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Abstract

CropGuar®, an emulsifiableconcentratecontaining90% (900 g/L) furfural, is registered in
South Africa as a contact nematicide on a numberags, including sugarcane. The effect of
CropGuar® on sugarcane growthnd yield onnematode-infested, sandy soils was examined
in five trials, conducted between 2005 and 20070 Trals were established under irrigated
conditions and two under rainfed conditions. Batissof trials included a plant crop and a
ratoon. The fifth trial, a ratoon crop under raohfeonditions, examined the application of
CropGuar@ with concentrated molasses stillage (CMS).

Under irrigated conditiongreatment of plant cane witBropGuar@® at 25 L/ha producead
significant increase in yield in tons cane/ha coragawith the untreated control. None of the
other CropGuar@ treatmentg16, 33 and 50 L/haincreased yield significantly. For irrigated
ratoon canenone ofthe rates of CropGuafdimproved cane yield, regardless of whether the
treatments were applied singly or split over time.

Under rainfed conditions, treatment of both plantl @aatoon cane at the recommended
commercial rate of 50 L/ha had no effect on caredyiHowever, increasing the rate to
100 L/haresulted in asignificant increasan vyield. In addition, applying CropGudtdat

50 L/ha but in a mix with 3 000 L/ha CMS increasade yield significantly.
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Introduction

CropGuard, a contactnematicidecontaining 90% furfural (2-furfuraldehyde), is registered
in South Africa for use against nematodes in a ramad crops, including sugarcane. The
active ingredient oCropGuar@, viz furfural, is producedndustrially from the breakdown of
pentosan-containing agricultural residues, suclsuggarcane bagasse. In 1993, Rodrigues-
Kabanaet al. found that furfural, when applied as a pre-plaratment, was an effective
nematicide against a number of plant parasitic nedeaspecies affecting okra, soybeans and
squash. Later studies found that furfural couldo at®ntrol Meloidogyne incognita, an
important pest of cotton (Bauskeal., 1994), andVeloidogyne arenaria and Rotylenchulus
reniformis on groundnut (Rajendrast al., 2002).

Following on from the early work with furfural, twlaboratory tests and four field trials were
conducted to test its effect against nematodesugarsane in South Africa (Spaull, 1997).
Results showed that, in pots, furfural was ableettuce nematode numbers. However, in the
field it had little effect on nematodes.

In recenttimes, furfuralhas been reformulated into a product known as Crop@u#tovo
Sugar, 90% furfural a.i.) which is reputed to berensoluble and easier to apply.
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CropGuar@ is registeredfor use against nematodes @ number ofcrops, including
sugarcane _(http://www-za.cropguard.co.za/home)htinl sugarcane, it is registered at the
rate of 50 L/ha for plant and ratoon crops undegated conditions, and the same rate for
plant cane under rainfed conditions. However, phcduct is not registered for use on ratoon
cane under rainfed conditions.

Since 2004, lllovo Sugar Ltd. and the South Africdugarcane Research Institute (SASRI)
have conductedtrials to investigate the effectiveness of CropG&aadl different rates, with
single and double applications, and with the dpaliaation of concentrated molasses stillage
(CMS). The results from five field trials conducteder the past three seasons are presented
in this paper.

Materials and Methods

Five field trials were conducted between 2005 ad@72 Two trials in Mpumalanga province
(one plant crop and the other a ratoon crop) wedeuirrigated conditions. The remaining
three trials (one plant crop and two ratoon cropsie under rainfed conditions in KwaZulu-
Natal province. Details on varieties used, soiletyplot size, row spacing and number of
replicates, and a summary of the treatments, arengin Table 1. In all of the trials, an
untreatedcontrol and Temil® at the registeredate of 20 kg/ha (15% aldicarb a.i.) were used
for comparison.For the plant crop trials, Tenfikwas applied in the furrow at planting, just
before coveringFor theratoon trials, Temik was applied at the same rate, over the dripper
lines (for irrigated cane) and over the row (rathfane), within four weeks of the previous
crop being harvested.

CropGuar@ treatmentswvere appliedwith a knapsaclksprayer in 5 L water/50 m row for the
irrigated trials, and with watering cans in 5 L e@#b50 m row for the rainfed trials. For the
CMS+CropGuar@ ratoon trial, CropGuar@ was mixed with 3 000 L/ha CMS before
applying over the cane row. For the irrigated trials (CG1, CG2), CropGhavds applied at
both single and double applications. The secondicgtions were applied within 2-4 weeks
after the initial applications. For the rainfadals (CG3, CG4, CG5),CropGuar was
appliedonly as a single application. For all of the trials, CropG%anhs applied at different
rates. Details are given in Table 1.
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Table 1. Details of the various trial sites.

Trial Code CG1 CG2 CG3 CG4 CG5
Irrigated/Rainfed Irrigated Irrigated Rainfed Rainfed Rainfed
Locality Tonga Tonga Compensation Park Rynie Zinkwazi
Province Mpumalanga Mpumalanga Kwa-Zulu Natal | Kwa-Zulu Natal Kwa-Zulu Natal
Plant Crop/Ratoon Plant Crop Ratoon Plant Crop Ratoon Ratoon
Start Date 16-Mar-05 11-Oct-05 13-Dec-05 06-Sep-05 08-Nov-06
End Date 12-Jun-06 04-Oct-06 24-Apr-07 24-Oct-06 06-Nov-07
Age at harvest (m) 15 12 16 13 12
Variety N25 N32 N31 N39 N27
Soil type Longlands Longlands Fernwood Fernwood Fernwood
%Clay 11% 5% 2% 5% 3%

Row Spacing 15m 0.6and2.2m 12m 11m 1.0m
Number of rows/plot 6 8 5 5 5
Number of replicates 8 6 6 6 6

Standards Control Control Control Control Control
Temik (20kg/ha) Temik (20kg/ha) | Temik (20kg/ha) | Temik (20kg/ha)| Temik (20kg/ha)
CropGuard Treatments| 16.7 I/ha - single* 16.7 I/ha - single 50 I’ha 50 I’ha CMS + 25 I/ha
16.7 l/ha - double** | 16.7 I/ha - double 100 I/ha 100 I/ha CMS + 50 I/ha
25 I/ha - single 25 |/ha - single 25 1/ha
25 I/ha - double 25 I/ha - double 50 I/ha
33 I/ha - single 33 I/ha - single
33I/ha+16.71/ha | 33I/ha+16.7 I/ha

*single application at the start of the trial
**two applications, one at start, the other 2-4 weeks later

For both of the irrigated trials, irrigation waspdipd through dripper lines for a 2-hour period
each day to give 8 mm of water per day. Allowanaswnade for rainfall. In the plant crop
trial, where the rows were a uniform 1.5 m apdréré was one dripper line per cane row. In
the ratoon trial the rows were arranged as tramslingh one dripper line between the two
rows of the tramline. All treatments were appliegiothe dripper lines. All of the crops were
fertilised according to recommendations provided thg Fertiliser Advisory Service of
SASRI. For the CM$ CropGuar trial (CG5), the plots not receiving CMS were fertilised
with an equivalent amount of KCI as occurs in CNb8nilarly, the nitrogen added to CMS-
treated plots was taken into account when femigjsion-CMS plots.

Soil and root samples were collected at varioug tintervals during each crop for assessing
nematode populations. These samples were colledt@tent to the sugarcane stalks, at a
depth of 5-15 cm from the soil surface, from twiesialong the outer rows of each plot. The
nematodes were extracted from 200 ahsoil and from 10 to 50 g fresh weight of rowish

the elutriation and mist chamber techniques, rdsmdyg (Seinhorst, 1950, 1962). The
nematode genera were enumerated under the micesBaots were oven dried and the
number of nematodes extracted adjusted to per gfairy weight.

At harvest, the cane leaves were burnt and thksstalthe centre three rows of each plot were
cut and weighed. A 12-stalk sub-sample was takehamalysed for moisture, fibre content
and estimated recoverable crystal (ERC). Nematodk yaeld data, for each crop, were
subjected to analysis of variance (JMP 5 softwakage, SAS).
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Nematode communities
The sites were specifically chosen for their sasdils, where nematode damage is most
prevalent, and the presence of many of the comnesnatode genera associated with this
damage (Table 2).

Results

Proc S Afr Sug Technol Ass (2008) 81: 310 - 318

Table 2. Plant parasitic nematode genera found in20% of the soil samples analysed.

CG1l CG2 CG3 CG4 CG5
Meloidogyne Helicotylenchus Criconemoides Criconemoides Helicotylenchus
Paratrichodorus Hemicycliophora Helicotylenchus Helicotylenchus Meloidogyne
Pratylenchus Longidorus Meloidogyne Meloidogyne Paratrichodorus
Tylenchorhynchus Meloidogyne Paratrichodorus Paratrichodorus Pratylenchus
Xiphinema Paratrichodorus Pratylenchus Pratylenchus Xiphinema
Pratylenchus Scutellonema Scutellonema
Scutellonema Xiphinema Xiphinema
Tylenchorhynchus
Xiphinema

Table 3 shows the effect of treatments on the nedeatommunities midway through the
crop cycle (at approximately 6 months) for fouttled trials (CG2, CG3, CG4, CG5) and near
the end of the crop cycle (12 months) for the C@dl.tResults indicate that none of the
treatments had any significant effect on nematagrijations at this stage of the crop.

Table 3. Abundance of plant-parasitic and free-livig nematodes per 200 ciof soil.
The nematode abundance data was logged prior to sistical analyses but is shown
here as actual numbers for ease of reading.

Single application

Double application

16.7 I/ha

251/ha

251/ha+CMS | 331/ha

50 I/ha

50 I/ha+ CMS | 100 I/ha

16.7 + 16.7 I/ha| 25+ 25 1/ha

33+ 16.7 I/ha

Total PPN

cel Total FLN

Total PPN

ce2 Total FLN

Total PPN

ces Total FLN

Total PPN

ce4 Total FLN

Total PPN

ces Total FLN

1189
625

1105
700

1563
822

1347
883

1642
867

855
683

1336
600

1063
600

942
1067

897
717

606 747
483 517

1378
663

922
750

1105
500

1253
563

923
900

953
683

955
433

483
667

1017
667

967
550

988
1083

507
583

1489
886

1019
1088

807
750

1485
733

1499
800

745
1117

PPN: Plant-Parasitic Nematodes
FLN: Free-Living Nematodes

Rainfall data
The amount of rainfall for the duration of eaclaltis shown in Table 4. For most of the trials
(except CG4), the rainfall was similar to (CG5),exceeded (CG1, CG2, CG3), the expected
long term meanfor that area. Of more importance to CropG@amtbvement in the soil, is
the amount of rainfall that occurs within the fitato weeks after application.

C: Control
T: Temik
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Table 4. Total rainfall for each trial, percentageof long term mean (LTM)
and amount of rainfall for the first two and six weeks after treatment.

CG1 CG2 CG3 CG4 CG5

Total rainfall (mm) 1240 1326 1789 605 1264

% of LTM 118 156 150 91 104

Rainfall first 2 weeks (mm) 26 4 74 34 110
Rainfall first 6 weeks (mm) 37 165 231 122 290

In the CG1 trial, 26 mm of rain fell within two wee of the first application, and a further
11 mm fell over the next four weeks. In the CGaltronly 4 mm of rain fell within the two weeks eftapplication, followed by 161 mm within

the next four weeks. Although no data are giventlieramount of irrigation water applied during theriod, it is presumed that the shortfall in
rainfall was supplemented by timeous irrigatiortiy grower.

In the rainfed trials (CG3, CG4, CG5), between 8d 210 mm of rain fell within two weeks after agglion (Table 4). Since there was only one
single application of CropGudtdn these trials, the amount of rainfall at six weeks was less critical.

Yield data
In the irrigated trials (CG1, CG2), there were igniicant increases in cane yields with the digfetrrates of CropGudbdwhether with single or

double applications (Table 5). The only treatmenshow significant yield increases was the Tenglatinent in the ratoon trial (CG2). A single
CropGuar@ treatment at 25 L/ha did show significant increases in ERC vyield, but this was not matched by increased cane yield and the trend w
not apparent when higher rates of CropGfiavere used.
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Table 5. Average sugarcane (tc/ha) and sucrose (ERMa) yields for each treatment.
Numbers shown in bold were statistically differento the control treatment (P<0.05).

Single application Double application
C T 16.7 I/ha| 251/ha | 251/ha+CMS | 331/ha | 501/ha | 50 I/lha+ CMS| 100 I/ha| 16.7 + 16.7 l/ha | 25+ 251/ha | 33 + 16.7 I/ha
cel tc/ha 158 158 167 173 - 157 - - - 168 168 164
ERC t/ha 14.1 14.4 16.1 17.5* - 14.7 - - - 16.4 16.2 15.3
cG2 tc/ha 66 78* 60 68 - 62 - - 70 63 63
ERC t/ha 9.3 10.4 8.0 9.2 - 8.2 - - 9.2 8.5 8.6
tc/ha 33 56* - - - - 34 - 46* - - -
cGs ERC t/ha 3.0 5.2* - - - - 2.8 - 4.1* - - -
tc/ha 52 67* - - - - 58 - 63* - - -
ce4 ERC t/ha 6.7 9.4* - - - - 8.0 - 8.4* - - -
cG5 tc/ha 22 52* - 30* 23 - 27 31* - - - -
ERC t/ha 2.2 5.8* - 3.1 2.4 - 2.9 3.5* - - - -
C: Control Not tested (- )
T: Temik
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Comparison of increasing the rate, by either dogpbthe amount applied, or by following up
with a second application, indicated that a doudplication of 16.7 L/ha was more
beneficial than a double rate (33 L/ha) in a siragiplication (Figure 1).

tc/ha

CG1
170.0

160.0

150.0

140.0

130.0

[

L

157.0
N\

tc/ha

75.0
70.0
65.0
60.0
55.0

50.0
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62.0

N

Figure 1. Comparisonof a singleapplication of 16.7 L/ha CropGuard® with either a single
application at double the rate (33.0 L/ha) or a doble application at the same rate (16.7 L/ha +
16.7 L/ha).

In the rainfed trials (CG3, CG4, CG5), a single application of 50 L/ha CropGudvald no
significant effect. However,increasing the rate to 100 L/ha and applying the CropGuatrd
50 L/ha combined with CMS, both resulted in sigrahtly increased cane and ERC yields
(Table 5). The yields in the CG5 trial were gengraéry low.

Discussion

The two long-standing nematicides registered fa ois sugarcane in South Africa, Temik
(a.i. aldicarb) and Curaterr (a.i. carbofuran), bogh systemic, the active ingredient being
taken up by the plant. CropGuafj however, is a volatile contact nematicide and thus the
timing and placement are particularly important whising this product. To ensure effective
control of plant parasitic nematodes in plant cénis,important that the nematicide is applied
in the furrow at planting. For spring and summeéooa crops, the nematicide must be applied
soon after the previous crop is harvested. Appboabf the nematicide in winter ratoon cane
can, however, be delayed (Spaull and Donaldson3)198onventionally, in South Africa,
nematicide application in ratoon cane is made tiverow and subsequent movement of the
chemical down the soil profile occurs (by mass dfar) when the soil is wetted, as after
rainfall or irrigation. Whilst on the soil surfadess of the chemicals through volatilisation is
minimal (Aldicarb and Carbofuran Data Sheets, wvaydycropscience.co.garhis is not the
case with furfural, which has a much higher vagmessure (cf 66.6 Pa for furfural; ©.01

Pa for aldicarb and 8.003 Pa for carbofuran). The formulation of tmeduct, combining an
emulsifier with the furfural, will have decreasdutvapour pressure of the product, but not to
the extent that it is comparable with the granukamaticides. As a result of its high vapour
pressurejt seemdogical to assume that CropGuérdeeds to be mechanically incorporated
or washed into the soil soon after it is appliedrtfer, it is logical to assume that its efficacy,
in ratoon cane, will depend on there being suffitieainfall in the days following its
application. This seems to be the case in the edimfials. The relatively poor response to
treatment with CropGuafdin the two irrigated trials was unexpected, except that the air
temperature during the initial treatment in theooat crop trial was extremely high. This
would have increased volatisation of the CropGudfd from the soil surface quite
considerably.
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The CropGuar@ label proposeshat at time of treatment the soil should be at field capacity
and that at least 10 mm of water should be appbedn thereafter _(http://www-
za.cropguard.co.zaflownloads/eng/sugarcane.pdfThis can be achieved under irrigated
conditions, but is often impractical under rainfeohditions. However, due to the contact
nature of CropGuar@, nematodes which occur in the roots of the sugarcane plant, such as
Meloidogyne and Pratylenchus, are less likely to be affected by this chemi@ath of these
nematodes are known to be damaging to sugarcamet@ad Spaull, 2005). This is probably
more of a problem in ratoon cane where the chenliaalto move through the profile to the
root zone, than in plant cane where the chemicapied in the furrow, over the sett, from
which the newly forming sett roots develop.

Thus the idea of applying CropGuafd with 3 000 L/ha CMS seems like a logical
progression. The CMS provides nutrition, particiylam the form of K (Turneset al., 2002),
and the additional volume of liquid (3 000 L/hapyides the ‘vehicle’ to move the furfural
into the solil profile. Additionally, the grower h#se benefit of combining two treatments (i.e.
fertiliser and nematicide) into one. However, farthvork is needed to repeat this result and
investigate other factors, such as:

« What effect does the addition of other nutrientsshsas N and P, have on the efficacy of
CMS+CropGuar8?

« What are the economics of applying double thesateropGuaré (i.e. 100 L/ha)?

» Subsoil application of CropGudtdn ratoon cane might also be investigated.
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