Cover crops of oats, stooling rye and three annual ryegrass cultivars

influence maize and Cyperus esculentus growth
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Summary

No information is available on the effect of cover crops on weed growth in maize production
in KwaZulu-Natal, South Africa. In a field experiment, the influence of two preceding cover
crops, stooling rye and annual ryegrass, on the growth of maize and the weed Cyperus
esculentus were compared with herbicides and weed control by hoeing. Maize emergence and
early growth were delayed in the presence of physical residues of both cover crop species,
especially in annual ryegrass residues. Growth of C. esculentus was significantly inhibited in
the inter-row maize planting lines by the cover crops for the first 16 days after maize
emergence, but this effect had diminished by day 28. In a pot experiment, the influence of the
same two cover crops on maize and C. esculentus growth was evaluated together with oats
and two additional annual ryegrass cultivars. Here the growth of maize and C. esculentus
growth was suppressed, especially by the root residues of the annual ryegrass, in particular
the cultivar Midmar. Chemical analysis of the leachate of the root residues indicated the
presence of phenolic acids and benzoxazolin-2(3H)-one (BOA). In order to achieve effective
weed control, a weed management strategy combining the mulch retained on the soil surface

with a possible reduction in the type and amount of herbicide(s) should be implemented.
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Introduction

Maize (Zea mays L.) produced in the province of KwaZulu-Natal (KZN) accounts for only
4.6% of the total maize production in South Africa. However, it forms part of the agricultural
activities that provide 60% of the rural population in the province with food security and a
sole or complementary income. Weed interference is a given in any crop production situation,
leading to potentially high yield losses if the weeds are not adequately controlled (Halford et
al., 2001). Environmental and health concerns with regards to herbicide use stimulated the
renewed interest into cultural weed control research (Kruidhof et al., 2008). Ryan et al.
(2009) found that the yields of crops growing in organic systems, which depended more on
cultural weed control methods, were also not compromised by higher weed biomass levels.
Cover crop residues can suppress weed growth through changes in microclimatic conditions,
the creation of a physical barrier to growth (Teasdale & Mohler, 2000) and due to allelopathy
(Olofsdotter et al., 2002). The level of weed suppression will depend on the cover crop
species, the amount and thickness of the mulch and the management system used (Creamer et
al., 1996). Cultivars of the same cover crop differ, not only in terms of their general weed
suppression abilities, but also through the reduction of growth of specific weed species
(Vasilakoglou et al., 2006). Dhima et al. (2006) found that stooling rye (Secale cereale L.)
and barley (Hordeum vulgare L.) reduced the emergence of Echinochloa crus-galli L.
(barnyard grass) and Setaria verticillata L. (bristly foxtail) by 27-80% and 0-67%

respectively, in comparison to non-residue plots.

In KZN province, Cyperus esculentus L. (yellow nutsedge) can become dominant and
difficult to control in a conservation tillage system, reducing the yields of maize (Stoller et
al., 1979), cotton (Gossypium hirsitum L.) (Moffett & McCloskey, 1998) and vegetables
(Johnson 11 & Mullinix Jr, 1999) through competition (Stoller et al., 1979) and allelopathy
(Drost & Doll, 1980). Incorporating shading by cover crop residues as part of an integrated
weed management system could be beneficial, as shade is known to be an effective inhibitor
of C. esculentus growth (Li et al., 2001).

Limited work has been done in South Africa on the ability of cover crops to suppress
weed growth. Fourie et al. (2006) evaluated different cover crops for weed control in
vineyards in the Western Cape. Little and van Staden (2003) have done work on the use of

legumes to suppress weed growth in forestry and most recently, Ferreira and Reinhardt
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(2010) explored the possibility of using allelopathic crop residues to suppress herbicide
resistant weeds in the Western Cape. The hypothesis tested in the present study was that
annual ryegrass and stooling rye, used as winter grown cover crops, could suppress C.

esculentus growth without compromising the growth of maize.
Materials and Methods

Field experiment

A field experiment was conducted from 2003 to 2007 at the Cedara Research Centre of the
KZN Department of Agriculture, Environmental Affairs and Rural Development (latitude
29°32’S; longitude 30°16’E; altitude 1051 m). The soil consisted of 37% clay, 20% silt, 43%
sand and 2.59% organic matter. Three control treatments, namely herbicide (pre- and post-
emergence), hand-weeded (hoeing) and non-weeded were replicated four times in a
randomized block design. Stooling rye cv. Agri Blue and annual ryegrass cv. Midmar were
drilled in autumn at 30 and 90 kg ha™ respectively, at a spacing of 150 mm in the row. After
seeding, nitrogen (350 kg ha™), phosphorus (20 kg ha™*) and potassium (160 kg ha™) were
applied as NPK (2:3:4) (40%), with 0.5% added zinc. The balance of nitrogen (336 kg ha™)
was applied as a top-dressing in the form of limestone ammonium nitrate (28%) and
potassium (133 kg ha™) as potassium chloride (KCI) six weeks after cover the planting of the
cover crops. Glyphosate-isopropylamine (Roundup SL, 360 g a.i. L™, Monsanto) was applied
at 2160 g a.i. ha™ directly after planting with a knapsack at 200 kPa using a floodjet nozzle
(Lurmark Polijet 110° AN1.8) to kill existing weeds. No additional herbicide applications
were made thereafter. The two cover crops were grown until maturity at 23 weeks, and then
killed with glyphosate-isopropylamine as before.

In spring, the plots grown to the two cover crops were prepared for growing maize.
The pre-emergence herbicide combination of S-metolachlor (Dual S Gold EC, 915 g a. i. L™,
Syngenta) and atrazine/terbuthylazine (Suprazine SC, 300/300 g a.i L™, Dow AgroScience)
was applied at 1189.5 and 1200 g a.i. ha * respectively, at planting with a knapsack sprayer
equipped with a floodjet nozzle as before. The post-emergence herbicides paraquat dichloride
(Gramoxone, SL, 200 g a.i. L™, Syngenta) and ametryn (Ametryn 500 SC, 500 g a.i. L™, Dow
AgroScience) applied at 600 and 1000 g a.i. ha ™ respectively, with an even flat fan nozzle
(Teejet TP 8003E) at 200 KPA, were applied six weeks later. Hand-weeding was done as

soon as 5% visual weed cover occurred. In the non-weeded control plots no manual or
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chemical weeding was done. Maize cv. PHB 32D99, was hand-seeded at 44 444 seeds ha™ in
0.75 cm spaced planting lines drawn with a V-shaped hoe into the residues in spring.
Nitrogen (140 kg ha*) and phosphorus (20 kg ha™) were applied as NPK (2:3:4) (40%) with
0.5% added zinc and the balance of nitrogen (110 kg ha™) was applied as a top-dressing in
the form of limestone ammonium nitrate (28%) five weeks after maize planting. Soil analysis
indicated that potassium levels were adequate and therefore no additional potassium was

needed.

The plots were 18 x 6 m in size with maize measurements taken on four data rows.
The date of final maize emergence was the last day emergence was measured and expressed
as the percentage of seeds planted. Maize seedlings were cut at the soil surface at 14, 28 and
44 days after emergence (DAE). During 2003-2005 C. esculentus growth was only visually
assessed but in 2006 and 2007 the leaf mass of C. esculentus was measured to obtain a more
quantitative measurement. Leaf material of C. esculentus was collected separately in inter-
and intra-row maize planting lines in six 0.09 m? blocks and the dry weights recorded at 16,
28 and 41 (DAE). Maize yields were determined five months after planting.

The data were analysed using the analysis of variance (ANOVA) procedure in the
statistical package Genstat (Payne et al., 2007) with terms for method of weed control.
Treatment means were compared using Fisher’s Protected Least Significant Difference

procedure P<0.05.

Pot experiment

Anecdotal evidence of poor crop establishment in different annual ryegrass cultivar residues
and weed suppression by oats (Avena sativa L.) emanating from the local farming
community, plus previous research done on the suppression abilities of different cover crop
species (Norsworthy et al., 2007) and cultivars (Reberg-Horton et al., 2009) prompted the
inclusion of oats and two additional annual ryegrass cultivars to elucidate the results from the

field experiment.

An experiment was carried out in 2009 in a temperature-controlled plastic tunnel. Plastic pots
(195 mm diameter, 200 mm in height) were filled with four kilograms of sand consisting of
4.95% clay (<0.002 mm), 3.29% silt (0.002—0.05 mm) and 91.76% sand (0.05—2 mm).



Nitrogen (350 kg ha™*), phosphorus (95 kg ha™) and potassium (250 kg ha™) were applied as
solid NPK 2:3:4 (30%) fertilizer with 0.5% added zinc according to recommendations for
annual ryegrass establishment. The balance of nitrogen (286 kg ha™) was applied as
limestone ammonium nitrate (28%) and potassium (123 kg ha™) as potassium chloride (50%).
Water draining out of the pots was collected in pots lined with a clear plastic bag which was
then used to water the same pots again. In this way, the nutrient solution was recirculated in
order to minimise variation in nutrition and putative allelochemicals exuded through the

roots.

Four treatments were replicated 10 times in a randomized block design. Three cover
crop species, stooling rye cv. Agri Blue, oats cv. Heros and three annual ryegrass cultivars
Agriton, Midmar and Sophia were planted according to the equivalent of their respective
field-recommended seeding rates. No treatments were applied to the cover crops during their
21-week growth period, following which the cover crops were killed by spraying glyphosate-
isopropylamine (Roundup Turbo SL, 450 g a.i. L™}, Monsanto) at a rate of 2160 g a.i. ha™,
using a flat fan nozzle (Teejet XR 8002VS) at 200 kPa. Four treatments were implemented
two weeks after the cover cops were killed with glyphosate-isopropylamine. Treatment one
(= leaf+root) consisted of the dead cover crop material left intact in the pots while for
treatment two (= roots) the cover crop leaf material was cut at the soil surface and removed,
leaving the roots intact. The desiccated foliage of the cover crops were weighed to obtain dry
matter yields equivalent to 5 t ha™ for the stooling rye and annual ryegrass and 4 t ha™ for the
oats. Pots filled with previously unused sand, treated in the same manner as described for
establishing the cover crops, were used in treatment three and four. For treatment three (=
leaf material) the weighed leaf material was placed on top of the sand while for treatment
four (= soaked leaf material) the leaf material was first soaked overnight (24 hours) in tap
water, then rinsed before being placed on top of the sand. The control consisted of unused
sand with no cover crop residues. Ten maize seeds (Pioneer Seeds PHB 32D99) and ten C.

esculentus tubers were planted separately into each of the four treatments.

The date of final maize and C. esculentus emergence was the last day emergence was
measured and expressed as the percentage of seeds and tubers planted. Three weeks after
planting, the foliage (stem and leaves) of the maize and the C. esculentus plants was sampled
and oven-dried at 70°C for 48 hours to determine the dry weight. Chemical analysis for three
phenolic acids, vanillic, ferulic and hydroxybenzoic acids and benzoxazolin-2(3H)-one
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(BOA) according to the methods of Wojcik-Wojtkowiak et al. (1990) and Nair et al. (1990)
was carried out. A decision was made that in the light of unforeseen financial restrictions,
chemical analysis would only be done on the leachate collected from the root treatment
(Treatment 2) of the three annual ryegrass cultivars and oats as it appeared to suppress
growth the most.

The pots were placed on movable trolleys and once a week pot positions were rotated
within the tunnel. Data for dry weight were analysed using the analysis of variance
(ANOVA) procedure in the statistical package Genstat (Payne et al., 2007). Treatment means

were compared using Fisher’s Protected Least Significant Difference procedure P<0.05.

Results

Field experiment

The main effects of treatment and season on the final maize emergence percentages counted
on day seven were significantly different (Table 1). The two cover crop treatments
suppressed maize emergence equally and significantly more than any other treatments.
Significantly higher plant populations occurred in the non-residue treatments. Significantly
lower plant populations were measured in 2005 and 2007 compared to 2003 and 2006.
Despite this, the response to the treatments was consistent over all years.

Table 1 Influence of annual ryegrass, stooling rye and weed residues on the percentage emergence of the maize
seeds (Field experiment)

Treatment 2003 2005 2006 2007 Mean
Weeds 92.1 63.9 86.4 69.7 78.0b
Annual ryegrass 77.5 37.2 78.4 49.4 60.6 ¢
Stooling rye 84.7 49.7 80.0 51.8 66.5C
Hand-weeded 93.3 73.6 93.1 83.5 85.9a
Herbicide 95.5 72.7 94.7 86.4 87.3a
Mean 88.6 a 59.4c¢ 86.5a 68.1b

SED for season 3.81

SED for treatment 3.66

Means followed by the same letter are not significantly different at P < 0.05



The relationship between the maize seedling dry weight gain and time, as influenced
by the different treatments averaged over the four seasons, is shown in Figure 1. Maize
growth was relatively similar during the first two weeks of growth. Thereafter, the seedling
growth increase was higher in non-residue treatments compared to the residue treatments.
Maize growth was more suppressed in the annual ryegrass residues than the stooling rye and

non-weeded control residues.
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Figure 1 Relationship between the maize seedling dry weight gain and time as influenced by different
treatments averaged over four seasons. (Adjusted R?=84.90, Y"V¢*%=6 25+8.42e*"0 yR¥=13 73+5.06e0""™),
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Comparisons of C. esculentus dry weight collected in the intra-row maize planting
lines indicated that it was only at 16 DAE that significantly different amounts of C.
esculentus leaf material accrued among the treatments (Table 2). At 28 DAE stooling rye
residues significantly suppressed C. esculentus leaf growth (orthogonal contrast) compared to

the non-weeded control, but suppression by annual ryegrass residues was not significant.



Table 2 C. esculentus leaf dry weight gain (t ha') in maize intra-row planting lines at three sampling stages

after the emergence of maize (Field experiment)

Treatment 16 DAE 28 DAE 41 DAE
Weeds 1.02 a 1.87a 294 a
Annual ryegrass 0.62 ab 1.67 a 2.82a
Stooling rye 053 b 1.23a 214 a
SED 0.19 0.34 0.51

DAE denotes days after emergence
Means followed by the same letter within a sampling stage are not significantly different by orthogonal contrast
at P <0.05

The residues of both cover crop species significantly reduced C. esculentus growth in
the maize inter-row planting lines compared to the non-weeded control at 16 and 28 DAE
(Table 3). At 41 DAE, only stooling rye residues had significantly reduced C. esculentus
growth.

Table 3 C. esculentus leaf dry weight (t ha™) gain in maize inter-row planting lines at three sampling stages

after the emergence of maize (Field experiment)

Treatment 16 DAE 28 DAE 41 DAE
Weeds 0.74 a 123 a 2.18 a
Annual ryegrass 0.17b 0.65b 1.54 ab
Stooling rye 0.30b 0.74b 119 b
SED 0.14 0.16 0.38

DAE denotes days after emergence
Means followed by the same letter within a sampling stage are not significantly different by orthogonal contrast
atP <0.05

Yield of the maize was significantly higher in the hand-weeded and herbicide
treatments compared to the residue treatments (Table 4). Stooling rye had higher yields in
2006 compared to the non-weeded control and annual ryegrass with yields in the non-weeded
control and annual ryegrass being similar. Maize yields in 2007 were lower in the three

residue treatments with no significant differences among them.



Table 4 Yield (t ha™) of maize growing in two non-residue treatments and in weed, annual ryegrass and stooling

rye residues (Field experiment)

Treatment 2003 2004 2006 2007
Weeds 6.31a 256 b 311 b 2.18b
Annual ryegrass 2.18¢ 2.30b 3.01 b 1.98b
Stooling rye 4.20b 2.02b 4.76 ab 3.10b
Hand-weeded 8.22a 8.50 a 6.52 a 73la
Herbicide 7.36a 9.0la 593 a 6.90 a
SED for season*treatment 1.218

SED for means within season 0.968

Means followed by the same letter are not significantly different at P < 0.05

Pot experiment

Emergence of the maize plants in the roots treatment for all the cover crops was relatively
similar to the soaked leaf material and control treatments (Table 5). Maize emergence was
more suppressed in the leaf+root treatment compared to the others. Maize seedling
emergence in the leaf+root treatment of the annual ryegrass cultivars Midmar and Sophia,
was generally more inhibited compared to the oats, stooling rye and the annual ryegrass

cultivar Agriton.

Table 5 Influence of different residue types of oats, stooling rye and three cultivars of annual ryegrass on the

final emergence percentage of maize (Pot experiment)

Oats Stooling rye Annual ryegrass

Treatments Agriton Midmar Sophia
Leaf+root 83.66 c-e 85.00 b-e 85.00 b-e 74.00 fg 70.00 g
Roots 96.00 a 95.00 ab 92.00 a-d 89.00 a-e 83.30 d-f
Leaf material 79.79 ef 90.00 a-d 92.00 a-d 97.00 a 92.00 a-d
Soaked leaf material 94.22 ab 95.00 ab 94.00 ab 96.82 a 88.00 a-e
Control 93.00 a-c

SED 4.88

Means followed by the same letter are not significantly different at P < 0.05

The growth of maize was severely inhibited by the leaf+root and roots treatments of
all the cover crop species (Table 6) while growth in the soaked leaf material was generally

significantly better compared to control and leaf material. No significant differences in



growth were measured amongst the different cover crop species in the leaf+root and roots
treatments. The root and leaf material of the annual ryegrass cultivars Agriton and Midmar

were more suppressive towards maize growth.

The growth of C. esculentus was severely inhibited in the leaf+root and roots
treatments while the dry weight in the leaf material treatment was also less than the control
(Table 7). No significant differences in dry weight were observed amongst the different cover
crop species in the leaf+root and roots treatments. In the leaf material treatment, the three
annual ryegrass cultivars significantly inhibited growth compared to the oats and stooling rye.
Regardless of the overnight soaking of the leaf material of annual ryegrass cultivar ‘Midmar’,
C. esculentus growth was still significantly inhibited compared to the soaked leaf material of

the other cover crops.

Table 6 Influence of different residue types of oats, stooling rye and three cultivars of annual ryegrass on the

dry weight per plant (g) of maize seedlings (Pot experiment)

Oats Stooling rye Annual ryegrass

Treatments Agriton Midmar Sophia
Leaf+root 0.07 f 0.09 f 0.10 f 0.08 f 0.08 f
Roots 0.11 ef 0.13 ef 0.09 f 0.09 f 0.13 ef
Leaf material 0.62 c 053 ¢ 0.28 d 0.22 de 0.56 ¢
Soaked leaf material 081 b 0.84 ab 0.86 ab 0.60 ¢ 094 a
Control 0.60c

SED 0.058

Means followed by the same letter are not significantly different at P < 0.05

Table 7 Influence of different residue types of oats, stooling rye and three cultivars of annual ryegrass on the

dry weight per plant (g) of C. esculentus (Pot experiment)

Oats Stooling rye Annual ryegrass

Treatments Agriton Midmar Sophia
Leaf+root 0.02 g 0.02 g 0.03 fg 001 g 0.02 g
Roots 0.03 fg 0.03 fg 0.02 g 0.02 g 0.03 fg
Leaf material 0.16 e 0.14 e 0.08 f 0.08 f 0.06 fg
Soaked leaf material 0.31ab 0.26 bc 025 ¢ 0.18 de 0.33 a
Control 0.22cd

SED 0.0286

Means followed by the same letter within a season are not significantly different at P < 0.05
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The leachate obtained from the root treatment for ryegrass cultivar Midmar tested
positive for three out of the four allelochemicals targeted, followed by oats and ryegrass
‘Sophia’ with two out of four (Table 8). Midmar had the highest concentrations of
benzoxazolin-2(3H)-one (BOA) and hydoxybenzoic acid compared to the other root
treatments, and slightly less ferulic acid than oats. All three annual ryegrass cultivars exude
the allelochemical BOA through their roots, with Midmar and Sophia containing
hydroxybenzoic acid as well. The root leachate of oats contained ferulic acid and BOA.

Vanillic acid was not detected in any of the root leachate of any of the cover crops.

Table 8 Concentrations (ppb) of phenolic acids and benzoxazolin-2(3H)-one (BOA) in the root material of oats

and three annual ryegrass cultivars (Pot experiment)

Vanillic acid Ferulic acid Hydroxybenzoic acid BOA
Oats 0 16 0 7
Annual ryegrass
cv. Agriton 0 0 0 5
cv. Midmar 0 14 440 20
cv. Sophia 0 0 15 4
Discussion

Plant residues on the soil surface can reduce crop emergence through mechanical resistance ,
reduced light reaching the soil surface and due to interference with heat and water transfer
between the soil and atmosphere (Teasdale et al., 2007). Contrasting results were obtained
from the present field and pot experiments. In the field experiment, as planting furrows were
devoid of cover crop residues because of the furrows being drawn with a v-shaped hoe, the
growth inhibition could not have been due to a physical constraint contributed by the
residues. If, hypothetically, the cover crop residues were present in the planting furrows, light
should not have been a limitation to maize seedling emergence. Crops with big seeds seem to
be less affected by the presence of residues than those with small seeds, because of the
relatively large amount of resources available in the larger seeds (Teasdale, 1993). In the pot
experiment this was confirmed since maize emergence was not suppressed by the presence of

leaf residues on the soil surface.
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It is possible that fluctuations in soil temperature and moisture over the four seasons
in the field experiment could have contributed to the reductions in crop emergence
(Kravchenko & Thelen, 2007), as soil temperature could have been lower and soil moisture
higher under the residue. However, lower soil temperatures measured in the pots with
residues on the soil surface (data not shown) did not influence emergence as it was similar
between pots with and without residues, suggesting that temperature variations were not

responsible for differences in emergence.

In both the field and pot experiments it was the cover crop species, rather than the
amount of residues, that impaired maize seedling emergence as maize emergence was more
suppressed by the annual ryegrass compared to the other treatments. Burgos and Talbert,
(1996) reported similar results when the number of southern pea (Vigna unguiculata (L).
Walp) plants was reduced in annual ryegrass residues, despite the latter crop’s residues
having had a similar amount of biomass to oats and a lower amount of biomass compared to
sorghum-sudangrass (Sorghum bicolour L. Moench x Sorghum vulgare Pers. var. sudanense
(Piper) Hitchc).

Investigations on the effect of cover crop residues on crop and weed emergence
revealed the involvement of possible allelochemicals (Sicker et al., 2004). Benzoxazinones
and various phenolic compounds have been identified in stooling rye (Wojcik-Wojtkowiak et
al., 1990; Sicker et al., 2004). Benzoxazolin-2(3H)-one (BOA) inhibited the emergence of
cucumbers (Chase et al., 1991) and radish (Raphanus sativus L.) (Chiapusio et al., 2004)
while Einhellig (2004) reported on the various plant functions being influenced by phenolic
acids. Results from the pot experiment showed that the emergence of the maize in the soaked
leaf material treatment was better than in the leaf+root treatment, which is similar to the field
situation, indicating that inhibition due to the presence of allelochemicals is a possibility.

Seedling growth after emergence can be influenced by the nutrient dynamics in the
soil. N mineralization is dependent on various factors, among others the C:N ratio of the
residues (Kuo & Jellum, 2002). The C:N ratio of cereals is mostly dependant on the total dry
matter produced and the time of desiccation (Reeves, 1994) which could be higher than 25:1,
at which stage N immobilization would occur. In addition, N immobilization is generally
greater if the residues are incorporated (Smith & Sharpley, 1990). Applying N at the
beginning of the growth of the main crop can reduce the initial N deficiency (Reeves et al.,
1990). The residues in the field experiment were not incorporated and additional N was
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applied at planting, thereby reducing the probability that N immobilization could have
suppressed maize growth and the subsequent yields. Nutrient analysis from the seedlings
growing in the pots and the leachate collected also indicated no nutrient deficiencies which
could have inhibit growth.

Another contributing factor to the difference in maize growth amongst the treatments
in the field experiment could have been the interference from C. esculentus. One hundred C.
esculentus shoots/m? have the ability to reduce maize growth by 8%. If the weed is not
controlled from the beginning, the yield reduction can be as high as 41%, with an initial
infestation of 1200 shoots/m? (Stoller et al., 1979). Results from the field experiment,
however, indicated that competition from C. esculentus did not have the expected impact on
maize growth 14 DAE. Both the non-weeded control and annual ryegrass residues had
relatively similar numbers of C. esculentus plants growing in the intra-row maize planting
lines but maize seedlings continued to grow better in the non-weeded control than in the

annual ryegrass treatment.

Reasons for the greater growth of C. esculentus material in the intra-row maize
planting lines could have been the sprouting of C. esculentus tubers after soil disturbance
during maize planting and the absence of residues in the lines not having presented a physical
barrier to emergence. The non-weeded control had the lowest quantity of residues on the soil
surface which could explain the higher C. esculentus dry weight measured in this treatment,
both in the intra- and inter-row maize planting lines, supporting the conclusion that,
compared with cover crops, annual weed residues do not suppress weed growth adequately
(Liebl et al., 1992). Residues which are left on the soil surface suppress weed growth due to
the physical constraint, although, C. esculentus leaves have sharp tips that could penetrate
hard surfaces (Stoller & Sweet 1987). The longer suppression effect of stooling rye on C.
esculentus growth could possibly be due to the longer decomposition period of the coarser

stooling rye compared to annual ryegrass (Masiunas et al., 1995).

Results from the pot experiment showed that treatments containing root material
caused greater growth inhibitions compared to the leaf treatments. According to Snaydon and
Howe (1986) ryegrass interference with wheat primarily takes place below ground. Breland
(1996) concluded that the suppression of grain establishment after the incorporation of fresh
annual ryegrass material was due to phytotoxic substances. Chemical analysis of the root
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leachate indicated that more allelochemicals at higher concentrations were present in the root
leachate of the ryegrass cultivar Midmar compared to the other treatments albeit in low
concentrations. Differences in the allelochemical content amongst cultivars is well known
(Reberg-Horton et al., 2009). The allelopathic effect on plants is often the result of a
combination of these chemicals released together, as individual compounds are often present

in concentrations below their inhibition thresholds (Inderjit & Nayyar, 2002).

We conclude that the different cover crop species, cultivars and residue type affected
maize and C. esculentus growth differently and that during the decomposition of root residues
of annual ryegrass in the field, putative allelochemicals were excreted which suppressed early
C. esculentus growth. It however also compromised maize seedling growth and, together with
the competition from C. esculentus later in the season, led to the lower maize yields.
Therefore the null hypothesis, stating that the cover crop residues would control C. esculentus
with no influence on maize, must be rejected. However, findings suggest that the concept of
using cover crop residues for weed suppression still holds merit. C. esculentus growth was
restricted during early maize growth and if weed competition later in the season can be
reduced by post-emergence herbicides, the effect on maize growth can conceivably be
limited. It is therefore possible to reduce the number of herbicide applications thereby
contributing to lower input costs. Reduction of recommended herbicide rates is not advised as
a means of saving on input costs. Due to the fact that the allelopathic effect from the residues
is dependent on soil and climatic factors, it is foreseeable that the implementation of this
practice would probably be limited, especially in the case of small-scale farmers, as it will
require additional management skills. Future research should involve a wider range of cover

crop species and different residue management practices.
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