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ABSTRACT

Retention of a sugarcane mulch blanket, following green cane harvesting could
increase soil water conservation, soil health (organic matter content and micro-
organism activity) and soil nutrient status. However, little is known about the effect
of such a mulch layer on sugarcane crop growth and development. To study the
latter, an experiment was carried out in Komatipoort at the South African
Sugarcane Research Institute’s Experimental Station. Row spacing arrangement
was either 1.5 m or 1.2 m x 0.6 m tram rows. N14 was planted as a fast canopy
growing cultivar and N26 as a slow canopy growing cultivar. Plots were either
covered by a mulch layer or left as bare soil. Stalk population, stalk height and
radiation interception were measured every second week. Soil temperature
readings were logged hourly at a depth of 0.15 m. Preliminary results indicated
that early growth and development of sugarcane was delayed under mulch
treatments. Stalk length of N26 was reduced more than that of N14. Stalk
population of both cultivars were significantly lower under the mulch treatment.
Fractional interception of solar radiation was only 50% at 150 days after planting
for the mulch treatment, compared to 70% for bare plots. Slow initial growth and
delayed canopy development in mulch treatments were associated with low soll
temperatures in the period leading up to full canopy closure. Soil temperature in
the mulch treatments remained between 3 to 4°C lower than the bare soil
treatments. Early indications are that the presence of a mulch layer may reduce

early growth and development of sugarcane.
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GENERAL INTRODUCTION

The practice of burning sugarcane before harvesting is widespread in South
Africa. The main reason for this is to improve harvesting, handling and milling of
the sugarcane. However there are a number of disadvantages to burning, such as
poor soil water conservation and low soil carbon content (Graham, 2002). Studies
by Graham & Haynes (2005a,b) indicated that mulch retention could improve soil
organic matter content (SOM) and microbial activity. According to Yadav et al.
(1994), apart from increasing nutrient-use efficiency, mulch retention can also

improve soil fertility and maintain growth of sugarcane over a longer time.

Trash burning involves careful planning, particularly in and around sensitive areas
such as towns, school, clinics, roads and power lines. Conditions are worse in
winter due to airflow in the morning that carries smoke from the land to sea coast.
This results in fallout of smuts on the residential areas situated along the
seaboard. This condition is exacerbated by high temperature inversions and berg
winds experienced prior to arrival of cold fronts. In addition, winter is a risk time for
runaway fires. The Department of Environmental affairs and Tourism has
implemented air pollution legislation (the National Environmental Management: Air
Quality Act 39 of 2004) that has some implications (e.g., fines) for individual
emitters (Tucker, 1998).

Generally, the main benefits of retaining a mulch blanket (instead of burning the
trash) include soil water conservation (Tominaga et al., 2002), reduced erosion,
increased soil fertility, increased soil organic matter levels (Vallies et al., 1996),
improved soil structure (Blair, 2000), better weed control (Meyer et al., 2005) and
increased yield (Wood, 1991). Disadvantages include higher harvesting and
transport costs, slower ratooning, an upsurge of incest pests (such as trash
caterpillar, trash worm and Eldana stalk borer) and difficulty of undertaking

remedial tillage operations (Meyer et al., 2005).
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In countries such as Swaziland sugarcane cannot be grown without irrigation. In
the case of Australia, almost 60% of sugarcane produced is under irrigation
(Inman-Bamber & Smith, 2005). Available irrigation scheduling methods are
mostly applied as an approach or strategy to use water efficiently. In a water
scarce country such as South Africa, the use of sugarcane residues as a muich
material can be considered to be a good cultural practice to reduce soil

evaporation and to increase water-use efficiency.

Although it has been shown that straw mulch could improve soil water
conservation by reduction in evaporation and increase in infiltration, interception of
precipitation and irrigation water by the mulch can also reduce the amount of
water that reaches the soil. Reduction in infiltration amount mostly occurs in case
of frequent but small rainfall events (Doring et al., 2005). The same detrimental
effects may be present if sugarcane residues are used as a mulch. However, little
is known about the effect of mulch retention on growth and development of
sugarcane grown under irrigation. Therefore, the primary objective of the study
was to study the effect of trash mulch on growth, development and water use of

sugarcane under irrigation.
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CHAPTER 1: LITERATURE REVIEW

1.1. Introduction

The South African sugar industry retains position ten in the world by producing
cost-competitive and high quality sugar. The area under production is divided into
14 regions, which extend from Northern Pondoland (Eastern Cape Province)
through the coastal belt and midlands (KwaZulu-Natal) to the Mpumalanga
Lowveld (Figure 1.1). Apparently, 68% of the total cultivated land is within 30 km
of the coast, whereas 17% is within the Midlands of KwaZulu-Natal, characterized
by high summer rainfalls. In these regions, the traditional method of burning prior
to harvesting is still widespread and aimed to facilitate harvesting and handling of
sugarcane (South African Sugar Association, 2005).
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Figure 1.1: Sugarcane producing areas of South Africa (Eastern Cape Province,
the coastal belt and midlands of KwaZulu-Natal to the Mpumalanga Lowveld).
(South African Sugar Association, 2005).
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According to Hurley (2002) Local Environmental Committees were established
around the sugarcane belt of Mpumalanga and Kwa-Zulu Natal to deal with issues
of burning practices. On the other hand, the South African Sugar Association
(SASA) had already established an Environmental Sub-committee that advices
and regulates burning practices. Tucker (1998) reported that burning of
sugarcane creates smut that is carried away by strong winds to residential areas
situated along the seaboard. To avoid such incidence, the Department of
Environmental Affairs and Tourism had introduced new air pollution legislation,
namely, the National Environmental Management Air Quality Act 39 of 2004,
which was implemented in 2005. The Act implicates all farmers to take into
account factors such as starting date of burning, time, duration, and weather
conditions. The practice of burning is also condemned by many environmental
activists who encourage sustainable use of land. Furthermore, the burning
practice is associated with loss of nitrogen (Lefroy et al., 1994) and has a negative
impact on the long term status of soil organic matter (SOM) (Biederbeck et al.,
1980). According to Basanta et al., (2003) burning of trash also contributes directly

to the “greenhouse effect” associated with global warming.

The benefits of trash mulch management on the other hand were reported by
numerous studies (Wood, 1991; Vallies et al., 1996; Blair, 2000; Oliveira et al.,
2000). Although the effect of trash mulch practices on growth and development of
sugarcane is not known in particular, various researchers had revealed the effects
of mulches on soil temperature, soil water content, the process of SOM
decomposition by soil microbes, and soil fertility status (Luo, 1992). It can be
assumed that the effects on soil temperature, soil water content and soil fertility
status will determine the extent to which crop growth, development and yield will
be influenced (Ellis et al., 1985; Inman-Bamber, 1994).
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1.2. The effect of mulch on soil conditions and sugarcane growth

1.2.1. Soil temperature

Mulching is associated with the ability thereof to modify the soil thermal regime,
which may contribute favourably to agricultural practices. By increasing or
decreasing soil temperature, specifically under cultivation of sugarcane, one can
control germination and plant growth (Whitman et al., 1963). The soil surface
temperature can be manipulated through coverings with crop residue. Mulching
with crop residue is mainly used to cool or warm the soil surface (Lei et al., 2004).
The objective is to modify the temperature amplitude at the soil surface and
consequently throughout the profile. The albedo of mulching materials is a
determining factor in whether the soil will be kept warmer or cooler. Accordingly, a
highly reflective material will lower the temperature by reducing the radiant flux
reaching the soil surface. A denser and less reflective material will increase the
soil temperature by inhibiting evaporation. It will further have an effect of

increasing water use efficiency through water conservation (Gupta et al., 1981).

According to Gupta et al., (1981) and Unger (1978) mulch amongst other things
affects the heat balance of the soil surface. In a simple way, the energy balance of
the soil surface can be defined as all incoming shortwave and longwave radiation
minus all shortwave and longwave radiation reflected or emitted. A simplified
equation of the energy balance of the soil surface was described by Campbell &

Norman (1998) in equation 1.1:
R,=G+H+LE (1.1)

R, represents net radiation, whereas G, H and LE are soil heat flux, sensible heat
flux and latent heat flux respectively; all are flux densities with units of W m2. Soil
heat flux is the energy flux transported from one soil position to another through
the process of conduction. Conversely, latent heat flux is defined as the loss of
heat through the process of convection from the soil surface to air layers over the

soil. Due to the fact that evaporation is related to energy leaving the soil surface,
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the energy balance can be used to estimate evaporation rate (Campbell &
Norman, 1998).

Heat will move mainly through conduction in the soil profile and through
convection in the air layer along temperature gradients. When the soil surface is
warmer than the air above the mulch, heat will be transferred upwards where free
convection dominates. When the soil surface is cooler than the air above the
mulch, heat transfer is downward. The process of downward heat transfer is
evident during the daytime hours, whereas upward heat transfer occurs during
nighttime hours. In most cases, heat transfer by conduction, radiation, free and
forced convection is evident. However, free convection is always considered to be
effective when forced convection (wind speed) is negligible (Shen & Tanner,
1990).

A study by Bristow et al., (1986) concluded that mulching with organic matter
could reduce convective heat transfer. It can be concluded that organic mulches
have a significant effect on the partitioning of energy at the soil-atmosphere
interface (Novak et al., 2000). In addition, Luo (1992) came to the conclusion that
the effect of mulch on soil temperature is soil water content dependant. On dry
and semi-mulched ground, most R, is dissipated as sensible heat, whereas T,
(soil surface temperature below mulch) is greater than T, (air temperature above
mulch) during the day. However, during the night T, is lower than T,. On wet and
semi-mulched ground, most of R, is converted to latent heat and T, was only a
few degrees higher than T, during the day. This is related to deeper conducted
heat in the soil profile (Olasantan, 1999). On the other hand, dry and heavily
covered soil result in less or no intercepted solar radiation reaching the soil (Luo,
1992).

Thermal conductivity values of different materials were provided in reviewed
literature (Campbell & Norman, 1998). Thermal conductivity of organic materials is
as low as around 0.25 W m? K, compared to other soil materials such as soil

minerals, quarts and granite, which range from 0.8 to 8.8 W m2 K" It is, therefore,
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true that organic mulches reduce transfer of heat to the soil surface and thus delay

increase in soil temperature (Ross et al., 1985).

Ham et al., (1993) measured soil temperature of plots mulched with trash and
black polyethylene at a depth of 0.1 m. The higher temperature under black
polyethylene was due to its high short-wave absorptance and conductance of
absorbed radiation to the soil. On the other hand, low temperature under trash
was related to big air spaces within the 0.075 meter layer of mulch. Olsen &
Gounder (2001) further explain the advantage of trash in precluding the
conductance of a large amount of absorbed heat from the mulch to the soil due to
its low thermal conductivity. However, they concluded that the minimum soil
temperature under trash was always higher, compared to other treatments.

Accordingly, trash mulch could effectively reduce the soil temperature amplitude.

The effect of mulch on soil temperature could have both positive and negative
outcomes on plant growth and depends greatly on the climate. In most temperate
areas, soil tend to be cold and wet; as a result mulching practice will reduce
evaporation and keep soil colder, which may delay growth and development of a
crop. The opposite is also true: in hot regions mulch reduces heat and vapour
transfer by conduction, convection and evaporation. As a result, water use
efficiency is increased by less evaporation and increasing transpiration (Horton et
al., 1996). Tucker (1998) stated that trashing in spring is not recommended,
especially at high altitude, due to low soil temperature that could slow down the

emergence of ratoon crops.

It may be true that trash mulch could have a negative impact on sugarcane by
reducing the initial growth rate, tillering and amount of radiation intercepted
(Sandhu et al., 1980; Venkataramana et al., 1984). According to Francois Olivier
(Irrigation Scientist, South Africa Sugar Association, 30 January 2006, Personal
Communication) these negative effects will depend on various factors, namely,
season of harvest, amount of trash material applied and field management

practices.
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1.2.2. Water use efficiency

Crop residues protect soil surface from solar radiation and reduce wind velocity at
the soil surface. This results in increased water infiltration into the soil. The
combined effects of increased infiltration and low soil evaporation also result in
more available soil water for crop uptake and deep drainage. Consequently, many
research findings showed that the main benefit of mulching practice is to increase
water use efficiency (Chung & Horton, 1987; Bussiére et al.,, 1994; Yang et al.,
2006).

The term, water use efficiency (WUE), was described by Tanner & Sinclair (1983)

as:
WUE = Y/ET (1.2)

where Y is the yield of the crop (total harvestable biomass or marketed yield), and
ET is evaporation from soil, plant leaves and through the stomates (transpiration).
In fact, the idea was proposed way back by de Wit (1958) who observed a good
relationship between crop yield and transpiration. It is almost impossible to
separate transpiration from evaporation, hence the loss is termed
evapotranspiration. Mulching is one of the cultural practices aimed at reducing soil
evaporation and intensifying transpiration. The impacts of mulches on the soil-
atmosphere interface were related to modification of the energy balance
components (Stewart & Power, 1983). The practice of mulching or green cane
harvesting was proven to save up to 100 mm of water per annum (Stranack,
1998), Mulching is therefore recommended for crops such as sugarcane, which is

sensitive to soil water deficits (Gascho, 1985).

A study way back by Greb (1966) on mulch practices concluded that mulching

reduces soil evaporation by reducing soil temperature, hindering vapour diffusion,
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absorbing water vapour onto mulch tissue, and reducing wind speed gradient at
the soil-atmosphere interface. Sauer et al., (1996) also found mulches to reduce
soil water evaporation by 34% to 50%. Similarly, Deibert et al. (1986) reported
mulch to increase precipitation storage efficiency. Precipitation storage was
defined as the amount of soil water stored in the upper 1.2 m soil, relative to the
precipitation during the part of the growing season when no active growth occurs.
In another study, Zhai et al., (1990) compared the effect of mulch on the amount of
intercepted precipitation under tillage and no-tillage practices. The interaction of
mulches and no-tillage practices showed a significant amount of precipitation

being intercepted and low soil water evaporation.

According to Unger & Jones (1981) and Dekker & Ritsema (1997) the effect of
mulch in reducing soil evaporation is short-lived and only effective during the early
stages of crop development. This is due to the fact that the plant canopy size
increases with time to shield the soil surface and substitute the benefits of
mulching (Fabrizzi et al., 2005). In addition, Unger & Parker (1976) concluded that
the thickness of residue are more effective than mass per unit area in controlling

evaporation.

According to Army et al., (1961) crop residues reduce vapour diffusion from the
site of evaporation to the atmosphere by increasing the thickness of non-turbulent
air above the soil surface. There are factors which predict the effectiveness of
mulching materials on the evaporation reduction, including soil type, atmospheric
evaporativity, interactions between soil type and evaporativity, and mulch rates.
According to Wind (1961) the effect of mulch on reducing the evaporation from the
soil surface also depends on wetness of the surface. In another words, drier soil
behave like a mulched surface. The upper drier soil layer protects soil water in the
deeper layers from evaporating. However, mulching a wet soil surface will reduce
evaporation and keep the upper layer wet for longer periods, compared to

unmulched surfaces (Movahedi-Naeni & Cook, 2000). Accordingly, mulching
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reduce drying of the upper layer of the soil, and as a result, more soil water is

stored for uptake by the finer upper plant roots (Wind, 1961).

1.2.2.1. Effect of mulch and soil type on evaporation reduction

There is a relationship between soil type and the effectiveness of mulching
materials on evaporation reduction (Tolk et al., 1999). In fine-textured soil with
high water holding capacity, soil remains wet for longer than course textured soil.
In fine textured soil the upper layer stays wet for longer, thus making mulching
more effective. On the other hand, course textured soils dry up quicker and
maintain higher hydraulic conductivity in the drier range than fine-textured soil,
thus mulching is less effective. In most cases, sandy loam soils exhibit

intermediate behaviour, compared to other soil types (Wind, 1961; Steiner, 1989).

1.2.2.2. Effect of mulch and atmospheric demand on evaporation reduction

Atmospheric demand (E,) could be a vital factor when evaluating effectiveness of
mulch in evaporation reduction. According to Jalota & Prihar (1990) when E, is
high, evaporation reduction by mulching is high compared to an unmulched
surface. However, evaporation reduction under mulch will continue as long as the
soil surface is kept wet under the mulch. If the soil surface under mulch dries up,
the rate of evaporation will be equal to the rate from bare soils. Under low E,, due
to the low rate of drying up of the soil surface, the cumulative evaporation
reduction increases more gradually but continues to increase for a longer period
(Jalota & Prihar, 1990).

1.2.2.3. Interaction of soil type, atmospheric demand, and mulch on evaporation

reduction
An interaction exists between soil type and evaporativity (atmospheric demand),

which affect the evaporation reduction by mulching. Soils with high water retention

can keep more soil water on the soil surface for longer periods due to its low

10
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infiltration rate. As a result more soil water is lost through evaporation when E, is
high, and thus mulching is more effective. Course textured soils, and sandy soils
in particular, self-mulch more quickly after irrigation than fine-textured soils when
E, is high, and thus mulching is less effective in course textured soils (Prihar et
al., 1968).

1.2.2.4. Effect of mulch rates on evaporation reduction

The rates at which mulch is applied affect the rate of evaporation reduction.
According to Unger & Parker (1976) the percentage of the soil surface covered by
residue (or amount of residue per unit area) or the thickness of the mulch
materials are vital factors which influence reduction in evaporation. The area
covered and the thickness of mulch materials is determined by the dry mass
applied per unit area and the density (Unger & Parker, 1976). On the other hand,
reduction in evaporation from soil cropped with sugarcane depends on row

spacing, leaf area index and soil shading (Adams et al., 1976).
1.2.3. Soil chemistry and fertility

Srivastava & Sigh (1987) agreed that trash is a source of nitrogen (1.0 — 1.5%),
phosphorus (0.005 — 0.01%) and potassium (1.5 — 1.8%). Rita-Dahiya et al.,
(2003) discovered that sugarcane trash could also reduce surface bulk density
and electric conductivity by almost 2 and 6%, mainly if incorporated with inorganic
fertilizers such as nitrogen and phosphorus. Trash mulch could also be more
efficient in recycling nitrogen and as a result less input of nitrogen fertilizer is

required (Basanta et al., 2003).

Singh & Singh (2002) found that application of both sugarcane trash and nitrogen
increased cane yield significantly. It could be attributed to the importance of
nitrogen required for initial trash decomposition. A study by Jamuna et al., (2003)
revealed that the integrated use of a 100% recommended dose of fertilizer and
sugarcane trash mulching at three tons per hectare, applied with compost culture

at one kg/ton of mulch, increased vyield of rainfed sugarcane by 33.7%. However,

11
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Rana et al. (2002) warned that mulching practices with sugarcane trash could also

be associated with reduced soil pH.

1.2.4. Mulch and soil microbial activity

The importance of creating suitable soil conditions for soil microbes was
summarized in reviewed literature (Bottner, 1985, Gupta & Germida, 1988). By
trash retention, one can improve soil microbial activity which contributes directly or
indirectly to soil fertility through the process of decomposition and transformation
(Tucker, 1995).

According to Wick et al. (1998) microbial biomass content (MBC) is referred to be
one of the most important general guides to assess soil microbial activities. As a
result, any adopted tillage and other management practices, including trash burn
or retention, will effectively influence soil MBC and soil organic content (Carter,
1986; Zhang et al., 1999).

It can be concluded that microbial activity determines the availability and ultimately
utilization of soil nutrients by plants. As a result, self-maintaining capacity of the
soil can be improved (Wick et al., 1998). It is therefore important to manage soil
organic content which in turn will enhance soil quality and ecosystem functioning.
Accordingly, limiting the practice of trash burning prior to harvesting can improve

microbial activity and soil organic content (Srivastava & Singh, 1987).

1.3. Weed control

Very little weed growth occurs under mulches as the mulch prevents penetration
of light or excludes certain wavelengths of light that are needed for the weed
seedlings to grow (Ossom et al., 2001). Ma & Selim (2005) reported that
sugarcane trash could reduce the efficacy of applied herbicides and identified a

need to understand the movement of herbicides in soils amended with sugarcane
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trash. As a result, a model was developed to predict transport of pesticides within
mulch-amended soils (Ma & Selim, 2005).

A report by Dwivedi (1999) proved the success of using sugarcane trash to control
weeds over Paraquat and hand hoeing, and further recommend trash mulch in an
integrated weed management strategy. Mahender-Singh et al., (2002) also agreed
that sugarcane trash can be an efficient method to control weeds. Sugarcane
trash could increase the chances of total elimination of applied herbicides, since
they are a threat to a healthy environment. In addition, the practice will directly

contribute to reduction in production costs (Tucker, 1998).

1.4. Decomposition of mulch

Girijesh & Chandrasekhar (2002) managed to interview 77% of farmers who
practiced trash burning in Karnataka, India. Most farmers agreed on five main
reasons for burning: scarcity of labour, lack of time, timely land preparation for
ratooning, eradication of pests and diseases, and last but not least, lack of

knowledge on trash decomposition.

According to Spain & Hodgen (1994) in Australia a period of 12 months is required
to decompose 81% of trash blankets. However, temperature and rainfall play a
significant role in the process of trash decomposition (Stott et al., 1986). Amanto
et al., (1987) found a linear correlation between wheat residue levels and rainfall
from 12 locations in southern Australia. According to Robertson (2003) the
relationship between decomposition rate, rainfall and temperature may vary
considerably from one region to another, depending on soil type, trash or field
management practices. Yadav et al., (1987) recommended the initial application of

N fertilizer to reduce the C:N ratio and enhance rate of decomposition.
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1.5. The objectives of the study

The objectives of the research project were to study the effect of trash
blanket on:

» sugarcane canopy development,

» soil temperatures,

» sugarcane stalk height,

» sugarcane stalk population,

>

and sugarcane water use.
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CHAPTER 2: MATERIALS AND METHODS

A field experiment was conducted on the South African Sugarcane Research
Institute’s Experiment Station based in Komatipoort (25° 33'S; 31° 57’E, 187
m.a.s.l.). The soil type was a relatively shallow (0.6m) red sandy clay loam soil,
classified as a Shortlands with a total available soil water content of 70mm. The

soil profile was well drained with no restricted layers.

The primary treatments consisted of two row spacing arrangements, namely, a
1.5m single row spacing (Figure 2.1 & 2.2) and a double or tram row spacing of
1.2 x 0.6 m (Figure 2.3 & 2.4). Approximately 8 tons per hectare of sugarcane
mulch was applied immediately after planting and control blocks were left without
mulch as the conventional method (simulating the burn practice). Two contrasting
cultivars were selected, namely N14, which is a fast canopy growing cultivar, and
N26, a slower canopy growing cultivar. Each treatment was replicated five times
and completely randomized within the block to give a total of 40 plots (Figure 2.5).
The total area occupied by the field experiment was 75m x 120m (0.9 ha) and the
size of each plot was 8m x 11m (0.0088 ha). The crop was planted on 25 April
2005.

The above layout was duplicated (80 plots in total) for the purpose of applying two
secondary irrigation treatments. One half of the trial (containing all primary
treatment combinations, 40 plots) was irrigated according to crop water
requirements of control plots (bare soil plots with no mulch cover) — Standard
irrigation treatment. The other half of the trial (containing all primary treatment
combinations, 40 plots) was irrigated according to crop water requirements of

mulched plots — Savings irrigation treatment.
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Figure 2.1: Single row spacing (1.5m) of N26 cultivar with no mulch cover

simulating the burn practice.

Figure 2.2: Single row spacing (1.5m) of N26 cultivar mulched with sugarcane

trash.
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Figure 2.3: Double or tram row spacing (1.2 x 0.6 m) of N14 with no mulch.

Figure 2.4: Double or tram row spacing (1.2 x 0.6 m) of N14 cultivar mulched with

sugarcane trash.
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Figure 2.5: The layout of the trial on the South African Sugarcane Research

Institute‘s Experiment Station based at Komatipoort.

Irrigation was scheduled according to soil water content measurements made by
a calibrated 503 DR Hydroprobe (Campbell Pacific Nuclear International Inc.
/Boart Longyear Corporation, USA) twice a week, just before and after each
irrigation. Irrigation was applied with an overhead floppy irrigation system (on a
12m X 14m grid) on reaching a measured deficit of 30 mm. Twenty rain gauges

were placed randomly over the trial to measure rainfall and irrigation accurately.

An automatic weather station was based 100 m from the experimental site to
measure daily air temperature, wind speed, solar radiation, relative humidity and
rainfall. Soil temperature was measured at a depth of 0.15 m with Copper-
Constantan thermocouples linked to a CR10X data logger (Campbell Scientific,
Logan, Utah, USA). One sensor was installed in a plot with no mulch cover (bare
soil) and one sensor in a plot with a mulch cover. For the determination of
fractional interception (FI) of solar radiation, a ceptometer (Model PAR-80,
Decagon Devices, Inc., Pullman, Washington, USA) was used to measure

photosynthetically active radiation (PAR). Ten measurements were taken above
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and 10 below the canopy. Fractional interception was calculated according to

equation 2.1:

Fl = 1 - (Rb/Ra) 2.1.

where Ra represents the average radiation reading above and Rb the average

radiation reading below the canopy. Measurements of PAR were taken weekly.

Stalk height and stalk population measurements were taken once every 14 days.
Stalk population was determined by counting the number of stalks per m? and
expressing it as the number of stalks per m% Height of 15 marked stalks were

measured (from the base up to the first visible dewlap) using a measuring tape.

Anova (Analyisis of variance) was performed using the general linear model
(GLM) (SAS, 2005). Data from measured parameters (stalk population, height and
FI) were pooled and treatment means of all variables measured were separated
using the least significance test (LSD) at P<0.05 (Steel et al., 1997).
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CHAPTER 3: RESULTS AND DISCUSSION

Measurements were taken during the first five months (between April 22 and
September 21, 2005) of the growing season and thus only these results are
presented. Although the presence of a mulch layer had similar effects on water
use, crop growth and development, both results are reported on, irrespective of

the irrigation treatments (Standard or Savings).

3.6. Soil temperature

Air and soil temperatures were measured for a period of 150 days after starting
the trial (DAS). Due to the winter season, mean soil temperature under both
mulch and bare treatments decreased over time, following the same trend as air
temperature (0-70 DAS) (Figure 3.1). However, soil temperature under trash plots
experienced less daily fluctuation, compared to bare plots. By mid-June (60-80
DAS), mean soil temperatures under both mulch and bare treatments were below
20°C with averages of around 18°C. Soil temperatures under both mulched and
bare plots showed an increasing trend just after June (70 DAS) and continued
rising to reach about 24°C by mid-September 2005 (150 DAS).

The daily fluctuation in soil temperature below both mulch and bare treatments
was much smaller and almost the same towards the end of the study (September
2005, 150 DAS). The similar trends in soil temperature fluctuation under both
mulched and bare treatments could be attributed to the increase in canopy size as
the crop grew older. Towards the end of 150 DAS plant canopy was well
developed, and as a result more surface area was shaded, which provided the
same effect as a trash mulch (see Section 3.3). Similar findings were reported by
Sadhu et al., (1980) and Lei et al., (2004). It should be noted that soil temperature
has a major effect on the growth rate of roots. Low soil temperatures could

drastically reduce root growth, early germination and canopy development.
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Figure 3.1: (a) Average daily soil temperature measured at 0.15 m depth under a
bare soil and a soil covered by mulch, (b) average daily air temperature measured
at a height of 1.5 m.
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According to Horton et al., (1996), the benefits of mulching are climate dependent.
During cold seasons, for example, soil evaporation is reduced due to mulches and
as a result, the soil remains wet and cold, which hinder grow and development of

the crop.

The positive benefits of a trash mulch were evident during summer when it was
hot and when the plant canopy was not yet fully developed. Novak et al., (2000)
developed a model which focused mainly on understanding radiation transfer
within barley-straw mulches and aims at advancing to a microclimate model for
soil-mulch-atmosphere systems. This could help to model and understand better

the temperatures of mulched and unmulched soil surfaces.

Mulch depth was also measured from the third day after planting until the middle
of September 2005 (140 DAS) (Figure 3.2). Mulch depth reduced gradually, not
as a result of decomposition, but rather due to compaction of the trash material.
The original depth of mulch was between 10 cm and 13 cm, and gradually
compacted to between 6 cm and 4 cm. This could, however, not be related to the
trend in soil temperature fluctuation displayed under both mulched and bare
treatments towards the end 150 DAS. This could be attributed to the increase in
plant canopy size, rather than a decrease in thickness of mulch. Accordingly, the
effect of mulch on soil temperature becomes less effective as the crop grows
older. Simmilar trends towards the end of 150 DAS could also be related to
different seasons (e.g., winter and summer seasons, could display different trend
of soil temperatures). Although Dekker & Ritsema (1997) agreed that the
thickness of mulch is more important than the amount per unit area, the
contribution of a well-developed plant canopy in reducing soil temperature during

growing later stage should not be ignored.

The results of this study contradict the findings of Olasantan (1999) and Fabrizzi
et al. (2005), who found that soil temperature under mulch was higher than under
bare soils during a cooler season. However, Fabrizzi et al., (2005) agreed with

Horton et al.,, (1996) that the effect on soil temperature depends on mulch
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application rates and climatic conditions. Olasantan (1999) further explains that
crop residues have a higher albedo and lower thermal conductivity, and as a
result solar energy reaching the soil surface is reduced, which consequently
lowers soil temperature during warmer seasons. Furthermore, high temperature
under mulched treatments during a cooler season is attributed to the ability of
bare treatments to loose heat faster than mulched treatments. However,
according to Figure 3.1 the opposite was also true in this study. Mulched plots
responded differently by keeping soil temperature lower compared to bare plots,

even during the winter season.

According to a study by Whitman et al., (1963) the optimum temperature for
sprouting of sugarcane is around 30°C, whereas a radical reduction in growth
parameters is detected at temperatures of around 22°C. The growth was therefore
negative when temperature reached between 16 and 10°C. In this study (Figure
3.1 (b)) air temperature fluctuated from as little as 10°C to 35°C during summer,
and averaged around 22°C. Accordingly, the growth of sugarcane could have
ceased between 50 and 90 DAS (around June and July), due to low air
temperatures (average below 22°C). In particular, the combination effect of both
low air and soil temperatures could have reduced the number of stalks, growth
and yield of sugarcane, mainly under mulched treatments during the winter

season.
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Figure 3.2: Reduction in depth of mulch layers over a period of four months.

3.7. Effect of mulch on stalk population
The number of stalks per unit area is a good measure of sugar yield. In most
cases, more stalks per unit area correlate well to higher sugar yield. In this study,
irrigation treatments did not affect stalk population (Figure 3.3 and 3.4). The
suppressing effect of mulch on the emergence of sugarcane stalks was evident

under both row spacing arrangements and for both varieties (Figure 3.3 and 3.4).

In both standard and saving irrigation treatments the final stalk population at 141
DAS was significantly reduced by mulch for both spacing arrangements and
varieties (Table 3.1). Emergence of sugarcane stalks under mulch treatments
compared to bare treatments was delayed by about 6 days (Figure 3.4). This was
true for both row spacing arrangements. From July (100 days after start) the
number of stalks per m? increased rapidly. This response could be attributed to
the gradual increase in air and soil temperatures just after the winter season. This

supports findings by Whitman et al.,, (1963) that air and soil temperature, in
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particular, affect sugarcane stalk growth and yield. Despite the suppressing effect
of trash mulch on stalk emergence, the number of stalks per unit area improved
rapidly after the winter season. As already explained, the effect of trash mulch
was short lived, as development of a larger plant canopy shaded the soil surface

and moderated soil temperatures later in the growing season.

The number of stalks under double row spacing was high compared to single row
spacing. In both standard and saving irrigation treatments the final stalk
population at 141 DAS was significantly higher in the double row spacing
arrangement compared to single rows for both varieties (Figure 3.3 and 3.4).
Higher stalk population in double row spacing arrangements was associated with
higher planting density per m? Although the final stalk population will be
determined during the early growth stages of sugarcane, the number will increase
until a pre-determined number of stalks is reached. According to Figures 3.3 and
3.4 the combination of mulch, variety and row spacing arrangements had a direct
effect on the stalk population that could ultimately affect cane yield. A study
carried out by Yang et al., (2006) on winter wheat concluded that extreme soil
temperature is a critical environmental factor which influences growth and tillering.
Similarly, the delay in emergence of stalks under mulch could be related to
decrease in soil temperature as the winter season approached. As the winter
season faded away, the number of stalks per unit area increased due to improved
soil temperature. For instance, soil temperature at 120 days after start reached an
average of 22°C for both treatments (Figure 3.1), and the number of stalks per
unit area increased under mulch as a result. Although the current increase in soil
temperature could be seen as insignificant compared to bare treatments, it

seemed to be sufficient to improve plant growth and stalk population.
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Figure 3.3: Stalk population of bare (B) and mulch (T) plots in a single row (R1)
spacing arrangement, (a) Standard and (b) Saving treatments for cultivar N14 and
N26.
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Figure 3.4: Stalk population of bare (B) and mulch (T) plots in a double row (R2)
spacing arrangement, (a) Standard and (b) Saving treatments for the cultivars
N14 and N26.
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Table 3.1: Row spacing X mulch treatment X variety interaction effects on stalk population of planted sugarcane under standard and
saving irrigation treatments
Irrigation treatment
Number of stalks (m?)
DAS 37 43 50 62 78 94 109 127 141

Saving irrigation
R1BN14 4.80bc 5.66b 6.22b 7.02b 9.74cb 13.32b 17.60b 25.92b  29.26bc

R1BN26 4.14c 4.34cb  4.94cb 6.26¢b 8.52¢c 13.14b 16.94cb 22.62b 26.74bcd
R1TN14 0.00d 3.00cd  3.60cd 4.54cd 4.86ed 6.34dc 7.54e 13.86ed 17.86fe
R1TN26 0.00d 1.36e 1.60e 2.94d 3.48e 3.80d 4.48e 7.58f 12.74f
R2BN14 6.22a 7.70a 8.46a 11.26a 15.06a 20.16a 26.30a 33.78a 37.44a
R2BN26 5.60ba  7.60a 8.12a 9.64a 11.84b 15.10b 19.94b 28.06b 32.34ba

R2TN14 0.00d 4.72b 5.06cb  6.34b 7.18cd 8.14c 12.50cd 18.78cd 24.50cd
R2TN26 0.00d 2.22ed 2.66ed  4.54cd 5.66ed 6.12dc 7.78ed 12.54ef 21.12ed

LSD 1.3151 1.4671 1.5200 1.7936 2.7272 3.7535 4.757 5.5431  6.2975

CV% 39.11 24.75 23.08 21.07 25.38 26.91 25.97 20.98 19.25
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Table 3.1 (continued): Row spacing X mulch treatment X variety interaction effects on stalk population of planted sugarcane under

standard and saving irrigation treatments

Irrigation treatment
Number of stalks (m?)
DAS 37 43 50 62 78 94 109 127 141

Standard irrigation
R1BN14 4.34c 5.14b 5.68b 7.42¢c 10.46¢b 14.40cb 21.02cb 24.94b 29.04b
R1BN26 3.88c 4.26b 4.54cb 5.66dc 7.80cd 11.52cd 16.32cd 21.68b 25.40b
R1TN14 0.00d 2.54c 2.94cd 4.18de 5.24ed 5.66ef 7.86¢ef 10.42c 15.40dc
R1TN26 0.00d 0.96d 1.60d 2.66e 3.20e 3.62f 4.04f 6.12c 10.82d
R2BN14 6.28b 8.16a 9.10a 12.16a 16.60a 23.58a 31.16a 37.52a 41.18a
R2BN26 7.68a 8.90a 8.50a 9.66b 12.12b 17.78b 25.50b 33.68a 37.96a

R2TN14 0.00d 4.82b 5.76b 6.96¢ 7.22cd 8.28ed 12.56ed 19.56b 26.78b
R2TN26 0.00d 1.94dc  2.72d 4.40de 5.38ed 6.02ef 6.86f 10.20c  18.34c
LSD 1.0124 1.1755 1.7570 2.139 3.2472 3.6486 4.8772 5.6498 5.0971
CV% 28.18 19.76 26.56 24.87 29.47 24.79 24.03 2125 15.35

Note: Values followed by the same letter in a column are not significantly different at P = 0.5 or less.

29



poe

w UNIVERSITEIT VAN PRETORIA
. UNIVERSITY OF PRETORIA
\ 4

YUNIBESITHI YA PRETORIA

3.8. Effect of mulch on canopy development

The amount of solar radiation intercepted by the canopy is a good measure of the
size and rate of canopy development. Interception of radiation (FI) by the crop
canopy is shown in Figure 3.5 for single row and Figure 3.6 for double row
spacing arrangements. In both cases canopy development was initially slow, but
form 90 days after start there was a rapid increase in development. The cultivar
N14 intercepted more radiation compared to N26. N26 is known as a slow
growing cultivar; and was therefore chosen deliberately to compare the effect of
mulch on varieties with different growing patterns and characteristics. Fractional
interception was considerably reduced by mulch for both varieties and row
spacing arrangements. According to Table 3.2 both variety and row spacing
arrangement had significant effects on final stalk population at 155 DAS. Although
N26 showed signs of slow canopy development, application of trash exacerbated

the conditions.

The suppressing effect of mulch was evident from 90 days after starting onwards.
Hence, canopy cover of bare treatments increased more rapidly than mulched
plots. As already mentioned, N26 is a slow growing cultivar and suffered most
from poor canopy development under mulch treatments. The reason for high Fl
values under double or tram row spacing, compared to single rows, is the higher
population of stalks per m? planted for tram rows. Generally, varietal differences in
canopy development were also evident in double row spacing arrangements.
Sugarcane canopy development, according to Inman-Bamber (1994), depends
mainly on the rate of tillering, leaf appearance and leaf extension as well as the
size of each leaf. In this study, the rate of tillering was mostly reduced for cultivar
N26 due to mulch. Generally, the light interception of mulched treatments was
lower at the end of the five months growing period, compared to bare treatments.
However, this gap could be closed later in the crop growth cycle due to

diminishing effects of mulch on stalk growth.

30



P
UNIVERSITEIT VAN PRETORIA

. UNIVERSITY OF PRETORIA
Qo VYUNIBESITHI YA PRETORIA

—=8— R2BN14 R2BN26 =& = R2TN14 R2TN26

90
80 -
70
60 - 4
40 - 'd
30 /
20 - _/I—/’r -
10 | A— & ¢
0 ‘ ‘ ‘ ‘ ‘ ‘
20 40 60 80 100 120 140 160

Days after start

Fractional interception (%)

90

80 './-
: e
50 -

40 - /

30 - 2 4
20 » 4 //
—_— A

10 A P —& A *
rl\’

Fractional interception (%)

0 ‘
20 40 60 80 100 120 140 160

Days after start

Figure 3.5: Fractional interception of bare (A) and mulch (T) plots in a single row
(R1) (a) Standard and (b) Saving treatments for cultivars N14 and N26 spacing

arrangement.
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Figure 3.6: Fractional interception of bare (B) and mulch (T) plots in a double row

(R2) spacing arrangement, (a) Standard and (b) Saving treatments for cultivars
N14 and N26.

32



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
W YUNIBESITHI YA PRETORIA

(O

Table 3.2: Row spacing X mulch treatments X variety interactions effects on fractional interception of planted sugarcane under

standard and saving irrigation treatments

Irrigation Treatment
Fl

DAS 50 61 78 86 98 105 115 133 148 155

Saving Irrigation

R1BN14  6.64bac 12.63ba 14.06ba 13.56bc 19.34b 20.24bc 31.92cb 52.26b 67.98b 75.66b
R1BN26  7.74ba 1.93ba 14.78ba 16.96bc 23.98ba 25.16ba 36.00b 54.14b 66.74b 74.77cb
R1TN14  5.16bdc 8.96bc  10.38bc 7.66d 12.48c 13.30dc 23.90d 39.88cd 49.04c 57.18d
R1TN26  3.34ed 6.26¢ 6.20dc 6.32d 8.06¢c 8.46d 14.82e 26.42e 35.70d 37.60e
R2BN14 6.98bac 12.86ba 16.62a 19.32a 23.58ba 24.96ba 46.00a 69.22a 82.42a 85.60a
R2BN26  7.94a 13.76a 16.74a 17.68a 27.28a 28.46a 36.94b 53.32b 70.50b 76.44b
R2TN14  4.86edc 7.20c 11.38b 12.16¢ 12.96c 13.80dc 29.76c 46.22cb 62.02b 66.68c
R2TN26  2.48e 4.83c 4.36d 6.28d 9.54c 10.62d 18.06e  32.82ed 44.18dc 49.22d

CV% 36.39 26.41 32.24 24.75 26.03 31.75 14.39 15.14 11.58 9.66

LSD 2.6606 4.5368 4.9359 4.0061 5.7843 7.4576 5.5335 9.177 8.9791 8.2985
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Table 3.2 (continued): Row spacing X mulch treatments X variety interactions effects on fractional interception of planted sugarcane
under standard and saving irrigation treatments

ol

DAS* 53 61 80 88 100 112 128 139 148

Saving Irrigation

R1BaN14 9.30ba 13.46a 11.64cb  14.04ba 26.20b  38.00b 57.44b 65.18b 78.48a
R1BaN26 10.22a 11.80ba  10.44cbd 10.64bc 25.80b 31.00cb 49.78cb 56.58cb  58.80b
R1TN14 6.00bdc  8.60bc 6.56ced 7.00c 11.16c 16.08d 27.20d 34.04d 39.30c
R1TN26 4.72dc 3.96¢ 4.52e 6.50c 9.52c 12.88d 20.82d 22.32e  27.98d
R2BN14 8.06bac  14.03a 18.44a 18.06a 36.82a 48.68a 68.80a  77.38a 79.36a
R2BN26 8.08bac  11.63ba 12.44b 12.02bc 33.00a 34.92cb  56.14b 64.82b 67.06b
R2TN14 5.96bdc 7.96bc  12.00b 10.98bc 22.72b  27.60c 41.86¢ 52.86c  59.70b

R2TN26 2.56d 5.03c 6.24ed 6.74c 11.78c  14.78d 20.68d 32.18ed 32.84dc
CV% 39.88 27.90 38.27 42.67 22.49 22.02 16.69 16.27 15.46
LSD 3.5458 4.6722 5.1002 5.9419 6.4482 7.9886 9.2646 10.684 11.105

Note: Values followed by the same letter in a column are not significantly different at P = 0.5 or less.

* The days after start for saving irrigation differ from standard irrigation due to late canopy development under mulched treatments.
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3.9. Effect of mulch on stalk height

Sugar yield depends directly on the number of stalks per unit area and the
average length or height of stalks at harvest. In single rows, stalks of N26 in
mulched plots were always shorter than the bare plots (Figures 3.7 and 3.8). Stalk
height in double rows were not affected by mulch treatment. Stalk or final height,
mostly for cultivar N14, under double rows was generally taller compared to stalk
height under single rows. In addition, stalks of N14 tended to be taller than that of
N26 (varietal difference). Generally, stalk height of both cultivars were often
shorter under single row spacing than double rows (Table 3.3). Venkataramana et
al., (1984) evaluated various sugarcane cultivars, and correlated such varietal
differences to environmental parameters, in particular air temperature and soil
temperature were critical factors. The differences between the heights of mulched
and unmulched treatments were mostly insignificant. Differences in stalk height
could mainly be attributed to varietal effects. The cultivar N14 always had taller
stalks than N26. According to Venkataramana et al., (1984) single row spacing
performed better than double spacing due to less competition between plants.
Accordingly, single row spacing yielded taller stalks than double rows in their
study. However, it is clear that other factors such as cultivar may have an effect

on stalk height and should therefore be considered.

Sugarcane has several growth stages, namely, germination and emergence,
tillering and canopy development, grand growth, and maturity or ripening
(Gascho, 1985). According to Gascho (1985) the germination and emergence
stage of sugarcane last for one month, whereas tillering and canopy development,
and maturity last for about two months each. The longest growing stage of
sugarcane is the grand growth stage, which lasts for about seven months. Stalk
elongation starts during the tillering stage and reaches its peak in the grand
growth stage (Gascho, 1985). According to the present study stalk elongation was
not significantly affected by mulches at the end of the monitoring period (140
DAS). It could, therefore, be expected that by harvesting time, there will also be

no significant stalk height differences between mulched and unmulched plots.
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Figure 3.7: Stalk height of bare (B) and mulch (T) plots in single row (R1) spacing

arrangement, (a) Standard and (b) Saving treatments for cultivars N14 and N26.
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Figure 3.8: Stalk height of bare (B) and mulch (T) plots in double row (R2)
spacing arrangement, (a) Standard and (b) Saving treatments for cultivars N15
and N26.
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Table 3.3: Row spacing X mulch treatments X variety interaction effects on stalk height of planted sugarcane under standard and

saving irrigation treatments

Irrigation treatment

Stalk height (cm)
DAS 43 50 62 78 94 109 127 141

Saving irrigation

R1BN14 11.10a 11.20bc  11.66b 13.14b 15.84bc 19.76bc 26.58a 34.50bc
R1BN26 7.78b  7.60f 8.66¢c 10.40c 13.74dc 17.68dc 27.18a 33.20dc
R1TN14 11.08a 12.64ba 13.50ba 15.16a 18.06ba 21.38ba 26.08a 33.80dc
R1TN26 9.08b 9.94dc  7.22c 10.08c 10.94e 13.80e 26.26a 24.90f
R2BN14 11.98a 12.44ba 14.12a 15.00ba 19.10a 23.04a 26.98a 38.48ba
R2BN26 8.48b 8.34fe  9.02c 10.48c 12.60de 14.96de 23.50a 29.82de
R2TN14 12.42a 13.42a 13.72ba 16.26a 20.16a 24.32a 28.22a 39.20a
R2TN26 8.10b  9.26de  8.44c 9.48c 11.06e 14.44e 26.94a 26.12fe
CV% 10.72 10.72 16.60 11.52 12.50 12.17 19.54 9.53
LSD 1.39 1.47 2.32 1.88 2.46 2.94 6.70 4.01
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Table 3.3 (continued): Row spacing X mulch treatments X variety interaction effects on stalk height of planted sugarcane under

standard and saving irrigation treatments

Irrigation treatment
Stalk height (cm)

DAS 43 50 62 78 94 109 127 141

Standard irrigation

R1BN14 10.66b  11.08b 12.50b 14.84b 19.08b 24.00bc 32.20a 38.94bc
R1BN26 7.14c 7.50c 9.40c 11.02¢c 13.72¢c 18.38d 27.04bac  34.04d
R1TN14 10.46b 13.00a 12.70ba 15.40ba 18.06b 21.92c 23.86¢ 35.54d
R1TN26  7.16¢ 8.55¢c 4.24d 8.74d 9.52e 11.62f 29.44bac  21.76f
R2BN14 12.54a 12.78a 14.40a 16.84a 21.24a 26.50a 31.24ba  44.58a
R2BN26 7.78c 8.14c 9.42c 10.94c 14.20c 18.84d 2542bc  36.40dc
R2TN14 11.0ba 12.86a 14.16ba 16.62a 20.88a 25.90ba 31.12ba  41.84ba
R2TN26  7.80c 8.96¢ 7.84c 9.76dc 11.94d 15.40e 27.96bac 27.54e
CV% 13.93 12.16 12.70 9.03 7.98 8.29 17.83 6.99
LSD 1.7851 1.6396 1.7415 1.5244 1.664 2.1836 6.6025 3.181

Note: Values followed by the same letter in a column are not significantly different at P = 0.5 or less.
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3.10. Effect of mulch on soil water content

There were only minor differences in measured soil water content between the
mulched and unmulched treatments (Figure 3.9). However, in order to keep the
soil water content above the allowable deficit, bare treatments had to be irrigated
more frequently than mulched treatments as to keep up with evaporative demand.
(Figure 3.10). Due to this frequent application of irrigation water, unmulched

treatments appeared wetter than mulched treatments at the 0.25 m depth.

The effect of a trash mulch on reducing soil water evaporation was witnessed by
less irrigation water used under trash treatments than under bare treatments from
20 DAS onwards. As a result, the final accumulative irrigation amount for the
mulched treatment was 31% (175mm) less, compared to unmulched treatments
(554mm) (Figure 3.10). Similar results were reported by Sauer et al. (1996).
Mulching was therefore effective in minimizing soil water evaporation during the
early stages of sugarcane growth. Hence, less water was applied to the bare

treatments compared to mulched treatments during that stage.

A ‘diminishing effect’ of crop residue was apparent towards the end of study,
similar to the findings of Bond & Willies (1970). As the plant canopy grew bigger, a
larger fraction of the soil surface was shaded, until a point when the soil was fully
shaded and acted as a “mulching material’. As a result, the differences between
mulched and unmulched plots disappeared towards 120 DAS. From then onwards
until the end of the study (between 120 and 160 DAS), both treatments were
irrigated more or less the same amounts (Figure 3.10). Unger & Parker (1976)
reported the same results under dryland cropping of maize. In their study, the
effect crop residues in reducing soil water evaporation lasted only 15 days. In the
present study, as shown in Figure 3.10, effectiveness of the trash mulching lasted
longer than 30 days (between 51 and 86 DAS).

40



poe

w UNIVERSITEIT VAN PRETORIA
. UNIVERSITY OF PRETORIA
\ 4

YUNIBESITHI YA PRETORIA

Both treatments were frequently irrigated from July 2005 onwards (from 100
DAS). That is probably related to higher evapotranspiration rates due to increased
air temperatures, (higher evaporative demand) and a larger developed plant
canopy just after winter. Atmospheric demand is mainly intensified by high
temperatures and wind speed (Wind, 1961). Since air temperature according to
Figure 3.1 was still as high as 35°C during the early stage of crop development,

mulched plots could save more water during that period, compared to bare plots.

According to Tolk et al., (1999) there are three factors which determine the
effectiveness of mulch residue, namely, evaporative demand, frequency of water
application and mass or thickness of mulch materials. Previous work (Chung &
Horton, 1987; Bussiere & Celliers, 1994) had suggested that mulching with
organic material result in insulating soil and reduce occurrence of heat and vapour
transfer. Hence sugarcane mulch probably changed the energy balance and

thereby reduced soil evaporation (Unger, 1978; Movahedi-Naeni & Cook, 2000).

According to Figure 3.1 the soil surface of bare treatments was exposed to more
heat and vapour transfer for a period of 50 days before complete crop canopy
shading. Thus, a large portion of the total evapotranspiration can be attributed to
soil evaporation during the early crop growth stages. It was therefore expected for
bare treatments to lose more soil water compared to mulched plots. Transpiration
or water uptake increased later during the growing season due to a deeper
developed root system and established canopy. According to research conducted
long ago by Adams et al., (1976) the rate of evaporation from the soil surface
during the early stage depends mainly on row spacing, leaf area index and soll
shading. These results confirmed that mulching can conserve soil water by
reducing soil water evaporation, mainly during the early stage of crop

development.
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Figure 3.9: Soil water content per depth for (a) bare and (b) mulched treatments
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Figure 3.10: cumulative irrigation as well as individual irrigation and rainfall events
for the period April 2005 to August 2005.

In addition to changes in the energy balance, the effect of a crop residue on
evaporation reduction, as defined by Army et al., (1961), can also be attributed
due to increased thickness of non-turbulent air above the soil surface. In this
study, the thickness of sugarcane mulch decreased gradually throughout the
growing period (Figure 3.2). The ‘diminishing effect’ of mulching materials could
be related to a gradual decrease in thickness of the mulch (Figure 3.2). The same
was found by Steiner (1989), who believed that the volume or thicknesses of
mulch materials are more critical for reducing evaporation than just the mass of
crop residue per unit area. Therefore, the contribution by mulch to evaporation
reduction was more evident during the early stages when the crop canopy was
not yet fully developed to shade the soil surface. Nevertheless, the results of the

present study agree well with other research (Tominaga et al., 2002), confirming
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that mulch can conserve soil water by reducing soil water evaporation. All factors
such as soil type, mulch rates, and atmospheric demand should be considered

when making conclusions on the effectiveness of mulches (Wind, 1961).
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CHAPTER 4: CONCLUSIONS

The planting date for sugarcane concurred with the winter season which was
characterized by both low air and soil temperatures. In particular, cultivar N26 was
severely affected by low soil temperature under mulched treatments. It is
therefore advisable to plan accordingly if trashing is considered to be an option.
Planting date and cultivar choice are important factors to be considered when
trashing. If planting date was carried forward towards the end of August 2005
when air temperatures started to rise, poor tillering and canopy development due
to low soil temperature could have been avoided. Although it was not shown in
this data, the negative effects of trashing on growth parameters (stalk height and

population) tended to disappear towards the first harvest.

The irrigation of both treatments (mulched and unmulched plots) were irrigated
back to field capacity once total soil water content reached a deficit of 30 mm per
0.55 m depth. In fact, the objective of irrigation treatments was to compare water
saving of both treatments since the irrigation water amount was recommended
from neutron probe measurements. Saving of water by mulched treatments was
significant during the early stage of sugarcane development. The benefits of
trashing diminish when the canopy is fully developed to shade soil surface. This
can be a different case where interrow spacing is too wide to be covered by plant
canopy. Generally, the effect of trashing in reducing soil evaporation diminishes
with increasing leaf area index or canopy development. However, the benefits of
trashing were mainly to save soil water from evaporation during the early crop
growth stages. Although no data is provided, trashing also proved to be a good

way of controlling weeds.

Most of the reasons for not trashing are economically related, namely, better
labour productivity, improved haulage payloads, Eldana stalk borer control and
super milling performance. However, if incentives are provided to cane cutters to
maintain productivity and quality, the conditions favouring trashing are

economically justifiable over areas of the coastal and hinterland regions of the
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sugarcane industry. Nevertheless, there is growing pressure from
environmentalists to encourage sustainable farming that protects natural
resources and promote sustainable farming. Burning of sugarcane trash continues
to be a serious issue that needs urgent attention. In recent years, Environmental
specialists from the Department of Environmental affairs and Tourism have
already approached the sugarcane industry, warning to ban the practice of

burning.

The practice of trashing is not recommended for areas with waterlogging
problems or where frost may occur. The results from this work also acknowledge
that trashing can delay emergence of planted cane in winter and early summer
due to low soil temperature at high altitudes and the KZN Midlands. However,
other hotter areas of sugarcane production should be suited for trashing.
Accordingly, the results of this trial displayed the effect of trash mulching on
growth and development, and possibility of reducing soil evaporation, compared
to the traditional way of burning. If trashing is accepted, this could be seen as a

huge step towards eradicating the practice of sugarcane burning.
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SUMMARY

The burning of sugarcane before harvesting is a conventional practice in South
Africa. It is mainly aimed at improving harvesting, handling and milling of
sugarcane. However, most farmers agree that scarcity of labour, lack of time,
timely land preparation for ratooning, lack of knowledge on trash decomposition,

and eradication of pests and diseases are main reasons for burning.

A number of disadvantages related to burning of sugarcane trash such as poorer
soil water conservation and low soil carbon content were documented. The
practice of sugarcane burning is seen by many environmentalists as a draw back
to the sustainable use of land. The practice of burning further contributes directly

to “the greenhouse effect” that worsens global warming.

The main benefits of retaining a mulch blanket include soil water conservation,
reduced erosion, increased soil fertility, increased soil organic matter levels,
improved soil structure, better weed control and increased yield. All mentioned
advantages could adequately sustain growth of sugarcane over longer periods.
However, little is documented on the effect of trash mulch on the water use,

growth and development of sugarcane.

To study the effect of a trash mulch on growth and development of sugarcane, an
experiment was conducted at the South African Sugarcane Research Institute
Experiment Station based in Komatipoort (25° 33’S; 31° 57°E, 187 m.a.s.l.). The
trial layout consisted of primary and secondary treatments. Primary treatments
consisted of two row spacings, namely single spacing (1.5 m) and double or tram
row spacing (1.2 x 0.6 m). Further, plots were either mulched or kept unmulched
with sugarcane trash. Two different varieties, namely N14 (fast canopy growing
cultivar) and N26 (slower canopy growing cultivar) were used. The trial was
replicated five times to give a total of 40 plots. To apply secondary treatments, the
40 plots were duplicated to give a total of 80 plots. The irrigation schedule of the

first 40 plots was based on neutron probe readings taken fortnightly from mulched
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plots (water saving irrigation treatment) and the other 40 plots were irrigated
according to the neutron probe measurements taken in the unmulched plots

(standard irrigation treatment).

Mulch reduced soil temperature considerably, which resulted in slow root growth
and canopy development of the planted cane. In general, low air temperature
during winter (between May and July 2005) was the main reason for low soil
temperature. However, fluctuation of soil temperature was reduced under mulched
treatments compared to unmulched treatments. To avoid the negative effects of too
low soil temperatures under mulching, it is therefore recommended to plant

sugarcane long before the winter season, probably around December and January.

The negative effect of mulch on canopy development was especially evident for
cultivar N26, a slow growing cultivar. The amount of solar radiation intercepted by
the canopy is a good measure of the size and rate of canopy development. The
effect of mulch on canopy cover was evident from 90 days after starting the study.
Canopy cover of bare treatments increased more rapidly than mulched plots.
Accordingly, N26, the slow growing cultivar, as a result, suffered poor canopy
development under mulch treatments. It is therefore not recommended to plant N26
in cold seasons or localities if mulching is considered. The high canopy fractional
interception (FI) values that were observed under double or tram row spacing,
compared to single rows, can be ascribed to the higher population of stalks per m?.
In another words, more stalks were planted per area than under the single row
treatment. Generally, varietal differences in canopy development were more evident

in double row spacing arrangements.

The effect of mulch in reducing soil evaporation was significant during the early
stages of growth. As a result, approximately 30% of irrigation water was saved
compared to unmulched plots. However, trashing should not be practiced at higher
altitudes, frost prone areas and in soils that are frequently waterlogged. These
results have proven that the effect of trashing on water use, growth and

development of sugarcane depend on climatic conditions, cultivar, and location.
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The practice of trashing could eliminate the burning of sugarcane, which is

overwhelmingly criticized by environmentalists.
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APPENDIX

APPENDIX A: Air temperature measured at the height of 1.5 m, soil temperature

below bare and mulched soil at the depth of 0.15 m, and temperature between the

trash and soil surface.

Days after Days of the Air
start year Year temperature Between Bare Trash
°C °C °C °C
1 119 2005 25.0 22.1 23.3 21.7
2 120 2005 19.2 17.7 223 21.0
3 121 2005 21.0 19.9 223 20.7
4 122 2005 22.6 211 23.3 21.0
5 123 2005 21.2 19.2 20.7 21.4
6 124 2005 222 20.6 14.1 21.3
7 125 2005 23.2 21.7 21.0 21.2
8 126 2005 25.7 23.8 22.8 21.3
9 127 2005 22.7 21.5 23.0 21.6
10 128 2005 24.8 23.5 23.6 21.9
11 129 2005 24.8 23.7 244 22.5
12 130 2005 23.6 22.3 244 22.4
13 131 2005 19.1 17.1 22.8 21.5
14 132 2005 222 19.9 221 211
15 133 2005 22.1 20.6 21.6 20.8
16 134 2005 21.9 20.5 21.6 20.6
17 135 2005 22.1 21.2 22.8 21.2
18 136 2005 23.0 21.5 22.6 20.7
19 137 2005 23.8 225 234 21.1
20 138 2005 22.6 20.9 234 21.0
21 139 2005 214 19.8 22.6 20.2
22 140 2005 19.0 18.6 21.9 20.4
23 141 2005 21.1 19.2 21.5 20.5
24 142 2005 222 20.0 21.9 20.5
25 143 2005 20.0 18.7 214 20.1
26 144 2005 18.4 17.6 20.7 19.6
27 145 2005 18.1 16.3 20.5 19.1
28 146 2005 18.7 16.3 20.2 18.5
29 147 2005 18.2 15.3 20.3 18.5
30 148 2005 19.9 17.7 20.2 18.1
31 149 2005 21.7 19.3 21.5 19.0
32 150 2005 21.9 19.1 21.6 19.2
33 151 2005 21.6 19.3 22.0 19.2
34 152 2005 21.5 18.6 22.0 19.3
35 153 2005 21.6 18.1 21.9 19.2
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36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

154 2005 21.5 18.4 21.9 19.1
155 2005 19.9 17.7 21.8 19.2
156 2005 17.3 15.3 20.6 18.9
157 2005 17.2 14.5 19.1 18.3
158 2005 19.6 16.4 18.9 18.0
159 2005 21.5 18.2 19.2 18.0
160 2005 21.0 18.9 20.1 18.3
161 2005 17.7 17.2 20.0 18.6
162 2005 20.6 18.6 20.0 18.5
163 2005 19.1 16.8 20.1 18.5
164 2005 211 18.3 20.0 18.2
165 2005 20.7 17.6 20.8 18.4
166 2005 17.6 16.6 19.8 18.3
167 2005 9.8 18.5 10.2 18.0
168 2005 21.3 18.8 20.3 18.4
169 2005 19.4 17.0 19.5 18.1
170 2005 19.4 18.1 20.0 18.4
171 2005 18.5 17.0 19.6 18.3
172 2005 19.0 17.4 19.6 18.1
173 2005 18.9 18.2 19.9 18.4
174 2005 201 19.3 20.3 18.7
175 2005 19.7 18.3 20.4 19.0
176 2005 19.2 18.3 20.4 19.0
177 2005 19.0 16.6 20.4 19.0
178 2005 18.0 15.3 19.9 18.5
179 2005 19.8 17.8 19.8 18.1
180 2005 18.9 18.0 20.1 18.3
181 2005 18.7 17.4 20.1 18.3
182 2005 17.3 15.5 19.8 18.1
183 2005 18.5 17.7 19.4 17.9
184 2005 17.8 16.0 19.7 17.9
185 2005 141 141 18.7 17.5
186 2005 14.2 13.1 18.0 171
187 2005 16.7 13.7 17.8 17.2
188 2005 17.2 15.8 17.7 17.3
189 2005 14.5 14.4 17.6 17.4
190 2005 16.7 14.9 16.9 171
191 2005 17.3 16.1 17.5 17.3
192 2005 16.5 14.5 17.2 17.2
193 2005 16.5 14.8 17.5 17.0
194 2005 17.6 15.6 18.6 17.3
195 2005 17.8 15.8 18.1 17.6
196 2005 20.2 18.4 18.6 18.0
197 2005 19.8 18.3 18.7 18.1
198 2005 18.9 17.7 19.0 18.0
199 2005 15.9 15.7 18.1 17.3
200 2005 18.6 16.9 18.5 17.4
201 2005 19.5 18.1 20.0 18.0
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84 202 2005 15.8 13.3 18.7 17.7
85 203 2005 17.8 14.9 17.5 17.3
86 204 2005 19.2 17.7 17.9 17.5
87 205 2005 19.2 17.9 18.8 17.7
88 206 2005 19.0 17.6 18.8 17.6
89 207 2005 18.9 17.5 19.3 17.7
90 208 2005 18.6 17.3 19.1 17.4
91 209 2005 18.5 17.3 19.6 17.8
92 210 2005 20.5 17.4 19.4 18.4
93 211 2005 19.9 17.9 19.3 18.4
94 212 2005 20.0 17.7 18.9 18.2
95 213 2005 20.2 17.7 19.3 18.1
96 214 2005 21.6 18.9 20.6 18.6
97 215 2005 18.9 16.6 20.2 18.4
98 216 2005 19.5 18.6 20.0 17.9
99 217 2005 19.2 17.2 20.6 18.4
100 218 2005 19.1 15.2 19.6 18.7
101 219 2005 20.3 17.3 19.0 18.4
102 220 2005 20.7 17.3 19.6 18.4
103 221 2005 20.9 17.7 19.9 18.3
104 222 2005 21.9 19.9 20.8 18.6
105 223 2005 20.7 17.3 19.6 18.4
106 224 2005 20.9 17.7 19.9 18.3
107 225 2005 21.9 19.9 20.8 18.6
108 226 2005 18.5 17.9 20.6 19.0
109 227 2005 20.9 19.0 20.5 19.1
110 228 2005 211 18.4 20.6 19.6
111 229 2005 224 19.4 20.8 19.8
112 230 2005 22.2 19.4 20.7 19.7
113 231 2005 22.6 19.2 20.9 19.5
114 232 2005 18.6 17.9 20.4 19.1
115 233 2005 19.5 18.3 19.9 18.9
116 234 2005 23.0 20.0 20.5 19.1
117 235 2005 23.0 20.0 20.5 19.1
118 236 2005 19.1 17.6 20.6 19.2
119 237 2005 23.0 18.8 20.4 19.4
120 238 2005 21.3 19.3 20.2 19.5
121 239 2005 23.0 20.1 21.0 19.7
122 240 2005 23.0 20.2 21.3 19.7
123 241 2005 20.3 18.6 211 19.8
124 242 2005 211 19.6 21.2 19.9
125 243 2005 26.4 21.4 22.1 20.9
126 244 2005 22.9 20.4 21.7 20.8
127 245 2005 17.1 17.7 20.1 19.9
128 246 2005 21.7 20.0 20.5 19.7
129 247 2005 241 20.2 21.7 20.2
130 248 2005 22.8 20.8 22.4 20.5
131 249 2005 18.7 17.7 21.3 20.1
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132 250 2005 23.8 20.0 21.5 20.5
133 251 2005 24.5 20.6 21.9 21.0
134 252 2005 25.7 21.1 22.0 20.9
135 253 2005 21.4 20.5 221 20.8
136 254 2005 20.5 19.4 21.5 211
137 255 2005 21.7 20.1 21.3 20.8
138 256 2005 21.2 20.5 21.9 213
139 257 2005 21.7 19.3 21.4 21.7
140 258 2005 22.8 20.2 21.3 21.5
141 259 2005 24.7 22.5 22.3 21.9
142 260 2005 21.4 20.5 221 20.8
143 261 2005 20.5 19.4 21.5 21.1
144 262 2005 21.7 20.1 21.3 20.8
145 263 2005 21.2 20.5 21.9 21.3
146 264 2005 21.7 19.3 21.4 21.7
147 265 2005 22.8 20.2 21.3 21.5
148 266 2005 24.7 22.5 22.3 21.9
149 267 2005 24.4 21.9 23.0 22.1
150 268 2005 18.8 18.8 21.9 21.4
151 269 2005 19.0 18.8 21.0 21.0
152 270 2005 20.8 18.5 20.5 20.8
153 271 2005 214 19.1 20.5 20.7
154 272 2005 23.3 20.1 21.0 20.8
155 273 2005 23.7 21.6 22.1 21.2
156 274 2005 20.9 20.7 22.4 21.7
157 275 2005 25.0 20.7 22.2 22.0
158 276 2005 20.0 19.6 21.6 21.7
159 277 2005 25.2 21.8 22.2 22.2
160 278 2005 26.5 24.3 23.0 22.8
161 279 2005 27.9 24.8 23.7 23.3
162 280 2005 29.5 25.2 23.9 23.3
163 281 2005 23.8 23.0 241 23.5
164 282 2005 22.5 22.2 23.5 23.5
165 283 2005 18.3 17.3 22.4 23.4
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Appendix B: Row spacing X mulch treatments X variety interaction effects generated
by general Linear Model (GML) showing treatments means of all variables measured
(stalk population, stalk height or length and Fractional Interception) and separated

using Fisher’s least significance test (LSD) at P<0.05.

The GLM Procedure
t Tests (LSD) for Population

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 1.030393
Critical Value of t 2.04841

Least Significant Difference 1.3151

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 6.2200 5 R2BN14
A
A 5.6000 5 R2BN26
C 4.8000 5 R1BN14
C
C 4.1400 5 R1BN26
0.0000 5 R1TN14
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D 0.0000 5 R1TN26
D
D 0.0000 5 R2TN14
D
D 0.0000 5 R2TN26

The GLM Procedure

t Tests (LSD) for Length

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 1.151411
Critical Value of t 2.04841

Least Significant Difference 1.3901

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 12.4200 5 R2TN14
A
A 11.9800 5 R2BN14
A
A 11.1000 5 R1BN14
A
A 11.0800 5 R1TN14
B 9.0800 5 R1TN26
B
B 8.4800 5 R2BN26
B
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B 8.1000 5 R2TN26
B 7.7800 5 R1BN26
t Tests (LSD) for Population

NOTE: This test controls the Type 1 comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 1.282482
Critical Value of t 2.04841

Least Significant Difference 1.4671

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 7.7000 5 R2BN14

A
A 7.6000 5 R2BN26
B 5.6600 5 R1BN14

B
B 4.7200 5 R2TN14

B
C B 4.3400 5 R1BN26
C D 3.0000 5 R1TN14
D 2.2200 5 R2TN26
1.3600 5 R1TN26
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The GLM Procedure
t Tests (LSD) for Length

NOTE: This test controls the Type | comparisonwise error rate, not the
experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 1.294339
Critical Value of t 2.04841

Least Significant Difference 1.4739

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 13.4200 5 R2TN14
A
B A 12.6400 5 R1TN14
B A
B A 12.4400 5 R2BN14
B
B C 11.2000 5 R1BN14
C
C 9.9400 5 R1TN26
9.2600 5 R2TN26
8.3400 5 R2BN26
7.6000 5 R1BN26

t Tests (LSD) for Population

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 1.376518
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Value of t

2.04841
1.52

Means with the same letter are not significantly different.

t Grouping

A

A

A

B

B

C B

C B

C B
C
C

Mean

.4600

.1200

-2200

.0600

-9400

-6000

-6600

.6000

N RXTxV
5 R2BN14
5 R2BN26
5 R1BN14
5 R2TN14
5 R1BN26
5 R1TN14
5 R2TN26
5 R1TN26

The GLM Procedure

t Tests (LSD) for Length

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha
Error
Error
Critical

Degrees of Freedom
Mean Square

Value of t
Least Significant Difference

0.05

28
3.213357
2.04841
2.3223

Means with the same letter are not significantly different.
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t Grouping Mean N RXTxV
A 14.120 5 R2BN14
A
B A 13.720 5 R2TN14
B A
B A 13.500 5 R1TN14
B
B 11.660 5 R1BN14
C 9.020 5 R2BN26
C
C 8.660 5 R1BN26
C
C 8.440 5 R2TN26
C
C 7.220 5 R1TN26

t Tests (LSD) for Population

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 1.916625
Critical Value of t 2.04841

Least Significant Difference 1.7936

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 11.2600 5 R2BN14
A
A 9.6400 5 R2BN26
B 7.0200 5 R1BN14
B 6.3400 5 R2TN14
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C 6.2600 5 R1BN26
C
C D 4.5400 5 R1TN14
C D
C D 4.5400 5 R2TN26
D
D 2.9400 5 R1TN26

—————————————————————————————————— Irri=Sav DAS=78 --—-—-————————— -

The GLM Procedure

t Tests (LSD) for Length

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 27
Error Mean Square 2.053525
Critical Value of t 2.05183

Least Significant Difference 1.8884
Harmonic Mean of Cell Sizes 4.848485

NOTE: Cell sizes are not equal.

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 16.2600 5 R2TN14
A
A 15.1600 5 R1TN14
A
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A 15.0000 4 R2BN14
13.1400 5 R1BN14

C 10.4800 5 R2BN26

C

C 10.4000 5 R1BN26

C

C 10.0800 5 R1TN26

C

C 9.4800 5 R2TN26

t Tests (LSD) for Population

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 4.431518
Critical Value of t 2.04841

Least Significant Difference 2.7272

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 15.060 5 R2BN14
11.840 5 R2BN26
C 9.740 5 R1BN14
C
C 8.520 5 R1BN26
C
C 7.180 5 R2TN14
E D 5.660 5 R2TN26
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m m m m
W

4

3

-860

-480

5

5

The GLM Procedure

R1TN14

R1TN26

t Tests (LSD) for Length

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha

Error Degrees of Freedom

Error Mean Square
Critical Value of t
Least Significant Difference 2.4604

Means with the same letter are not significantly different.

t Grouping

> > >» > r

(@)

O

m m m m m

20

19.

18.

15

13.

12.

11.

10.

73

Mean

.160

100

060

-840

740

600

060

940

N

0.05

28
3.606679
2.04841

RXTxV

R2TN14

R2BN14

R1TN14

R1BN14

R1BN26

R2BN26

R2TN26

R1TN26
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t Tests (LSD) for Population

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 8.394214
Critical Vvalue of t 2.04841

Least Significant Difference 3.7535

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 20.160 5 R2BN14
B 15.100 5 R2BN26
B
B 13.320 5 R1BN14
B
B 13.140 5 R1BN26
C 8.140 5 R2TN14
C
D C 6.340 5 R1TN14
D C
D C 6.120 5 R2TN26
D
D 3.800 5 R1TN26

————————————————————————————————— Irri=Sav DAS=109 -—--——————— o

The GLM Procedure

t Tests (LSD) for Length

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.
Alpha 0.05
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Error Degrees of Freedom 28
Error Mean Square 5.164946
Critical Value of t 2.04841

Least Significant Difference 2.9443

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 24.320 5 R2TN14
A
A 23.040 5 R2BN14
A
A 21.380 5 R1TN14
C 19.760 5 R1BN14
C

17.680 5 R1BN26
E 14.960 5 R2BN26
E
E 14.440 5 R2TN26
E
E 13.800 5 R1TN26

t Tests (LSD) for Population

NOTE: This test controls the Type 1 comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 13.4828
Critical Value of t 2.04841

Least Significant Difference 4_757

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
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A 26.300 5 R2BN14
B 19.940 5 R2BN26
B
B 17.600 5 R1BN14
B
C B 16.940 5 R1BN26
C
C 12.500 5 R2TN14
E 7.780 5 R2TN26
E
E 7.540 5 R1TN14
E
E 4.480 5 R1TN26

The GLM Procedure

t Tests (LSD) for Length

NOTE: This test controls the Type 1 comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 26.75821
Critical Value of t 2.04841

Least Significant Difference 6.7015

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 28.220 5 R2TN14
A
A 27.180 5 R1BN26
A
A 26.980 5 R2BN14
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A
A 26.940 5 R2TN26
A
A 26.580 5 R1BN14
A
A 26.260 5 R1TN26
A
A 26.080 5 R1TN14
A
A 23.500 5 R2BN26

t Tests (LSD) for Population

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 18.30695
Critical Value of t 2.04841

Least Significant Difference 5.5431

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 33.780 5 R2BN14
B 28.060 5 R2BN26
B
B 25.920 5 R1BN14
B
C B 22.620 5 R1BN26
C D 18.780 5 R2TN14
13.860 5 R1TN14
12.540 5 R2TN26

77



05

\ 4

Tn

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

7.580

The GLM Procedur

5

e

R1TN26

t Tests (LSD) for Length

NOTE: This test controls the Type 1 comparisonwise error rate, not the

experimentwise error rate.

Alpha
Error Deg

rees of Freedom

Error Mean Square

Critical

Value of t

0.05

28
9.60225
2.04841

Least Significant Difference 4.0145

Means with the same letter are not significantly different.

t Grouping

A

A

A

C

C

D C

D C

D C
D
D

Mean

39.200

38.480

34.500

33.800

33.200

29.820

26.120

24.900

N

5

RXTxV

R2TN14

R2BN14

R1BN14

R1TN14

R1BN26

R2BN26

R2TN26

R1TN26

t Tests (LSD) for Population

78



UNIVERSITY OF PRETORIA

s
&

g‘ UNIVERSITEIT VAN PRETORIA
& YUNIBESITHI YA PRETORIA

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 23.62857
Critical Value of t 2.04841

Least Significant Difference 6.2975

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 37.440 5 R2BN14
B A 32.340 5 R2BN26
B
B C 29.260 5 R1BN14
B C
B C D 26.740 5 R1BN26
c D
C D 24 .500 5 R2TN14
D
D 21.120 5 R2TN26
17.860 5 R1TN14
12.740 5 R1TN26

The GLM Procedure

t Tests (LSD) for Population

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.
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Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 0.610625
Critical Value of t 2.04841

Least Significant Difference 1.0124

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 7.6800 5 R2BN26
B 6.2800 5 R2BN14
C 4.3400 5 R1BN14
C 3.8800 5 R1BN26
D 0.0000 5 R1TN14
D
D 0.0000 5 R1TN26
D
D 0.0000 5 R2TN14
D
D 0.0000 5 R2TN26

The GLM Procedure

t Tests (LSD) for Length

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 1.898536
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Critical Value of t 2.04841
Least Significant Difference 1.7851

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 12.5400 5 R2BN14
A
B A 11.0000 5 R2TN14
B
B 10.6600 5 R1BN14
B
B 10.4600 5 R1TN14
C 7.8000 5 R2TN26
C
C 7.7800 5 R2BN26
C
C 7.1600 5 R1TN26
C
c 7.1400 5 R1BN26

t Tests (LSD) for Population

NOTE: This test controls the Type 1 comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 0.823268
Critical Value of t 2.04841

Least Significant Difference 1.1755

Means with the same letter are not significantly different.

t Grouping Mean N RXTXV
A 8.9000 5 R2BN26
A
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A 8.1600 5 R2BN14

B 5.1400 5 R1BN14

B

B 4.8200 5 R2TN14

B

B 4.2600 5 R1BN26

C 2.5400 5 R1TN14

C

C 1.9400 5 R2TN26
0.9600 5 R1TN26

The GLM Procedure

t Tests (LSD) for Length

NOTE: This test controls the Type 1 comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 1.601696
Critical Value of t 2.04841

Least Significant Difference 1.6396

Means with the same letter are not significantly different.

t Grouping

> > >» > r

Mean

13.0000

12.8600

12.7800
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RXTxV
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B 11.0800 5 R1BN14
C 8.9600 5 R2TN26
C
C 8.8800 5 R1TN26
C
C 8.1400 5 R2BN26
C
C 7.5000 5 R1BN26

t Tests (LSD) for Population

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 1.839304
Critical Value of t 2.04841

Least Significant Difference 1.757

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 9.1000 5 R2BN14
A
A 8.5000 5 R2BN26
B 5.7600 5 R2TN14
B
B 5.6800 5 R1BN14
B
C B 4.5400 5 R1BN26
C
C D 2.9400 5 R1TN14
D
D 2.7200 5 R2TN26
D
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D 1.6000 5 R1TN26

The GLM Procedure

t Tests (LSD) for Length

NOTE: This test controls the Type 1 comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 1.807054
Critical Value of t 2.04841

Least Significant Difference 1.7415

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 14.4000 5 R2BN14
A
B A 14.1600 5 R2TN14
B A
B A 12.7000 5 R1TN14
B
B 12.5000 5 R1BN14
C 9.4200 5 R2BN26
c
C 9.4000 5 R1BN26
C
C 7.8400 5 R2TN26
D 4.2400 5 R1TN26

t Tests (LSD) for Population
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NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 2.726018
Critical Value of t 2.04841

Least Significant Difference 2.139

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 12.160 5 R2BN14
B 9.660 5 R2BN26
C 7.420 5 R1BN14
C
C 6.960 5 R2TN14
C
D c 5.660 5 R1BN26
D
D E 4.400 5 R2TN26
D E
D E 4.180 5 R1TN14
E
E 2.660 5 R1TN26

85



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

-
&

g‘ UNIVERSITEIT VAN PRETORIA

etV

The GLM Procedure

t Tests (LSD) for Length

NOTE: This test controls the Type 1 comparisonwise error rate, not the

experimentwise error rate.

Alpha

Error Degrees of Freedom

Error Mean Square
Critical Value of t
Least Significant Difference 1.5244

0.05

28
1.384625
2.04841

Means with the same letter are not significantly different.

t Grouping

> >» >» > r

O O o o o0

16.

16.

15.

14.

11.

10.

8.

Mean

8400

6200

4000

8400

0200

9400

.7600

7400

N

5

RXTxV

R2BN14

R2TN14

R1TN14

R1BN14

R1BN26

R2BN26

R2TN26

R1TN26

t Tests (LSD) for Population

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha

86
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Error Degrees of Freedom 28
Error Mean Square 6.282304
Critical Value of t 2.04841

Least Significant Difference 3.2472

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 16.600 5 R2BN14
12.120 5 R2BN26
C 10.460 5 R1BN14
C
C D 7.800 5 R1BN26
C D
C D 7.220 5 R2TN14
D
E D 5.380 5 R2TN26
E D
E D 5.240 5 R1TN14
E
E 3.200 5 R1TN26
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The GLM Procedure
t Tests (LSD) for Length

NOTE: This test controls the Type 1 comparisonwise error rate, not the
experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 1.649696
Critical Value of t 2.04841

Least Significant Difference 1.664

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 21.2400 5 R2BN14
A
A 20.8800 5 R2TN14
19.0800 5 R1BN14
18.0600 5 R1TN14
C 14 .2000 5 R2BN26
C 13.7200 5 R1BN26
D 11.9400 5 R2TN26
E 9.5200 5 R1TN26

t Tests (LSD) for Population
NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.
Alpha 0.05
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Error Degrees of Freedom 28
Error Mean Square 7.931464
Critical Value of t 2.04841

Least Significant Difference 3.6486

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 23.580 5 R2BN14
17.780 5 R2BN26
C B 14.400 5 R1BN14
C
C 11.520 5 R1BN26
E 8.280 5 R2TN14
E
E F 6.020 5 R2TN26
E F
E F 5.660 5 R1TN14
F
F 3.620 5 R1TN26
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The GLM Procedure
t Tests (LSD) for Length

NOTE: This test controls the Type 1 comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 2.840875
Critical Value of t 2.04841

Least Significant Difference 2.1836

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 26.500 5 R2BN14
A
A 25.900 5 R2TN14
C 24.000 5 R1BN14
C
C 21.920 5 R1TN14

18.840 5 R2BN26
18.380 5 R1BN26
E 15.400 5 R2TN26
F 11.620 5 R1TN26

t Tests (LSD) for Population
NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.
Alpha 0.05
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Error Degrees of Freedom

Error Mean Square 14
Critical Value of t 2
Least Significant Difference

Means with the same letter are not signifi

t Grouping Mean N
A 31.160 5
25.500 5
C B 21.020 5
C

C D 16.320 5
12.560 5
F 7.860 5

F
F 6.860 5

F
F 4.040 5
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RXTxV
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R1BN14

R1BN26

R2TN14

R1TN14

R2TN26

R1TN26
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The GLM Procedure
t Tests (LSD) for Length

NOTE: This test controls the Type 1 comparisonwise error rate, not the
experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 25.97321
Critical Value of t 2.04841

Least Significant Difference 6.6025

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 32.200 5 R1BN14
A
B A 31.240 5 R2BN14
B A
B A 31.120 5 R2TN14
B A
B A C 29.440 5 R1TN26
B A C
B A C 27.960 5 R2TN26
B A C
B A C 27.040 5 R1BN26
B C
B C 25.420 5 R2BN26
c
C 23.860 5 R1TN14

t Tests (LSD) for Population
NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.
Alpha 0.05
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Error Degrees of Freedom 28
Error Mean Square 19.01841
Critical Value of t 2.04841

Least Significant Difference 5.6498

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 37.520 5 R2BN14
A
A 33.680 5 R2BN26
B 24.940 5 R1BN14
B
B 21.680 5 R1BN26
B
B 19.560 5 R2TN14
C 10.420 5 R1TN14
C
C 10.200 5 R2TN26
C
C 6.120 5 R1TN26
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The GLM Procedur

e

t Tests (LSD) for Length

NOTE: This test controls the Type 1 comparisonwise error rate, not the

experimentwise error rate.

Alpha
Error Deg

rees of Freedom

Error Mean Square

Critical

Value of t

0.05

28
6.028875
2.04841

Least Significant Difference 3.181

Means with the same letter are not significantly different.

t Grouping

O O O O O

Mean

44580

41.840

38.940

36.400

35.540

34.040

27.540

21.760

N

5

RXTxV

R2BN14

R2TN14

R1BN14

R2BN26

R1TN14

R1BN26

R2TN26

R1TN26

t Tests (LSD) for Population

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha

94
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Error Degrees of Freedom 28
Error Mean Square 15.47916
Critical Value of t 2.04841

Least Significant Difference 5.0971

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 41.180 5 R2BN14
A
A 37.960 5 R2BN26
B 29.040 5 R1BN14
B
B 26.780 5 R2TN14
B
B 25.400 5 R1BN26
C 18.340 5 R2TN26
C
C 15.400 5 R1TN14

10.820 5 R1TN26

P-values for the Shapiro-Wilk test for Normality

Obs Irri DAS NLength NPopulation
1 Sav 37 0.49033 0.12364
2 Sav 43 0.74376 0.99296
3 Sav 50 0.65079 0.72404
4 Sav 62 0.11769 0.81764
5 Sav 78 0.21486 0.18492
6 Sav 94 0.54515 0.00534
7 Sav 109 0.06566 0.00654
8 Sav 127 0.47872 0.25186
9 Sav 141 0.04759 0.18742

10 Std 37 0.65211 0.04542
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RXTxV

R1BN14
R1BN26
R1TN14
R1TN26
R2BN14
R2BN26
R2TN14
R2TN26
R1BN14
R1BN26
R1TN14
R1TN26
R2BN14
R2BN26
R2TN14
R2TN26

11
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13
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_NAME_
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Length
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Population
Population
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The GLM Procedure
t Tests (LSD) for FI

NOTE: This test controls the Type 1 comparisonwise error rate, not the
experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 4.217732
Critical Value of t 2.04841

Least Significant Difference 2.6606

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 7.940 5 R2BaN26
A

B A 7.740 5 R1BaN26

B A

B A C 6.980 5 R2BaN14

B A C

B A C 6.640 5 R1BaN14

B C

B D C 5.160 5 R1TrN14
D C

E D C 4.860 5 R2TrN14

E D

E D 3.340 5 R1TrN26

E

E 2.480 5 R2TrN26
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The GLM Procedure
t Tests (LSD) for FI

NOTE: This test controls the Type 1 comparisonwise error rate, not the
experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 14
Error Mean Square 6.711667
Critical Value of t 2.14479

Least Significant Difference 4.5368

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV

A 13.767 3 R2BaN26
A

B A 12.867 3 R2BaN14

B A

B A 12.633 3 R1BaN14

B A

B A 11.933 3 R1BaN26

B

B c 8.967 3 R1TrN14
C
C 7.200 3 R2TrN14
C
C 6.267 3 R1TrN26
C
C 4.833 3 R2TrN26
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The GLM Procedure
t Tests (LSD) for FI

NOTE: This test controls the Type | comparisonwise error rate, not the
experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 14 51552
Critical Value of t 2.04841

Least Significant Difference 4.9359

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 16.740 5 R2BaN26
A
A 16.620 5 R2BaN14
A
B A 14.780 5 R1BaN26
B A
B A 14.060 5 R1BaN14
B
B 11.380 5 R2TrN14
B
B C 10.380 5 R1TrN14
C
6.200 5 R1TrN26
4.360 5 R2TrN26
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The GLM Procedure

t Tests (LSD) for FI

NOTE: This test controls the Type 1 comparisonwise error rate, not the

experimentwise error rate.

Alpha
Error Degr
Error Mean

ees of Freedom

Square

Critical Value of t
Least Significant Difference 4.0061

0.05

28
9.562268
2.04841

Means with the same letter are not significantly different.

t Grouping

> >» >» > >

(@)

Mean N
19.320 5
17.680 5
16.960 5
13.560 5
12.160 5

7.660 5

100

RXTxV

R2BaN14

R2BaN26

R1BaN26

R1BaN14

R2TrN14

R1TrN14
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D
D
D
D

6.320 5

6.280 5

The GLM Procedure

R1TrN26

R2TrN26

t Tests (LSD) for FI

NOTE: This test controls the Type 1 comparisonwise error rate, not the

experimentwise error rate.

Alpha

Error Degr
Error Mean
Critical V

ees of Freedom
Square
alue of t

0.05

28
19.93488
2.04841

Least Significant Difference 5.7843

Means with the same letter are not significantly different.

t Grouping

> >» > > >

W 0 0 W W

Mean N
27.280 5
23.980 5
23.580 5
19.340 5
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R2BaN26

R1BaN26

R2BaN14
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C 12.960 5 R2TrN14
C
C 12.480 5 R1TrN14
C
C 9.540 5 R2TrN26
C
C 8.060 5 R1TrN26

The GLM Procedure

t Tests (LSD) for FI

NOTE: This test controls the Type 1 comparisonwise error rate, not the
experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 33.13636
Critical Value of t 2.04841

Least Significant Difference 7.4576

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV

A 28.460 5 R2BaN26
A

B A 25.160 5 R1BaN26

B A

B A 24 .960 5 R2BaN14

B

B C 20.240 5 R1BaN14
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D C 13.800 5 R2TrN14
D C

D C 13.300 5 R1TrN14
D

D 10.620 5 R2TrN26
D

D 8.460 5 R1TrN26

The GLM Procedure

t Tests (LSD) for FI

NOTE: This test controls the Type | comparisonwise error rate, not the
experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 18.24364
Critical Value of t 2.04841

Least Significant Difference 5.5335

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV

A 46.000 5 R2BaN14
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B 36.940 5 R2BaN26
B
B 36.000 5 R1BaN26
B
B 31.920 5 R1BaN14
C
C 29.760 5 R2TrN14
D 23.900 5 R1TrN14
18.060 5 R2TrN26
14.820 5 R1TrN26

The GLM Procedure

t Tests (LSD) for FI

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 50.17754
Critical Value of t 2.04841

Least Significant Difference 9.177

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV

A 69.220 5 R2BaN14
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B 54.140 5 R1BaN26
B
B 53.320 5 R2BaN26
B
B 52.260 5 R1BaN14
B
C B 46.220 5 R2TrN14
C
C D 39.880 5 R1TrN14
32.820 5 R2TrN26
26.420 5 R1TrN26

The GLM Procedure

t Tests (LSD) for FI

NOTE: This test controls the Type 1 comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 48.03634
Critical Value of t 2.04841

Least Significant Difference 8.9791

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV

A 82.420 5 R2BaN14
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B 70.500 5 R2BaN26

B

B 67.980 5 R1BaN14

B

B 66.740 5 R1BaN26

B

B 62.020 5 R2TrN14

C 49.040 5 R1TrN14

C

C 44 .180 5 R2TrN26
35.700 5 R1TrN26

The GLM Procedure

t Tests (LSD) for FI

NOTE: This test controls the Type | comparisonwise error rate, not the
experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 27
Error Mean Square 39.65456
Critical Value of t 2.05183

Least Significant Difference 8.2985
Harmonic Mean of Cell Sizes 4.848485

NOTE: Cell sizes are not equal.

Means with the same letter are not significantly different.
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t Grouping Mean N RXTxV
A 85.600 5 R2BaN14
B 76.440 5 R2BaN26
B
B 75.660 5 R1BaN14
B
C B 74.775 4 R1BaN26
C
C 66.680 5 R2TrN14
57.180 5 R1TrN14
49.220 5 R2TrN26
E 37.600 5 R1TrN26

The GLM Procedure

t Tests (LSD) for FI

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 7.490893
Critical Value of t 2.04841

Least Significant Difference  3.5458

Means with the same letter are not significantly different.
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t Grouping Mean N RXTxV
A 10.220 5 R1BaN26
A
B A 9.300 5 R1BaN14
B A
B A C 8.080 5 R2BaN26
B A C
B A C 8.060 5 R2BaN14
B C
B D C 6.000 5 R1TrN14
B D C
B D C 5.960 5 R2TrN14
D C
D C 4.720 5 R1TrN26
D
D 2.560 5 R2TrN26

The GLM Procedure

t Tests (LSD) for FI

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 14
Error Mean Square 7.118036
Critical Value of t 2.14479

Least Significant Difference 4.6722

Means with the same letter are not significantly different.
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t Grouping

A

A

A

A

B A

B A

B A
B

B C

B C

B C

C

C

C

C

Mean N
14.033 3
13.467 3
11.800 3
11.633 3

8.600 3
7.967 3
5.033 3
3.967 3

The GLM Procedure

RXTxV

R2BaN14

R1BaN14

R1BaN26

R2BaN26

R1TrN14

R2TrN14

R2TrN26

R1TrN26

t Tests (LSD) for FI

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha
Error Degr

Error Mean

ees of Freedom
Square

Critical Value of t
Least Significant Difference 5.1002

109

0.05

28
15.498
2.04841



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(62@

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 18.440 5 R2BaN14
B 12.440 5 R2BaN26
B
B 12.000 5 R2TrN14
B

C B 11.640 5 R1BaN14

c B

C B D 10.440 5 R1BaN26

C D

C E D 6.560 5 R1TrN14
E D
E D 6.240 5 R2TrN26
E
E 4.520 5 R1TrN26

The GLM Procedure

t Tests (LSD) for FI

NOTE: This test controls the Type | comparisonwise error rate, not the
experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
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Error Mean Square 21.03573
Critical Value of t 2.04841
Least Significant Difference 5.9419

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 18.060 5 R2BaN14
B A 14.040 5 R1BaN14
B
B C 12.020 5 R2BaN26
B C
B C 10.980 5 R2TrN14
B C
B C 10.640 5 R1BaN26
C
C 7.000 5 R1TrN14
C
C 6.740 5 R2TrN26
C
C 6.500 5 R1TrN26

The GLM Procedure

t Tests (LSD) for FI

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
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Error Degrees of Freedom 28
Error Mean Square 24.773
Critical Value of t 2.04841

Least Significant Difference 6.4482

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 36.820 5 R2BaN14
A
A 33.000 5 R2BaN26
B 26.200 5 R1BaN14
B
B 25.800 5 R1BaN26
B
B 22.720 5 R2TrN14
C 11.780 5 R2TrN26
C
C 11.160 5 R1TrN14
C
C 9.520 5 R1TrN26

The GLM Procedure

t Tests (LSD) for FI

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.
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Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 38.02298
Critical Value of t 2.04841

Least Significant Difference 7.9886

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV

A 48.680 5 R2BaN14
B 38.000 5 R1BaN14
B

C B 34.920 5 R2BaN26

C B

C B 31.000 5 R1BaN26

C

C 27.600 5 R2TrN14
D 16.080 5 R1TrN14
D
D 14.780 5 R2TrN26
D
D 12.880 5 R1TrN26

The GLM Procedure

t Tests (LSD) for FI
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NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 51.13996
Critical Vvalue of t 2.04841

Least Significant Difference 9.2646

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV

A 68.800 5 R2BaN14
B 57.440 5 R1BaN14
B
B 56.140 5 R2BaN26
B

C B 49.780 5 R1BaN26

C

C 41.860 5 R2TrN14
D 27.200 5 R1TrN14
D
D 20.820 5 R1TrN26
D
D 20.680 5 R2TrN26

The GLM Procedure

t Tests (LSD) for FI
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NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 68.00939
Critical Vvalue of t 2.04841

Least Significant Difference 10.684

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 77.380 5 R2BaN14
B 65.180 5 R1BaN14
B
B 64.820 5 R2BaN26
B
C B 56.580 5 R1BaN26
C
C 52.860 5 R2TrN14
34.040 5 R1TrN14
32.180 5 R2TrN26
22.320 5 R1TrN26

The GLM Procedure
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t Tests (LSD) for FI

NOTE: This test controls the Type | comparisonwise error rate, not the

experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 28
Error Mean Square 73.47941
Critical Value of t 2.04841

Least Significant Difference 11.105

Means with the same letter are not significantly different.

t Grouping Mean N RXTxV
A 79.360 5 R2BaN14
A
A 78.480 5 R1BaN14
B 67.060 5 R2BaN26
B
B 59.700 5 R2TrN14
B
B 58.800 5 R1BaN26
C 39.300 5 R1TrN14
C
C 32.840 5 R2TrN26

27.980 5 R1TrN26

Means

Sav
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