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ABSTRACT

Late leaf spot (Cercosporidium personatum)
and peanut rust (Puccinia arachidis) are the most
important diseases of peanut (Arachis hypogaea
L.) in Haiti. Traditional Haitian peanut varieties
are not only susceptible to these diseases but are
also typically grown without benefit of a
fungicide program. Five trials were conducted
from 2015 to 2017 to evaluate the performance
of six Valencia varieties in Quartier-Morin, Haiti
(with an additional trial in 2017 at the Central
Plateau) with respect to yield, resistance to rust
and leaf spot diseases, and response to a
fungicide program. A split-plot design with four
or six replications was used in these studies. In
each, ‘‘variety’’ was the whole plot and presence
or absence of a fungicide program was the
subplot. Valencia market types 309 Red, 309
Tan, M2, M3, SGV0801 and a local landrace
were compared with and without Muscle ADV
(tebuconazole þ chlorothalonil, Sipcam) (2.3 L/
ha) applied at 45, 60 and 75 days after planting
(DAP). Final disease ratings (late leaf spot and
peanut rust) were assessed approximately 94
DAP and plots were harvested the day following.
In all trials, 309 Tan variety had the least
amount of leaf spot and rust, but resulted in
the lowest yield in four out of five trials,
averaging 1727 kg/ha across fungicide treat-
ments. M3, M2 and 309 Red were generally the
numerically highest-yielding varieties, averaging
2906, 2864 and 2541 kg/ha across fungicide
treatments, respectively, but were not statistical-
ly higher than the local Haitian Valencia,
averaging 2374 kg/ha. Three fungicide applica-
tions during the season significantly increased
yields in most trials for all varieties except 309
Tan. The highest and lowest average increase in
yield from fungicide was for 309 Red (1126 kg/
ha) and 309 Tan (103 kg/ha), respectively. The
results from this study conducted over 2 years
and 4 seasons document that while resistance to
late leaf spot and rust is available in Valencia
varieties, yield potential is not directly associated

with that resistance. Also, use of fungicide
improves yield potential in more susceptible
varieties.
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Haiti is a country of extreme poverty with a long
history of environmental degradation, political
instability and natural disasters (CIA, 2017). Out
of approximately 10.6 million inhabitants (CIA,
2017), 56% are estimated to live on less than $2.41
per day, 25% live on less than $1.23 a day (World
Bank, 2014) and 38.1% depend solely on small-
scale farming for subsistence (CIA, 2017). Under
nutrition is particularly widespread in Haitian
children of whom 29.7% are classified as moder-
ately malnourished and 18.9% as severely mal-
nourished (UNICEF, 2016). In Haiti, one of the
primary standards for treating acute malnutrition
is with Ready-to-use Therapeutic Food (RUTF)
(Iannotti et al., 2015; WHO, 2017).

Medika Mamba, Haitian Creole for ‘‘peanut
butter medicine’’, is a peanut-based RUTF that has
been produced and distributed in Haiti by the non-
profit organization Meds and Food for Kids
(MFK) since the early 2000s (MFK, 2017). MFK
seeks to positively impact the Haitian economy by
providing jobs at the RUTF factory located near
Cap Haitien, Haiti, but also aims to provide further
stimulus by sourcing 100% of their peanuts from
local farmers. However, local purchasing is limited
due to inflated market prices resulting from poor
yields and low quality peanuts. As a result, MFK’s
strategy has been to improve the quality and
quantity of peanuts produced in Haiti such that
the market price would drop sufficiently for the
factory to afford local purchase, and simultaneous-
ly increase grower profits by allowing significantly
greater yields to be sold at a lower purchase price.

Therefore, in 2007 MFK linked up with U.S.-
based University peanut specialists in order to
obtain the technical expertise needed to improve
local production. Since that time, research and
extension efforts have been conducted in Haiti as
part of a multi-disciplinary team consisting of
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MFK and other in-country partners and research-
ers at the University of Georgia and the University
of Florida. This research has been funded by the
Peanut and Mycotoxin Innovation Lab (PMIL) –
part of the Feed the Future program, the US
government’s global hunger and food security
initiative led by USAID (PMIL, 2017), whose
overall objective is to improve livelihoods and
health in developing countries through advances in
peanut research in production, processing and
markets.

Currently peanut is grown in Haiti primarily as
a cash crop and is consumed by many as popular
snack food (Nelson et al., 2003). Locally produced
peanut butter is available in many small shops, and
small packets of roasted peanuts are commonly
sold by street vendors. As a minor crop, peanut is
cultivated on approximately three percent of the
total arable land in Haiti (FAOSTAT, 2016).
Small-scale peanut production (,1 ha) occurs at
the greatest frequency in the Northeast and the
Central Plateau, but is also scattered widely across
Haiti’s diverse landscape. Planting, weeding, and
harvest depends on manual labor, and production
is generally organized by an elected community
leader. The primary varieties grown in Haiti
include two local landraces – one a runner
market-type and the other a Valencia peanut
market-type. Seed for planting is either saved by
the grower or purchased on the market. The main
production period occurs in the rainy season
(typically late spring and early summer). An
additional crop is planted in the late fall/early
winter by growers in the Northern regions of Haiti
where a second rainy season usually occurs during
this period (G. Kostandini, personal communica-
tion).

Average pod yield in Haiti is exceptionally poor
(870.9 kg/ha) (FAOSTAT, 2016) and aflatoxin
contamination is common (Schwartzbord and
Brown, 2015). There are a number of challenges
to increasing peanut yield in Haiti including
alkaline soils (Bargout and Raizada, 2013), low
soil fertility (Nelson et al., 2003), poor seed quality
(Nelson et al., 2003), inconsistent planting methods
(our observation) and foliar diseases (Fulmer et al.,
2014). Late leaf spot (Cercosporidium personatum)
(Shokes and Culbreath, 1997) and peanut rust
(Puccinia arachidis) (Subrahmanyam, 1997) are the
two most destructive diseases of peanut in Haiti
(Fulmer et al., 2014). These diseases are not
typically managed in Haiti due to economic
constraints and limited access to the appropriate
resources. Furthermore, growers often mistake
defoliation caused by foliar diseases with natural
senescence. Management of leaf spot and rust in

other developing countries consists of planting
resistant cultivars, treatment with fungicide, crop
rotation, destruction of plant residue and removing
volunteer plants (Fulmer et al., 2016; Waliyar et al.,
2000). Previous studies have documented the
potential to significantly reduce foliar disease
severity and increase yield in Haiti with resistant
varieties developed by the International Crops
Research Institute for the Semi-Arid-Tropics
(ICRISAT) (Fulmer et al., 2012). However, nega-
tive roasting and quality issues did not favor wide-
scale introduction resulting in the continued large-
scale use of the local Haitian varieties.

One of the primary objectives of the PMIL
project has been to identify a high yielding, disease
resistant Valencia variety suitable for Haiti. There-
fore, the purpose of this study was to evaluate the
response of five advanced Valencia breeding lines
compared to the local Haitian Valencia to foliar
disease and yield performance and to determine
whether there was an interaction with fungicide. A
brief overview of this research has previously been
published (Fulmer, 2018).

Materials and Methods
Research Field Sites. Field trials were conducted

at research sites belonging to our in-country
partners, Meds and Food for Kids (MFK) and
Acceso Peanut Enterprise. The Acceso research
farm is located in the Central Plateau (CP), near
the town of Mirebalais, Haiti (18850 021.05’’N
latitude, 7283029.33’’W longitude). The research
plots at the MFK factory are located in Quartier
Morin which is near Cap Haitien, Haiti
(19841032.17’’N latitude, 7289016.91’’W longitude).
Based on results from soil samples submitted to the
University of Georgia’s Soil, Plant, and Water Lab,
the soil type in fields used at MFK was most often
classified as a sandy clay loam and the fields used at
the Acceso research farm as a clay soil type.
Calcium levels at both locations were consistently
over 3,000 kg/ha and both had a pH (based on
CaCl22 method) greater than 7.1 (PMIL, unpub-
lished data). At MFK, all fields had a previous
history of peanut. In most cases, peanuts were
planted behind peanut, with a 3 to 6 month fallow
period between crops. In some cases, peanut
followed a rotation of sorghum. At the Acceso
research farm, peanut followed several years of
common bean and/or sorghum production.

Experimental Design. Five trials were conducted
from 2015 to 2017: four trials at the MFK research
facility and one at the Acceso research farm.
Planting and harvest dates for the trials reported
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here were as follows: MFK-1, 13 Nov. 2015 - 25
Feb. 2016; MFK-2, 23 Mar. 2016 - 21 Jun. 2016;
MFK-3, 24 Aug. 2016 - 29 Nov. 2016; MFK-4, 27
Jan. 2017 - 3 May. 2017; CP-5, 19 Jan. 2017 - 4
May. 2017. A split plot design with 4 to 6
replications was used in all trials. Six Valencia
varieties were the main plot treatments and
fungicide (3 applications or none) were the sub-
plot treatments. The six varieties included the local
Haitian Valencia and five advanced breeding
Valencia lines developed by the New Mexico
Agricultural State University Experiment Station:
309 Red, 309 Tan, M2, M3, and SCGV0801.
Fungicide treatments consisted of a combination of
tebuconazole (0.23 kg/ha) plus chlorothalonil (0.84
a.i. kg/ha) (Musclet ADV, Sipcam Agro USA,
Inc.) sprayed at 188 L/ha at 45, 60 and 75 days
after planting (DAP). Fungicides were applied mid-
morning with a hand pumped backpack sprayer
equipped with a two nozzle (8002VS flat tip nozzles
from Teejet Technologies, Springfield, IL) boom
spaced 30.4 cm apart.

Prior to planting, fields were disked at least
once, fertilized with 20-20-20 or diammonium
phosphate at a rate of 45 or 67.2 kg/ha and then
rototilled. Each plot consisted of two rows of
peanuts, planted by hand at a rate of 3 seed/30.5
cm in the first trial at MFK and the trial in the
Central Plateau (CP); in all other trials, peanuts
were planted at a rate of 6 seed/30.5 cm. Blocks
were separated by a 1.5 m alley and there was no
border row between sub-plots. At planting, seeds
were treated with azoxystrobin, fludioxonil and
mefenoxam (Dynastyt PD, Syngenta Crop Pro-
tection, Inc.) at a rate of 85 g of product per 45.4
kg of seed. Plots were weeded by hand at least
three times, beginning 3-4 wk after planting; no
herbicides or insecticides were applied. Depending
on rainfall, plots were irrigated at both locations
when needed. At MFK, plots were generally
irrigated twice a week with approximately 1.3 cm
of water using with a rotary sprinkler system. At
the Acceso farm, plots were irrigated with
portable, hand-held watering cans. A Decagon
ECRN-50 rain gauge (Decagon Devices, Inc.,
Pullman, WA) was used to record rainfall at
MFK.

Data Collection. Stand counts were conducted
at approximately three wk after planting to
confirm even distribution of seed germination
for each variety. For three of the trials at MFK
(2-4), incidence of late leaf spot and rust was
assessed by arbitrarily sampling five leaves from
the lower canopy of each plot and rating for the
presence or absence of each disease. Incidence
was calculated as the number of leaflets with at

least one late leaf spot lesion or one rust pustule
divided by the total number of leaflets sampled.
Plots were sampled at approximately 45, 60, 75
and 90 DAP. The day prior to digging the
peanuts, plots were rated for final leaf spot and
rust severity. Leaf spot severity was rated with the
Florida 1 to 10 scale, where 1¼no leaf spot and 10
¼ plants completely defoliated and killed by
leafspot (Chiteka et al., 1988). Rust severity was
rated with a modified 1 to 9 scale where 1 ¼ no
disease and 9 ¼ almost all leaves withered; bare
stems seen; 81-100% severity (Subrahmanyam et
al., 1995).

Plots were harvested between 90 and 105 days
after planting by uprooting each plant by hand
and manually picking the pods from the vines.
The soil from each plot was then sifted through to
recover pods that snapped off the vines in the
process of being uprooted from the ground. The
total pods from each plot were then placed in
mesh bags and washed to remove the remaining
soil. Bags were placed in the sun on a concrete pad
with the pods spread flat/evenly during day time
hours and placed under a shelter during the night
time hours. This drying process continued at least
3 days and up to a 2 weeks. Bags were weighed
after achieving an acceptable moisture level.
Afterwards, 100 pods were sampled from each
bag to determine final kernel moisture and
%SMK (sound mature kernels – the weight of
the total number of sound mature kernels divided
by the weight of the unshelled 100 pod sample).
Final yield estimates for each plot were standard-
ized to 10% kernel moisture.

Statistical analysis. Stand count, leaf spot and
rust severity, yield and %SMK were subjected to
analysis of variance with PROC GLIMMIX (SAS
9.4 Institute, Cary, NC). Because Haiti has a wide
range of environmental conditions throughout the
year, the effect of each variety/fungicide combina-
tion was analyzed separately for each trial. The
model was a split plot design with variety, fungicide
and variety by fungicide considered as fixed effects
with replication and replication by variety as
random effects. In the case of at least one trial
with a significant interaction for a given response
variable, the SLICE option was used to determine
the simple effects for each trial. In all analyses the
Kenward-Roger option was used to adjust the
degrees of freedom, and differences in the least
square means were tested by Tukey’s multiple
comparisons test. In order to meet assumptions of
normality, the arcsin square root and the natural
log transformations were used for %SMK and
yield, respectively. Transformed variables were
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back-transformed for presentation in the results

section.

Results and Discussion

Late leaf spot and rust were both observed in

these trials, but the latter was the most prevalent

disease. The onset of both diseases (Fig. 1) was
generally earliest in trials with the greatest amount
of rainfall in the first 30 days after planting (Table
1). Final severity of both diseases differed between
trials, and the highest disease pressure was ob-
served in the first and third trial (Fig. 2). Although
these trials were irrigated, overall disease severity
(Fig. 2) was greatest in trials that had the greatest
amount of rainfall (Table 1). However, there was
no apparent association between the time of year
the trial was conducted and final disease severity. It
is therefore probable that differences in rainfall
likely contribute more to the varying levels of foliar
disease pressure than the time of year a trial is
conducted in Haiti.

Disease severity was significantly affected by
fungicide in almost every trial (Table 2). Variety
had a significant effect on rust severity in every trial
(Table 2). However, there was a significant variety
3 fungicide interaction in two of the trials for leaf
spot and four of the trials for rust (Table 2). Based
on the analysis of each simple effect with the
SLICE option, it was clear that the main interac-
tion was caused by the variety 309 Tan, which

Fig. 1. Mean leaf spot incidence (A), peanut rust incidence (B) and yield (C) across varieties and fungicide treatments for three trials conducted at the

Meds and Food for Kids (MFK) research facility near Cap Haitien, Haiti. Planting dates for each trial were as follows: MFK-2, 23 Mar. 2016;

MFK-3, 24 Aug. 2016; MFK-4, 27 Jan. 2017. Error bars indicate the standard error of the mean (n¼ 4).

Table 1. Rainfall for each trial conducted at the Meds and Food

for Kids research facility near Cap Haitien, Haiti.

Days after
planting

Triala

MFK-1 MFK-2 MFK-3 MFK-4

Rainfall, mm
0-30 73 116 190 15

30-60 5 163 164 228
60-90 277 160 809 78

Number of rain eventsb

0-30 5 11 7 4

30-60 2 5 11 11
60-90 9 14 22 9

aMFK, Meds and Food for Kids research facility.
bNumber of days per with . 0.254 mm of rain.
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consistently had the lowest leaf spot and rust
severity regardless of fungicide treatment (Fig. 2).
All other varieties had a reduction in foliar disease
severity with an application of fungicide (Fig. 2).
Apart from 309 Tan, SGV0801 generally had lower
levels of rust severity, but all other varieties were
comparable to the local Haitian Valencia (Fig. 2).

Final stand counts ranged from 69.6 to 97.4
percent plant emergence of total seeds planted and
was significantly different in two of the five trials
(data not shown). In the MFK-2 untreated plots,
309 Tan was significantly lower (73.2) compared to
309 Red (82.2), M2 (90.0), M3 (85.4), SGV0801
(83.3) and the local Haitian Valencia (83.0). In the

Fig. 2. Effect of variety on leaf spot (A, C, E, G and I) and peanut rust (B, D, F, H, and J) severity in five trials conducted in Haiti. A and B, first trial at

Meds and Food for Kids (MFK) research facility near Cap Haitien, Haiti, C and D, second trial at MFK, E and F, third trial at MFK, G and H,

fourth trial at MFK, I and J, fifth trial, conducted in the Central Plateau (CP) near Mirebalais, Haiti. Analyses were conducted separately for plots

treated with and without fungicide and mean separations are indicated by upper and lower case letters, respectively. Bars with different letters are

significantly different based upon Tukey’s honestly significant difference test.
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MFK-4 plots treated with fungicide, the local
Haitian Valencia (69.6) had significantly lower
final plant stands compared to 309 Red (83.1),
309 Tan (76.1), M2 (85.2), M3 (87.8) and SGV0801
(88.1).

Yield varied by trial (Table 3) and differences
did not appear to be associated with rainfall or
final stand count. Differences in yield between
trials were associated with differences in the
seeding rate used for each trial. The lowest
yielding trials, MFK-1 and CP-1, were planted
at 3 seed/30.5 cm, but all other trials were planted
at 6 seed/30.5 cm. Although not the primary
objective of this study, these results corroborate
other studies that have shown that higher planting
densities tend to result in higher yields for bunch-
type cultivars (Henning et al., 1982). Similar
positive linear correlations between planting
density and pod yield have been observed with
the local Haitian Valencia (PMIL, unpublished
data).

Pod yield was significantly affected by fungi-
cide in every trial, but variety was less consistent
(Table 2); however, there was a significant variety
3 fungicide interaction in three of the trials (Table
2). Generally, there was not a statistical yield
increase for any of the N.M. Valencia varieties
compared to the local Haitian variety (Table 3).
The variety 309 Tan consistently had the lowest

numerical yields, but differences were not always
significant (Table 3). The single exception was in
the untreated plots in trial MFK-3, where rainfall
and disease pressure was greatest (Table 1 and
Table 3). Similarly, yield did not significantly
increase in plots treated with fungicide except for
trial MFK-3, but all other varieties (except
SGV0801) had a significant yield increase in 3 to
4 of the five trials (Table 3). Fungicide did not
have a significant effect in trial CP-5, likely due to
the low disease pressure (Fig. 2). These results
further validate that low-input fungicide regimes
are extremely effective for reducing disease and
increasing yield in Haiti. We have recently
demonstrated that 3 to 4 fungicide applications
can significantly improve pod yield for both
runner and Valencia market-types by . 50 and
30%, respectively (Fulmer et al., 2016). Similar
results of the efficacy of low-input fungicide
programs have been reported in West Africa
(Waliyar et al., 2000), Ghana (Naab et al., 2009)
and Malawi (Subrahmanyam and Hildebrand,
1997).

The low yield results for 309 Tan were
somewhat surprising because this variety has been
reported to have excellent yield potential in Africa
(N. Puppala, personal communication). It may be
that disease pressure was not severe enough in
Haiti to capture the full benefit of the high

Table 2. P-values from the analysis of variance for all variables estimated for split-plot valencia/fungicide trials conducted from 2015 to

2017 in Haiti.

Triala, effect Stand count Leaf spot Rust Yield kg/ha Grade %SMK

MFK-1
Variety (V) 0.9638 0.3012 0.0008 0.0720 -b

Fungicide (F) 0.3101 0.0973 ,0.0001 ,0.0001 -
V 3 F 0.3683 0.8349 0.0091 0.4888 -

MFK-2
Variety (V) 0.1644 0.0286 ,0.0001 ,0.0001 ,0.0001

Fungicide (F) 0.2990 ,0.0001 ,0.0001 ,0.0001 0.1128
V 3 F 0.0322 0.2962 ,0.0001 0.0003 0.6606

MFK-3

Variety (V) 0.0276 0.0001 ,0.0001 0.0787 0.1284
Fungicide (F) 0.9969 ,0.0001 ,0.0001 ,0.0001 0.2284
V 3 F 0.8263 0.0310 ,0.0001 0.0003 0.4161

MFK-4
Variety (V) 0.0562 0.0024 0.0003 ,0.0001 0.0008
Fungicide (F) 0.6126 ,0.0001 ,0.0001 0.0004 0.3204

V 3 F 0.2366 0.0112 0.0115 0.0403 0.9774
CP-5
Variety (V) -b 0.1732 0.0333 0.0865 0.0125
Fungicide (F) - ,0.0001 ,0.0001 0.0146 0.0536

V 3 F - 0.3100 0.2706 0.3200 0.7413

aMFK, Meds and Food for Kids research facility near Cap Haitien, Haiti; CP, Acceso research farm in the Central Plateau near

Mirebalais, Haiti.
bData not taken for this trial.
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resistance levels in 309 Tan. Lower yields for 309
Tan may also be partially due to linkage drag
which often occurs when breeding for resistance
(Stalker et al., 2016).

Percent SMK was not significantly affected by
fungicide (Table 2), but was significantly affected by
variety in three trials (Table 2 and Table 4). 309 Tan
was significantly lower than all the other varieties in
the second trial, and numerically or statistically
lowest in all other trials (Table 4). Overall, % SMK
levels are comparable with other studies in Malawi

(Subrahmanyam and Hildebrand, 1997), and were
similar to % SMK values obtained in other trials
conducted in Haiti (PMIL, unpublished data).

Summary and Conclusions
The consistent yield response of susceptible

varieties to fungicide applications observed in these
studies emphasize the importance of managing
foliar diseases in Haiti. However, as fungicide
inputs are not widely used in Haiti due to practical

Table 4. Effect of peanut variety on %SMK pooled across plots with and without fungicide.

Variety

Triala

MFK-1 MFK-2 MFK-3 MFK-4 CP-5

%SMKb

309 Red - 67.1 abc 53.0 a 71.3 a 63.8 ab

309 Tan - 58.1 c 47.5 a 64.4 b 59.2 b
M2 - 67.6 ab 56.2 a 72.2 a 68.6 a
M3 - 71.6 ab 55.3 a 72.3 a 67.5 a
SGV0801 - 65.9 b 49.5 a 69.6 ab 64.3 ab

Local Valencia - 66.9 ab 55.5 a 70.1 a 64.6 ab

aMFK, Meds and Food for Kids research facility near Cap Haitien, Haiti; CP, Acceso research farm in the Central Plateau near

Mirebalais, Haiti.
bWeight of sound mature kernels divided by the weight of unshelled pods in a X100 pod sample.
cFor each fungicide treatment, means within the same column with the same letters are not significantly different based upon

Tukey’s honestly significant difference test at the P ¼ 0.05 level.

Table 3. Effect of peanut variety and fungicide on pod yield in five trials conducted in Haiti.

Fungicide treatment,

variety treatment

Triala

MFK-1 MFK-2 MFK-3 MFK-4 CP-5 Average

Fungicideb kg/ha
309 Red 1690c ad *e 5081 a * 3912 a * 3323 a * 1514 ab 3104
309 Tan 846 b 2172 c 3074 a * 1741 c 1058 b 1778

M2 1661 a * 4902 ab * 4125 a * 3423 a * 2046 a 3231
M3 1780 a * 5123 a * 3752 a * 3710 a 1739 ab 3221
SGV0801 1538 ab * 4316 b 3500 a 3075 ab 1709 ab 2828
Local Valencia 1411 ab * 4542 ab * 3560 a * 2329 bc 1645 ab 2697

Untreated
309 Red 1085 a 3620 b 1643 c 2306 bc 1235 a 1978
309 Tan 790 a 2147 c 2536 ab 1812 c 1091 a 1675

M2 1107 a 4268 a 2588 ab 2820 ab 1700 a 2497
M3 1196 a 4138 ab 2554 ab 3253 a 1817 a 2592
SGV0801 1083 a 3939 ab 2908 a 2755 ab 1375 a 2412

Local Valencia 1039 a 3728 ab 1941 bc 2182 bc 1361 a 2050

aMFK, Meds and Food for Kids research facility near Cap Haitien, Haiti; CP, Acceso research farm in the Central Plateau near
Mirebalais, Haiti.
bFungicide treatments consisted of a combination of tebuconazole (0.23 kg/ha)þ chlorothalonil (0.84 a.i. kg/ha) (Musclet ADV,
Sipcam Agro USA, Inc.) sprayed at 188 liters per ha at 45, 60 and 75 days after planting.

cFinal pod weights were adjusted to 10% pod moisture.
dFor each fungicide treatment, means within the same column with the same letters are not significantly different based upon
Tukey’s honestly significant difference test at the P ¼ 0.05 level.

eFor each trial, an asterisk indicates that the yield of the variety treated with fungicide was significantly increased compared to

the yield of the same untreated variety within the same column. Significant differences are based upon Tukey’s honestly
significant difference test at the P ¼ 0.05 level.
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and economic constraints, there is need to identify
a high yielding, disease resistant varieties for
smallholder farmers. In this study we demonstrated
that 309 Tan has excellent resistance to late leaf
spot and rust, but that this resistance did not result
in a positive increase in yield and grade when
compared to susceptible varieties. Similarly, while
other varieties from the NMSU breeding program
did provide higher yields compared to the local
Haitian Valencia, the increase does not appear to
be significant enough to justify the introduction of
these varieties into Haiti at the present time. A
major research objective in Haiti will be to develop
a long-term strategy of incorporating improved
traits of varieties like 309 Tan into the existing
adapted varieties through plant breeding.
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