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4. EXECUTIVE SUMMARY  
 

 
Objectives & Rationale 

Root-knot nematodes (Meloidogyne spp.) are endoparasites which cause severe losses in 
grapevine. The Vine Improvement Association requires scientific proof that hot water treatment 
(HWT) at 50 °C for 45 min will eliminate root-knot nematode (RKN) females and eggs from 
rooted nursery material before current regulations and standard operating procedures can be 
revised, but recently concerns have been raised that this HWT regime may not be sufficient to 
ensure that no viable RKN adults or eggs survive in the roots of treated plants. The aim of this 
project was to test the efficacy of HWT for eliminating RKN from rooted nursery material. The 
objectives for 2017/18 were the rooting of grapevine rootstocks and inoculation of these 
rootstocks with RKN. The objectives for 2018/19 were the HWT of infected grapevine rootstocks 
and the evaluation of the efficacy of HWT by means of indicator plants. 
 
Methods 

Rooted grapevines were artificially infested by inoculating them with RKN eggs and larvae 
during the 2017/18 growing season. After one growing season, the vines were lifted, shoots and 
root systems trimmed and then subjected to HWT. Two treatments, 50°C for 45 minutes and 
55°C for 20 minutes were tested. After HWT, each grapevine was planted in a plastic pot with 
sterilized soil, together with an indicator tomato plant. Twelve weeks later, the tomato plants 
were removed and their roots were stained and examined for the presence of RKN galls and 
egg masses. The presence of nematodes in a tomato plant was considered proof that the HWT 
did not successfully eradicate all the RKN present in the roots of the grapevine plant. To 
evaluate plant response to HWT, the grapevines were removed after harvest and shoot length, 
shoot weight and root weight determined. Sprouting of the plants after planting was also 
monitored. 
 
Key Results 

HWT at 50°C for 45 min was successful in reducing the level of infestation of RKN in grapevine 
planting material, but it did not eradicate RKN in all instances. HWT at 55°C for 20 min was also 
successful in reducing the level of infestation of RKN in grapevine planting material, but caused 
a significant reduction in growth of rooted grapevine nursery material. 

 
Conclusion and Discussion / Recommendation 

Since this study shows that HWT at 50 °C for 45 min does not completely eliminate RKN from 
rooted material, we cannot advocate the revision of current regulations and operating 
procedures to simply include HWT. HWT can be successfully implemented in nurseries as an 
added measure to reduce RKN infestation, but only if due consideration is given to practices 
aimed at prevention of infestation of rooted material with RKN. An integrated strategy for the 
proactive management of RKN in grapevine nurseries, which includes practices such as the 
filtering of irrigation water, sterilization of growing medium, general sanitation practices and the 
use of HWT, is strongly advocated. 
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5. PROBLEM IDENTIFICATION AND MOTIVATION 
 
Root-knot nematodes (Meloidogyne spp.) are endoparasites which cause severe losses in 
grapevine. They penetrate the roots to feed, inducing the formation of characteristic root galls. 
Heavy infestation weakens the root system, restricting the ability of roots to absorb water and 
nutrients, leading to reduced vigour and much reduced yield.  Nematode control in established 
vineyards is costly and untreated infestations can reduce the productive lifespan of a vineyard. 
Providing clean planting material to growers is key to ensuring economically viable grape 
production. Although nurseries use soil fumigation and chemical control throughout the year, 
endoparasites like root-knot nematodes (RKN) can still be transmitted by infested rooted plant 
material. 
 
Hot water treatment (HWT) is known to be an effective and practical method for the control of a 
number of grapevine pests and diseases in dormant grapevine cuttings and young rooted vines 
(Von Broembsen & Marais, 1978; Suatmadji, 1982; Loubser & Höppner, 1986; Fourie & 
Halleen, 2004; Gramaje et al., 2009). Previously, HWT at 50 °C for 30 min was the official 
recommendation to control plant pathogens in grapevine nurseries, but that was changed to 50 
°C for 45 min to control the phytoplasma disease, aster yellows. Barbercheck (1986) showed 
that HWT eliminated root-knot nematodes from grapevine nursery stock, but recently concerns 
have been raised that this HWT regime may not be sufficient to ensure that no viable RKN 
adults or eggs survive in the roots of treated plants.  
 
Currently the South African Plant Certification Scheme requires plant material to be visually free 
of RKN infestation for certification, while the Standard Operating Procedure for Grapevines 
pertaining to rejections of graft combinations for visual symptoms of RKN states that HWT for 
eradication of RKN in rooted grapevine material has not yet been approved. Vines with visual 
symptoms must be removed and HWT should be performed at 50°C for 45 min to eliminate 
crown gall and aster yellows phytoplasma, or HWT at 55 °C for 5 min to remove other 
superficial pathogens and pests. The Vine Improvement Association requires scientific proof 
that HWT at 50°C for 45 min will eliminate RKN females and eggs from rooted vines before 
current regulations and standard operating procedures can be revised. 
 
The aim of this study was to test the efficacy of HWT for eliminating RKN from rooted nursery 
material. To align this project with nursery practices, a decision was made to extend the project 
in order to include two growing seasons. Inoculation of the vines took place during the first 
growing season (2017-2018), and the application and evaluation of the HWT happened during 
the second growing season (2018-2019). As an additional investigation, the impact of HWT on 
the growth of the plant material was also assessed.  
 
 

6. OBJECTIVES 
 
Objectives for 2017/18 

• Rooting of grapevine rootstocks 

• Inoculation of grapevine rootstocks with M. javanica. 
 
Objectives for 2018/19 

• HWT of infested grapevine rootstocks. 

• Evaluation of the efficacy of HWT to eliminate RKN by means of indicator plants. 

• Assessment of the impact of HWT on the growth of the grapevine. 
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7. PERFORMANCE CHART (for the duration of the project) 

 
Objectives Milestones Target Dates Date achieved 

1.  Rooting of grapevine 
rootstocks 

1.1. Planting of rooted vines in 
glasshouse 

August 2017 August 2017 

2.  Inoculation of 
grapevine rootstocks 
with RKN 

2.1. First inoculation of rootstocks with 
root-knot nematodes 

September 2017 September 2017 

2.2. Second inoculation with root-knot 
nematodes 

December 2017 December 2017 

2.3. Third inoculation with root-knot 
nematodes 

March 2018 March 2018 

3.  HWT of infected 
grapevine rootstocks. 

3.1. Lift vines; trim shoots and roots; 
apply HWT 

August 2018 August 2018 

4.  Evaluation of the 
efficacy of HWT by 
means of indicator 
plants. 

4.1. Plant single vines in pots and place 
in glass house 

September 2018 September 2018 

4.2. Plant a 3-week old tomato plant 
(indicator) next to each vine 

October 2018 September 2018 

4.3. Remove tomato plants, stain roots 
and examine for the presence of 
RKN galls and egg masses   

January 2019 December 2018 

4.4. Assessment of the impact of HWT 
on the growth of the grapevine 

March 2019 February 2019 

5.  Journal 
publication(s) 

5.1. Paper delivered at the NSSA 
symposium 

May 2019 - 

5.2. Popular / semi-scientific publication 
in Winelands magazine 

June 2019 - 

5.3. Peer-reviewed article in SAJEV 
journal 

September 2019 - 

 
 

8.   WORKPLAN (MATERIALS AND METHODS) 
 
Grapevine rootstocks 
Grapevine rootstocks known to be susceptible (US 8-7 and 110 Richter), moderately resistant 
(1103 Paulsen and 143 B) and resistant (Ramsey) to Meloidogyne javanica were grafted with 
Chenin Blanc and successfully callused and rooted at the facilities of Vititec, Paarl. Rooted 
vines were planted in sandy soil in planting bags and kept in a glasshouse, set at 25 °C. 

 
Table 1. Inoculation dates of rootstocks 

 

Inoculation date 
Estimated amount of RKN 
eggs and juveniles / plant 

05 September 2017 2500 

06 December 2017 5000 

31 January 2018 3000 

10 April 2018 1500 

 

Inoculation 

Twenty-one plants of each rootstock were inoculated with M. javanica on four occasions during 
the 2017/18 growing season (Table 1) by pipetting 5 ml of a suspension containing varying 
amounts of eggs and juveniles into two holes made in the soil, approximately 1.5 to 2.0 cm from 
the plant stem. Inoculation sites were covered by pressing the soil mixture back into place. In 
addition, 7 plants of each rootstock were not inoculated with M. javanica (control) and kept 
separately to avoid contamination. 
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When the plants were removed from the planting bags and transferred to cold storage (see next 
section), root trimmings were pooled for each rootstock type and 3 x 10g subsamples were 
used to determine the level of infestation achieved in these plants. The amount of eggs per 
gram roots were determined by using Riekert’s adapted NaOCl method (Riekert, 1995). 
 
Hot water treatment 

During July 2018, after one growing season, the vines were lifted, shoots trimmed to 3 buds and 
the root systems trimmed to approximately 150 mm. The plants were then packed into plastic 
bins, covered with sawdust and stored in a cold room at 5°C. Plants from each rootstock were 
divided into 4 groups, constituting the different treatments, which were: 

a) Infected plants; no HWT 

b) Infected plants; HWT at 50°C for 45 min 

c) Infected plants; HWT at 55°C for 20 min 

d) Non-infected plants; no HWT 

 

There were 7 replications of each treatment. At the end of August 2018, the plants were 
removed from cold storage and transported to Paarl, to be treated at the facilities of Vititec. 
Plants were submersed in thermostatically controlled hot water baths, set at the predetermined 
temperatures (Fig.1). Immediately after treatment the vines were immersed in a cold water bath 
for 15 minutes to cool. After treatment, the plants were transported back to Stellenbosch and 
planted immediately. 
 

 
Figure 1. Hot water treatment of material at Vititec, Paarl 

 
Evaluation of the efficacy of HWT 

To evaluate treatment efficacy, each vine was planted in a plastic pot containing sterilized 
sandy soil and placed in a glasshouse at 25°C. The pots were arranged in a randomized block 
design, consisting of 7 blocks, with 20 pots in each block. Placement of pots was randomised 
with Research Randomizer (www.randomizer.org). The vines were drip-irrigated with filtered 
water (5 μm filter) to avoid external contamination, as well as cross contamination between 
pots. Three days later, a three-week old tomato seedling (cv. Moneymaker) was planted next to 
each vine as indicator of RKN infestation (Fig.2). The plants were subjected to a standard 
watering, feeding and pest control program. 
 
Twelve weeks later, the tomato plants were removed, their roots stained with a 0.1 % food dye 
containing Ponceau 4R (Damasceno et al., 2016) for easier detection and then examined for 
the presence of root-knot nematode galls and egg masses. The number of galls and/or egg 

http://www.randomizer.org/
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masses resulting from each grapevine-tomato combination was recorded. A value of 100 was 
assigned to heavily infested root systems, as it was virtually impossible to accurately count the 
number of galls present (Fig.3). 
 

 
Figure 2. Drip-irrigated grapevine plants with indicator tomato plants. 

 
Evaluation of growth response 

To evaluate plant response to the HWT, budding and sprouting of the plants after planting were 
monitored on a weekly basis. Five months after planting (February 2019) the grapevines were 
removed from their pots, leaves removed and the root system rinsed to be free of soil. Shoot 
length and fresh shoot weight were measured immediately, but the root weight was determined 
after overnight (12 hours) drying at room temperature. 
 
Data analyses 

The experimental design was a randomised block design with 7 block replications. The 
treatment design was a factorial with 2 factors, rootstocks with 5 levels and hot water treatment 
with 4 levels. 
 
To interpret the number of galls/egg sacs on tomato root systems the data was subjected to an 
ANOVA using General Linear Models Procedure (PROC GLM) of SAS software (Version 9.4; 
SAS Institute Inc, Cary, USA). The kurtosis value and symmetrical histogram in the Univariate 
Procedure (PROC UNIVARIATE) of SAS Software indicated normality of standardized 
residuals. Fisher’s least significant difference was calculated at the 5% level to compare 
treatment means (Ott & Longnecker, 2001). 
 
To analyse growth variables of infested plants, the data were subjected to an ANOVA using 
General Linear Models Procedure (PROC GLM) of SAS software (Version 9.4; SAS Institute 
Inc, Cary, USA). The Shapiro-Wilk test confirmed normality of the standardized residuals 
(Shapiro & Wilk, 1965). Fisher’s least significant difference was calculated at the 5% level to 
compare treatment means (Ott & Longnecker, 2001). 
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9.   RESULTS AND DISCUSSION 
 
Infection rates 

The grapevines were successfully infested with M. javanica during the first growing season 
(2017/2018). Table 2 shows the number of eggs gram roots-1 detected in root offcuts at the end 
of the growing season. The results confirm that US 8-7 and 110 Richter are the most 
susceptible to M. javanica, with 1103 Paulsen and 143 B being moderately susceptible and 
Ramsey the least susceptible.  
 

Table 2. Infestation rates of different rootstock types. 
 

Rootstock type 
Average RKN eggs gram 

roots-1 

US 8-7 145.0 

Richter 110 49.3 

1103 Paulsen 10.7 

143-B 9.0 

Ramsey 8.7 

 
Efficacy of HWT 

Data analysed with a factorial ANOVA showed significant differences (p<0.0001) when 
comparing the number of galls/egg sacs on roots of tomato indicator plants, planted next to M. 
javanica infected grapevines subjected to different hot water regimes (Table 3). The presence of 
nematodes in a tomato plant was considered proof that the HWT did not successfully eradicate 
all the RKN present in the roots of the grapevine plant.  
 

Table 3. Number of galls/egg sacs detected on roots of tomato indicator plants, planted next to M. 
javanica infected grapevines, subjected to different hot water regimes. Data are means of 7 replications. 

Means in the same column followed by the same letter do not differ significantly according to Fisher”s 
LSD test (P > 0.05). 

 

Treatment US 8-7 110 Richter 
1103 

Paulsen 
143 B Ramsey 

Combined 
treatment 
average 

Infested 
No HWT 

*100.00 a *100.00 a *100.00 a *100.00 a 16.14 bc 83.23 a 

Infested 
50°C for 45 min 

29.00 b 0.86 d 0.86 d 8.14 cd 0.00 d 7.77 b 

Infested 
55° for 20 min 

1.43 d 0.00 d 0.29 d 0.14 d 0.00 d 0.37 c 

Not infested 
No HWT 

0.00 d 0.00 d 0.00 d 0.00 d 0.00 d 0.00 c 

 
*A value of 100 was assigned to heavily infested root systems, as it was virtually impossible to accurately count the 
number of galls present. 

 
The number of RKN that survived in all of the HWT plants was significantly lower than in the 
untreated control (Fig. 3), but it was not zero, except in the vines grafted onto Ramsey 
rootstocks. This means that small numbers of the nematodes were not killed by the treatments 
and were able to produce eggs which could hatch and infest the tomato plants. Suatmadji 
(1982) also found that control by HWT (51.7°C for 5 min) was incomplete, as indicator plants 
planted next to HWT vines supported a small number of galls. He attributed this to the fact that 
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microscopic examination of treated material revealed that immature nematodes were imbedded 
in young galls consisting of tightly packed cells, which may contribute to the nematodes 
surviving the treatment. 
 
The 100% control obtained with the Ramsey material is attributed to the fact that the material 
was the least infested before the commencement of HWT. Thus, the combination of plant 
resistance and HWT seems to have contributed to effective eradication of the nematode on this 
occasion. Conversely, the combination of the most susceptible rootstock with the treatment of 
50 °C for 45 min, resulted in the worst control of the treatment combinations (US 8-7, average 
29 galls per tomato indicator plant). 
 
If we consider the combined treatment averages off all the rootstocks, it becomes evident that 
the treatment of 55 °C for 20 min performed significantly better in reducing the nematode 
population in infested rootstocks than the 50 °C for 45 min treatment, but we will have to 
consider the plant growth responses in order to make a judgement about the suitability of the 
treatment. 
 

 
Figure 3. Tomato root system heavily infected with M. javanica (left) vs uninfected root system (right). 

 
Growth response of vines to HWT 

The cumulative sprouting percentages of the vines over a 7-week period are depicted in Figure 
4. Untreated plants started sprouting in the first week after planting, whilst treated plants only 
started sprouting in the second week. Overall, budburst of plants treated at 50 °C for 45 min 
was delayed by one week, whilst budburst of plants treated at 55 °C for 20 min was effectively 
delayed for two weeks. The worst sprouting percentage was recorded for vines grafted onto 
Ramsey rootstocks treated at 55 °C for 20 minutes (57%), while all the vines grafted onto 
Ramsey rootstocks treated at 50 °C for 45 min sprouted within 3 weeks. 
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Figure 4. Cumulative sprouting percentages of vines observed after planting 

 
Data analysed with a factorial ANOVA showed no significant differences between the growth 
responses of different rootstocks, but the differences between treatments were highly significant 
(p<0.0001). Therefore, Table 4 shows the plant responses with regard to shoot length, shoot 
weight and root weight, regardless of rootstock. 
 
 
Table 4. Mean shoot length, shoot weight and root weight of M. javanica infested grapevines, subjected 

to different hot water regimes. Means in the same column followed by the same letter do not differ 
significantly according to Fisher”s LSD test (P > 0.05). 

 

Treatment 
Shoot 
length 
(mm) 

Shoot 
weight (g) 

Root 
weight (g) 

Infested 
50°C for 45 min 

1222.54 a 11.79 a 91.17 a 

Infested 
No HWT 

1111.73 ab 10.25 ab 88.89 a 

Not infested 
No HWT 

1004.24 b 9.50 b 85.10 a 

Infested 
55° for 20 min 

808.34 c 6.53 c 54.60 b 

 

 
The best growth was observed in plants that were treated at 50 °C for 45 min, but it did not 
differ significantly from infected plants that were not subjected to HWT. Studies carried out by 
Graham (2007) showed that cuttings grown in cool climates in New Zealand were susceptible to 
damage at 50 °C for 30 min, but evidence suggests that tolerance of plants to HWT is affected 
by the climate in which the cuttings are grown (Waite & Morton. 2007). Von Broembsen & 
Marais (1978) found that treatment for 15 to 60 min at 50 °C resulted in no phytotoxic effects to 
dormant canes, but Loubser & Höppner reported that plant mass increase as well as root mass 
of HWT (50 °C for 15 min) vines were significantly lower than those of untreated plants. In the 
confines of this experiment, there is no evidence that plants treated at 50 °C for 45 min were 
damaged. 
 
Shoot lengths and shoot weights of infested plants treated at 50 °C for 45 minutes were 
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significantly higher than those of uninfested, untreated plants. This anomalous result can be 
attributed to the fact that closer inspection of the vines revealed dark-brown to black 
discolouring in the xylem of the root crown and basal rootstock of the vines. Fungal isolation 
(performed by plant pathologists of ARC Infruitec-Nietvoorbij) detected the presence of the 
pathogens Phaeoacremonium aleophilum and Pleurostomophora richardsiae, both of which are 
associated with Petri disease of grapevines. Fourie & Halleen (2004) found that HWT (30 min at 
50 °C) of dormant nursery plants proved to be effective in reducing fungal infection levels in 
nursery plants. It is therefore possible that HWT reduced the severity of the fungal infection in 
these vines, leading to the masking of any growth retardation that may have resulted from HWT 
at 50 °C for 45 min. 

 
The combined growth of plants treated at 55 °C for 20 min was significantly less than with all of 
the other treatments (Table 4). Gramaje et al. (2009), when investigating HWT against Petri 
disease pathogens, found that there was little variability in the percentages of sprouting and 
shoot weight after HWT, with the exception of the HWT at 54 °C in which the highest reduction 
was obtained. In our case, it is thus evident from sprouting percentages, shoot length, shoot 
weight and root weight that vines were damaged by HWT at 55 °C for 20 min. 
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10.   CONCLUSIONS AND RECOMMENDATIONS 
 
Conclusions 

The outcomes of this project provide scientific proof of the efficacy of hot water treatment for the 
eradication of root-knot nematodes from rooted grapevine nursery material. The following 
conclusions can be drawn: 
 

• HWT at 50 °C for 45 min was successful in reducing the level of infestation of RKN in 
grapevine planting material, but it did not eradicate RKN in all instances. 
 

• HWT at 55 °C for 20 min was also successful in reducing the level of infestation of RKN 
in grapevine planting material, but caused a significant reduction in growth of rooted 
grapevine nursery material. 

 
Recommendations 

The Vine Improvement Association requires scientific proof that HWT at 50 °C for 45 min will 
eliminate root-knot nematodes and eggs from rooted vines before current regulations and 
standard operating procedures can be revised. We recommend the following: 
 

• Since this study showed that HWT at 50 °C for 45 min did not completely eliminate RKN 
from rooted material, we cannot advocate the unqualified revision of current regulations 
and operating procedures. 
 

• HWT at 55 °C for 20 min is considered to be phytotoxic and we do not recommend it for 
treating grapevine nursery material. 

 

• HWT at 50 °C for 45 min does, however, reduce the level of infestation greatly without 
damaging the plants. Therefore we believe HWT can be successfully implemented in 
nurseries as an added measure, but only if due consideration is given to the prevention 
of infestation of rooted material with root-knot nematodes. These results showed that 
HWT is more effective when low levels of infestation is present. An integrated strategy 
for the proactive management of RKN in grapevine nurseries, which includes practices 
such as the filtering of irrigation water, sterilization of growing medium, general 
sanitation practices and the use of HWT, is advocated to provide RKN free planting 
material, which will ultimately save costs for nematode control in established vineyards 
and prolong the productive lifespan of vineyards. 

 

11. ACCUMULATED OUTPUTS  
 
The project has only one output, which is the provision of scientific proof of the efficacy of hot 
water treatment for the eradication of root-knot nematodes from rooted grapevine nursery 
material, completed in 2019. 

 
a) TECHNOLOGY DEVELOPED, PRODUCTS AND PATENTS 

No new technologies, products or patents. 
 

b) SUGGESTIONS FOR TECHNOLOGY TRANSFER 

In this case, we believe that the standard route of technology transfer i.e. popular and 
scientific articles, would suffice. 

 

c) HUMAN RESOURCES DEVELOPMENT/TRAINING 

None 
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d) PUBLICATIONS (POPULAR, PRESS RELEASES, SEMI-SCIENTIFIC, SCIENTIFIC)  

No publications as yet, but refer to the performance chart (Section 7) for planned 
publications. 

 
e) PRESENTATIONS/PAPERS DELIVERED  

No papers as yet, but refer to the performance chart (Section 7) for planned presentations. 
 

12. PERSONS PARTICIPATING IN THE PROJECT (Excluding students) 
 

Initials & 
Surname 

Highest 
Qualification 

Degree/ 
Diploma 

registered 
for 

Race (1) Gender(2) Institution & Department Position(3) 
Cost to 
Project 

R** 

R. Knoetze Phd  W M ARC Infruitec-Nietvoorbij PL  

B. Sokomani B.Tech  B M ARC Infruitec-Nietvoorbij TA  

D. Hinds Matric  B F ARC Infruitec-Nietvoorbij RA  

** (Only applicable to persons who participate as Consultants or on Contract) 

 
(1)Race B = African, Coloured or Indian 
 W = White 
    
(2)Gender F = Female 
 M = Male 
    
(3)Position Co = Co-worker ( other researcher at your institution) 
 Coll = Collaborator ( participating researcher that does not receive funding for this project from industry) 
 PF = Post-doctoral fellow 
 PL = Project leader 
 RA = Research assistant 
 TA = Technical assistant/ technician 

 
 

13. BUDGET  
 

TOTAL COST SUMMARY OF THE PROJECT 

 

YEAR CFPA DFTS 
SAAPPA 
SASPA 

SATI Winetech THRIP ARC TOTAL 

2017/2018    183 474 183 474  190962 557 910 

2018/2019 No cost to industry in this period – funds were rolled over from previous year.  

         

         

         

TOTALS        557 910 

Total cost of project from start to date in real terms R557 910 
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EVALUATION BY INDUSTRY 
 

This section is for office use only 
 

Project number P04000106 

  

Project name 
The effect of hot water treatment for the eradication of Meloidogyne 
javanica in rooted grapevine nursery stock 

  

Name of Sub-Committee*  

 

Comments on project 

 

 

Committee’s recommendation  

 
• Accepted. 

 
          
 

• Accepted provisionally if the sub-committee’s comments are also addressed.   
Resubmit this Final Report by_____________________________ 

 
 

• Unacceptable.  Must resubmit Final Report.     
 
 
Chairperson__________________________________________      Date___________________  

 
 

*SUB-COMMITTEES 
Winetech 
Viticulture: Cultivation; Soil Science; Plant Biotechnology; Plant Protection; Plant Improvement;  
Oenology:  Vinification Technology; Bottling, Packaging and Distribution; Environmental Impact; Brandy 
and Distilling; Microbiology 
Deciduous Fruit 
Technical Advisory Committees:  Post-Harvest; Crop Production; Crop Protection; Technology Transfer 
Peer Work Groups: Post-Harvest; Horticulture; Soil Science; Breeding and Evaluation; Pathology; 
Entomology 
SATI 
Technical Committees 
SATI Research and Development Committee 

 

 

 

 


