield and to use the data collected to evaluate the ability of APSIM

model to predict the response of maize to N and P applications as observed in the field

experiment.

The specific objectives:

|. To determine biomass accumulation of maize crop treated with different N and P

levels at different stages of maize growth.
2. To determine N and P levels in soil at different stages of maize growth.

3 To determine the N and P content in above-ground biomass at different stages of

maize growth.

4. To determine maize yield at harvest.

5. To predict the response of maize to N and P application using the APSIM model.

1.4 Hypotheses

1. Maize biomass will vary with different N and P levels.

2. Nitrogen and phosphorus levels in the soil will vary at different stages of maize growth.

3. Nitrogen and phosphorus content in the above ground biomass will vary at different

stages of growth.

4. Maize grain yield will be influenced by N and P application rates.

5. APSIM model can be used to predict maize biomass and grain yield at known N and P

fertilizer application levels.
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CHAPTER 2: LITERATURE REVIEW@

2.1 The importance of maize (Zea mays)

White maize is consumed domestically in producing countries so that the size of
international trade is limited. Yellow maize is preferred for livestock feeding because it
gives poultry meat, animal fat and egg yolk the yellow colour appreciated by consumers
in many countries (BFAP, 2007 and FAO,1995). In Mexico, however, large quantities of
white maize is fed to animals, the colour deficiency is corrected by adding carotene as a
colouring agent to the compound feed mix (Liang and MacKenzie , 1994). In contrast to
yellow maize, white maize is not used for the manufacture of fuel alcohol or for high

fructose sugar (Fedotkin and Kravtsov, 2001).

Human consumption of maize and maize meal constitutes a staple food in many regions
of the world. Maize meal is made into a thick porridge in many cultures, known as ugali
in East Africa and mealie pap in Southern Africa (Dutoit, 1999). Sweetcorn is a genetic
variation that is high in sugars and low in starch that is served like a vegetable. Popcorn is
kernels of certain varieties that explode when heated, forming fluffy pieces that are eaten
as a snack. Maize can also be prepared as hominy, in which the kernels are bleached with
lye; or grits, which are coarsely ground corn. Another common food made from maize is
corn flakes used for breakfast. The floury meal of maize (cornmeal or masa) is used to
make cornbread and Mexican tortillas. Teosinte is used as fodder, and can also be popped

as popcorn (Liang and MacKenzie, 1994).
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Some forms of the plant are occasionally grown for ornamental use in the garden. For this

purpose, variegated and coloured leaf forms as well as those with colourful cobs are used.

Additionally, size-superlative varieties, having reached 31 ft (9.4m) tall, or with cobs 24

inches (60cm) long, have been popular for at least a century (Rubey et al, 1997). Maize

can be hollowed out and treated to make inexpensive smoking pipes; they are also used as

a biomass fuel source. Maize is relatively cheap and home-heating furnaces have been

developed which use maize kernels as a fuel. They feature a large hopper which feeds the

uniformly sized corn kernels (or wood pellets or cherry pits) into the fire (Dwyer et al,

1993).

2.2. Maize production

Maize constitutes about 70 percent of grain production (FAO, 1995) and covers about 60

percent of the cropping area in South Africa. Maize is the main staple food in Southern

Africa, and maize production in the country constitutes about 50 percent of the output

within the Southern African Development Community (SADC) region (Durand, 2006).

Consequently, maize is one of the key drivers of food inflation in South Africa (BFAP

2007, FAO, 1995). Although a decrease in maize production may result in increased total

revenue because of its inelastic demand, it would increase food insecurity within the

Southern African region (Heisey and Mwangi, 1996).

Maize is a major cereal crop produced under rainfed conditions in the tropics (Majid et al,

1986). Maize is widely cultivated throughout the world, and a greater amount of maize is

year than any other grain. While the United States produces almost half of

produced each
8
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the world's harvest, other top producing countries are as widespread as China, Brazil,

France, Indonesia, and South Africa (Weber ef al., 1992; Heisey and Mwangi, 1996). The

Republic of South Africa s the world's largest supplier of white maize to the international

market (FAO, 1994a, and Rubey et al, 1997). Worldwide production was over 600

million metric tons in 2003 (Benhin, 2006; Du Toit et al, 2002), slightly more than rice or

wheat. Close to 33 million hectares of maize were planted worldwide, with a production

value of more than $23 billion in 2004. Developing countries have become the principal

importers of white maize. Their share is reported to have increased from an annual

average of 50 percent during 1981-85 to about 80 percent in the early 1990s (Jayne et al.,

1997 and Rubey et al, 1997).

In developing countries, imports into sub-Saharan Africa are estimated to account for

about half of world trade (Durand, 2005 Gbetibouo and Hassan, 2005; Kurukulasuriya

and Mendelson, 2006)). Over 20 countries have been identified as importers of white

maize of which, however, only three (Lesotho, Mozambique and Democratic Republic of

Congo) appear 10 regularly import OVer 50,000 tons per annum (FAO, 1994b).

Approximately 60 percent of the total maize area is planted to improved varieties in most

developing countries and the rest to local varieties except for Argentina, Brazil and China

(Weber et al, 1992). The required increase in maize production in the foreseeable future

is likely to come from yield growth rather than area expansion. This means that further

deployment of improved maize hybrids and varieties is crucial (Heisey and Mwangi,

1996, Fedotkin and Kravtsov, 2001).
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Maize is cold-intolerant, and therefore in the temperate zones, maize must be planted in
the spring. Its root system is generally shallow, so the plant is dependent on soil moisture.
It is a considerably more water-efficient crop than small grains such as alfalfa and
soybeans (Ticconi and Abel, 2004). The yield of maize however, varies from variety to
variety, location to location and also depends on the availability of essential factors such
as soil nutrient status and application of fertilizers (Brar et al, 1989, Ojiem et al, 2000).
Moisture stress is one of the crop management problems in developing countries for

maize production. The importance of sufficient soil moisture is shown in many parts of

Africa, where periodic drought regularly causes famine by causing maize crop failure

(Dwyer et al, 1993).

However, moisture stress is less easily addressed by input management, and water
control strategies should be applied, since most maize in the developing world is non-
irrigated and large-scale expansion of irrigated maize area is unlikely (Jayne et al, 1997).
Moisture availability over the season is subject to considerable uncertainty when the
growing period begins. Maize is most sensitive to drought at the time of silk emergence,
when the flowers are ready for pollination. Another most important management problem
in developing country maize production is weed control, followed by plant density
management (Jayne et al, 1997, Ojiem et al, 2000). Complicating the development of
management options is the possibility that all factors mentioned, soil fertility, moisture

availability, weeds and plant density, are likely to interact with one another.

10
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2.3. Importance of Nitrogen in maize

Maize is a fast growing crop producing a large biomass, and hence adequate macro-

nutrient fertilization is essential for optimum yield and quality. Varieties that are being

released require different rates of fertilizer so there is a need to determine their nutrient

requirements. Maize production can be limited by the deficit of nitrogen in the soil

(Adiku et al, 1993). Studies with conventional maize hybrids (Chevalier and Schrader,

1977) have shown that maize genotypes vary in their response to N availability reflecting

variations in their relative abilities to absorb native or fertilizer N from the soil (N uptake

efficiency). They also vary in their relative efficiencies in using acquired N to produce

yield components (N use efficiency) (Moll et al., 1982).

Nitrogen recommendations have been based on the maize field trials of which many

developing countries are limited in the ability to conduct. Due to the complex nature and

the behavior of nitrogen, models were developed that utilize specific crop, soil, and

climate and management information to make site-specific nitrogen fertilizer

recommendations (Adiku et al., 1993). Nitrogen requirement by maize is large as
compared to other nutrients for optimum plant growth. Many physiological processes

associated with maize growth are enhanced by nitrogen supply. Nitrogen has dramatic

effects on maize growth, development and grain yield on soils that are limiting in

nitrogen supply. Some studies have shown that reduced nitrogen can affect leaf area

index, plant height, shoot weight and plant N uptake (Brar et al, 1989). McCullough er al

(1994) found that increasing rate of nitrogen supply resulted in greater leaf area index and

leaf nitrogen.
11
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Leaf area duration, crop photosynthesis rate, radiation interception and radiation use

efficiency are increased by nitrogen supply (Brar et al., 1989). Reduced nitrogen supply
decreases crop growth but nitrogen response is also modified by water supply under field

conditions. If the nitrogen supply is t00 high, then excess leaf will be formed at the

expense of grain, starch content will be reduced and yield may decline (Okalebo et al,

2002). Too much nitrogen may also delay maturity and result in lodged crops. The

average maize Crop yielding 40 t/ha removes 160 kg N/ha of nitrogen although peak

uptake is 210 kg N/ha (du Toit, 1999).

2.3.1. Nitrogen effect on maize biomass and grain yield
Nitrogen is a vital plant nutrient and a major yield-determining factor required for maize

production (Adediran and Banjoko, 1995; Shanti et al., 1997). Its availability in sufficient

quantity throughout the growing season is essential for optimum maize growth. Maize

yield response t0 soil available N is a function of both N uptake from the soil and

utilization of N within the plant to produce grain. Nitrogen is also important for carbon

(C) flow and protein synthesis of higher plants (Yamazaki et al, 1986; Sugiharto ef al,

1990). Deficiency of N interfers with protein synthesis and growth (Epstein, 1972).

Nitrogen fertilizer is important for increasing maize grain yields (Olson and Sander,

1999). Nunes ef al. (1996) reported that biomass and grain yields of maize increase with

increasing N rates. Similarly, Sanjeev ef al. (1997), and Fedotkin and Kravtsov (2001)

12
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reported a significant increase in grain and Stover yields with up to 240 Kg N/ha. Studies
by Shivay and Singh (2000), and Mahmood et al, (2001) showed that the highest plant
height and grain weight, LAI and dry matter accumulation were recorded with 120 Kg

N/ha. Other researchers (Dahiya e al, 1991; Arain et al, 1989) reported an increase in dry

matter with an increase in N application. Onisie ef al, (1993) reported that grain yield

ranged from 5.5 t/ha without N and P and 8.4 t/ha with 30 kg/ha of N and P fertilizer.

Nitrogen stress during grain-filling shortens the duration of this phase which is opposite
to the effect of stress during pre-silking. The combined effect of N stress on the duration

of sowing to maturity may be small. Under N limiting conditions, both the effect on

growth and the shortened duration of the grain-filling stage contribute to lower grain

yield (Brar et al, 1989). Onken and Wendt (1989) reported that under rainfed condition,

application of N fertilizer increased water use efficiency and grain yield of sorghum;

however, they stated that under severe moisture stress, application of N did not increase

water use efficiency and yield. Negrila and Negrila (1994) in their study concluded that

the best fertilizer dose for maize biomass yield was 100 kg/ha N and 34 kg/ha P.

2.4. The role of Phosphorus (P) in maize production

Phosphorus (P) is one of the macro-nutrients which is important for cell division, energy

transfer, nucleic acid formation, protein synthesis and carbohydrate metabolism. It is also

important for crop establishment, root development and early crop growth (Kavanova et

al. 2006; Chiera et al, 2002; Rosolem et al, 1994). Phosphorus is a limiting nutrient in

to the crop is determined by various factors. These
13
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include the form of native soil P, the type o applied to the soil, and soil reaction (Glass
and Bomke, 1980). When the available P is less than the crop requirement, P is applied to

the soil in the form of both inorganic and organic fertilizer (Adepetu, 1970; Adepetu and

Corey, 1975). Inorganic fertilizers are readily available, but they are slowly converted to

unavailable forms due to precipitation. During early growth stages, plants may utilize the

readily available form, while they compete for the slowly available forms in the later

stages of growth (Brar ef al, 1989).

In maize (Zea mays), Assuero el al. (2004) attributed the reduction in leaf growth to a

decreased cell production rate. Phosphorus is essential for plant growth and development,

but inorganic phosphorus is one of the least available nutrients in soils of many terrestrial
\

ecosystems (Vance ef al., 2003). Plants are profoundly affected by phosphorus deficiency

because phosphorus is an indispensable constituent of nucleic acids and membrane

phospholipids (Negrila and Negrila, 1994). Moreover, phosphorus plays a pivotal role in

energy transfer, as a regulator of enzyme activity, and in signal transduction. Low

phosphorus availability activates a series of morphological and physiological responses

that maximize phosphorus acquisition (Raghothama, 1999; Ticconi and Abel, 2004). Leaf

growth depression under phosphorus deficiency is well documented (Radin and

Eidenbock, 1984; Chiera et al., 2002; Assuero ef al., 2004; Kavanova“ et al., 2006). The

growth reduction must be due to an alteration of cell division or cell elongation

par ameters.

14
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Phosphorus availability has been shown to aTfect root growth, notably on maize. Authors

agree that P deficiency leads to a higher root-to-shoot ratio (Khamis et al., 1990; Rosolem

¢ al., 1994). The experiment by Plénet et al. (2000) showed that P deficiency severely
et al., §

reduced the leaf area index of maize. The reduced LAI was the consequence of the

delayed appearance of leaves on P-deficient plants and ofa reduction of their final surface
elay

Phosphorus is a structural component of nucleic acids and responsible for energy
area.

transfer (Ali et al 2002). The transfer of energy is accomplished by phosphate ester and
ra s 2

rich phosphate (Glass ef al, 1985). The availability of P in the solution phase is
energy

Ily variable and unpredictable due to the formation of insoluble compounds through
usua

| chemical reactions. Zhang and Baber (1992) explained that the formation of insoluble
soil che 4

ds limits the plant available P making phosphate fertilization use efficiency very
compoun:

low by crops.

anagement O ospha ili i ] is stimulated by economic as
M f phosphate fertilizers is a major concern an db
B t of phosp d

1l as environmental concerns. Mallarino and Rueber (2001) found that the banded P
well as

Jant uptake, Glass ef al (1985); Zhang and Barber, (1992); and Rehm and Wiese, 1975)
plant u ;

1 rted similar results. Agricultural crops have different response to P fertilization.
also reporte

A (1965) found that maize responded positively to low rates of phosphorus fertilizer
mon

lication. Application of high rate was reported to cause nutrient imbalance and yield
application.

depression of western yellow maize (Sobulo, 1980).

15
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2.5. APSIM Model
Agricultural Production Systems Simulator (APSIM) was developed to simulate the
biophysical processes in farming systems where there is climatic risk. Models are
important tools in the analysis of farming systems for assessing impacts of climatic
variability and long-term results of management strategies. They are corresponding to the
experimentation, which is invariably constrained by the seasonal conditions, treatment
imposed and duration of the experiment. Models are means of extrapolation of
knowledge from experimentation including crop sequence, tillage, residue and fertilizer

management practices. APSIM system allows models of crop, soil water, nutrients and

erosion to be configured to simulate (Carberry and Abrecht, 1991).

Simulation models can increase the benefits of using inorganic fertilizer in maize in
different soils and climates. Models have been tested in maize systems for their ability to
simulate the impacts of fertilizer nitrogen. Shamudzarira and Robertson (2002) tested the
ability of APSIM to predict maize yield response to nitrogen fertilizer and they reported
the results to be satisfactory. The wark by Robertson et al, (2001) confirmed the ability of
APSIM to simulate the response of maize to fertilizer nitrogen. Crop and ecosystem
models exclude the appropriate routines for simulating N dynamics following

incorporation of organic inputs of diverse nature found in the tropical cropping systems.

The development and application of crop simulation models has focused on water and
nitrogen as the main constraints to crop growth. The models were useful for evaluating

alternative management strategies and effects of climatic conditions (Robertson er al,
16
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2001). Their use assumes that other factors such as nutrients other than N, pests and

diseases are not limiting (McCown ef al, 1996, Probert et al, 1998). The phosphorus

management is another major gap in the tropics. Most crop and ecosystem models could

not adequately capture the P dynamics for estimating crop production. The P-aware crop

module is a newly developed APSIM model that evaluates the plant P uptake process and

estimates P stress in the crop (Robertson ef al, 2001, Whitebread et al, 2004). It also takes

into account the resulting restrictions o the key plant growth processes such as

photosynthesis, leaf expansion, phenology and grain filling. It is used in association with

a new module (APSIM SoilP) that simulates the dynamics of P in soil and is linked to the

modules simulating the dynamics of carbon and nitrogen in soil organic matter and crop

residues. Accurate modeling of crop duration and growth is necessary for reasonable

yield prediction (Keating ef al, 2003).

The stimulus for APSIM development was based on the need for modeling tools that

provide accurate prediction of crop production in relation to crop, farming systems and

environmental aspects. APSIM was developed to address the long-term resource

management 1ssues in farming systems. Since some models have limited ability in

addressing crop management iSsues, APSIM was designed as a farming system simulator.

APSIM combines the accurate yield estimation in response to management with

prediction of Jong-term consequences of farming practice systems on the soil resource

(McCown et al, 1996).

17
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2.5.1. APSIM Structure

APSIM modeling system consists of biophysical modules, management modules and the
simulator engine. The modules are responsible for simulation and they allow the user to
specify the management rule. The engine drives the simulation process and controls all
messages passing between modules. APSIM can be applied in situations where the
appropriate biophysical modules are available. The majority of modules available in
APSIM are grain crop modules in the tropical areas (Jones et al, 2001). The modules
include soil water, solute movement, soil nitrogen, soil phosphorus, soil pH and erosion.
It includes the soil surface residue dynamics module that is linked to the water nutrient
process. The first version was restricted to a single point simulation but version 5.3 has

multi point capability simulation infrastructure (Steiner et al, 1994).

18
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CHAPTER 3: MATERIALS AND METHODS

3.1. Experimental Sites

The experiments were conducted at two sites namely Dzwerani village (30 25 582’E and
23 03 081°S) and University of Venda (Univen) experimental farm (30 26 441° E and 22
58 081°S) both located in Vhembe district, Limpopo province. The experiments were
conducted during the period January to June in the 2005/6 season and December to April
2006/7. The soils at Univen and Dzwereni are classified as Hutton and Bainsvlei soil

forms, respectively (Soil classification Work Group, 1991).

3.2. Soil Properties

Prior to the establishment of the experiment, soil samples were collected from both
experimental sites to a depth of 20 cm. The soils were collected from several spots within
each experimental area separately and bulked together to form a composite sample. The
composite sample was then analyzed to determine some soil physical and chemical
properties. [pH determined by using 1:1(Soil: Water) ratio, Particle size distribution
determined by Hydrometer method. Organic Carbon was determined using the Walkley
Black method (Walkey and Black, 1934) whereas the total nitrogen was determined by
the Kjeidahl method. Bray 1 method was used to determine the amount of phosphorus in
the soil (Bouyoucos, 1962). Soil samples were prepared and analyzed using the standard
analytical methods (Non-Affiliates Soil Analysis Work Committee, 1990). The
exchangeable cations and CEC were determined using IN Ammonium Acetate solution

19
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d Simon, 1945). The method used in the determination of

soil water extract (1:1 soil water extract). Table 3.1 shows

cal properties of the two experimental sites prior to

properties of soils (0-20cm) at the experimental

sites before cropping in 2005/2006.

Parameter determined

pH (Water)
EC (Ms/m)

Particle size distribution

Sand (%)

Silt (%)

Clay (%)
Organic C (%)
N (%)

P(ppm)
Exchangeable Cations
Na(mg/kg)

K (mg/kg)

Ca (mg/kg)

Mg (mg/kg)
CEC(cmolc/kg)

Experimental Site

Dzwerani Univen
6 St
13 22
75 17.9
1.1 32.1
14 50
162 172
4 6.8
0.29 16.08
017 140
0.16 67
6.44 798
235 265
17.95 18.80
20
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The experiments were conducted in two seasons, 2005/2006 and 2006/2007. In the
2005/2006 season, maize seeds (ZM 521) were planted at Dzwerani and at Univen
experimental sites on 20/01/2006 and 24/01/2006, respectively. The experiment was a
2x2 factorial arrangement laid out as a completely randomized block design replicated
three times. The seeds were hand sown at the depth of approximately 2 cm. The plant
spacing was 0.9 m between rows and 0.25 m within rows. Fertilizer treatments consisted
of two levels of nitrogen (NO = 0 kg/ha and N1 = 75 kg/ha) applied as Limestone
Ammonium Nitrate (LAN) and two P levels (PO = 0 kg/ha and P1 = 30 kg/ha) applied as
Single Super Phosphate (10.5%P) giving a total of four treatments NOPO, NOP1, N1PO
and N1P1. Fertilizer N was split applied with 50% applied at planting, 25% at 6-8 weeks
and 25% at tasselling. Phosphorus was band applied at 30 kg/ha at sowing. The
experiment was a 2x3 factorial arrangement laid out as a completely randomized block
design and replicated three times. Individual plot size measured 5 m by 4.5 m. In the
2006/2007 season, the same procedure was repeated at both sites with additional N level
of 37.5 kg/ha giving a total of six treatments (NOPO, N1PO, N1P1, NOP1, N2P(, and

N2P1). The planting dates were 19/12/06 and 14/12/06 for both Dzwerani and Univen,

respectively.

3.4. Dry matter and grain yield sampling procedure

Dry matter was collected from each treatment by sampling four plants per plot at the
stages 6-8weeks after emergence, at tasselling and at harvest. The samples were dried for

several days in a forced-air oven at 65°C, until a constant weight was obtained. The
21
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samples were then labelled and sent to the@%fe"’for Soil, Climate and Water (ISCW)

for analysis of nitrogen and phosphorus content. Grain yield was determined by sampling

ten plants in two middle rows in each plot. Table 2 provides a summary of the

management activities undertaken during the study.

Table 3. 2: Summary of management activities.

Data 2005/2006 2005/2006 2006/2007 2006/2007
Dzwerani Univen 06 Univen Dzwerani
Planting 20-Jan-06 24-Jan-06 19-Dec-06 20-Dec-06
Emergence 27-Jan-06 30-Jan-06 26-Dec-06 27-Dec-06
Topdressing 07-Mar-06 02-March-06 01-Feb-07 ND
16-Mar-06 16-Mar-06 27-Feb-07
Dry matter 27-Mar-06 27-Mar-06 05-Feb-07 ND
sampling 07-April-06 07-Mar-06 20-Feb-07
15-June-06 23-April-07
15-June-06 23-April-07 ND

Grain Harvest  Animal damage

ND= not done

3.5. Soil Sampling
Soil samples were collected at two stages of biomass collection i.e. at 6-8 weeks and at
tasselling. The samples were collected at depth 0-20, 20-50, and 50-100 ¢cm for the

22
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determination of available N and P. The soil was randomly sampled in between the rows

of the plants using an auger. Three samples were collected per plot and they were then

mixed to make a composite sample. The samples were kept in plastic bags and

transported to the laboratory for analysis.

3.6. Determination of parameters used in APSIM modeling

The depth of sowing was recorded. Some other soil parameters that were determined for

use in APSIM modeling include bulk density (BD), Drained Upper Limit (DUL), Crop

Lower Limit (CLL) and the initial water content. The initial water content was

determined using the gravimetric method. For bulk density determination, soil samples

were collected at different depth of the profile with soil cores of known volume. The

weight of the wet samples was recorded. The samples were then oven dried for 48 hours

at 105 °C. After cooling the weight of the dry sample was recorded, and then the bulk

density was determined by dividing the weight of the dry soil by the total volume of the

total volume of soil. The gravimetric water content was

soil, i.e. dry soil weight/

determined when the moisture is high and when the crop is stressed by the following

formula: (Weight of wet soil - Weight of dry soil) / (Weight of dry soil) x 100. The DUL
was calculated using the following equation; DUL = Gravimetric Water content (%) xBD
%). Crop Lower Limit was determined by the same equation as the one for DUL but

s the one calculated when the crop is stressed. The weather

(g/cm

the gravimetric content wa
data were downloaded from the two weather stations based at Dzwerani and Univen. The

e, evaporation and rainfall.

weather parameters Were temperatur
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3.7. Simulation set-up

APSIM requires some field management data and the climate of the experimental area.

The weather data (daily temperatures and rainfall) were obtained from the weather station

in Dzwerani for the whole experimental period in Dzwerani for all the seasons. The

Univen data were obtained from the ARC-ISCW weather station installed at the

University of Venda. The calculated bulk density, DUL and CLL were entered in the

APSIM soil window. The management data such as the sowing date, sowing depth,

fertilizer application rates and dates and fertilizer application methods were all entered in

the manager window in APSIM. The initial water content and initial N (as NO; and NHy)

were set into the APSIM data base. The cultivar that was used in APSIM for all the

seasons in both sites was PAN 6671 since it has the same characteristics as ZM 521. The

summary of some soil characteristics used is shown in table 3.3.

Table 3. 3: Soil Characteristics used for modeling

Property determined Univen Dzwerani
Bulk density (g/cm’) 8 1.4
Saturation (%) 49 40
Drain Upper Limit (mm/mm) 29 33
Depth (cm) 0-90 0-90
Crop Lower Limit (mm/mm) 12 17
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3.8. Data analysis

Analysis of variance using the General Linear Model procedure of SPSS (SPSS, 2006)
was used to assess the treatment effect and their interaction at 5% level of testing.

Treatment means were separated according to Duncan multiple range procedure (p=<0.05).

The Pearson correlation coefficients were estimated for all possible pair combinations of

the response variables to generate a correlation coefficient matrix between soil N and P

and plant tissue N and P. In order to assess the goodness of fit of biomass and grain yield,
Chi-square test was used to determine whether a set of observed and predicted data were

significant or non-significant. The correlation coefficient was estimated between

observed and predicted data (SPSS, 2006).

25
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CHAPTER 4: RESULTS AND DISCUSSIONS

4.1. Rainfall Data

In 2005/ 2006 season, the rainfall received during the growing period of maize varied
from 256.5mm (January) to 19.3 mm (May) (Figure 4.1). Maize seeds were planted at the
end of January. From the planting month (Jan) to tasseling, a high amount of rainfall was

received in February (297.2 mm) and March (183.9 mm). The rainfall at both sites

during the maize growth window in 2006/7 season ranged from 207.26 mm (November)
to 25.4 (April) (Figure 4.2). The planting of maize in this season was done by mid
December 2006, and an amount of 68.83 mm of rainfall was received in the same month.

The December rainfall supplied enough moisture for germination. In January, February

and March when the maize was four weeks old to tasseling, the amount of rainfall

received was 162, 62.06 and 113.03 mm respectively (Figure 4.2).

400.0 1
350.0
300.0 A
250.0 A
200.0 -
180:0"
100.0 A
500

0.0 -

Rainfall (mm)

Figure 4 1: Rainfall at Univen and Dzwerani experimental sites 2005/2006 Season
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Figure 4 2: Rainfall at Univen and Dzwerani experimental sites in 2006/2007 season

4.2. Maize Biomass production

4.2.1. Biomass production at Dzwerani 2005/2006

The biomass production at Dzwerani in the first season ranged from 254.8 kg/ha to 807.3
kg/ha at 6-8 weeks after planting (Table 4.1). The highest biomass was produced by
treatment N1P1 (807.3 kg/ha), and the lowest biomass was produced by treatment NOP1

(254.8 kg/ha). The other treatments, NOPO and N1P0O produced biomass yield of 423

kg/ha and 675 kg/ha, respectively (Table 4.1). At tasselling, the biomass production

ranged from 824.07 kg/ha to 1361 .1 kg/ha and these were produced by treatments NOP1

and N1PO respectively (Table 4.1)). Treatment NOPO produced 824.1 kg/ha biomass

whereas N1P1 produced 1231.5 kg/ha. There was no significant difference in biomass
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production in all treatments at 6-8 weeks¥and at tasselling. There was no biomass

collected at harvest due to the animal damage in the field.

Table 4. 1: Maize biomass (kg/ha) for the various treatments at different stages of maize

growth
Season Stage of Treatment
maize growth
NOPO NOP1 NI1PO N1P1
BM1 423a 255a 675a 807a
2005/6 BM2 824a 824a 1361a 1232a
BM3 Nd Nd Nd Nd
2006/7 BMI Nd Nd Nd Nd
BM2 Nd Nd Nd Nd
BM3 Nd Nd Nd Nd

Values with the same letter in a row are not significantly different, P<0.05. Nd= no data. BM1= Biomass at

6 t0 8 weeks, BM2= Biomass at tasseling and BM3= Biomass at harvest. NOPO= Okg/ha N and 0 kg/ha P,
NOP1= Okg/ha N and 30 kg/ha P, N1P0=75 kg/ha N and 0 kg/ha P and N1P1= 75 kg/ha N and 30 kg/ha P.

4.2.2. Biomass production at Univen in 2005/2006 Season
Biomass production at Univen site ranged from 145 Kg/ha to 710 Kg/ha at 6-8 weeks

after planting and 1519 Kg/ha to 23 80 Kg /ha at tasselling (Table 4.2). At both two stages

(6-8 weeks and Tasselling), the high yields were produced by treatment N1P1 (710 kg/ha
and 2380 kg/ha). The lowest yields (145 Kg/ha and 1519 kg/ha) were produced by
treatment NOPO at 6-8 weeks after planting and at tasselling. Treatment N1P0 produced

biomass yield of 406 kg/ha and 1768.5 kg/ha at 6-8 weeks and at tasselling, respectively,

d 181 kg/ha and 2287.2 kg/ha at 6-8 weeks and at tasselling,
28
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respectively. There was a significant differe%?e between treatment NOP0O and N1P1 at 6-8

weeks after planting. Biomass yield at harvest ranged from 1337 Kg/ha to 2459 Kg/ha

for NOPO and N1P1, respectively. Treatment NOP1 produced 2024 kg/ha and while
treatment N1P0 produced 2329 Kg/ha. There were no significant differences among the

treatments in biomass production at tasselling and at harvest.

4.2.3. Biomass production at Dzwerani in 2006/2007 Season

There was no biomass harvested at 6-8 weeks, tasselling and at harvest due to crop failure
ere

due to the high temperatures.

4.2.4. Biomass production at Univen in 2006/2007 Season

Biomass production at 6-8 weeks ranged from 872 Kg/ha to 2257 Kg/ha, whereby the

lowest yield was produced by treatment NOPO and the highest yield produced by N2P1.

N2PO yielded 1972 Kg/ha and N1P1 produced 1606 Kg/ha. The biomass accumulations

for all treatments were not significantly different. At tasselling, the biomass production
or a

for all the treatments ranged from 2655 Kg/ha (NOPO) to 3604 Kg/ha (N2P0). The

amount of biomass produced by treatments N2P0 (3604 kg/ha) and N2P1 (3574 Kg/ha)

were higher than the biomass produced by the N1P1, N1P0, NOP1 and NOPO. There were

s onificant differences in biomass production at harvest among all the treatments. The
no sign

biomass production ranged from 4767 Kg/ha (NOPO) to 10231Kg/ha (N2P0). Treatment

N2P1 and N1P1 produced 10165 Kg/ha and 7998 Kg/ha, respectively (Table 4.2).
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Table 4. 2: Maize biomass (kg/ha) for the \&iotis-treatments at different stages of maize

growth
Season  Stage of Treatment
maize
growth
NOPO NOP1 NIPO NIP1 N2P0  N2P1
BM1 145a 406a 18la  710b NI NI
2005/6  BM2 1519a 1769a 2287a 2380a NI NI
BM3 1337a 2024a 2329a 2459a NI NI
2006/7 BMI 872a 1344a 1372a 1606a 1972 2257
BM2 2655a 2094a 211la 2250a 3604 3574
BM3 4767 8779a 5164a 5071a 10231 10165

Values with the same letter in a row are not significantly different, P<0.05. nd= no data. BM1= Biomass at
6 t0 8 weeks, BM2= Biomass at tasseling and BM3= Biomass at harvest. NOPO= Okg/ha N and 0 kg/ha P,
NOP1= Okg/ha N and 30 kg/ha P, N1PO=37.5 kg/ha N and 0 kg/ha P and N1P1= 37.5 kg/ha N and 30 kg/ha
P, N2P0= 75 kg/ha N and 0 kg/ha P and N2P1= 75 kg/ha N and 30 kg/ha P. NI= Not included in the

experiment.

4.3. Grain yield

4.3.1. Dzwerani 2005/2006
There was no grain yield harvested at Dzwerani in the 2005/2006 season due to the

damage caused by the animals in the field. The field was not properly fenced, and this led

to animals destroying the maize before harvest.
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4.3.2. Univen Grain Yield 2005/2006

The grain yield at Univen site varied from 880.55 Kg/ha (NOPO) to 3003.5 kg/ha (N1P1).
The other two treatments N1PO and NOP1 produced 1430 Kg/ha and 1352 kg/ha,

respectively (Figure 4.3.). There was no significant difference between the treatments.

3500 ~

3000 A

2500 -

2000 A

1500 A

1000 A

GrainYield (kg/ha)

500 -

NOPO NOP1 N1PO N1P1
Treatment

Figure 4 3: Grain yield at Univen site in 2005/2006 season.

4.3.3. Dzwerani Grain Yield (GY) in 2006/2007 Season

There was no grain yield harvested in Dzwerani due to crop failure.

4.3.4. Univen Grain Yield (GY) 2006/2007
The grain yield ranged from 6099 Kg/ha (NOPO) to 7871 Kg/ha (N2P0). There was no

significant difference in grain yield among treatments. Treatment N2P1 produced grain

yield lower than that of N2P0 by 15% (Figure 4.4).
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Figure 4 4: Grain Yield at Univen site in 2006/2007 season

4.4. Plant Tissue Nitrogen and Phosphorus

4.4.1. Plant Tissue Nitrogen (N) Concentration

The observed results showed that the N in plant ranged from 2.4 % to 3.2 %, where

treatment N2P1 had high N concentration (3.2 %) in the plant tissue and NOPO had 2.4 %.

The difference in plant tissue concentration were not significant among the treatments.

All treatments with nitrogen had the plant tissue N content that is slightly higher than the

no nitrogen treatments (e.g. 2.3 % and 2.7 9% for NOP1 and N1PO respectively) (Figure

4.5).
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Figure 4 5: Plant Tissue Nitrogen Concentration at Univen site

4.4.2. Plant Tissue Phosphorus Concentration

The plant tissue P content varied from 0.178 mg/kg to 0.262 mg/kg, the highest amount

being for treatment N2P1 and the lowest attained by treatment NOPO. There were no

significant differences among the treatments in plant tissue P concentration. In this regard,

treatments with P had higher amount of plant tissue P than the treatments without P

(Figure 4.6).
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Figure 4 6: Plant Tissue Phosphorus (PP) Concentration

4.5. Soil Nitrogen and Phosphorus levels during Maize growth

4.5.1. Soil N and P levels

The correlation between the soil N at all depths and plant tissue N at different stages of
e

wth was not significant (Table 4.3). There was a strong relationship between soil P at
gro

6-8 weeks at 50 cm depth (P50) and plant P (PP) (Table 4.3). Soil P at tasselling (PT) at
-8 w

different depths (PT20 PT50 and PT100) was strongly related to plant P (PP) i.e. PT20
i b
and PP, PT50 and PP, and between PT100 and PP (p<0.001, r = 0.79), (p<0.001, r= 0.99),

(p<0.001,r= 0.88) and (p< 0.01, r=0.67), respectively (Table 4.3).
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4.6. Simulation for biomass and grain yield.

4.6.1. Observed and predicted biomass and grain yield in 2005/6 season at Dzwerani

4.6.1.1. Observed and predicted biomass yield

The observed data ranged from 254.8 kg/ha to 807.26 kg/ha and the predicted data varied

from 536 kg/ha to 3551.3 kg/ha at 6-8 weeks The predicted data in all the treatments were

found to be higher than the observed yield. The APSIM model over-predicted biomass

yield by = 32% at 6 10 8 weeks and two folds at tasseling for treatment to NI1P1 The

difference in observed and predicted yield for treatment NOPO, NOP1 and NI1PO at

tasselling varied from 259.9 Kg/ha to 811.9 Kg/ha with the predicted yield being the

highest There was a significant difference between the observed and the predicted yield

for all the treatments at 6-8 weeks and at tasseling (Table 4.4).

Table 4. 4: The relationship between observed and predicted biomass for Dzwerani in

2005/6 season.
Biomass at 6-8 weeks Biomass at Tasseling
Treat  Obs Pred X* Obs Pred X2
NOPO 423 535 23" 824.1 1084 62*
NOP1 255 523 138* 824.07 1385 214*
N1PO 675: 990 100* 1361.1 Pag s 303*
N1P1 807.3 1064 62" 193447 3551 15157
d, PRED= Predicted, BM 1= Biomass at 6-8 weeks, BM2= Biomass

*Significant at p<0.05. OBS= Observe

at tasseling.
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4.6.1.2. Observed and predicted grain yield.

The predicted grain production for Dzwerani showed treatment NOP1 with the least grain

yield as compared to the other treatments (Figure 4.7). Treatments NOPO and N1PO

produced almost the same grain yield (517 kg/ha and 516 Kg/ha). The predicted grain

yield for treatment N1P1 was five times the predicted grain yield produced by NOPO and

N1PO (Figure 4.7).

3000

2500 -
2000
1500 -

M Pred G
1000 -

0.}
N1PO N1P1

Grain Yield (Kg/ha)

NOPO NOP1

Treatments

Figure 4 7: predicted Grain Vield at Dzwerani site in 2005/6 season.

4.6.2. Univen observed versus predicted biomass and grain yield 2005/6

4.6.2.1. Observed biomass yield versus predicted biomass yield

The observed biomass yield at 6-8 weeks was lower than the predicted yield for all the

treatments The predicted biomass yield was three folds higher than the observed yield in

all treatments and there was a significant difference between the observed and predicted
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yield for all treatments (X?=723, 462, 1720 and 801 at p< 0.05, for treatment NOPO, NOP1,

N1PO and N1P1 respectively) (Table 4.5). At tasseling, the predicted biomass yield was

higher than the observed yield with the difference within the range 58.2 kg/ha to 1526.7

kg/ha. There was a significant difference between the predicted and the observed yield

4T’ pre
NOPO, N1PO and NIP1( X*=78. X —707, X>=278 at p<0.05) except for treatment NOP1

X*=1 at p<0.()5)(Table 4.5). At harvest the biomass accumulation was over predicted,

the predicted yield was two to four times higher than the observed yield (Table 4.5). The

difference between the observed biomass yield at harvest and the predicted yield ranged

from 1572.8 kg/ha (NOPO) to 4473 (N1P1) kg/ha. There was a significant difference

between the observed and the predicted yield for all treatments (X* =688, X2= 1986, X’=

938 and X2 = 2886 at p< 0.05) (Table 4.5).

4.6.2.2. Observed versus predicted grain yield

The observed grain yield for Univen was higher than the predicted yield for three

treatments, NOPO, NOP1 and N1P1 Treatment N1PO had the predicted grain yield higher

than the observed grain yield by 289.7 kg/ha. The observed grain yield for NOPO and

NOP1 were three times higher than the predicted yield. There was a significant difference

between the observed and the predicted yields for all the treatments (X*=1145, X%= 3300,

2= 51 and X°= 1078 at p< 0.05) (Table 4.5).
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4.6.3. Univen observed versus predicted biomass and grain yield in 2006/7 season

4.6.3.1. Observed versus Predicted biomass yield

The observed biomass accumulation for all treatments was lower than the predicted yield

at 6-8 weeks and at tasselling. At harvest there was under prediction of biomass for four

treatments, NOPO, NOP1, N2P0 and N2P1, but for treatments N1P0O and NI1P1 the

rved biomass was lower than the predicted biomass yield. There was a significant

obse

difference between the observed and the predicted yield at 6-8 weeks, at tasseling

(excerpt for treatment NOP1) and at harvest (Table 4.6).

4.6.3.2. Observed versus predicted Grain Yield

The observed grain yield was extremely higher than the predicted yield. There was under

atments. The observed grain yields for NOPO and

prediction of grain yield in all the tre

NOP1 were 14 times higher than the predicted yield (297.2 and 352.2 Kg/ha as predicted

and 4179 and 4076 Kg/ha as observed). For the other treatments the observed yield varied

from two to three fold the predicted yield. There was a significant difference between the

observed and the predicted grain yield for all the treatments (X* =113266.5, X2 =

D D
115219.8, X*= 13943.7, 2= 127572, X'=9772.2, X’= 41254 at p< 0.05) (Table 4.5).
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4.7. Correlation between the observed and predicted Biomass and Grain yield

The correlation between the observed and the predicted biomass yield was significant at
6-8 weeks at Dzwerani in 2005/2006 season (Figure 4.8). The observed biomass yield at
6-8 weeks (ObsBM1), tasseling (ObsBM2) were strongly related to the predicted yield
(r*=0.884 and 2= 0.845) (Table 4.7., Figure 4.9 a and b) at Univen in 2005/6 season. The

observed bomassd at harvest (ObsBM3) at Univen were weakly related to predicited

biomass yield at the 6-8 weeks, tasseling and at harvest in 2006/7 (Table 4.7, Figure
4.10c). The observed grain yield and predicted grain yield was weakly correlated for both

seasons (Table 4.7, Figure 4.11). The observed biomass at 6-8 weeks, tasseling and at

harvest were weakly correlated to the predicted biomass (r*=0.125 and ’=0.194 and

=0.533, respectively) at Univen in 2006/7 season (Figure 4.10 a, b and ¢). The

observed grain yield at Univen 2006/7 season was weakly correlated to the predicted

yield (Table 4.7, Figure 4.11b).

Table 4. 7: Correlation of the observed versus predicted biomass and grain yield.

Correlation coefficient(r”)

Year Variable

OBS VS PRED biomass

and Grain yield
2006 ObsBM1 and Pred BM1 0.884*
2006 ObsBM2 and Pred BM2 0.845**
2006 ObsBM3 and Pred BM3 0.257
2006 ObsGY and Pred GY 0.428
2007 ObsBM1 and Pred BM1 0.125
2007 ObsBM2 and Pred BM2 0.194
2007 ObsBM3 and Pred BM3 0.533
2007 ObsGY and Pred GY 0.132

Note ** correlation is significant at the 0.01 level
g
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4.8. Discussion s

There was no significant response to nitrogen in biomass accumulation in all the seasons
(2005/2006 and 2006/2007) at Dzwerani at 6 to 8 weeks and tasseling. This indicates that
the nitrogen applied at planting and the top dressed N did not influence the biomass
production. The N applied as LAN might have leached due to rain. About 180mm of rain
was received in March while topdressing was done on the 2" and the 16™ of March. The
soils in Dzwerani are 75% sand, which makes this soil to have high drainage. The good
drainage explains the leaching capacity of the soil. This means that the nitrogen applied
in this experiment might have leached. Andreini and Steenhuis (1990) reported that in the
environments where rainfall intensities are high over a short season, the applied N can be
lost by leaching and /or bypass flow. The loss of N during the crop growth period can
cause low crop response to fertlilizer N (Schanabel and Stout, 1994). Quaye (1999), and
Sigunga et al (2002), found that the response of maize to applied N levels depend on the
moisture stored in the soil. The high percentage of sand in Dzwerani suggests that the
pores are large and the porosity affects the water holding capacity of the soil. This might
mean that the water escape easily in this soil to below root zone, where the plant roots
cannot access it. Power (1990), noted that the available soil water has a high influence on
the utilization of soil N by plants. The available soil water at Dzwerani was found to be

zero at depth 0-900mm, and the drainable soil water was 94.5mm. This therefore

confirms the high rate of leaching at this site.

These results are in contrast with the findings by Ayuke, e al (2004) who found that

increasing N significantly increased maize biomass and grain yields. Possibly there was

47

© University of Venda



b
&) e

no significance of N leaching in their study. There were no records of biomass at harvest

due to the animal damage. Dzwerani site was a farmer owned field and the fencing in the

field was not adequate.

There was a significant difference in biomass produced at 6-8 weeks after planting at

Univen in both seasons. This indicates that the amount of N added at planting influenced

the biomass accumulation in the N treatments. These results are in agreement with the

findings by Kamara ef al (2005), who reported that the biomass yield for 90 kg N

application differed, by 77%-90% as compared to the O N applications. There was no

significant difference in biomass production at tasseling and at harvest in both seasons at

Univen site. The biomass production for all nitrogen treatments was higher than the zero

N treatments but not significantly different. This therefore suggests that the N applied

after 6-8weeks stage could not be utilized efficiently for the production of biomass. The

biomass accumulation of the N- treatment being not statistically different as compared to

the zero-N treatment, might have been influenced by the rate of N (75 kg/ha) applied.

Muhammad et al (2004) reported a significant increase in maize biomass at tasselling

where 150 kg of N was applied in a clay-loam soil, the amount of N (150 kg) is double

the amount added in this research (75 kgN/ha).

The other effect might be due to the loss of N through leaching and N mineralization.

Nitrogen mineralization is said to increase the release of plant N. Nivong et al (2007) ,

reported that the mineralization in highly weathered soils is slow as compared to the
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slightly weathered soils. The soils at Univen site are highly weathered, and therefore

there is a possibility that mineralization is slow at this site, thus the N release is slow.

There was no interaction between N and P in biomass production. There was no

significant difference in biomass produced by all treatment with respect to P in both

seasons at both sites. These results are contradictory with the findings of Muhammad et

al (2004) who reported significant increase in maize biomass and grain yield at 25 kg/ha

P application in saline soil. However, Hoeft and Peck (1991), reported that for the

production of 2t/ha of stover and grain, a minimum, of 45 kg/ha P,0s must be added in

South African soils. The amount of P applied in this experiment might have been low to

make a significant difference in the biomass yield. The P applied might also have been

affected by the fixation at Univen site. Johnston ef al (1991), reported that the highly

weathered soils have a high P fixing capacity. Highly weathered soils contain Fe and Al

oxides that can reduce the solubility of P, as they react with P to form insoluble

phosphates. Van der Laan et al (2009) reported that the P fixation is proportionally

related to the clay content in the soil. Univen soil falls under the clay soils (Kaolinite)

with 60 % clay (Non-Affiliates Soil Analysis Work Committee, 1991); therefore P

fixation might have occurred.

The grain yield was not significantly higher for N treatments as compared to the zero N

treatment, i.e. there was no significant response in grain production to fertilizer nitrogen.

Maize genotypes perform differently under low N due to high N-uptake efficiency. Some

genotypes might be efficient in utilizing N taken up to produce grain. In this study, maize
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yield did not signiﬁcantly increase with the inc.ease in N This might be due to the rate of

N application (0 and 75kg/ha) in this study. The fertilizer recommendations by Hoeft and
Peck (1991) suggest that in south Africa, for the production of 8t ,3t and 2t/h, the N

applied should be 170, 45 and 20 kgN/ha N respectively. The fact that with an addition of

75 kgN/ha, the grain production was 3t/ha and 7t/ha in 2005/6 and 2006/7 respectively,

shows that the soil has a potential to produce. Thie-rate of Nimight hmveraficotod: the

production. The soil at both sites is highly oxidized and leaching of nitrate nitrogen can

occur at a higher rate (Hoeft and Peck, 1991). In both seasons, the month when

topdressing was done, there was high rainfall received and this possibly led to the

leaching of nitrogen from the soil. The other cause of low grain yield with response to N

might be due to the fact that the field (Univen) was exposed to monkeys SR

the grain prior harvest. This led to very few samples collected from some e

the possibility of either underestimating or overestimating the actual yield/ha due to -

small sample size. The lack of significant differences in this study could have been due to

low error in this study. The rate of N applied should be revisited and increased as per soil

analysis.

The plant tissue N concentration was high in the Nespplied treatuent 28 s s e

N treatment but it was 1ot statistically significant. The reason for this might be that N

in the soil was leached out due to rainfall. There was a high amount of rainfall received in

February and March. The rainfall was received when topdressing was applied; hence the

possibility that the top dressed fertilizer N was not utilized by the plant was high. The

current study is in contrast with the findings by Killorn and Zourarakis (1992) who
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rted the increase in leaf N concentratiot with increased N fertility. There was a
repo

tive correlation between soil N and plant tissue N at different stages of growth. There
negative

was a strong relationship between soil P and plant tissue P content.

APSIM prediction for biomass in the first season was in agreement with the observed

ield. The biomass at the third stage was overpredicted. Similar results were found by
yield.

Chi et al (2004) where there was a serious over-prediction of data by APSIM.
ivenge

Th an under prediction for dry matter yield at the second stage of sampling
ere was

(tasseling).

Th dicted biomass yield in all the years was in agreement with the observed biomass
e pre

.cld at 6-8 weeks after planting and at tasseling. The predicted yield was higher than the
yield at 6-

:’ 1 b

floodi ctarded growth and natural enermies that the model does not take into
ooding,

i a
.deration. The predicted biomass yield showed no response to P but there was
consideration.

ligh nse to N. This might be because the P level was not sufficient enough to affect
slight respo .

the vield. This in contrast with the findings by Whitebread et al (2004) who found that P
e yield.

increased dry matter from 4t/ha (no P) to 10t/ha (with P).

Ath t (2006 season) there was an Over prediction by 1596 to 2527 Kg/ha of biomass
t harves

ield for N treatments In the case of the Univen experimental observation, there was a
yield for :
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overestimating or underestimating the actual yYeld. The over prediction was also found in
the study by Whitebread ef al (2004), where APSIM over predicted the grain yield. The
prediction for grain in the current study was lower than the observed grain yield by 573
Kg/ha to 1393 Kg/ha, but there was a slight response to N. This might also be because of

the calibration of the model’s N utilization and N use to convert the N to grain

accumulation, apart from the damage caused by the monkeys.

There was a significant difference between the predicted and the observed biomass yield

at all stages of growth and grain yield at both seasons. The correlation between the

observed and the predicted biomass yield was not significant at all stages of growth at

Univen in 2005/2006 season. In 2006/2007 season, there was a strong relationship

between the observed and the predicted biomass yield at 6-8 weeks and at tasseling.

There was a partial agreement between the observed and predicted grain yield in both

season.
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CHAPTER 5: CONCLUSIONS AND RECOMBUERDEATIONS

Fertilizer N improved biomass production at Univen site and in two seasons at the first

stage of growth (6-8 weeks). At tasselling and at harvest, biomass accumulation was high

for N treatment, but not significantly higher than the zero N treatments. The rate of N

applied should be revisited and increased as per soil analysis. This could also be due to

the low error in the current study, therefore future studies could either increase the factor

level or to raise the error.

The grain yield was not affected by the application of N at both sites and in all the

seasons. The grain yield was high for N fertilizer treatments though not significant

because of the damage caused by the monkeys at Univen and by the livestock at

Dzwerani. This means that there should be extra monitoring during the experimentation

and a proper fencing should be constructed.

Plant tissue P was affected by P fertilizer application because it was high in P treatments.

Plant tissue N was not affected by fertilizer N application. Soil NO;-N was found to be

high at 6-8 weeks than at tasseling for N treatments, but for zero N treatment it was high

at tasseling than at 6-8 weeks.

APSIM model has proved to be applicable in simulating biomass and grain yields. The

model provided acceptable results for 2005/2006 season. However, there were some

under and over predictions for 2006/2007 in grain and biomass yield that might have

been caused by the absence of pest management window in APSIM. For APSIM to
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estimate more acceptable results, the enviro@lﬁ%ﬁ%ﬁ%’anagement window should be

incorporated.

This calls for further studies with regard to APSIM simulations especially under farmer

managed condition which may be subject to many external interferences which may be

uncontrollable.
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Appendix A. Univen Summary file (2005/2006)

Soil Water Holding Capacity

Depth Unavailable Available Max Avail. Drainable
(LL15) (SW-LL15) (DUL-LL15) (SAT-DUL)
mm mm mm mm
Q=450 18.00 2500 21.00 34.50
150:= 300 Ea - 50 24.00 24.00 30.00
300.~. 450 19,50 24.00 24.00 30.00
450 .~ 600 19.50 28.50 28.50 25:50
600.- 750 19.50 28.50 28.50 25:50
750.- 900 19.390 2850 28.50 2550
Totals 115590 154.50 154.50 17100

Name Type Dry matter C N P Cover
Standing_fr
(kg/ha) (kg/ha) (kg/ha) (kg/ha) £0~1)
i)
maize maize 1000.0 400.0 5.0 0.0 0.330
Crop Sowing Data
Sowing Depth Plants Spacing Skiprow Cultivar FTN
Day no mm m~2 m code name no
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Root Profile

Layer K1l Lower Exploration
Depth limit Factor
(rm) () (mm/rom) ()
150.000 0.060 0.120 1.000
150.000 0.060 G130 $2000
150.000 0.060 0.150 1.000
150.000 0.050 ¢.150 1.000
150.000 0.050 G41:50 1.000
150.000 0.050 0.150 1.000
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Appendix B: Dzwerani Summary file (2005/2006)

Soi 1 Brof ile Properties

Depth Air_ Dry LL15 Dul Sat Sw BD Runoff SWCON
mm mm/mm  mm/mm mm/mm o mm/mm mm/mm  g/cc wf
03— 1508 0.060% 0.120850-260 04008 BB120F 1747070762 0.700
150.- 300 0. 10 20180880270 g.3206 08130 1,670 <0590 0.700
300.- 600 o AT70s 0 170 s 0330 0 - 4A0E 0170, 1.360 " 0.048 0. 700
600.- 900 000 0. 10420330 g 4408 OF1707 514005 05000 0.700
Soil Water Holding Capacity
Depth Unavailable Available Max Avail. Drainable
(LLLS) (SW-LL15) (DUL-LL15) (SAT-DUL)
mm mm mm mm
e LS (04 18,00 0.00 21500 R 015)
150.~ 300 19550 0.00 216,00 75580
300.- 600. 51 500 0.00 48.00 33..00
600.- 900 51.00 0.00 48.00 33,00
Totals 139.50 0.00 138.00 94.50
Initial Soil Parameters
Insoil Salb Dif Con Dif Slope
0.00 l0jr %) 250500 22.00
Initial Surface Organic Matter Data
Name Type Dry matter c N 1% Cover
Standing fr
(kg/ha) (kg/ha) (kg/ha) (kg/ha) (0-1) (0=
19,
maize maize 0.0 0740 (6770) g0 0.000 0.0

Effective Cover from surface Materials = 0
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Dzwerani_ Venda Nitrogen T D Lt L W st R ST

1 6. 508, 1025 gu22 0.2% 0.00
2 6505 /B82S Qw25 @.25 0.00
3 5,508 1,00 0.41 0.41 0.00
4 5.60 0.40 0.42 0.42 0.00
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Appendix C: Univen Summary File (2006/2057)

Soil Profile Properties

Depth Air Dry LL15 Dul gat Sw BD Runoff SW
mm mm/mm  Iom/mm mm/mm  mm/mm om/mm g/cc wE
QL= 150 0.060 0.120 0.260 rdaorsd. 260 1,100 10,762
150.- 300 0.080. 0,130 .0.290 O 400 02001200 019050
300.- 450 0.130% 0.130%60.290 §.490% 0+290 1.200 0,048 0
450.- 600 0.13060.1804#0:320 64900 .65320 120007000 =0
600.— 1750 0. 2307 0,180340.320 0. 490 0320 1,200 70,000 50
750.- 900 9. 2306 0.130%450:320 0. 490% 09320 1.200 0,000 30
Soil Water Holding Capacity
Depth Unavailable Available Max Avail. Drainable
(EELES) (SW-LL15) (DUL-LL1Y5) (SAT-DUL)
mm mm mm mm
@i = 50 18.00 21 300 2100 34.50
150.- 300. 7L (0 24.00 24.00 30.00
300.- 450. 19.50 24.00 24.00 30.00
450.- 600 ;950 2850 28.50 25.50
600.- 71509 16.480 28.50 28.50 Z25.30
750.- 900 19550 2850 28.50 25.50
Totals 145350 154,50 154.50 By A0 19,
Initial Surface Organic Matter Data
Name Type Dry matter C N P Cover
Standing_fr
(kg/ha) (kg/ha) (kg/ha) (kg/ha) (0-1)
1)

Effective Cover from Surface Materials
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——————— Station_UniVenda Nitrogen Initialisation

Soil Profile Properties

Layer pH ocC NO3 NH4 Urea
(%) (kg/ha) (kg/ha) (kg/ha)
1 Gy O s Ot 9881157 0.00
2 5L50: - 1500 Q18 0.18 0.00
< S 4l (0740 <) Q18 0.00
4 5. 801040 018 0.18 0.00
5 5,30 40,40 0 L8 0.18 0.00
6 5 30r #4040 018 [0 i & 0.00
Totals 106 1.06 0.00
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Appendix D: Dzwerani Site Biomass productl.on 2005/2006

Tests of Between-Subjets Effects

Dependent Variable: Biol

Source df F Sig
Corrected Model 3 : 2.489 0.135
Intercept 1 47.148 0.000
Treatcomb 3 2.489 0.135
Error 8

Total 12

Corrected Total 11

a. R Squared = 0.483(Adjusted R Square =0.289)

Tests of Between-Subjets Effects

“Dependent Variable: Bio2

Source df F Sig
Corrected 3 0.693 0.582
Model

Intercept 1 40.371 0.000
Treatcomb 3 0.693 0.582
Error 8

Total 2

Corrected Total 11
a. R Squared = 0.206(Adjusted R Square =-0.92)
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Appendix E: Univen site Biomass production'season 2005/2006

Tests of Between-Subjets Effects

Dependent Variable: Biol

Source df F Sig
Corrected Model 3 4.520 0.039
Intercept 1 34.782 0.000
Treatcomb 3 4.520 0.039
Error 8

Total 12

Corrected Total 11

a. R Squared = 0.629 (0.490)
Tests of Between-Subjets Effects

Dependent Variable: Bio2

Source df ¥ Sig
Corrected Model 3 1.238 0.358
Intercept 1 114.863 0.000
Treatcomb 3 1.238 0.358
Error 8
Total o
Corrected Total 11

a. R Squared=0.317 (0.061)

Dependent Variable: Bio3 Tests of Between-Subjets Effects

Source df F Sig
Corrected Model 3 1.197 0.371
Intercept 1 79.186 0.000
Treatcomb 3 1.191 0.371
Error 8
Total 12

Corrected Total 11

a. R Squared = 0.310 (Adjusted R Square =0.051)
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Appendix F: Univen site Grain Yield productfon season 2005 12006

Tests of Between-Subjects Effect

Dependent Variable: Grain Yield

Source df F Sig
Corrected Model 3 2.185 0.168
Intercept 1 28.454 0.001
Treatcomb 3 2.185 0.168
Error 8

Total 12

Corrected Total 11

a. R Squared = 0.450 (Adjusted R Square = 0.244)
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Appendix G: Univen site Biomass production ;eason 2006/2007
Tests of Between-Subjects Effect

Source df K Sig
Corrected Model S 13.878 0.000
Intercept 1 847.111 0.000
Treatcomb 5 13.878 0.000
Error 12

Total 18

Corrected Total L7

a. R Squared = 0.853 (Adjusted R Square = 0.791)
Tests of Between-Subjects Effect

Dependent Variable: Bio2
Source df F Sig
Corrected Model 5 1.788 0.190
Intercept 1 929.269 0.000
Treatcomb e 1.788 0.190
Error | ¥
Total 18

Corrected Total 17

a. R Squared = 0.427 (Adjusted R Square = 0.1 88)
Tests of Between-Subjects Effect

Dependent Variable: Bio3.
Source df F Sig
Corrected Model 5 0.385 0.850
Intercept 1 21.118 0.001
Treatcomb 5 0.385 0.850
Error 12
Total 18

Corrected Totel: - Y7

a. R Squared = 0.138 (Adjusted R Square = -0.221)
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Appendix H: Univen site Grain Yield produ%n season 2006/2007

Tests of Between-Subjects Effect

Dependent Variable: Grain Yield
Source df F Sig
Corrected Model 5 0.165 0.971
Intercept 1 105.537 0.000
Treatcomb 5 0.165 0.971
Error 12
Total 18

Corrected Total 17
a. R Squared = 0.064 (Adjusted R Square = -0.325)
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