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INTRODUCTION

The development of sound irrigation management tools like wetting front detectors can bridge the gap
between science and practice. Wetting front detectors are simple devices that provide basic
information, like the depth of infiltrating water below the soil surface which the grower can use to
improve his/her irrigation management. This study has investigated if the 90 cm long tube detector
would respond to tensions wetter than 90 cm. The study also investigated if the tresponse time of the
tube detector could be influenced by the hydraulic characteristics of the wick materials.

MATERIALS AND METHODS

The tube wetting front detector is made up of two concentric pipes of different diameters and filled with
special wick material to produce a hanging column of water from unsaturated flow that exerts tension
on the bulk soil. A contact material similar to the wick material is placed on the opening of the tube to
ensure continuity between the wick material and the bulk soil. Two tube detectors each 90-cm long
were filled with Diatomaceous Earth material (D.E) and another two were filled with very fine sand
(D36) and installed with the opening of the tube buried 150 mm below the soil surface. Tensiometer
and Time Domain Reflectrometry probes were used to measure tension and soil water content in the
contact material respectively. Water volume in the detector was measured with a syringe. Another set
of two tube detectors each 90 cm long where one filled with D.E and another filled with very fine
sand and a tensiometer placed at the opening of each tube were allowed to dry in the open air after
both tubes were saturated.

RESULTS AND DISCUSSION

The empirical test in the open air showed a linear regression functions between water level in the tube
and the contact material tension. The regression values were (R* =0.99) for D.E and (R® =0.97) for
very fine sand. Water level in the tube was regressed against time to determine whether the wick
materials are energy or conductivity limited over the 0-100 cm tension. The water level decreased
linearly for D.E, indicating that the rate of drying was energy limited, but for very fine sand it had two
stages of drying; with the first stage energy limited and the second stage conductivity limited.

The in-situ measured soil water retention curves for both wick materials indicated that the slopes of
retention curves were very close to each other. The water volume can be plotted against the tension of
the contact material and the maximum sensitivity limit set as 95 cm tension to show whether the tube
detector has recorded a particular event or not. According to these specific setups, the tube wetting
front detectors sensed 75-90% of the fronts with strengths between 0-95 cm tension.

CONCLUSIONS

The tube wetting front detector tested under field conditions showed that it can detect 75-90% of the
fronts and, therefore, the tool can be used as a tension-switch detector.

Empirical tests showed that water level in the tube was linearly related to the contact material tension
and indicated that the tube detector could be used as a tensiometer for the 0-90 cm tension.

The empirical test and in-situ measured retention characteristics showed that the rate of emptying
between the two wick materials were different.
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INTRODUCTION

Soil acidity limits crop production by causing Ca, Mg and P deficiencies, or toxicities of Mn and Al,
among others. Large parts of KwaZulu-Natal are characterized by acid soils which contribute to
reductions in crop yields. The logistics and cost of liming as a tool for remediation of acid soils, are
beyond the means of most small-scale farmers in the region. A study was carried out in a controlled
environment growth room at the University of KwaZulu-Natal to investigate genotypic variations in
groundnut to soil acidity as an alternate tool for small-scale farmers for improving the production of the
crop in the acid soils of KwaZulu-Natal.

MATERIALS AND METHODS

Groundnut genotypes were grown in 15 cm diameter pots, each containing 1.1 kg of soil with acid
saturation of 45%, collected from a virgin land in Bergville (KwaZulu-Natal). The conditions of the
growth room were day/night temperatures 28/20 °C, photoperiod 14 h, relative humidity 60% and light
sources provided by fluorescent and incandescent lamps to give a light intensity of 285.15 umolm™?s™.
The experiment was a factorial combination of nine groundnut genotypes and four remediation
treatments in four replications. The remediation treatments comprised applications of lime as Ca(OH),
(1.1 g/1100 g soil), phosphorus as KH,PO, (0.12 g /1100 g soil), a combination of Ca(OH), (1.1 g
/1100 g s oil) and KH,PO, (0.12 g/ 1100 g s oil), and a c ontrol. Plants were watered adequately
throughout the study. At flowering, the shoot material was harvested and shoot dry mass, Ca, Mg, P
as well as Mn and Al levels were determined. The acid saturation of the soil was also determined at
the time of harvest.

RESULTS AND DISCUSSION

In six genotypes the control treatments had lower dry masses and shoot Ca, P and Mg levels, while
the values for the genotypes Rambo and B illy were higher suggesting that the uptake of these
nutrients by the two genotypes was less affected by the untreated acid soil. The remediation with lime,
P or a combination of these, increased shoot dry matter, Ca, P and Mg levels (P < 0.05) of the six
genotypes that showed poor growth in the acid soil. The benefits of remediation to the genotypes Billy
and Rambo were, however, less pronounced. Shoot Al and Mn levels were relatively higher in the
control treatments for the first lot of six genotypes than for Billy and Rambo. However, remediation
treatments reduced the shoot Al and Mn concentration (P < 0.05) in the six genotypes. On the other
hand, remediation had little influence on the shoot Al and Mn levels of the genotypes Rambo and
Billy. The lime source reduced soil acidity from 45 to 10%.

CONCLUSIONS

The responses shown by the genotypes in respect of shoot Ca, P and Mg on one hand and Al and Mn
on the other suggest that the two genotypes Billy and Rambo are more tolerant of acid soils than the
others tested. These preliminary results present a small window of opportunity for groundnut
production by small-scale farmers in KwaZulu-Natal who cannot afford the full cost of acid soil
remediation.
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INTRODUCTION

The microencapsulated formulation of alachlor [2-chloro-N-(diethylphenyl)-N-methoxymethyl
acetanilide] is becoming increasingly popular for use on sunflower in South Africa, where it is
registered for use at arate of 1.54 to 1.92 kg ai ha™. It is applied pre-emergence mainly to control
annual grasses, some broadleaf weeds, and yellow nutsedge under certain conditions. Some injury
symptoms, apparently herbicide induced, have been observed on sunflower where this herbicide has
been applied in the field. The objectives of this study were to test commercially available sunflower
cultivars for their tolerance to this herbicide, as well as establish if soil type played a role in herbicide
sensitivity.

MATERIALS AND METHODS

The response of 22 commercially available sunflower cultivars was tested in a glasshouse experiment
using both a sand (10% clay) and a sandy loam soil (20% clay). Five rates of alachlor (0, 0.5, 1, 2 and
4 times the recommended application rate for each of these soils) were applied and leached into the
soil after planting. Pots were placed in an air-conditioned glasshouse at a 28/ 18°C day/night
temperature regime under natural light conditions with a 13 hour daylength. A randomized complete
block experimental design with three replicates was used. Plants were harvested 38 days after
planting, at which stage plant height, mass (fresh and dry) and seedling survival rate were determined.

RESULTS AND DISCUSSION

Characteristic symptoms of alachlor phytotoxicity (stunted plants with small, dark green shrivelled or
badly crinkled leaves) were noted in all cultivars at high application rates (two or four times
recommended application). Results indicated that cultivars differed with respect to alachlor tolerance,
but that behaviour was maodified by soil type. All effects were far more pronounced on the lighter soil,
despite a lower recommended application rate. Plant height was affected by increasing application
rate to a far greater degree than dry mass. Although the application rate for this herbicide is lower on a
lighter soil, plant growth was significantly reduced at the recommended application rate
(1.536 kg ai ha'1) on the lighter soil. An interesting finding, which must now be confirmed through field
trials, was the reduction in seedling survival rates with increasing application rates. This showed
significant reductions at the recommended application rate on both soils, although the effect was again
far more pronounced on the lighter soil.

CONCLUSION

The results indicate that despite the lower recommended application rate of microencapsulated
alachor on sandy soils a far greater degree of sunflower damage due to the herbicide can be expected
on these soils, and that the cultivars reacted differently to the herbicide on the two soils used in this
trial. These findings could go some way towards explaining at least some of the problems that have
been found on sunflower where this formulation of alachlor has been applied.
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INTRODUCTION

It has been reported in literature that mid-infrared (MIR) is superior to near-infrared (NIR) for the
estimation of common soil properties (McCarty et al., 2002; Pirie et al., 2005; McCarty and Reeves,
2006). The objective of the study reported here was to determine whether MIR could be successfully
used to estimate various constituents commonly determined in soil.

MATERIALS AND METHODS

926 soil samples were collected from various localities in South Africa. These were air-dried and milled
to pass a1-mm sieve. Sub-samples were scanned in duplicate using a Bruker Tensor 27 F T-IR
spectrometer with HTS-XT automatic sampler. The MIR spectra obtained were used calibrate the
instrument so that it could be us ed to estimate organic carbon, total nitrogen, clay percentage,
exchangeable acidity, percent acid saturation and exchangeable Ca and Mg in soil samples.

The conventional laboratory methods against which the MIR spectrometer was calibrated were as
follows: Total carbon and nitrogen values were obtained using the Dumas dry combustion method (on
a Leco CNS-2000 analyser). Samples that had pHgg values higher than 5 or that had a distinct
carbonate peak in the MIR spectrum were analysed for carbonates by loss of mass after treatment
with 5 M HCI. These carbonate values were subtracted from the respective total carbon values to give
an “organic carbon” value. Clay percentages were determined using the pipette method.
Exchangeable acidity (exchangeable H* and AI3+) was determined by titration with 0.005 M NaOH
solution after extraction with 1 M KCI. Exchangeable Cca® and Mg“" were determined by atomic
absorption spectroscopy after extraction with 1 M KCI. Percent acid saturation was determined by
dividing the exchangeable acidity by the total of the extractable cations (K" + Ca** + Mg® + A’* + H").
values higher than 5 or that had a distinct carbonate peak in the MIR spectrum were analysed for
carbonates by loss of mass after treatment with 5 HCI. These carbonate values were subtracted from
the respective total carbon values to give an “organic carbon” value. Clay percentages were
determined using the pipette method. Exchangeable acidity (exchangeable H and Al) was determined
by titration with 0.005 NaOH solution after extraction with 1 KCI. Exchangeable Ca and Mg were
determined by atomic absorption spectroscopy after extraction with 1 KCI. Percent acid saturation was
determined by dividing the exchangeable acidity by the total of the extractable cations (K + Ca + Mg +
Al + H).

Calibrations of MIR against the conventional methods were developed by performing multivariate data
analysis using the OPUS chemometrics software (v. 5.5) supplied by Bruker. This software uses the
partial least squares regression fit method (PLS 1) to correlate spectral characteristics in the MIR
region (such as absorbance and peak slope) with desired parameters. Spectral pre-processing
methods selected for the calibrations included second derivatives, first derivative plus vector
normalization, minimum-maximum normalization, first derivative plus multiplicative scattering
correction and straight-line subtraction. Test set validations were performed on all calibrations.

RESULTS AND DISCUSSION

Very promising calibrations were obtained for predicting the organic carbon (r2 = 0.929), total nitrogen
(r2 = 0.915) and clay percentage (r2 = 0.936). These calibrations were able to predict the organic
carbon, total nitrogen and clay percentages in independent test samples with a high degree of
accuracy (r2 of test sets varied between 0.841 and 0.931).

The acidity, acid saturation and exchangeable Ca and Mg calibrations are not sufficiently accurate to
replace the traditional methods used to determine these parameters, and will rather be used for quality
control purposes. Large differences between the MIR values and the results obtained through
traditional means would indicate that the conventional analysis on the sample(s) should be repeated.

CONCLUSIONS

Mid-infrared spectroscopy is a cheap and rapid means of estimating the organic carbon, total nitrogen
and clay contents in soils. It can also be used for quality control for other standard soil fertility
analyses.

Keywords: mid-infrared spectroscopy, soil fertility, organic carbon, total nitrogen, clay
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INTRODUCTION

The recent global food crises attributed to rising human population and low yields call for production
strategies that can stimulate increased and sustainble crop yields. Also, the scarcity and rising cost of
mineral fertilizers and the negative impact of climate change further constitute bottlenecks to effort
targeted at achieving increased crop yields. Unfortunately, problems of rapid solubility, high volatility
and occasional pollution of groundwaters that accompanies use of mineral fertilizers, exacerbate
ecosystem degradation (Foster & Chilton, 2003). Efforts to mitigate these challenges necessitated the
development of plant nutrient alternatives such as industrial manufactured biological amendment
substances (IMBAs). Several of these IMBAs are produced, registered and marketed in South Africa
without substantial agronomic data to substantiate their efficancy or describe their residual soil
impact. Therefore, the objective of the study was to assess the agronomic efficiency of selected
biological amendment substances for maize production under different field conditions.

MATERIALS AND METHODS

Field trials using nine IMBAs were conducted in the 2006/07 and 2007/08 production seasons at four
localities (Bethlehem, Potchefstroom, Bothaville and Ottosdal) that have varied soil and climatic
conditions. The IMBAs evaluated along with inorganic fertilizer and an unamended control included
included Biozone, Advanced Crop Care, Gromor Accelerator, Growman, K-humate, Lanbac, Molcast,
Montys Organics and Promis. Application rates for the IMBAs were as recommended by the suppliers
while inorganic NPK fertilizer was applied based on the optimum recommended rate for each site
using LAN, super phosphate and MOP, respectively as N-P-K sources. Treatments were arranged as
randomized complete block design with four replications. Maize cultivar PAN 6479 was planted at 1.5
m inter and 0. 3 m intra-row spacing to achieve a population of 22 222 plants ha™'. Growth and yield
data were recorded at different stages and agronomic efficiency of the IMBAs relative to inorganic
NPK fertilizer treatments calculated after grain harvest. Data were subjected to analysis of variance
using Statistix 8.1 and differences in treatment means tested at 5% probability level.

RESULTS AND DISCUSSION

The different IMBAs exerted variable effects on maize plant vigour, leaf area index (LAI), maize grain
and stover yields, with significant (P<O 05) difference between localities. In 2006/07, grain (3 329 kg
ha™ ) and stover yields (6340 kg ha™ ) from Molcast amended plots at Potchefstroom were significantly
(P<0.05) higher than yields from NPK plots. However, in 2007/08, patterns were competely different.
K-humate gave significantly (P<0.05) higher grain yield (3787 kg ha™ ) than the other IMBAs evaluated
at Bothaville except in B|ozone plots. Molcast gave significantly (P<0.05) higher stover yield at
Ottosdal (11053 kg ha ) than all the other treatments. The agronomic efficiency of the different
IMBAs varied greatly across localities, from negative to positive (-10.3 to 22.9), being generally higher
in Bethlehem and Bothaville than at Potchefstroom and Ottosdal. The highest tissue N content of 2.3
% in maize stover obtained after grain harvest was K-humate amended plots at Ottosdal.

CONCLUSIONS

The agronomic efficiency of the different IMBAs varied greatly across seasons and inconsistent across
different soil types. Nevertheless, the results from this study reveal that K-humate and Molcast
showed promising potential for increase maize productivity across all localities. The were definite
season X site interaction.

Reference
FOSTER, S.S.D & CHILTON, P.J., 2003. The processes and gl obal significance of acquifer
degradation. Philosophical Transactions: Biological Sciences 358, 1957-1972.
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INTRODUCTION

Preharvest sprouting (PHS) is a risk factor in winter cereal farming in certain environments. This is
because even mild sprouting affects the suitability of wheat for end-use products. The role of
dormancy loss may be affected by environmental conditions during grain development. In South
Africa, rainfall occurs in most seasons during the grain harvesting period. Rains after wheat is
physiologically ripe can cause preharvest sprouting which can lower the baking quality of flour due to
the synthesis of alpha-amylase. Therefore dormancy and consequently preharvest sprouting (PHS) is
an important consideration for farmers when choosing a cultivar.

In this study we investigated the effect of temperature and rainfall on preharvest sprouting values of
selected cultivars by using the meteorological data from plant to harvest. In the process we aimed to
determine which phase in the growing period contributes most to the variability in PHS
tolerance/susceptibility, which is commonly experienced in the dryland wheat producing areas of the
Free State Province.

MATERIALS AND METHODS

To establish a quantitative relationship between PHS and different climatic characteristics, eighteen
winter wheat cultivars were planted in three regions representative of the wheat growing conditions of
the Free State Province of South Africa over four years. Climatic characteristics (total rainfall,
minimum and maximum temperatures) during six environmental periods were investigated, namely
plant to harvest (PH), anthesis to harvest (AH), grain filling (GF), 14 days prior to maturity (14M) and
10 and 20 days prior to harvest (10H and 20H) respectively. These data sets were correlated with
PHS to determine if climate during various stages of grain development had an effect on the
expression of dormancy and subsequent PHS.

RESULTS AND DISCUSSION

A combined ANOVA on PHS over years and localities to test for cultivar effect differences indicated a
highly significant locality by year by cultivar interaction. To determine if climate had an effect on the
PHS tolerance of the various cultivars, especially those that don’t seem to be stable with regard to
their PHS tolerance, the meteorological data were used to determine possible relationships between
PHS and the various climate characteristics. RESULTS obtained showed that there was no
significant correlation (P>0.05) between PHS and rainfall in the six climate periods tested. However, a
highly significant (P=0.008) positive correlation (r=0.715) was observed between PHS and minimum
temperatures during the grain filling period. Principal component analysis (PCA) on mean PHS values
to examine the interrelationships of the cultivars with PHS identified three distinct groupings of
cultivars, ranging from PHS susceptible to PHS resistant.

CONCLUSIONS

A fairly strong positive correlation (P<0.01) was found between PHS and minimum temperature during
grain filling. This generally implies that higher minimum temperatures during grain filling were
associated with higher PHS values, indicating lower PHS resistance. Large variations in PHS values
were also observed between the various cultivars, indicating that certain cultivars are more sensitive
to environmental effects than others.
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INTRODUCTION

Water tables near or in contact with the root zone induce water logging and salinization. Both
conditions may cause Yyield losses for different reasons and should be managed accordingly. Water
logging is dueto alack of oxygen in the rhizosphere that hampers respiration. Salinity is mainly
caused by salt that is transported from the water table through capillary rise. The salt accumulates in
the root zone during transpiration and effect yield negatively by lowering the osmotic potential of the
soil solution. Utilization of water tables therefore demands special management through irrigation
scheduling. The aim of this paper is to evaluate irrigation practices on commercial farms with respect
to water table utilization and salinization.

MATERIALS AND METHODS

The evaluation was done on a case study basis with wheat as the crop at Orange-Riet Irrigation
Scheme. The amount of rainfall plus irrigation (R+I, rain gauges) and change in soil water content
(AW, CPN neutron water meter) were measured, while evapotranspiration (ET) was estimated with the
model SWAMP from seed yield measurements. Capillary rise (+Du) or deep percolation (-Dp) were
weekly calculated with the soil water balance equation. Surface runoff was assumed negligible. Water
table heights (piezometers) were measured weekly. Salt gain by the profile was calculated from
electrical conductivity (EC) measurements of R, | and Du. Water table qualities were measured
weekly. Salt lost by the profile through deep percolation was estimated with an empirical model from
the EC of the irrigation water, EC at the start of the season, depth of soil and Dp. The EC of a
saturated extract was also taken at the start and end of the season, by sampling the soil at 300 mm
depth intervals.

RESULTS AND DISCUSSION

The farmers applied between 369 and 656 mm a”', while R amounted to approximately 150 mm. The
total ET varied from 500 to 666 mm, with a net AW of approximately 50 mm. Calculations showed that
Du occurred mostly during the first 70 days, while Dp mostly took place from day 70 onwards. Three of
the case studies showed a net loss of water. One case study demonstrated the value of deficit
irrigation. Here it was calculated that the crop obtained 40% of its total water use from the stored water
in the profile. The soil water content was generally higher than the drained upper limit and v aried
between 327 and 534 mm 1800 mm™'soil depth. The water tables varied between 435 and 2050 mm
from the soil surface. From the correlations it was not clear whether the high water tables caused yield
reductions. Salt gain by the profiles over the growing season through rainfall, irrigation and capillary
varied between 500 and 2000 kg ha™', while the net salt loss through deep percolation varied from 788
to 1009 kg ha™. Only the case study where the water table was utilized significantly resulted in a
significant net gain (1000 kg ha'1) in salt over the growing season. The EC of the profiles varied from
38 to 83 mS m™ at the start of the season and from 51 to 125 mS m™ at the end.

CONCLUSION

It seems if the farmers were apparently accurate in determining the weekly and total crop water use
from an agrometeorological view. Closer analysis revealed that the farmers do not monitor soil water
content or water table heights. In most cases the estimations had led to uncontrolled water loss
through drainage. Fortunately it also helped to leach excess salts from the root zone. The
sustainability of this practice is currently under investigation in a four year Water Research
Commission funded project.

Keywords: Irrigation scheduling, soil salinity, water logging , water tables
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INTRODUCTION

The agronomic sustainability of crop production using gypsum-rich coal mine waters (EC that ranges
between 120 and 400 mS m'1) was studied on annual cash crops such as maize, wheat, sugarbeans
and potatoes, and vegetables such as peas, sweetcorn, pumpkin and s oybean. The study also
investigated the nutrient imbalances of crops that could occur as a result of unfavourable nutrient
interactions.

MATERIALS AND METHODS

Plant samples were taken from representative 1 m® areas, in 3 replications every 10-14 days for 15
seasons to determine the above-ground dry matter accumulation. Leaf samples were also taken at
critical crop growth stages to determine possible nutritional imbalances for 15 seasons. Irrigation and
rainfall were recorded. The yield of the crops was compared with yield obtained from dry land farming
and crops irrigated with fresh water. Leaf analyses were interpreted by both the Sufficiency Range
(SR) approach and the Diagnosis and Recommendation Integrated Systems (DRIS) method.

RESULTS AND DISCUSSION

The yield of maize obtained from fields irrigated with gypsiferous mine water (average 5 t ha'1) was
lower than the average yield usually obtained from fields irrigated with normal fresh water (>8 t ha'1),
but was higher than the yield of dry land farming in the area (3 t ha'1). Wheat is known to be more
tolerant to salinity than maize and yield of wheat was not affected by the salinity of the irrigation water.
The yields obtained from the vegetables were not satisfactory for the trial period, which could be
related to poor irrigation site selection. In all the crops irrigated with gypsiferous mine water, N, K and
Mg were required in relatively larger quantities than the other nutrients. In the maize and wheat
leaves, N and K were the most deficient nutrients, compared to the others, and could probably be due
to poor fertilization management. High K levels were also found in the soil solution in all the sites as a
result of the high Ca concentration in the irrigation water which led to arelease of K into the soil
solution by cation exchange processes.

CONCLUSIONS

Crop production under irrigation with mine water rich in Ca and S O, is, therefore, feasible and
sustainable if properly managed. Clearly recognizable leaf symptoms associated with specific
nutritional disorders were not observed. It, therefore, seems that crops can be produced using
gypsiferous mine water without experiencing major plant nutritional problems, but it is essential to take
into account what ions in the irrigation water are being added to the soil.

Keywords: coal-mine water, irrigation, crop production, plant nutrition, salinity
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INTRODUCTION

Green manure crops are commonly used in the South African sugarcane industry to improve soil
health and break the pest and disease cycle. However incorrect selection of a green manure crop may
result in worse pest problems. The current study, which was part of alarger project looking at
integrated pest management strategies, was initiated to look at the growth of these crops and
investigate their effect, in summer and winter cycles, on plant parasitic nematodes of sugarcane. In
addition, we investigated whether these changes continued into the proceeding sugarcane crop.

MATERIALS AND METHODS

Two pot trials were established at the South African Sugarcane Research Institute, Mount
Edgecombe, Durban. In the winter trial, planted in May 2007, six crops viz. barley (Hordeum vulgare),
black oats (Avena strigosa), canola (Brassica napus), grazing vetch (Vicia villosa x dasycarpa),
serradella (Ornithopus sativus) and wheat (Triticum aestivum) were evaluated. In the summer ftrial,
planted in October 2007, seven crops viz. brachiaria (Brachiaria humidicola), buckwheat (Fagopyrum
esculentum), dolichos beans (Dolichos lablab), desmodium (Desmodium uncinatum), melinis (Melinis
minutiflora), sunn hemp (Crotalaria juncea) and velvet beans (Mucuna deeringiana) were evaluated. In
both trials, the green manures were grown for 3 months after which half of the pots were destructively
sampled for nematode analyses and the remaining half harvested and the green manure residue
placed back onthe soil surface after sugarcane was planted. Sampling for nematodes involved
removing 500 ml of soil and 50 g of roots from which nematodes were extracted with the Seinhorst
and mist chamber techniques respectively. Total aboveground dry weight biomass and soil cover were
also determined. Nematode data was transformed to log (x+1) before statistical analyses (JMP version
5.0, SAS).

RESULTS

For both pot trials there were noticeable differences in nematode numbers between treatments. In the
winter pot trial, serradella and black oats significantly reduced the total number of nematodes
especially the number of Paratrichodorus. Grazing vetch had the opposite effect with a significant
increase in total numbers. Black oats and wheat significantly reduced the number of ectoparasitic and
endoparastic nematodes respectively in the soil. However, after replanting the pots to sugarcane, the
differences between treatments became non-significant with only af ew crops (barley, canola,
serradella, wheat) exhibiting significantly greater numbers of Xiphinema compared to the control.

In the summer pot trial, dolichos and velvet beans significantly increased numbers of free-living and
Helicotylenchus nematodes respectively as well as significantly increasing numbers of Xiphinema and
total numbers of nematodes. Brachiaria significantly reduced numbers of endoparasitic nematodes in
both the soil and roots. These pots have been replanted to sugarcane to see if the green manuring
effect continues into the sugarcane crop.

Although barley (3.5 tons/ha), black oats (3.9 tons/ha) and wheat (4.5 tons/ha) produced a larger
biomass, the serradella and grazing vetch covered more of the soil surface (>90%). For summer
planting, brachiaria, dolichos and melinis covered more than 80% of the soil surface and brachiaria
and melinis produced more than 10 tons dry matter/ha of aboveground biomass.

CONCLUSION

Fallowing fields between sugarcane cycles is an important part of the IPM strategy. However, choice
of green manure crop is vital as each crop has different growth characteristics and different effects on
pest populations.

Keywords: fallow, integrated pest management, plant parasitic nematodes
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INTRODUCTION

Seasonal fluctuations in temperature as well as high temperature stress at any given phenological
period strongly affect leaf gas exchange, growth, flowering and the timing of phenological shift in
plants. The influence of environmental factors, such as temperature, on flower bud i nduction and
development in commercial Protea cultivars is not known. In addition, temperatures are predicted to
increase by 2-3°C in the Western Cape over the next 30-40 years. The objective of this study is to
investigate the role of temperature during various phenological stages in Protea cv. Pink Ice, focusing
on physiology (gas exchange and carbohydrate availability), growth and inflorescence development.
This will enable producers to better predict (inter-annually and regionally) the flowering period,
intensity and harvest period for more effective marketing, and allow adaptation to a warmer climate.

MATERIALS AND METHODS

Greenhouse-based warming experiment

A gradient of seven temperature levels was established in a glass-roofed open-sided greenhouse in
Stellenbosch, ranging from ambient to ambient+3.6°C using infra-red lamps. Air temperature at plant
height and soil temperature were monitored with TinyTag mini-dataloggers. The experiment started on
19 May 2008, using four drip-irrigated potted plants per temperature level. Leaf gas exchange was
measured on e ight leaves per temperature position and included light-saturated rate of net CO,
assimilation (Anax), light- and COo-saturated rate of net CO, assimilation (Agy), dark respiration rate
(Rqg), stomatal conductance (gs) and transpiration rate (E) measured under ambient treatment
temperature. The temperature optimum of CO, assimilation (T,,) was measured on one leaf per
temperature position. Bud growth was monitored regularly.

Field verification experiment

In a commercial ‘Pink Ice’ block on a f arm outside Stellenbosch, two temperature treatments were
established in June 2008 using infra-red lamps, ambient and ambient+2°C, with six plants per
treatment. Gas exchange together with vegetative and reproductive growth were measured as above.

RESULTS AND DISCUSSION

‘Pink lce’ showed seasonal acclimation of the optimum temperature for photosynthesis (Top),
decreasing from autumn to winter and increasing in spring and summer, tracking ambient temperature
changes. An.x and Ag,; increased during spring from winter minimums, but decreased as summer heat
set in. Stomatal conductance was constant during winter and s pring but decreased into summer.
Warming treatments had little effect on gas exchange during winter and early spring, apart from
increased gs and E during mid-winter. From late spring onwards, Anax, Asat; 9s and E decreased with
increased warming. Warming resulted in earlier budbreak (‘green point”) in spring in both the
greenhouse and field experiments. Vegetative and reproductive growth rates were monitored. We
conclude that warming in the cool season (winter) promotes physiological processes and budbreak,
but warming in the warmer summer could be detrimental to gas exchange, carbohydrate availability
and flowering.

Keywords: Climate change, gas exchange, heat stress, phenology, Protea, temperature
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INTRODUCTION

The challenge to crop production is increasing food production on smaller farming areas. Cover crops
are being promoted as an alternative method for attaining sustainable food production by improving
the soil characteristics and suppressing weed growth. Secale cereale (stooling rye) is one of the most
widely used cover crops. However, little is known about the weed suppressive abilities of Lolium
multiflorum (ltalian ryegrass). Cyperus esculentus (yellow nutsedge) is ranked among the most
notorious weeds in the world. Research indicates a 41% yield reduction in maize when no weed
control was done on a field initially infested with 1200 shoots m® The objectives of the study were to
measure the residual effects of ltalian ryegrass and stooling rye on maize and yellow nutsedge
growth, in particular the ability of the cover crops to control yellow nutsedge and the subsequent
influence on crop yield.

MATERIAL AND METHODS

The four-year study was conducted at the Cedara, KwaZulu-Natal. Stooling rye cv. “Agri Blue”and
Italian ryegrass cv. “Midmar” were planted in autumn and biomass samples were collected in October.
A week thereafter, the cover crops were sprayed with glyphosate at 6 L/ha. Maize (PHB 32D99) was
hand-planted at 40 000 seeds/ha during the first week of November. Emergence was recorded for a
maximum of eight days. Two weeks after emergence, 45 maize seedlings were cut above the soil
surface for dry weight determination. It was repeated four and six weeks after emergence. Plant height
was recorded 17 weeks after emergence. Four maize rows were harvested for yield determination.
Two, four and six weeks after maize emergence, C. esculentus samples were collected from six 0.09
m? quadrants and dry weight determined. Samples were collected in and between the maize rows.
Treatments were replicated four times in a randomized block design. Mean separation was done with
the Least Significant Difference Test at P=0.05.

RESULTS AND DISCUSSION

The control treatment, consisting only of weed residues, had a s ignificantly lower average residue
yield over the four seasons than the stooling rye and Italian ryegrass, while the average yield of the
cover crops was similar. Italian ryegrass inhibited maize emergence significantly more than stooling
rye, even though they had similar residue yields. Both cover crop residues inhibited the final maize
germination percentage in comparison to the weed residues. At two weeks after maize emergence,
Italian ryegrass residues between the maize rows significantly suppressed Cyperus esculentus growth
compared to stooling rye residues, but the effect started to diminish after four weeks. Cover crop
residues also had a negative influence on maize seedling weights after four weeks, as both the effects
of the weed and the residues severely inhibited maize growth. After six weeks the stooling rye had a
more suppressive effect on C. esculentus growth and a lesser effect on maize growth than did the
Italian ryegrass. The early effect on maize growth was carried through to yield. No significant
differences in yield between the control and stooling rye treatments were observed, but ltalian
ryegrass significantly reduced maize yield.

CONCLUSIONS

The amount of residue on the soil surface is not the main determining factor in suppression of C.
esculentus or maize growth, but rather the type of cover crop residue. Italian ryegrass had the biggest
potential to suppress early growth of the weed but it had a negative effect on maize growth. Stooling
rye had a lesser impact on maize growth, while still suppressing the growth of the weed.

Keywords: Weed management, Cover crops
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INTRODUCTION

Successful storage of avocados requires the earliest possible removal of field heat and maintaining
temperature throughout storage. The Perishable Products Export Control Board (PPECB) has
recommendations and guidelines available for the handling of avocados due for export to minimize
increases in pulp temperature. These documents stress the importance of fast removal of field heat
and minimising delays in transport and transfers, and conclude that the postharvest age of fruit and
the product temperature are the most important determining factors in fruit market quality. Inadequate
temperature management is common in the South African avocado industry and is costing growers
money and reducing fruit quality. It is also possible that controlled atmosphere and 1-MCP treatments
may be avoided with better cold chain management.

Recently it was showen in Chilean work that breaking the cold chain reduces avocado quality by
increasing transpiration and thereby mass loss. Breaking the cold chain near the end of storage
resulted in the fruit entering the ripening process (softening and changing colour). Other experiments
storing fruit at 1°C (and even -0.5°C) resulted in higher quality than fruit stored at 5.5°C. These
ultralow storage temperatures may mitigate some of the effects of cold chain breakage as the pulp
temperature will remain below critical levels longer than fruit stored at the conventional 5.5°C.

This study aims to compare the effect of storage temperature and the effect of breaking the cold chain
at various points in a simulated shipping trial.

MATERIALS AND METHODS

Fruit were sourced from Everdon Estate (KwaZulu-Natal Midlands) and stored using two temperature
regimes with 10 fruit per treatment and each fruit as a replicate. Fruit were picked on 2™ and 22™ of
July and the 11" of August. The cold chain was broken at 1, 7, 14 and 21 days after packing. Carbon
dioxide, ethylene, firmness and appearance were monitored until ripeness at ambient temperature
after 28 days storage.

RESULTS AND DISCUSSION

Fruit only showed significant differences in the physiological parameters on the first day after removal
from cold storage, but fruit quality was severely affected by breaking the cold chain. Storage
temperature also had a significant effect on fruit quality. Storage at 5.5°C resulted in only having
between 8 and 30% sound fruit while storing fruit at 1°C resulted in an increase in the percentage of
sound fruit to 80% for the control. Breaking the cold chain anywhere in the shipping process severely
reduced fruit quality. This was mitigated by storing fruit at 1°C, but it is imperative to maintain the cold
chain from the packhouse to the shipment’s final destination.

CONCLUSION

Breaking the cold chain is known to be detrimental to fruit quality and this has been shown to be true
for avocados. Although fruit recover physiologically in terms of respiration and ethylene evolution,
quality is severely affected. Breaking the cold chain results in severe shrivel and a large proportion of
unmarketable fruit. Reducing storage temperature from 5.5°C to 1°C can buffer fruit from breaking the
cold chain. It is once again stressed that maintaining the cold chain is crucial in delivering quality fruit
to export markets.

Keywords: Cold Chain, fruit quality, ultralow storage
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INTRODUCTION

Subsistence farmers occupy a large area east of Bloemfontein around Thaba Nchu. They do not have
food security because the area is marginal for crop production. There are three reasons for this: (a)
low and erratic rainfall that amounts to a mean of 543 mm per annum; (b) a corresponding high
evaporative demand of 2198 mm per annum; and (c¢) dominantly duplex and clay soils on which
rainwater productivity (RWP) is low due to high ex-field runoff (Rex) and evaporation (Es) losses. It was
hypothesized that the in-field rainwater harvesting (IRWH) technique could improve crop yields
compared to conventional tillage (CT) on various ecotopes.

MATERIALS AND METHODS

To test the hypothesis, field experiments were conducted during the period 1996/1997 to 2002/2003
on the Glen/Bonheim (45% clay in A horizon), Glen/Swartland (38% clay in A horizon),
Khumo/Swartland (17% clay in A horizon), Vlakspruit/Arcadia (42% clay in A horizon), Sepané
7/Oakleaf (42% clay in A horizon) and Willow Park/Katspruit (30% clay in A horizon) ecotopes.
Agronomic productivity was measured by maize and sunflower seed yields obtained from on-station
and on-farm experiments. The treatments were CT; IRWH with a bare basin and bare runoff area
(BbBr); and IRWH with organic mulch in the basins and a bare runoff area (ObBr). Grain yield for
maize and sunflower was determined. RWP was calculated with the equation of Botha (2006).
Transpiration (Ev) was determined with the procedure proposed by Tanner & Sinclair (1983). R, was
measured with automatic tipping bucket runoff meters onthe Glen/Bonheim and G len/Swartland
ecotopes and estimated using a prediction equation from Hensley et al. (2000) for the other ecotopes.

RESULTS AND DISCUSSION

The mean grain yields over the seasons for CT and the mean of the two IRWH treatments were 1297
and 2428 kg ha”, respectively for maize and 1270 and 18 93 kg ha™, respectively for sunflower.
RESULTS showed that IRWH significantly increased maize and sunflower yields compared to CT.
This was found to be due to the ability of IRWH to stop Rg, completely; enhance in-field runoff (R;,)
and its resulting beneficial redistribution of water in the soil profile; minimize Es/ET, and contribute
towards higher transpiration. The IRWH techniques were 82% more efficient than CT at converting
rainwater into seed yield. Both yield and RWP results showed that IRWH stabilizes crop production,
compared to CT. There was a consistent trend in yield and RWP viz. ObBr > BbBr > CT over the
seasons. . ObBr > BbBr > CT over the seasons.

CONCLUSION

It can be concluded that IRWH was more agronomically sustainable than CT on the six ecotopes
tested. The IRWH technique is therefore recommended to be used by subsistence farmers around
Thaba Nchu.
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INTRODUCTION

Measuring the starch content of corn allows ethanol plants to know how much ethanol can be
produced from a s pecific lot of corn. The developments of quick and easy starch measurement
methods are important in maximizing the ethanol yield of corn. Measurement of starch content in corn
has been done through several laboratory procedures. Fermentable starch best indicates the amount
of ethanol produced by the dry-grind method. Conventional laboratory fermentable starch
measurement can take hours to days to complete. Near-infrared spectroscopy (NIRS) is a rapid
nondestructive technique that is able to measure organic substances in minutes. NIRS could be useful
in predicting the amount of fermentable starch in corn samples.

MATERIALS AND METHODS

Near infrared (NIR) spectra from a FOSS Infratec 1229 Grain Analyzer (FOSS Group, www.foss.dk)
was obtained for 249 corn samples. Laboratory fermentable starch measurements from the lllinois
Crop Improvement Association were also obtained from the 249 corn samples and were used as the
reference data. A fermentable starch partial least squares (PLS) calibration relating fermentable starch
content to NIR spectra was developed. A multiple linear regression (MLR) including combinations of
current NIR measurements (protein, oil, starch and density) was also used to predict fermentable
starch content. Leave-one-out, full cross validation was used to validate the calibration models. The
first external validation was conducted using 26 samples representing a wide range of composition.
Calculations involving the models, PLS, and MLR were obtained using The Unscrambler 9.7 (CAMO
Inc., www.camo.com).

RESULTS AND DISCUSSION

The current NIR calibration factors produced similar validation statistics (based on the R* -coefficient
of determinationand the SECV -standard error of cross validation) as the new NIR calibration for
fermentable starch. The NIR calibration for fermentable starch had a R? of 0.863 and a SECV of
0.025, while the MLR for the combination oil, starch, and density had a R? of 0.795 and a SECV of
0.030.2AII combinations for MLR analysis (protein, oil, starch, and density) had similar results for SECV
and R".

The PLS calibration had poor results in predicting corn ethanol yield from the 26 external validation
samples, with an SEP=0.40 and a R?=0.28. The MLR component model gave consistent results to
calibration cross validation. The best combination in validation was protein and starch with an
SEP=0.044 and a R*= 0.88.

CONCLUSIONS

A PLS based fermentable starch calibration for Infratec NIRS units was developed using ethanol yield
reference data from lllinois Crop Improvement Association. MLR analysis with predicted values of oil,
starch and d ensity to predict ethanol yield resulted in similar validation statistics to the new PLS
calibration. The PLS model was slightly more precise, but the MLR model may be more practical for
actual use. The constituent calculation performed better than the spectra calibration in validation.
Implementing a constituent calculation is easier and more economical than implementing a new NIRS
calibration, for similar SECV’s. Any NIRS unit can use constituent regression.
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INTRODUCTION

Pappea capensis Eckl. & Zeyh. is found across Southern Africa in different habitats except forests.
Trees found in arid and semi-arid areas are usually multi-stemmed, up to four meters high and
evergreen. In areas of high rainfall they are semi-deciduous and grow up to nine meters tall. Flowers
are either male or female and although most references state that trees are dioecious, the trees are
indeed monoecious (Fivaz & Robbertse, 1993). As the seeds contain about 70 % oil this tree could be
a source of oil for potential bio-diesel production. The trees have not yet been grown commercially
with the result that very little is known about tree phenology and seed production. In this study tree
distribution, tree phenology and seed production were studied to gain information that can be applied
in commercial tree propagation and seed production.

MATERIALS AND METHODS

A distribution map of P. capensis (South Africa) based on herbarium specimens collected over a
period of 120 years was obtained. According to the map it was possible to distinguish five, more or
less discontinuous locations excluding Swaziland. Information on the reproductive stages was
collected from the literature. From the different herbaria, information about location, collection date,
flowering (male and female) and fruiting times were collected from herbarium specimens. This
information was used to compile phenograms for each of the five localities.

The canopy size of seven trees in the Steytlerville Karoo, Eastern Cape was calculated using the
formula 41r%/2. The number of fruit per square meter were counted, harvested, dried and weighed to
provide yield estimates per tree.

RESULTS AND DISCUSSION

The compiled phenograms indicate that the trees can start flowering in September to May and fruiting
occurs from December to July. Flowering does not seem to relate directly to rainfall or temperature. In
tropical fruit trees like mango, avocado and litchi, flowers are produced on the youngest mature
flushes. P. capensis probably shows the same tendency whereby semi-deciduous trees in the
Northern locality flower in autumn on shoots from the spring flush while in southern localities trees
flower in spring on the mature autumn flush. Seed production depends on canopy size and varied
between eight to 90 kg per tree. It can be extrapolated that in orchards with 400 trees/ hectare, a yield
of five to 10 ton per hectare is achievable.

CONCLUSIONS

P. capensis has a wide distribution in South Africa and time of flowering varies among populations.
Rainfall and temperature do not seem to have a direct effect on flowering time, but it is more likely that
flowering occurs only on young mature flushes and the time of flushing varies among different
populations in specific climatic areas. Commercial orchard seed production should therefore be a
viable option.
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INTRODUCTION

Scarcity of water and fertile land is the major restriction for agricultural production in the Arava desert
of Israel. Soilless cultivation methods reduced the demands for arable land and opened new
opportunities for the monitoring and control of the irrigation water. Founded on the steadily declining
local resources of brackish water (2-3 dS/m), the present challenge of the growing sweet pepper
industry is to significantly increase the agricultural water use efficiency. Whereas water recycling
systems turned out to be too expensive and exigent, the reuse of the drained water in a secondary,
less sophisticated, cropping system seemed more feasible. Our objectives were: 1. to examine water-
saving opportunities opened by the new concept during periods of maximum plant water demands; 2.
to test plant performance in the soilless, as well as in the conventional soil culture.

MATERIALS AND METHODS

Two model farms were established on a commercial scale in Paran, in the central Arava Valley. In
each pilot venture, a 2.5 ha area has been divided into two parts: about 20% is used for sheltered
soilless cultivation, the drainage water of which is hoarded and reused to irrigate the rest of the area.
The soilless culture comprised of packages 40 cm wide and 20 cm deep containing volcanic ash (0-
8mm) with 25% (v/v) compost. The drainage water was collected in an i ntermediary underground
reservoir, from which the water was pumped to a 120 m® reservoir used to irrigate a 2 ha field of
conventional sweet pepper crop on native soils. Environmental and physiological data were recorded
continuously using a "Phytech" monitoring system. Here we present results from one farm in the
2006/7 season.

RESULTS AND DISCUSSION

Sweet pepper (cv. 7182) was planted on Aug. 14, 2006 and grown for 165 days, during which 285 mm
of water was utilized for irrigation, thus saving 499mm per season. The water saving was mostly
significant during the first month — about 70%. Following the removal of the shading nets and during
days 37-62 from planting, during the rapid phase of plant growth and the major period of fruit set,
water demands increased dramatically. Despite this, a 30% water saving was recorded during that
period. Following this phase, the water demands declined gradually and the rates of water saving
increased again to a level of 60-75% of the available water quotas. The fruit yields were 12.2 and 8.5
kg/mz, in the soilless and the native soil, respectively.

The water reuse system was highly effective during the first month of the pepper season, when a 70%
water and fertilizer saving was obtained. During the major growth season, the water demands were
very high and the rates of water saving were reduced to about 33%. Still, the significance of the water
saving during this stage of the crop development is the flexibility given to the farmer to wisely allocate
the available water among fields in order to open "bottle-necks" and to leach the excess salts that
accumulate in the rhizosphere due to the insufficient water quotas. The water-saving rates increased
again to considerable levels throughout the rest of the season. The nature of the cultivation system
that reuses the water is highly relevant to the effectiveness of the water saving as well as to the yield
levels obtained.

CONCLUSIONS

More than 60% water savings can be made by reusing draining irrigation water. Although costly, the
approach of integrated systems that reuses water seems especially attractive where water availability
is extremely low. Beyond the higher agricultural water use efficiency obtained, this way of water
sharing may diminish local and regional conflicts about water.

Keywords: brackish water, Capsicum annuum, irrigation, soilless culture, water reuse
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INTRODUCTION

Photosynthesis provides the required carbohydrates for fruit development, while respiration releases
the stored energy from these carbon compounds during postharvest storage. It is therefore important
that fruit structures have adequate carbohydrate content at the start of the postharvest period. In
addition to the supply from the leaves, the citrus fruit rind (flavedo and albedo) has the ability to
accumulate carbohydrates via its own photosynthetic system in the chlorophyll containing flavedo.

MATERIALS AND METHODS

In this experiment, during 2004 — 2007, the three main sugars (sucrose, glucose and fructose) were
determined in the flavedo of ‘Nules Clementine’ mandarin (Citrus reticulata Blanco.) fruit during stages
II'and Ill of development. The flavedo sampled was from the inside (low light) or outside (high light)
fruit of the tree canopy. During 2007, the photosynthetic and respiration rates of fruit belonging to
either of these two light classes were measured pre- and post-colour break.

RESULTS AND DISCUSSION

The results indicate a constant rate of increase in sucrose content until harvest, whereas the glucose
and fructose increased sharply only in the last month of fruit development. The flavedo that had
developed in the low light (inside fruit) was less well coloured (higher Hue®), and h ad reduced
carbohydrate content compared to the flavedo developing in high light conditions (outside fruit).

CONCLUSION

This could possibly be attributed to the higher photosynthetic rate of the outside fruit. Increased
susceptibility to postharvest physiological disorders of “inside flavedo” could be the result of the lower
carbohydrate content compared to the “outside flavedo".

Keywords: citrus, carbohydrates, light
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INTRODUCTION

Azo dyes are problematic contaminants in many soils and waters. Azo dye contamination emanates
from textile, tannery, food and printing industries. Apart from the aesthetic problems associated with
azo dye contamination many of these dye compounds are carcinogenic and pose a risk to human and
ecosystem health. Many biotreatment technologies achieve the reductive cleavage of the azo bond,
which generates a range of aromatic amines that are colourless but significantly more carcinogenic
than the parent azo compound. Advanced oxidative techniques have been successfully employed to
degrade azo dyes. However, these techniques are often expensive and unsuitable for soil
remediation, thus the development of an oxidative soil and water treatment technique utilising a Mn
oxide mining waste is appealing.

MATERIALS AND METHODS

Mn mining waste was reacted with a model azo dye, acid orange 7 (AO 7), under a range of chemical
conditions commonly present in textile effluent. The reaction mechanism was established using a
number of analytical techniques including UV-visible spectroscopy, liquid chromatography, mass
spectrometry and high pressure liquid chromatography. Reaction rates and orders were established
using an initial rate method. Real-time in situ observation of AO 7 oxidation on a Mn oxide surface was
achieved using attenuated total reflectance Fourier transform infrared (ATR-FTIR) spectroscopy.

RESULTS AND DISCUSSION

The oxidative breakdown of AO 7 by the Mn oxide containing waste is inversely proportional to pH.
The reaction is initiated on the phenolic moiety of the dye and proceeds via successive one electron
transfers from the dye to the oxide surface. The terminal reaction products observed after the reaction
of AO 7 with the Mn waste were 1,2 naphthoquinone and 4-hydroxybenzenesulfonate. The ATR-FTIR
investigation demonstrated that initial sorption of AO 7 is pH dependent and outer-sphere. A
pronounced lag phase exists between the initial sorption of the dye to a Mn oxide surface and the
initiation of oxidation. This lag phase can indicate that either the transfer of the initial electron is rate
limiting or that correct orientation followed by inner-sphere complexation is necessary before oxidation
can take place. The observed surface controlled reaction was supported by a pseudo fractional rate
order with respect to AO 7 concentration.

Dye oxidation by the Mn waste was not influenced by light. Increasing acetate buffer strength and
Na,SO, concentration enhanced the oxidation of AO 7 by the Mn waste. The oxidizing capacity of the
waste is long lasting with dye oxidation observed 60 days after continual dye replenishment.

CONCLUSIONS

The results from this investigation demonstrate that the Mn oxide containing mine waste oxidatively
breaks down the model azo dye AO 7. This suggests that the Mn mine waste may provide a suitable
soil and water remediation technology for dye polluted soils and waters.
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INTRODUCTION

Copper oxychloride is applied annually to vineyards as a fungicide to control a significant number of
plant diseases. Some of this copper (Cu) ends up in vineyard soil, and if present, in the adjacent
pristine natural vegetation. In many cases these soils are slightly acidic, making Cu more mobile and
bio-available than in alkaline soils. The accumulation of Cu results in changes in soil microbial
community composition and diversity. These changes in soil microbial diversity may impact on the
capacity of agricultural land to remain productive.

MATERIALS AND METHODS

A study was carried out to determine the response of different microbial parameters to copper
oxychloride in acidic sandy loam soil (average pH of 5.2). The soil that was used to prepare five
series of microcosms was collected from three different wine farms near Stellenbosch and Somerset
West in the Western Cape. The series were prepared as follows: Series |, uncultivated soil obtained
from Nietvoorbij Research Farm (Stellenbosch) on which natural fynbos vegetation was removed 20
years earlier resulting in the growth of various indigenous grasses; Series Il, potting soil prepared from
the same soil as Series | by adding sterile sand; Series lll, soil obtained from a two-year-old vineyard
on a commercial wine farm near Stellenbosch; Series 1V, virgin soil originating from the same farm as
Series lll, but collected beneath typical indigenous fynbos vegetation; Series V, soil originating from a
17-year-old vineyard on a commercial wine farm near Somerset West. The first series of soil
microcosms was prepared from Series | by adding nine different amounts of copper oxychloride to
each of nine sub-samples of soil at the following concentrations: 0, 10, 20, 30, 40, 50 100, 500 and
1000 mg/kg Cu. Each of these nine soil + Cu treatments was subdivided into triplicate microcosms in
polythene bags, each containing ca. 2 kg of soil, equivalent to a soil column, 10 cm in diameter and 20
cm in height. Microcosms prepared from Series Il - V were similar to the first series, but received fewer
treatments (0, 30, 100, and 1000 mg/kg Cu). Sterile distilled water was added to each of the
microcosms to establish a soil moisture content of 15% (v/w). Thereafter 200 ml water was added to
each microcosm every 2 weeks. Culturable microbial populations, whole community metabolic profiles
and protozoan numbers were monitored periodically for 245 days in the various microcosms.

RESULTS AND DISCUSSION

Microbial populations responded differently to the applied copper (Cu). Number of protozoa and
metabolic potentials of the soil microbial communities decreased. Metabolic potentials of the soil
microbial communities was not significantly affected by <100 mg kg'1 additional Cu. In contrast, a
negative impact on protozoa was observed in soil that contained only 15 mg Cu kg'1. This negative
impact on num bers of protozoa was less severe in soils containing raised concentrations of
phosphorus and zinc.

CONCLUSIONS

The accumulation of Cu in soil may have detrimental effects on agriculture if it is not closely monitored.
Of the microorganisms investigated protozoa were found to be most sensitive to elevated Cu
levels. The pivotal role of protozoa in the mineralization process, and the negative impact of relatively
low Cu concentrations on the populations of these microbes in soil, suggest that soil processes in
these soils may be negatively affected at much lower levels of Cu than is commonly believed.

Keywords: copper oxychloride, metabolic potential, microbial community, protozoa
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INTRODUCTION

Near infrared (NIR) spectroscopy is a single point spectroscopic method where the NIR region (700—
2500 nm) of the electromagnetic spectrum is utilised (Miller, 2001). NIR hyperspectral imaging a
cutting edge technique which provides a c hemical map of the sample imaged. Thus the chemical
information and distribution of chemical components are both captured in one image (Grahn & Geladi,
2007).

Wheat kernel hardness is a physical characteristic of wheat that influences the conditioning process of
the wheat, flour yield and particle size of the flour, the shape and size of the flour particles, and
ultimately the end use properties of the flour. Most methods used to determine wheat hardness are
based on sieving, grinding resistance, virtreousness and near infrared methods dependent on flour
particle size (Osborne, 1991).

A rapid, non-destructive method, i.e. near infrared (NIR) hyperspectral imaging was evaluated to
determine hardness of whole wheat kernels of different hardness (soft, bread, durum).

MATERIALS AND METHODS

Six sets of eight whole wheat kernels were randomly selected from three different hardness classes
(durum, bread and biscuit wheat). Images of the wheat kernels were acquired on SiC sandpaper, at
room temperature using a Spectral Dimensions MatrixNIR camera (Malvern Instruments LTD.,
UK). The spectral range varied from 960 to 1662 nm.

Image data were transformed to absorbance values in ISys v.4.0 software (Malvern Instruments Ltd.,
UK). Principal component analysis (PCA) with three principal components (PCs) were used to identify
and remove unwanted regions (background, shading, dead pixels, specular reflection) in the image;
this analysis were performed in Evince v.2.0.18 software (UmBio AB, Umed, Sweden). Additional PCs
were calculated, and the images were further subjected to exploratory interactive multivariate analysis
(Evince v.2.0.18) using PCA.

Partial least squares-discriminant analysis (PLS-DA) was performed to determine the possibility of
predicting endosperm hardness from a NIR hyperspectral image.

RESULTS AND DISCUSSION

PC loading line plots were studied, together with assigned absorbance peak values. The loading line
plot of the cleaned image had the shape of a typical average spectrum of wheat, suggesting that it
does not contain any useful chemical information regarding the difference in endosperm
hardness. Score plots of PC2 vs PC3 showed three distinct clusters that were assigned to the three
classes namely soft, bread, and durum endosperm. Variation in PC2 was attributed to starch and
moisture for soft and br ead endosperm, ands tarch, moisture and protein for durum
endosperm. Variation in PC3 and PC4 was attributed to starch for all types of endosperm.

Two PLS components were adequate to model 91% of the variation in Y modelled in durum and soft
endosperm; 77% of the variation in Y modelled in bread and soft endosperm; while three PLS
components were adequate to model 67% of the variation in Y modelled in bread and durum
endosperm.

CONCLUSION

PCA was found to be an effective tool for data exploration, as well as identification and classification of
clusters of different wheat hardness. PC2 separated between soft and bread-durum endosperm, while
PC3 separated between durum and bread-soft endosperm. The largest variation could be explained in
PC2: this was also apparent in the PLS-DA results.
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INTRODUCTION

Non-selective herbicides such as paraquat and glyphosate have been widely used in orchards and
vineyards in the Western Cape for many years. Resistance of ryegrass (Lolium rigidum) to glyphosate
and paraquat in the Western Cape was reported during 2001 and 2002 respectively.

The aim of this study was to restore paraquat’s efficacy in biotypes showing resistance to the
herbicide.

MATERIALS AND METHODS

All trials described below were conducted in pots under controlled environment conditions at the
University of Stellenbosch. The herbicides were applied with a pneumatically driven pot sprayin%
apparatus. Plants were sprayed at the 4 to 5 leaf stage at a rate of 400L ha™'. The adjuvants Agral 90
and (NH4),S0, were used. '*C Paraquat was used to monitor movement of the herbicide in the plant
as determined by a phosphor imager.

RESULTS

The pre-treatment of ryegrass with glufosinate ammonium overcame paraquat resistance. When
paraquat and glufosinate ammonium were applied as a tank mix, the addition of an adjuvant became
more important. The results show that although tank mixes with suitable adjuvants are effective there
is a fairly long time frame in which split applications can successfully be made. Significantly better
results were achieved when paraquat and glufosinate ammonium were combined with terbuthylazine.

Phosphor images taken 24h after the ® paraquat was applied show clearly that both acropetal and
basipetal movement of the herbicide in the leaf occurred freely in the leaves of susceptible biotypes.
Similar images of the paraquat movement in the resistant biotype show that the herbicide hardly
moved from the spot where it was applied to the leaf.

The addition of glufosinate ammonium to paraquat made little difference to the movement of paraquat
during the first 24 h period after treatment but after 48 h the combination of the two products led to a
significant increase in the acropetalous movement of paraquat in the resistant plants.

DISCUSSION

Paraquat, terbuthylazine and glufosinate ammonium, all have different modes of action but all three
herbicides ultimately lead to an inhibition of photosynthesis. This reduction in photosynthesis
enhanced the efficacy of paraquat in resistant ryegrass by improving translocation of the product.
Precisely how this is brought about is not yet known but inhibition of photosynthesis leads to a lower
energy level in the plant. This in turn could thwart the mechanism used by resistant plants to
sequester paraquat or render the sequestered state unstable.

CONCLUSION

This study demonstrates conclusively that the movement of paraquat in plants is an essential step in
determining its herbicidal efficacy. The identification of the mechanism conferring resistance to
paraquat as well as the means to overcome this trait provides incontrovertible proof that the accepted
hypothesis, viz. that paraquat is an exclusively contact herbicide, is no longer valid. This indeed is a
sad reflection on our state of knowledge of a herbicide discovered more than half a century ago and
emphasizes the need for ongoing basic research into herbicide mode of action and resistance
mechanisms.

Keywords: paraquat, terbuthylazine, glufosinate ammonium, resistance, ryegrass
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INTRODUCTION

The demand for better quality high-income perennial crops for the local and export markets (e.g. vines
and fruit) adapted to the climatic conditions of the Western Cape, necessitates that planning at block
level is done properly. A detail soil survey is therefore the first step for such planning. Detail soil
surveys, however, are becoming increasingly more costly and clients might want to save on survey
costs by reducing the survey intensity. In this paper a detail soil survey was used as a case study to
try to determine the most cost effective survey intensity that still ensure quality soils information.

MATERIAL AND METHODS

Detail soil survey information of a 37 ha farm along the Theewaterskloof dam, Villiersdorp, using GIS
technology, were used to make conclusions about map predictability capabilities and s urvey cost
effectiveness. A total of 147 profile pits were made on a grid layout of 50 m x 50 m (400 observations
per 100 ha). The soils were described and classified according to the South African soil classification
system. A map legend (representing soils classified to the phase level and which formed the bases for
demarcation of the map units) was developed based on soil property variations that might have an
effect on agricultural land potential, soil suitability, amelioration measures and potential land use. An
originally hand-drawn soil map was subsequently digitized using GIS Arc View. Three additional soil
maps, using the same profile data but eliminating in a systematic manner one, two or three profiles,
were drawn and digitized to represent map equivalents of 200, 100 and 50 observations per 100 ha
respectively. The four maps produced were used to determine the number of map units, boundary
lengths and polygon size.

RESULTS AND DISCUSSION

As expected, most polygons, representing soil map units, occur on the 4000bs/100ha soil map, with
increasingly less on the 200obs/ha and 1000bs/100ha. Compared to the 4000bs/100ha, only 40% of
the original number of map units was demarcated on the 500bs/100ha. Following the same trend,
although not to the same degree, the number of soil forms identified dropped with 40% on the
500bs/100ha, compared to the 4000bs/100ha. Individual map units, calculated for a 100 ha area, had
the smallest size for the 4000bs/100ha, increasing almost linearly, becoming almost 3 times larger in
the 500bs/100ha. Tukulu form soil, best suitable soils for perennial crop production on the farm and
Estcourt form soil, one of least suitability, were used to determine the effect on number of map units
(therefore interpretation capability) at the various map intensities. Four map units were identified for
4000bs/100ha, in both Tukulu and Estcourt soils, but these dropped to three and two respectively for
the 500bs/100ha. Total cost per single observation was determined to be the cheapest for the
4000bs/100ha, with 50 obs/100ha the most expensive (about 1.4 times higher). Assuming that smaller
map units are more accurate for interpretation purposes, the best map information at the lowest
observation cost (i.e. best value for money) was the 4000bs/100ha. The 2000bs/100ha worked out to
be a very practical alternative, giving good information at a reasonable cost. The 1000bs/100ha may
be a second alternative but too much detail information is lost at 50obs/100ha to make it a “value for
money” survey technique.
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INTRODUCTION

Rapid expansion of cemeteries in certain areas has caused concern about the possibility of releasing
hazardous chemicals/disease organisms into the surroundings. Media reports mentioned that present
wood coffins that are commonly used are so thin that it can hardly prevent leakage before burial
occurs. In the soil, corpses are also subject to various sets of decomposition processes principally
resulting from aerobic or anaerobic conditions. The presence of percolating groundwater and
microorganisms further affects the rate of breakdown and fate of the products. This study attempts, by
using soil classification, hydrology and terrain parameters, to quantify conditions that may play a role
in contamination from cemetery leachate.

MATERIAL AND METHODS

Twenty-three cemeteries, stretching from the Cape Peninsula to the Overberg and Boland regions
were investigated. Soils were described and classified according to the South African soll
classification system. Slope aspect and possible occurrence of an aquifer were determined and
distance to nearest steam or river was measured. The hydrological flow path in the soil solum was
determined using soil forms as basis. Soil wetness was estimated by the method currently in use in
the Western Cape. Soil and terrain factors were used in a parametric approach to try to qualify the
risk of contamination of soil and streams or aquifers from hazardous effluents. Firstly, soils were
grouped into recharge (dominantly vertical flow of water), interflow (lateral movement) or saturated
soils according to the pedo-hydrological model suggested by Van Huyssteen et al (2008) and a
parametric weighting given to each profile. Similar weightings were given for factors that might
influence throughflow of ions and contaminants such as aspect, expected depth and duration of soil
wetness and soil texture. Values of the two soil factors (i.e. wetness and texture) were summarized
and then multiplied by the values allocated for the hydrological model and the aspect value to derive at
a so-called soil contaminated index where the lowest values represent soils where low contamination
can be expected. By dividing this index value with the distance to nearest steam or aquifer, an
ecological hazard figure was calculated.

RESULTS AND DISCUSSION

Nine out of the twenty-three cemeteries visited appear to have soils (mainly Oakleaf or Constantia
form soils) that might be considered to have a low (index <50) risk of contaminating the surrounding
area or the aquifer below. Six were given a very high (>400) contamination rating (mainly Kroonstad or
Dundee form soils) and serious consideration should be given to the handling of corpses to prevent
direct leakage from coffins if these areas are to be used in future. The ecological hazard index also
indicated that some cemeteries pose a thread to possible contamination of nearby streams or to the
aquifer while others can be regarded as “safe”. Further research is also urgently needed to determine
any contaminants in soil and water surrounding possible pollutant cemeteries. Observations made
during the survey also revealed that in some cemeteries latest burial practices (e.g. too shallow) will
further increase contamination of soil and water sources in future.
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INTRODUCTION

Monitoring studies carried out in Zanyokwe irrigation scheme in the Eastern Cape showed that the
average maize grain yields achieved by farmers was 2.4 t ha™'. The low maize grain yields were partly
attributed to poor management of fertiliser and low crop stands. Farmers in Zanyokwe are more
interested in green rather than grain maize for production as this offers better returns compared to
grain maize. Transplanting is a strategy that is used by some commercial farmers for green maize
production in South Africa. Birds feeding on emerging maize seedlings are a serious problem in
Zanyokwe and many other parts of South Africa. With green maize production, good stand
establishment becomes very critical since the price is charged per cob, and transplanting can help in
this respect. The objective of the study was to determine maize yield response to nitrogen (N) rate with
direct seeding and transplanting.

MATERIALS AND METHODS

The trial was planted on-farm at three farmers’ fields in the Zanyokwe irrigation scheme. The
treatments were N rate (0, 60, 120, 180, 220 and 300 kg N ha'1) and establishment method (direct
seeding and transplanting). The experiment was laid out as a 2 x 6 factorial in a randomised complete
block design with three replicates. The target population was 41 152 plants ha™. Irrigation water was
applied using the sprinkler system and the amount applied varied with rainfall received as well as crop
growth stage. Analysis of variance was performed on crop stand, days to 50% flowering and milk
stage, and on cob length, green and grain yield.

RESULTS AND DISCUSSION
Transplanting resulted in significantly higher crop stand of 99% compared to direct seeding which
achieved 81%. The reduction in crop stand with direct seeding was as a result of birds which fed on
the emerging seedlings. Improved crop stand with use of transplants would translate to more cobs per
unit area and higher grain yield, and hence more profit. Transplanted maize developed more rapidly,
reaching flowering stage 10t o 23 days earlier than direct-seeded maize. This means that
transplanting can result in more timely operations and better resource use by eliminating the need to
replant or gap fill; operations which would require additional resources. There was no s ignificant
difference between 220 and 300 kg N ha™ with direct- seeding and between 180, 220 and 300 kg N ha’
! with transplanted maize. Given that irrigated agriculture is the largest single user of water in South
Africa, an important aspect of irrigation water management in crop production should be to increase
water use efficiency. More rapid growth at higher N rates and/or with transplanting would contribute to
improved water use efficiency resulting from both shorter crop duration and higher yields. At low N
rates, transplants yielded higher green cob weight, grain yield and longer cobs than direct seeded
maize, but fertilisation at 300 kg N ha” resulted in similar yield. The minimum N rate required for the
production of a marketable cob was 149 kg N/ha with direct seeding and 98 kg N ha™ with
transplanting Regardless of establishment method, the grain yield obtainable at the highest N rate of
300 kg N ha” was 11.1 t ha™. The results indicate that N rate could be reduced by as much as one
third and still obtain marketable cobs if seedlings are used instead of seeds. This may be an answer to
smallholder farmers who commonly apply low N rates to their maize crop.

CONCLUSIONS

Transplanting can help in achieving a good plant stand which would translate to more green cobs and
higher grain yields. It can also improve on water use efficiency by reducing the amount of |rr|gat|on
water application due to shorter crop duration in the field. Fertilisation at 220 to 300 kg N ha™ resulted
in similar crop growth rates regardless of establishment method. Transplanted maize can be grown at
lower N rates but still achieve similar yield potentials as direct-seeded maize.
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INTRODUCTION

Herbicide resistant Lolium spp. (rye grass), a weed of Mediterranean origin, is a serious problem in
Western Cape grain producing areas as it is threatening more than 100 000 ha of productive grain
fields.

Weed species with a high level of genetic diversity, like Lolium spp, are considered to show significant
potential for weed adaptation and decrease the efficacy of weed control.

The aims of this study were 1) to assess the distribution of genetic variability of rye grass (Lolium spp.)
in order to clarify the genetic structure of this species, 2) to determine the phylogeny of Lolium spp., 3)
determine the presence of Fusarium pseudograminearum, in samples of Lolium spp. collected for this
study and 4) analyse soil samples at each locality where Lolium spp. was sampled.

MATERIALS AND METHODS

The software program Survey Toolbox© was used to determine 40 randomly selected geographic
coordinate points in the main agricultural production areas for grain, vineyards and fruit in the Western
Cape Province.

Total DNA was extracted from all sample leaves according to the modified CTAB protocol. Simple
sequence repeats (SSR) were analysed using an appropriate selection of the published primer pairs
for Lolium spp., distributed across the genetic map to ensure a random selection of genetic markers,
and data produced by AFLP were compared using the Mantel test.

A second specimen of each sample was collected and m orphologically analysed at the Compton
herbarium. A third specimen from each locality was analysed for the presence of F.
pseudograminearum. Soil samples were taken at each locality for analyses.

RESULTS AND DISCUSSION

All 10 s pecimens collected in the Overberg, were morphologically identified as L. rigidum.
Morphological identification of Lolium spp from other regions, varied. Similarly, high levels of genetic
diversity were observed among specimens. Fusarium pseudograminearum was isolated from six
samples. Lolium spp. can therefore act as alternative hosts and a source of inoculum of this important
soilborne pathogen of barley and wheat in the Western Cape Province.

CONCLUSIONS

The high levels of genetic diversity indicate the adaptability of Lolium spp. to production practices. The
presence of F. pseudograminearum on some Lolium spp. further complicates sustainable dry land
crop-production, since the build-up of herbicide resistant Lolium spp. may lead to a higher incidence of
crown rot on wheat and barley due to a higher disease pressure.

Keywords: geographical differentiation, Lolium spp., Fusarium pseudograminearum
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INTRODUCTION

In intensive pasture production systems nitrogen (N) fertilization is the main input to achieve optimum
forage yield and quality. In pasture growers usually apply fixed amounts of N after each cut by splitting
the recommended annual amount into the number of harvests, irrespective of variation among re-
growth cycles. This may cause imbalances in forage yield and quality in a fodder flow program with
excessive accumulation of N in some cuts and deficiency in others. Excessive N fertilizer application
may increase environmental risk by contaminating underground water and r educe the quality of
pasture. Application of variable rates of N according to pasture requirement could alleviate these
problems. For this research, soil nitrate solutions collected from wetting front detectors and N status of
plants were used for estimating the most suitable N rates.

MATERIALS AND METHODS

Field experiments were carried out at Cedara, in the KwaZulu-Natal Midlands in the 2008 season.
Italian ryegrass was planted on a clay loam soil under dragline irrigation in early autumn. Seven N
treatments, including four fixed nitrogen rates (0, 20, 40 and 60 kg N ha™') and three variable rates
(based on soil nitrate-N, soil nitrate-N and plant N as mass balance by calculating input equals to
output, and mass balance but use a deep soil nitrate-N for irrigation scheduling) were used.
Treatments were arranged in a randomized complete block design with three replications. Nitrogen
and K were surface applied at the beginning of each regrowth cycle. The pasture was harvested at the
three leaf stage 50 mm above ground level. Treatment forage biomass and N content were
determined at each harvest. Throughout the season soil solutions were collected from wetting front
detectors installed at different depths. Soil nitrate was monitored by analysing the solutions using
nitrate colour test strips. Soil samples were also collected below the root zone in order to determine
the extent of leachable N. Efficiencies of water, irrigation, soil N, and N fertilizer use were determined.

RESULTS AND DISCUSSION

Forage yield response to N differed among regrowth cycles and growing seasons. For most harvests,
there were no significant differences in forage yield when 60 kg of N ha” or variable N application
rates were used. However, a significantly higher N uptake was observed when 60 kg of N ha” was
used. This may lead to excessive N accumulation in pastures. Overall, higher agronomic and N
fertiliser use efficiencies were obtained when low N (20 kg of N ha'1) and variable N levels were
applied. Significantly less N was applied in the variable rate treatments without significant reductions
in forage yield and quality.

CONCLUSIONS

Application of variable N rates based on the soil nitrate analysis (using soil solution samples and
colour test strips) is more efficient than fixed rates and therefore a better management option for
ryegrass pasture production systems.
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INTRODUCTION

Crop load has a s ignificant effect on f ruit quality and future productivity of apple orchards. The
optimum fruit load balances yield and quality, resulting in a higher profit. The objective of this trial is to
determine the effect of crop load on ‘Cripps’ Pink’ fruit quality and long-term productivity.

MATERIALS AND METHODS

2006/07

Ten-year-old ‘Cripps’ Pink’ apple trees on M793 rootstock were hand thinned to establish five crop
load levels: (1) 2 or 3 fruits per cluster, according to the commercial thinning practice (control), (2) one
fruit per cluster in the lower half (< 1.8 m) of the tree, (3) one fruit per cluster throughout the tree, (4)
one fruit per cluster throughout and r emoval of small fruit (< 29 mm), (5) one f ruit per cluster
throughout, removal of small fruit and r emoval of fruit from the inner canopy. Treatments were
randomized in 12 blocks with one tree per plot. Fruit were sampled per tree per harvest occasion and
the remaining fruit were pooled per treatment in picking crates for grading at the “Two-a-Day”
packhouse. Sampled fruit was used to determine foreground (red) colour, background colour, sunburn
incidence, flesh firmness, fruit diameter, fruit mass, anthocyanin concentration of the peel, starch
conversion, total soluble solids (TSS), and titritable acididity (TA). Vegetative and reproductive
development were assessed by measuring one-year-old shoot growth and counting the number of
mixed buds, vegetative buds and flowers on a representative scaffold branch.

2007/08

Treatments were repeated as for 2006/07 except for the control treatment, which entailed the thinning
to 1 or 2 fruit per cluster. Fruit quality and reproductive and vegetative development were evaluated as
in the previous season. Fruit storability was also evaluated after storage for three months at -0.5°C.
Shelf life was assessed after one week at 15°C.

RESULTS AND DISCUSSION

The different thinning methods gave rise to yields ranging from 99 to 138 ton-ha™ in 2006/07 and 94 to
138 ton-ha™ in 2007/08. As expected, fruit diameter and mass increased linearly with decreasing crop
load. Fruit firmness, TSS and TA increased with decreasing crop load, whereas sunburn percentage
was not affected. Higher crop load delayed the average harvest date. Sample grader data revealed a
tendency for higher percentage Class 1 fruit at the lower crop loads, while undersized and poorly
coloured fruit tended to increase with an increase in crop load. However, more Class 1 ton-ha™ was
obtained at higher crop loads. There were no significant differences in vegetative and reproductive
development or in the storability of fruit.

CONCLUSION

Fruit quality was improved at lower crop loads but the increase in Class 1 fruit as a percentage of the
total crop did not compensate for the higher absolute Class 1 yield at the higher crop load level. The
extremely high yields attained at the highest crop load did not induce alternation and also did not have
an adverse effect on tree vigour. This research contributes significantly to the debate as to whether
producers should strive for lower, but sustainable yields of better quality or for maximum yield at
minimum permissible quality.

Keywords: 'Pink Lady', yield, maturity, colour, quality
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INTRODUCTION

‘Granny Smith’ apples in South Africa are prone to develop sunburn and red blush if exposed to full
sunlight. In order to reduce the severity of these problems, ‘Granny Smith’ orchards are generally
vigorous with heavily shaded canopies. Fruit from the inside of these canopies tend to be low in
chlorophyll with a pale green colour. The aim of the research reported here was to quantify the
relationship between canopy position and fruit colour and to use this information to devise pruning
strategies that would both improve green colour and reduce sunburn and red blush.

MATERIALS AND METHODS

The first experiment was conducted in a vigorous orchard with an E-W row orientation in the Grabouw
region. Five canopy positions were selected: the exposed northern (A) and southern (E) periphery of
the canopy, a partially exposed position halfway towards the centre of the tree on the northern (B) and
southern (D) side of the tree, and the centre of the tree next to the trunk (C). A single fruit was tagged
1-1.5 m above the ground at each position for 20 trees. Light intensity at fruit level, fruit peel
temperature and colour was measured at regular intervals during the 2007/08 season. At commercial
harvest, fruit from each position was scored for sunburn, red blush and green colour and the
chlorophyll concentration measured.

Four pruning treatments that differed in severity and timing were evaluated for their effect on yield and
fruit quality in the same vigorous orchard mentioned above. Control trees were lightly pruned during
winter. Treatments 2 and 3 entailed severe pruning during winter and summer respectively while
treatment 4 entailed pruning as for treatment 2 with the addition of follow-up light management during
summer. Fruit were sampled to assess green colour, sunburn and red blush while remaining fruit was
sample graded. Peel chlorophyll concentrations were determined for the greenest and least green
sides of fruit.

RESULTS AND DISCUSSION

Exposed fruit on the northern side of trees experienced the highest irradiance levels and peel
temperatures during fruit development followed by exposed fruit on the southern side and partially
exposed fruit on the northern side. Fully shaded and partially shaded fruit on the southern side of trees
received the least light and experienced the lowest peel temperatures. Exposed fruit on the northern
side and fully shaded fruit had the lightest green colour, while fruit on the southern side of trees had
the darkest green colour. Fruit of the exposed northern side showed the most sunburn, red blush and
yellowing. It seems that ‘Granny Smith’ green colour can be optimised by increasing light distribution
within the canopy while minimising the proportion of fruit exposed to direct sunlight for long periods.
Summer pruning improved the green colour of fruit whether accompanied by winter pruning or not.
Treatment samples did not differ significantly with regard to red blush and sunburn percentages while
sample grading data indicated that winter pruning reduced the percentage sunburnt fruit.

CONCLUSION

The darkest green ‘Granny Smith’ apples were found on the southern side of E-W planted rows.
Exposed fruit generally developed sunburn or red blush while fruit from the densely shaded interior of
the canopy were pale green in colour. Summer and winter pruning strategies that stimulate shoot
development in the outer canopy while also increasing light distribution within the canopy may
increase the yield of dark green ‘Granny Smith’ fruit.

Keywords: chlorophyll, irradiance, red blush, sunburn, pruning, fruit peel temperature
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INTRODUCTION

Consumers of agricultural products demand that the use of chemicals and the negative impact of
agricultural practices on the environment must be restricted. The aim of this study was to determine
the weed control efficacy of different soil cultivation practices on a medium textured soil in the Breede
River Valley over the long-term.

MATERIALS AND METHODS

The trial was conducted from April 1993 to March 2005 on a medium textured soil in a Chardonnay/99
Richter vineyard near Robertson (33°50’S, 19°54’E) established during October 1992. Eleven soil
cultivation treatments were applied and replicated four times in a fully randomized design. Dry matter
production by both the cover crops and the associated weeds was determined at the end of August
(just before bud break), end of November (during berry set) and again at the end of January (just
before harvest), according to the procedure described by Fourie et al. (2001).

RESULTS AND DISCUSSION

Throughout the twelve year study, the stand of winter growing weeds in the treatment in which
Triticale v. Usgen 18 (triticale) was sown annually (SA) and full surface chemical control was applied
from bud break (BB) was significantly less than that of the treatment in which no cover crop was sown
and the weeds were controlled chemically in the vine row and mechanically in the work row from bud
break (Control). The same trend occurred when ftriticale was sown in the SA, BB treatments in which
triticale was rotated with Vicia dasycarpa Ten. (grazing vetch) annually and biennially, respectively.
Total suppression of the winter growing weeds was achieved with triticale (SA, BB) during 1995 and
from 2001 to 2004. This was also achieved during 2001, 2002 and 2004 with the SA, BB treatment in
which triticale and grazing vetch was rotated biennially.

From 1995 onwards, the stand of summer growing weeds measured end of November in the triticale
(SA, BB) treatment and the SA, BB treatment in which a mixture of Secale cereale L. v. Henog (rye)
and Vicia faba L. v Fiord (fababean) was established was significantly lower than that of the control.
With the exception of 1998 and 2004, this trend was also observed in the SA treatment in which
triticale was established and full surface chemical control was applied from berry set (AB) as well as in
the SA, BB treatment in which triticale and grazing vetch were rotated annually. Total control of the
summer growing weeds was achieved with a straw mulch (BB), triticale (SA, BB), the rye/fababean
mixture (SA, BB), and the SA, BB treatment in which triticale and grazing vetch was rotated biennially
from 2001 to 2003. This trend was also observed during 2001 and 2003 in the triticale (SA, AB)
treatment and the SA, BB treatment in which triticale and grazing vetch was rotated biennially.

CONCLUSION
Total control of both winter and summer growing weeds can be achieved over the long-term by sowing
triticale annually and controlling the cover crop chemically during bud break.
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INTRODUCTION

Local maize production is hampered by infection of economically important plant-parasitic nematodes
(PPN), particularly root-knot nematodes (RKN; Meloidogyne spp.). Since chemical control is not
always a viable option in resource-poor or commercial maize production, a need for the development
of alternative nematode control strategies exists. Additionally, the wide host range of PPN and the lack
of resistance in local varieties and hybrids annually result in severe yield losses. Therefore, cost-
effective strategies that could be em ployed in integrated pest management systems are urgently
needed.

MATERIALS AND METHODS

To review the nematode situation, two independent surveys were conducted during the 2007/08
growing seasons. Evaluation of the host suitability of commercial material and inbred maize lines,
hybrids and open-pollinated varieties (OPV’s) was also done in separate greenhouse trials using in
vivo cultured root-knot nematode eggs and second-stage juveniles (J2) of both M. incognita and M.
javanica as inoculum. The OPV QS-Obatampa that was previously identified to have RKN resistance
was subsequently tested under semi-controlled conditions in microplot trials using initial inoculum
densities ranging from 0 (untreated control) to 40 000 eggs and J2/maize seed for the respective RKN
species. In addition, two trials were conducted in resource-poor farmers’ fields near Coligny (North
West Province) and Bosbokrand (Northern Province) to evaluate economically viable and
environmental-friendly nematode management strategies such as soil solarisation, cattle manure
amendment and intercropping of Tagetes spp. A crop rotation trial was also conducted in microplots at
Potchefstroom (North West Province) over five consecutive growing seasons to demonstrate the effect
of cropping sequence on reduction of RKN numbers. Crosses were also made between the three RKN
USA lines Mp710, Mp711 and MP712 with resistance to RKN and popular, local white maize inbred
lines with resistance to northern corn leaf blight and grey leaf spot.

RESULTS AND DISCUSSION

Several genotypes showed resistance to M. incognita race 2 and/or M. javanica, based on RKN
reproduction factor values (RF values) lower than 1. The OPV QS-Obatampa maintained significantly
lower M. javanica and M. incognita race 2 numbers compared to the respective susceptible standards
in both trials. This OPV also compared well with the exotic RKN-resistant line Mp712w. Alternative
control strategies showed substantial suppression of RKN numbers both at Coligny and Bosbokrand.
A carrot-dry bean-cabbage-maize crop sequence significantly reduced population levels of M.
javanica. S, and Sg populations resulting from crosses between RKN-resistant maize lines and local
genotypes showed that RKN resistance was successfully introgressed. A substantial number of these
plants had RF values < 1.

CONCLUSION

Host plant resistance, soil solarisation, cattle manure amendments, intercropping with Tagetes spp.
and crop rotation could be used effectively to reduce RKN populations. The use of these strategies,
singly or combined, in integrated management (IPM) systems by commercial as well as resource-poor
maize producers are thus recommended.
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INTRODUCTION

Maize is the largest grain crop produced in South Africa at around nine million tonnes per annum with
most being used domestically for human food. The maize milling industry prefers to use large
kernelled maize that is hard. Harder endosperm textured cultivars have higher milling efficiencies. For
the production of maize, the growing environment has a major impact on final quality and, in particular,
hardness. However, like most other cereal species, maize hardness is controlled by both cultivar as
well as growing environment. This study assessed maize hardness from trials grown over two years
from 11 locations to determine genetic and environmental influence on maize hardness.

MATERIALS AND METHODS

A series of trials were grown in 2004/2005 and 2005/2006. The trials were in randomised block
designs with three replicates for each cultivar. In the 2004/2005 trial, 47 cultivars were grown at seven
sites (Bethlehem, Demals, Klerksdrop, Olifansfontein, Potchefstroom, Rushof, Tweebuffels). In
2005/2006, 39 cultivars were grown at three sites (Bethlehem, Potchefstroom, Rushof). Four cultivars
were common over the two seasons (CRN3549, PAN6043, PHB3203W, SNK2911). The Milling Index
(MI) method was used as described in Van Loggerenberg and Pretorius (2004) where maize is milled
on a laboratory roller mill system (Roff mill) and the meal and bran fractions determined. The M| was
carried out in at least triplicate. The M| data was analysed for genotype, environmental and genotype x
environment interactions by ANOVA using Statistica (V 8.0).

RESULTS AND DISCUSSION

There was considerable variation between cultivars with average MI ranging from 108 (quite soft) to
127 (hard) in 2004/05 and from 87 to 110 in 2005/06. For the 2005/06 season, the range in Ml was
slightly broader but averaged less than the 2004/05 season with the average yearly values being 101
and 119 for the 2005/06 and 2004/05 seasons, respectively. For the four cultivars grown over two
seasons, there was a difference between the rankings of these with PAN6043 being the lowest in MI
of the four in 2004/05 but the highest of the four in 2005/06. Conversely, PHB3203W was the highest
of these four cultivars in 2004/05 but the lowest in 2005/06.

The analysis indicated strong and significant (P < 0.05) effect for MI between cultivars and
sites. However, there was a non-significant (P > 0.05) cultivar by site interaction. Greater than 50% of
the variation in Ml was explained by cultivar, suggesting that cultivar has a greater effect than
environment on MI. Further analysis of the data with protein and or grain yield as a covariate may
provide more information onthe level of genetic and environmental influence on m aize hardness
grown in South Africa.

CONCLUSION

These results showed significant (P < 0.5) genetic and environmental effects on hardness as
measured by the MI method. These results are to date the most comprehensive study assessing
genetic and environmental effects on maize hardness from trials grown in South Africa and suggest
that breeding for specific maize hardness levels could be achievable.
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INTRODUCTION

Various soil physical properties influence root development. Past South African studies on root
development focused heavily on the effects of irrigation and tillage practices. The tillage practices
were mainly applied on sandy to sandy loam soils, with a massive apedal structure. Recent advances
in tillage suggest that the in-field rainwater harvesting (IRWH) technique is suitable for clay and duplex
soils in semi-arid zones of South Africa. To date none of the biophysical studies in IRWH has focused
on root development. The objectives of this study were: (i) to evaluate the interrelationships between
soil physical properties in master horizons, irrespective of soil type; and (ii) to assess the effect of soil
physical properties on root density of maize under the IRWH system.

MATERIALS AND METHODS

The experimental site was located at the Paradys Experimental Farm of the University of the Free
State and is part of Land type Ca22. The 55 ha experimental site was subdivided into 75 experimental
plots of equal size. Maize was planted at 18 000 plants.ha'1. Just after flowering, plants from a 20 m?
area of each plot were cut at ground level and above-ground dry biomass determined. The latter was
expressed relative to the highest biomass measured. Root studies were conducted on 13 selected
plots that covered a range of relative biomass yields. The soils of these plots were described and
classified into three soil forms, viz Tukulu, Sepane and Bloemdal. Soil-root samples (using a 1 | itre
core sampler) and soil samples were taken per master horizon. Roots were separated from the soil by
wet sieving. Root length was measured with an infrared line intersection counter and expressed as
root density (km.km'z). The soil samples were used for determining soil physical properties, viz. silt +
clay content, water stable aggregates, modulus of rupture (MOR), bulk density (Db) and or ganic
carbon content. Multiple regression analyses were performed and a c orrelation matrix drawn up in
order to examine the interrelationships between root density and selected soil physical properties of
the various master horizons.

RESULTS AND DISCUSSION

Due to 20 years of cultivation on this 55 ha, the interaction between physical properties in the A
horizon was clouded to a high extent. In the B horizon, regardless of soil form, there was a strong
positive correlation between silt + clay content and MOR (62%) as well as Db (50%). Modulus of
rupture, bulk density, depth and aggregate stability of 4 mm, 0.5 mm and 0.25 mm sizes explained
79% of the variation in root density of maize, regardless of soil form. Mean root densities for the
Tukulu soils were 0.01 km.km in the A horizon (Std dev = 0.05) and 0.005 km.kmin both the B (Std
dev = 0.13) and C (Std dev = 0.15) horizons For the Bloemdal soils they were 0.3 km.km: in the A
horizon (Std dev = 0.14), 0.1 km.kmin the B horizon (Std dev = 0.01) and 0.3 km.kmin the C horizon
(Std dev = 0.03). For the Sepane soils they were 0.35 km.kmin the A horizon (Std dev = 0.05), 0.1
km.kmin the B horizon (Std dev = 0.13) and 0.21 km.kmin the C horizon (Std dev = 0.15).

CONCLUSIONS

Maize root density was much lower in soils of the Tukulu form, as a result of unfavorable physical
properties, than in soils of the Sepane and Bloemdal forms, with very little difference between the
latter two.

Keywords: soil types, soil physical properties, maize root density
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INTRODUCTION

Banana tissue cultured plants produce many suckers soon after establishment in the field. To maintain
high yields and s uperior fruit quality, the original plant density and spatial arrangement must be
maintained throughout the life of the banana plantation. This is only possible with optimum initial
management of the suckers which emerge continuously around the parent plant. The best sucker for
the next crop must therefore be identified and selected. After selection, all unwanted suckers are then
destroyed. The first series of suckers to develop after planting is referred to as the “first flush”.
Retention of first flush suckers creates apical dominance, which can suppress or delay emergence of
further suckers. Early destruction of first flush sucker growing points allows another group suckers
(“second flush”) to emerge few weeks later.

First ratoon selection from the second flush of suckers is now the most popular practice wherever new
tissue culture plantations are established worldwide. However, many growers still do early selection
from the first flush. Conversely, others do continuous permanent desuckering which can lead to very
late selection of the first ratoon sucker. The aim of this study was to evaluate differences between
selecting from the so-called “first flush” and “second flush” of suckers, and what influence these
differences had on annual yield and lifetime of the plantation.

METHODS AND MATERIALS

Tissue cultured plants were established in randomized block experiments in the cool subtropics at
Burgershall Research Station in September 2005 and January 2006, and in the hot subtropics at
Komatipoort in April 2006. The trials comprised 4 sucker selection treatments from the first or second
flushes x 5 replications x 12 data plants per plot. A single guard row was planted around each plot. At
flowering of the parent plants, stem circumference and height of parent and selected ratoon 1 suckers
were measured. At harvest, bunch weights and number of hands per bunch for all cycles were
recorded, and yield calculated.

RESULTS AND DISCUSSION

Results obtained from the September planting at Burgershall showed that neither early nor late sucker
selection has an influence on vigour or production potential of the parent crop. For both the January
planting in Burgershall and the April planting in Komatipoort, early selection had an influence on the
plant vigour of the parent crop. Production potential was also influenced due to smaller bunch mass
and the fact that harvest time was delayed. No significant yield differences were measured with the
late sucker selection treatments.

CONCLUSIONS

Optimum sucker selection time and orientation in a banana plantation is of importance - especially for
the first ratoon suckers. The yield factor that is mainly influenced is cycle time and therefore annual
yield. Only after completion of the ratoon 1 crop cycles will it be possible to see the influence of shorter
harvest to harvest intervals, achieved with early sucker selection, on the production potential of future
crop cycles. From current results it is evident that planting date, plant density, soil vigour and general
management play a vital role when deciding to select from the first or second series of suckers.

Keywords: Banana, tissue culture, sucker selection
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INTRODUCTION

Allometric equations are defined by Y = a D®, where Y is tree biomass, D is stem diameter, and a and
b are constants (Ter-Mikaelian and Korzukhin, 1997). Allometry offers a reliable and non-destructive
approach for estimating tree growth, carbon fluxes and carbon sequestration in the wood and leaves
of trees, predicting implications of large-scale deforestation and carbon sequestration on carbon cycle,
and estimating the extent of microclimatic modifications trees provide in the context of agroforestry.
There is, however, no information about the application of allometry on Jatropha curcas L., (Jatropha),
a multi-purpose tree species with vast potential as a source of bio- dlesel Jatropha also prowdes fuel
in the form of wood and charcoal, with energy values of 15.5 MJ kg and 30 MJ kg , respectively
(Openshaw, 2000).

OBJECTIVE
The objective of this study was to examine reliability of allometric equations for predicting above-
ground biomass and dimensions of Jatropha.

MATERIALS AND METHODS

The experiment was carried out at the Ukullnga Research Farm of the University of KwaZulu-Natal,
Pietermaritzburg Campus (30°24’S, 29°24E). Ukulinga has an al titude of 781 m, average annual
rainfall of 680 mm and mean annual temperature of 18.4 °C. A sampling plot of 50 m by 25 m, with
planting density of 1100 trees ha™ was used. Twelve representative Jatropha trees were sampled
destructively between the 4™ and 13" March 2008. Total height, canopy height, mean maximum
canopy diameter, basal diameter and leaf area of each tree and its branches were measured. Oven-
dried masses of stems, branches and leaves were also obtained. Canopy volume, woody and total
above-ground dry masses were calculated from the data. All data were transformed to log, forms.
Basal diameter was plotted against the selected parameters and linear regressions fitted.
Significances of the resulting regressions were examined using the ANOVA F-test, at a = 0.01.
Correlation coefficients (r) were also calculated.

RESULTS AND DISCUSSION

At tree level, there were highly significant relationships between stem diameter and abo ve-ground
dimensions, namely: tree height, canopy volume, canopy height, mean maximum canopy diameter
and leaf area. The correlation coefficients were 0.949 and higher. Basal stem diameter also showed
highly significant allometric relationships with woody above-ground biomass (r = 0.987) and total
above-ground biomass (r = 0.983). Likewise, basal branch diameter was of highly significant value in
explaining variations in branch and leaf biomasses, branch dimensions and leaf area. The resulting
correlations were very strong and positive (r > 0.88).

CONCLUSIONS

Both at tree and branch level, basal diameter was of high value in explaining the variations of the
selected biomass and di mension parameters. Allometric equations using basal (stem or branch)
diameter are, therefore, reliable for estimating above-ground biomass and dimensions for Jatropha.
The results present valuable information in the development of generalised allometric equations for J.
curcas L.

ACKNOWLEDGEMENTS
Thank you to WRC and NRF for funding; CSIR-NRE for collaboration and Mr Lelethu Sinuka for
assistance in data collection.

Literature cited

Ter-Mikaelian, M.T. and Korzukhin, M. 1997. Biomass equations of sixty-five North American tree species. For.
Ecol. Mange. 97: 1-24.

Openshaw, K. 2000. A review of Jatropha curcas: An oil plant of unfulfilled promise. Biom. Bioe. 19: 1-15.

Keywords: Allometry, Basal diameter, Jatropha curcas L.

49



SORPTION OF HEAVY METALS, PB (Il), CU (Il), ZN (If), AND NI (II) ON PINE BARK
BASED COMPOSTS

Gichangi, EM', Mnkeni, PNS? and Muchaonyerwa, P?

1Kenya Agricultural Research Institute, P.O. Box 340-90100, Machakos, Kenya.; 2Department of
Agronomy, University of Fort Hare, PB X1314, Alice, 5700, South Africa
Email: egichangi@ufh.ac.za

INTRODUCTION

A significant percentage of South African soils in the mining areas have high levels of heavy metals,
notably Hg, Cr, Pb, Zn, Cu, Ni, Cd, As, etc. Therefore, there is a need to evaluate low cost materials
that could be used in reducing the bioavailability of heavy metals in contaminated soils. The objective
of this study was to determine the heavy metal retention capacities and hence remediation potential of
pine bark-based composts formulated by Mupondi et al. (2006) for selected metals ions, namely Pb
(11, Cu (1), Zn (II) and Ni (II). The composts were pine bark (PB), pine bark-goat manure (PBG) and
pine bark-sewage sludge (PBS).

MATERIALS AND METHODS

The adsorption of Cu (II), Pb (IlI), Zn (II) and Ni (II), on composts was determined in three replicate
sub-samples of 1.0g of compost to which 30 cm® solution containing 0, 10, 50, 100, 200 or 400 mg I’
of metal ions was added. 0.01 M CaCl, was used as a background electrolyte and the experiment was
conducted without pH adjustment. The compost suspensions were shaken mechanically for two hours
and then centrifuged and filtered to obtain clear solutions. Heavy metals were determined in the
solutions by atomic absorption spectrophotometer. The amount of heavy metal sorbed was calculated
as the difference between the amount of heavy metal added and that remaining in solution after
equilibration. The linear form of the Langmuir and Freundlich equations were used to calculate
sorption parameters.

RESULTS AND DISCUSSION

The Langmuir sorption maximum capacity of the composts for metal ions followed the order PBG >>
PBS > PB and similar trends were observed for the Langmuir constant b and the Freundlich constant
Ke. Higher adsorption capacities of Cu (Il), Zn (II) and Ni (Il) ions were found in the PBG composts
than in the PB and PBS composts. The maximum sorption capacity of PBG compost for different
metals followed the order Cu (II)>Pb (I1)>Zn (II)>Ni (II) whereas, the maximum binding capacity of PB
and PBS composts followed the order Pb (Il) > Cu (ll)> Zn (II) > Ni (II). The removal of heavy metals
by the composts may be attributed to the binding of heavy metals by adsorption, chelation and ion
exchange on the surfaces of the composts.

CONCLUSION

Pine bark/goat manure (PBG) was the most effective for the removal of heavy metals, removing more
than 97% of Cu (ll), Zn (I) and Ni (llI) and 84% of Pb (IlI) from solution. Thus, pine bark/goat manure
compost can be used effectively for the bioremediation of heavy metal contaminated soils.
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INTRODUCTION

Epoxy oils are important in industry for the manufacture of plastic formulations, protective coatings,
lubricants, and other products. Current industrial techniques are expensive, generate large amounts of
chemical waste, and produce high viscosity oil. A natural low-viscosity, epoxy oil can be derived from
the seeds of Vernonia galamensis (Cass.) Less, a herbaceous member of the Asteraceae family. The
low viscosity and polymerizing characteristics of this oil make it especially valuable as a solvent in
industrial coatings and paints, for environments where fumes from traditional solvents are hazardous
or polluting. Some of the products that are being developed from Vernonia oil are degradable
lubricants and lubricant additives, epoxy resins, adhesives, insecticides and insect repellants, crop-oil
concentrates, and the formulation of carriers for slow-release pesticides.

The development of alternative crops is receiving increased recognition as an answer to some of the
problems facing today's agriculture. New industrial crops could significantly diversify agriculture and
create markets that are essentially noncompetitive with existing crops. In order for Vernonia to be
commercialized, seed retention and yield both need to be improved and therefore ongoing selection
and breeding programmes increase the chances of improving these traits. Polyploidy as a breeding
tool was investigated for the improvement of Vernonia galamensis.

METHODS AND MATERIALS

A method and conditions required for the induction of polyploidy using a mitotic inhibitor in Vernonia
galamensis seeds, were developed. Polyploids were confirmed using flow cytometry. Various
anatomical, morphological and h orticultural traits were measured and compared with diploid lines.
Furthermore, in vitro and ex vitro vegetative propagation methods were also investigated.

RESULTS AND DISCUSSION

Polyploids were obtained by treating different seed lines with varying concentrations of colchicine, a
mitotic inhibitor. Polyploids were distinguished from chimeras using flow cytometry. Anatomical and
morphological differences were recorded for the polyploid and diploid lines. Seed fertility was also
observed in the polyploid lines. An ex vitro microcutting method was established for vegetative
propagation of the species using nodal cuttings which rooted readily. A method for the in vitro
propagation of this species was also developed. Material is currently being bulked up to determine
field performance, as well as for oil extraction.

CONCLUSIONS

Polyploidisation was achieved in Vernonia galamensis and there were marked differences between
polyploid and diploid lines. Furthermore, it appears that the polyploid lines are fertile to some extent.
Future oil extraction trials will give an indication of whether oil content has increased in the seeds and
whether there is any variation in oil profiles. Furthermore, distribution of fatty acids will also be
determined with a view to elucidating whether it is economically viable to extract oils from the rest of
the plant.

Keywords: Polyploidy, Vernonia, breeding, improvement, oil
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INTRODUCTION

Producers who have converted to conservation farming systems now rely on chemical weed control
measures. A consequence of this is the development of herbicide resistance in several weed species,
and in ryegrass in particular. Producers have been advised to alternate the chemical groups used, to
limit the development of herbicide resistance. Crop rotations have been widely advocated to facilitate
the use of different groups of chemicals. The objective of this study was to quantify the effects of
different crop rotation treatments on the density of ryegrass seedlings in the top-soil of shale-derived
soils in the southern Cape region.

MATERIALS AND METHODS

Data were collected from al ong-term, field-scale crop rotation experiment at the Tygerhoek
Experimental Farm, Riviersonderend, South Africa, from 2002 to 2008. The experiment is laid out in a
randomized blocks design with six crop rotation treatments. Treatments included several combinations
of continuous cropping and crop/annual legume pasture rotations, and a lucerne pasture. The
following crops: wheat (W), barley (B), oats (O), canola (Ca) and lupin (L); and pastures: lucerne (Luc)
and medic—clover mixture (P), were used. Continuous cropping rotations were: WBCaWBL and
WCaWL. Various combinations of crops (C) were used in three- and four-year rotations with pasture
(P) namely: PPC, PCPC and PPCC. Standard farm implements and machinery, and recommended
herbicides were used to manage the crops and pastures.

Twenty randomly placed soil cores, each 40mm in diameter, were collected to a depth of 50mm in
each plot during March each year. The 20 soil cores from each plot were mixed and placed on top of
sterilised potting bark in seedling trays to a depth of 20 mm. The trays were watered once a day and
all ryegrass seedlings were counted and removed. Counting continued until the end of August each
year. Ryegrass counts per tray were converted to seedlings m™.

RESULTS AND DISCUSSION

Mean ryegrass densities per treatment at the start of the trial in 2002 were high, ranging from 2535 to
3931 seedlings m™. Ryegrass densities did not differ among rotation treatments (P>0.05) indicating
similar seedling densities across all treatments at the start of the trial (March 2002). Densities declined
rapidly in all treatments with the PPC, PCPC and PPCC rotations and the Luc treatment maintaining
lower densities (< 300 seedlings m'z) from 2004 to 2008. Seedling densities in the WCaWL continuous
cropping treatment was higher (P<0.05) than in the crop/ pasture rotations from 2006 to 2008 and the
WBCaWBL rotation also had higher densities (P<0.05) than the crop/pasture rotations in 2006 and
2007. Field inspections, however, indicated that soil type in the WCaWL treatment in replication 1 and
herbicide resistance in the WBCaWBL treatment in replication 2 could have contributed to poor
ryegrass control in those treatment plots. Removal of those data from the analyses resulted in no
differences (P>0.05) in ryegrass seedling densities among all treatments with ryegrass seedling
densities being maintained at below 200 seedlings m™ from the 2006 to 2008 sampling dates.

CONCLUSIONS

Ryegrass densities were successfully reduced to high but manageable numbers in all rotation
treatments. The inclusion of a pasture phase does, however, improve options for managing ryegrass
particularly if herbicide resistant plants are already present in the field and where soil type may restrict
the efficacy of herbicides.
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INTRODUCTION

Crop rotation is widely advocated as an essential component of conservation farming practices in the
rain-fed grain production systems of the Western Cape. Crop rotations are reported to increase yields
relative to monocultures. Moreover the planting of alternative crops in acrop rotation system is
potentially economically and biologically more sustainable relative to monocultures. The objective of
this study was to determine the effects of different crop rotation treatments and within-treatment crop
sequences on wheat yield on the shale-derived soils of the Swartland winter cereal production region
of South Africa.

MATERIALS AND METHODS

Data were collected from a long-term, field-scale crop rotation experiment at the Langgewens
Experimental Farm, Moorreesburg, South Africa, from 1999 to 2007 (excluding 2003). The experiment
is laid out in a randomized blocks design with seven crop rotation treatments. Crop rotation treatments
included the following crops: canola (C), lupin (L), medic (M), medic—clover mixture (Mc) and wheat
(W). Rotation treatments (RT) were: RT1=W-W-W-W, RT2=C-W-W-W, RT3=C-W-L-W, RT4=W-L-C-
W, RT5=M-W-M-W, RT6=Mc-W-Mc-W and RT7=M-C-M-W. Each rotation treatment is managed in a
four-year cycle. All crops in each rotation treatment are fully represented each year to account for the
effects of annual variation in climatic conditions on production dynamics of the various crops. Plot
sizes range from 0.5 ha to 2.0 ha. Tillage, planting and crop protection activities were applied to each
crop using standard farm implements and machinery. Whole-plot grain yields (kgha'1) were used in the
statistical analyses of the data set.

RESULTS AND DISCUSSION

Crop rotation and year affected wheat yields (P<0.001). Over all years RT1 (2.9 tons ha‘1yr’1) and RT2
(3.3 tons ha”yr") produced less wheat (P<0.05) than RT5 (3.7 tons ha™'yr") and RT7 (3.8 tons ha™'yr
), and RT4 (3.4 tons ha'1yr'1) produced less wheat that RT7. There was a c onsistent trend of
decreasing wheat production with increasing number of years where wheat followed wheat with the
lowest production recorded in the wheat monoculture treatment (RT1). More wheat was produced
(P<0.05) in 2006 (4.3 tons ha'1) and 2007 (4.4 tons ha'1) than in 2004 (2.0 tons ha'1) and 2002 (3.1
tons ha'1) mainly as a function of the distribution and amount of rainfall in each year.

Grain yields from the wheat monoculture were significantly lower (P<0.05) than grain yields recorded
from the highest yielding crop sequences in six of the eight years. The wheat monoculture also
produced the lowest yields of all crop sequences in five of the eight years. Trends within years showed
that more wheat tended to be produced where wheat followed the previous year’s legume pasture,
lupin or canola crop and less wheat was produced where wheat followed wheat.

CONCLUSIONS

Wheat production per hectare will be lower in monocultures and cropping sequences where wheat
follows one or more consecutive seasons of wheat, than in cropping sequences where wheat follows
an alternative crop such as canola, lupin or legume pasture, within conservation farming practices in
the Swartland. These long-term data show that the rotation treatment has an overriding effect on
wheat yields despite the significant impact of climate (rainfall) on crop production potential in a specific
growing season.
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INTRODUCTION

Many of the agricultural soils surrounding coal-burning power stations on the South African Highveld
are acidic and require liming. The large volume of fly ash (FA) produced as a by-product from the
power stations may hold agricultural potential as a liming material. A factorial field trial is underway on
Beestepan farm near Middelburg, Mpumalanga, to assess the viability of using FA as a liming
material, and compare its performance to other neutralizing materials that are commonly used, namely
agricultural lime (L) and Calmasil® (C) and additionally observing the interaction of gypsum with these
materials.

MATERIALS AND METHODS

The trial was on an Avalon soil, with beans as test crop. The L, C and FA amendments were applied
to seventy-two 12x9 m plots either alone or in combination with 4 t ha™ phosphogypsum at rates
equivalent to 0, 50, 100 or 200% of recommended alkalinity, based on conventional lime requirement
determination and the calcium carbonate equivalence (CCE) of each amendment. Each treatment was
replicated three times. A basal dressing of 4:3:4 (40) (200 kg ha'1) and urea (120 kg ha'1) was applied
to all plots.

Topsoil and subsoil samples were taken before soil amendment, 1 and 10 weeks after planting, and
after harvesting in April 2008.

RESULTS AND DISCUSSION

Soil pHkc increased from 3.8 (control) to 4.1 (FA), 4.7 (L) and 4.9 (C) in response to the highest level
of each amendment. Corresponding increases in NH,OAc-extractable Ca were from 65 (control) to
135 (FA), 354 (L) and 444 (C) mg.kg'1 without gypsum and from 150 (control) to 223 (FA), 382 (L) and
369 (C) mg.kg'1 in the presence of gypsum. Correspondingly, extractable Mg increased from 9
(control) to 17 (FA), 24 (L) and 59 (C) mg kg'1 without gypsum and from 9 (control) to 11 (FA), 18 (L)
and 30 (C) mg kg™ in the presence of gypsum. Despite the highest FA level being 28 t ha”, the
resultant exchangeable Ca and Mg was still sub-optimal. Addition of gypsum appeared to promote
leaching of Mg which was confirmed by depth sampling at intervals of 10 cm.

Despite having less effect on s oil properties than ostensibly equivalent L and C treatments, FA
nevertheless produced a comparable response in bean yield which increased from 0.90 (control) to
1.72 (FA), 1.70 (L) and 1.79 (C) t ha™ without gypsum and from 1.28 (control) to 2.01 (FA), 1.58 (L)
and 1.98 (C) t ha in the presence of gypsum.

CONCLUSIONS

Application of fly ash produced comparable increases in the yield of dry beans on an acidic Avalon soil
when applied at rates equivalent to those of conventional liming materials. Phosphogypsum also
increased bean yield. The effect of fly ash may have been partly due to the presence of P and K
although the availability of these elements in coal ash is probably low. Since fly ash has a much lower
neutralising value than commercial agricultural lime its economic value would be confined to short
distances from power stations.
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INTRODUCTION

Within six years after deployment of Bt-transgenic maize in South Africa, stem borer resistance to the
Cry1Ab toxin was identified in the Christiana area (Van Rensburg, 2007). It was shown that the growth
rate of resistant larvae was negatively affected. The question arose to what extent the developmental
rate of surviving larvae and subsequent developmental stages might be affected, since this may affect
the synchronization of refuge plantings aimed at delaying the development of insect resistance to Bt.

MATERIAL AND METHODS

Overwintering diapause larvae were collected from both Bt and non-Bt commercial maize fields. These
included Ventersdorp (Bt-susceptible), Vaalharts (Bt-resistant), Warden (assumed to be Bt-resistant)
and Schweizer-Reneke (assumed to be Bt-susceptible). After termination of diapause the following
variables were recorded: mass of diapause larvae, mortality of diapause larvae, time taken to reach
the pupal stage, larval mass loss to pupal stage, duration of the pupal stage and moth fecundity. The
fitness of progenies of the Ventersdorp and Vaalharts populations were evaluated by feeding neonate
larvae on leaf tissue of Bt and non—Bt hybrids. Larval survival and mass gain were recorded. Data
were subjected to multiple sample comparisons based on Fisher's LSD procedure.

RESULTS AND DISCUSSION

Mass of diapause larvae was significantly higher for the Ventersdorp population than for the
Schweizer-Reneke population (both non-Bt). It was much lower for the Vaalharts population but not for
the Warden population (both Bt). Mortality of diapause larvae was similar for non-Bt populations,
greater for the Vaalharts population but smaller for the Warden population (both Bt). Mass of diapause
larvae as well as mortality rates, therefore, did not seem to relate strictly to the source of larval
feeding.

Mass loss was more pronounced for both Bt populations than for the Ventersdorp population (non-Bt).
For the Schweizer-Reneke population mass loss seemed to be similar for larvae collected from Bt-
and non-Bt maize.

Bt-populations showed a much reduced period of development to the pupal stage compared to both
non-Bt populations. There also was a considerable reduction in the duration of the pupal stage for
both Bt-populations compared to the non-Bt populations.

The mean number of eggs produced per moth was lower for the Vaalharts and Warden populations,
compared to both Schweizer-Reneke and Ventersdorp.

Mass of larvae of the susceptible Ventersdorp population tended to be greater on non-Bt hybrids than
Bt-hybrids. For the resistant Vaalharts population larval mass did not differ significantly between Bt-
and non-Bt hybrids. Larval survival of the Ventersdorp population was greater on non-Bt hybrids than
on Bt-hybrids. For the Vaalharts population larval survival did not differ between Bt- and non-Bt
hybrids.

CONCLUSIONS

With Bt-resistant populations a pronounced reduction in the period of development to the pupal stage
and in the duration of the pupal stage largely neutralises the preceding reduction in larval growth rate,
contributing positively to the synchronization of moths derived from Bt-plantings and those from refuge
plantings. Whereas moth fecundity is negatively affected by the Bt-toxin, increased survival of the next
generation of larvae on Bt-maize is more than adequate to compensate for the loss in egg production,
presumably allowing for build-up of Bt-resistant populations.
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INTRODUCTION

In rainfed agriculture, crop-water related efficiencies are very important parameters to compare
different water conservation techniques. The in-field rainwater harvesting technique (IRWH) was
designed to increase grain yield and crop-water related efficiencies specifically in semi-arid areas. The
technique comprises a 2 m wide no-till area that promotes runoff through natural surface crusting and
a 1 m wide basin for collecting the water. IRWH improves grain yield and crop-water related
efficiencies by stopping runoff completely and minimizing evaporation from the soil surface. Water use
efficiency (WUE) measures the efficiency with which a particular crop can convert available water into
yield. Water use efficiency (WUEg,) based on transpiration (Ev) is more efficient to use since it
excludes evaporation from the soil surface, which is not directly related to the crop’s ability to convert
water into yield. Precipitation use efficiency (PUE) is probably the simplest way of expressing the
efficiency of converting rainwater into food. It is based on the principle that the system that produces
the highest yield per unit area represents the best practice. To determine crop-water related efficiency
over a long-term period, Botha (2006) suggested that rainwater productivity (RWP) would be more
appropriate. It was hypothesized that IRWH will have higher crop-water related efficiency than
conventional tillage (CT). CT in this case is defined as ploughing of the land with a tractor using a
mouldboard plough and then planting in tramlines (2 x 1 m). Under CT it is also assumed that there
are no secondary cultivation activities and that the interrows are left bare.

MATERIALS AND METHODS

A field experiment was conducted at the Experimental Farm of the University of Fort Hare in the
Eastern Cape to test the hypothesis over four growing seasons, using maize as a crop. The following
treatments were employed: IRWH with mulch in basin and runoff area (ObOr), IRWH without mulch in
basin and runoff area (BrBb) and mouldboard conventional tillage (CT). The parameters PUE, RWP
and WUEg, were used to quantify crop-water related efficiencies. Soil water content was measured by
neutron water meter and the grain yield was determined. In order to determine Ev, 12 plants (biomass)
per plot were harvested. The data were statistically analyzed by using NCSS 1998 Statistical System
for Windows (NCSS, 1998) to determine differences between treatments.

RESULTS AND DISCUSSION

For all treatments, PUE ranged from 11 to 12 kg ha” mm™, WUEg, ranged from 25 to 27 kg ha” mm™,
and RWP was between 11 and 13 kg ha’ mm™. The results indicate that the ObOr and B bBr
treatments performed better than CT in terms of crop-water related efficiencies.

CONCLUSIONS
It can be concluded that IRWH treatments improved both crop-water related efficiencies and grain
yield over four growing seasons compared to CT.
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The honeybush tea industry is one of the newest indigenous industries in South Africa, the organised
industry was established as recently as 1999. The first documented use of honeybush (Cyclopia
species) as a herbal drink with good health properties, was in the early seventeen hundred. During
that time honeybush was harvested in the wild and fermented in heaps in the wild, which resulted in
great variations in quality. The products were only available at some road stalls in the Western and
Eastern Cape Provinces.

In the early nineties of the previous century, dr Hannes de Lange initiated field studies to determine if
honeybush could be cultivated commercially. He started collecting seeds of different species from
different areas to produce seedlings. These seedlings were planted out in different areas where
honeybush occurred naturally. Being al egume the needf or inoculation with Rhizobium was
investigated. To improve tea quality, dr Lizette Joubert developed controlled fermentation method and
investigated the health properties of honeybush tea. The research showed that the tea was low in
tannin, caffeine free, and contains antioxidants and phyto-estrogen. This research is ongoing in
collaboration with Stellenbosch University and Medical Research Council.

The need to form an association was expressed during the late nineties when the ARC had
information sessions in the different honeybush areas. The South African Honeybush Tea Producers
Association (SAHPA) was formed in 1999 as a ‘spokesperson’ for the industry. The name later
changed to South African Honeybush Tea Association (SAHTA) to include all the different disciplines
involved in the industry.

Although honeybush is still harvested in the wild, it was soon realised that it is impossible to build an
industry on wild harvesting alone, as the plants will be overexploited and become extinct in the near
future. 