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Summary

A field trial was conducted to examine the impact of
growing sunn hemp (Crotolaria juncea) on belowground
organisms such as plant-parasitic and beneficial nema-
todes and nematode-trapping fungi associated with a
cucumber (Cucumis sativus) agroecosystem. Populations
of plant-parasitic nematodes were not different between
sunn hemp-cucumber and bare-ground cucumber plots
at the end of cover crop season, but were greater (P <
0.05)* in the sunn hemp—cucumber plots at the end of
cucumber harvest dueto the greater cucumber plant stand
in sunn hemp plots. Bacterial-feeding nematodes were
found at higher densities in sunn hemp plots after its
incorporation into the soil. Numbers of hematode-trap-
ping fungi were aso greater in plots containing sunn
hemp. Despite the greater (P < 0.05) plant stand in sunn
hemp plots compared to bare-ground cucumber plots,
there were no significant differences in marketable
yields. Potential reasonsfor the outcome and additional
use of sunn hemp are discussed.

*The P valueisastatistical estimate of the probability that a differ-
ence between treatments found during an experiment happened by
chance. For example, aP value of 0.05 (P = 0.05) meansthereisab-
in-100 chance that the result occurred by chance, and thus a 95 per-
cent probability that the result occurred because of the effect of treat-
ments. The lower the P value, the more likely it is that any differ-
ence between treatment data means was caused by treatment effect.
Thus P < 0.05 means that the result has a better than 95 percent
chance of being a valid result, while P > 0.05 indicates that less
confidence can be placed in the result.

Introduction

Cover crops are non-cash cropsthat are typically grown

during the off season or in companion with cash crops.

Cover crops may aid in the control of insect pests, plant

pathogens, and weeds; reduce soil erosion; improve soil

structure or nutrient status; and increase soil organic

matter content. Due to their ability to provide severa

valuable servicesto afarming operation, cover cropscan

be an important component of sustainable agriculture.
For thisfield trial, we chose to eval uate sunn hemp as

acover crop because it possesses several good charac-

teristics. Sunn hemp

¢ isapoor host or non-host for alarge diversity of pests
and pathogens

e iscompetitive with weeds without becoming a weed

e increases above-ground and belowground beneficial
organisms (e.g., predators, nematode-trapping fungi,
nematode-antagonistic microorganisms)

¢ fixesnitrogen

e can be used as a green manure

¢ releasesallelopathic compoundsthat aretoxicto plant-
parasitic nematodes

¢ helpssuppressweed growth whenitsresiduesremain
on the soil surface.

Increased knowledge of the positive and negativeim-
pacts of sunn hemp in agricultural systems may lead to
novel insights required for their successful incorpora-
tion into sustai nable management practices. Sunn hemp
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and other cover cropsarelikely to play asignificant role
for organic farming and those agricultural establishments
seeking greater sustainable production practices. This
publication describes a field trial in which cucumbers
were interplanted into sunn hemp to determine its im-
pact on plant-parasitic nematodes as well as plant and
soil nutrient contents.

Materials and methods

Thefield experiment was conducted during 2006—2007
ontheisland of O*ahu, Hawai‘i, at Khamphout Farmin
Kunia. At the request of the producer, the study was
conducted in afield that had ahistory of poor yieldsand
crop failures, possibly due to nematodes and other uni-
dentified problems (e.g., soil-borne pathogens). A ran-
domized complete block design with four replications
of each treatment type was established. Experimental

Picture 1: Rows of sunn hemp after they have been clipped.

plotswere 12 by 12 meters. The treatmentsincluded (1)
cucumber interplanted with sunn hemp seeded at 45
grams per row and (2) cucumber monoculture. Nine-
teen sunn hemp rowswere planted 61 cm (2 ft) apart on
September 08, 2006, in sunn hemp treatment plots. The
sunn hemp wastrimmed on occasion to maintain aheight
of approximately 1.2 m (4 ft). In January 2007, alter-
nate sunn hemp rows were cut using a weed eater and
tilled under using a hand tiller. The neighboring rows
were allowed to stand so asto collect sunn hemp seed at
alater date for future plantings. One week later, cucum-
bers were transplanted into the sunn hemp-tilled rows
and monoculture plots. Thus, the cucumber-sunn hemp
and cucumber monoculture treatments consisted of nine
and 10 rows of cucumbers, respectively. Cucumber
plantswere planted at 46 cm (1.5 ft) between plantsand
1.2 m (4 ft) between rows. Cucumber plants were later
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Picture 2: Cucumber interplanted with sunn hemp.

trellised. Cucumber harvesting was initiated in March
and completed in April 2007. Samples for nematode
determinations (i.e., beneficial and harmful nematodes)
and plant and soil nutrient analyseswere collected from
all treatment plots during key periods of the experiment.
Cucumber plant stands and subsequent yieldsin thetreat-
ments plots were documented.

Results

Nematode assay

Beneficia and harmful nematodeswere categorizedinto
four trophic groups: (1) bacterial-feeders, (2) fungal-
feeders, (3) omnivorous and predatory nematodes (these
three groupsare beneficial), and (4) plant-parasitic nema-
todes (harmful). Bacterial -feeding nematodes commonly
found included Eucephal obus, Cephal obus, Acrobeles,

Acrobeloides, Prismatolaimus, and |solaimium. Fungal -
feeding nematodes commonly found at the site were
Aphelenchus, Aphelenchoides, Tylenchus, Psilenchus,
and Filenchus. Omnivorous and predatory nematodes
included Dorylaimus and Discolaimus. The most domi-
nant plant-parasitic nematodes found were Mel oidogyne
(root-knot), followed by Scutellonema (spiral) and
Xiphenema (dagger).

Plant-parasitic nematode popul ationswere not differ-
ent between treatments for each time period (P > 0.05;
Fig. 1) except for higher (P < 0.05) numbers of root-
knot nematodes from sunn hemp treatments at harvest
(Fig. 2). Thiswas tentatively influenced by the signifi-
cantly greater cucumber plant stand in sunn hemp com-
pared to bare-ground plots (Table 4).
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Figure 1. Numbers of bacterial-feeders, fungal-feeders, plant-parasitic nematodes, and predatory nematodes at pre-treatment
(prior to cover crop planting), pre-planting (2 months after cover crop planting), and cucumber harvest (< 2 months after cucumber
planting) in sunn hemp and bare-ground plots. An asterisk in a column indicates that the difference between bare-ground and
sunn hemp treatments is significant at P < 0.05 according to analysis of variance.

Beneficial soil organisms

No differences (P < 0.05) were detected between sunn
hemp and bare-ground treatments for the number of
beneficial nematode groups found at initiation of the
experiment (i.e., prior to cover crop planting). At termi-
nation of the cover crop season (i.e., sunn hemp strip
tilled) and just prior to planting the cucumber crop, num-
bers of bacterial-feeding nematodes, which play anim-
portant role in soil nutrient cycling, were higher (P <
0.05) in sunn hemp plots (Fig. 1). However, this treat-
ment effect on bacterial-feeding nematodes did not per-
sist through the final harvest period. As such, no differ-
ences (P > 0.05) were detected between bacteriafeeders
found in sunn hemp and bare-ground plots at cucumber
harvest. Sunn hemp treatment did not increase popula-
tion densities of fungal-feeding, omnivorous, and preda-

tory nematodes (P > 0.05, Fig. 1). However, at cucum-
ber harvest there were higher (P < 0.05) numbers of
nematode-trapping fungi, which are beneficial fungi that
prey on plant-parasitic nematodes in sunn hemp treat-
ment plots (Table 1).

Soil nutrient assay

No significant differences were found between sunn
hemp and bare-ground treatmentsin all the soil nutrient
analyses prior to cover crop planting (January) and at
termination of the cover crop (March) (Table 2). After
the cucumber harvest, percentages of carbon and potas-
sium in the soil were significantly higher in sunn hemp
plots, but soil nitrogen and calcium levels were similar
in both habitat types. However, percentages of nitrogen
and carbon content in the cucumber foliage were higher
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Figure 2. Numbers of nematode in each genus recovered at cucumber harvest in sunn hemp and bare-ground plots. For the
column pair with an asterisk, there was a significant difference (P < 0.05) between sunn hemp and bare-ground plots according
to analysis of variance.

I EEEEEEEE———
Table 1. Effect of sunn hemp treatment on nematode-trapping fungi (propagules per gram soil) at termination of the
cucumber crop, 27 April 2007.

Arthrobotrys Monocosporium Monocosporium Arthrobotrys
oligospora ellipsosporium eudermata brochopaga Total
Sunn hemp 39702 0x0¢® 4.30+2.48¢® 1.50+1.722 3.37+£6.74°2
Bare ground 1.32+1.322 1.32+0.76 2 1.32+0.76 2 0.71+02 1.96+2.48°

Due to poor plant growth, no nematode-trapping fungi were detected from the first replication. Thus, means are averages of three replications.
Means in a column followed by same letter are not different (P > 0.05) according to protective LSD mean separation based on square root
transformation (V[0.5 + X]).

I EEEEEEEE———
Table 2. Effect of sunn hemp treatment on soil nutrients and organic matter (carbon) before and after the cucumber crop.

Nitrogen (%) Carbon (%) Calcium (ppm) Potassium (ppm)
Jan. 2007
Sunn hemp 0.13+£0.0025 % 1.44 £0.0918 ¢ 2896 + 1521 @ 403 +37¢%
Bare ground 0.13+£0.0025 % 1.36 £0.0330° 1387 + 487 352+18¢®
March 2007
Sunn hemp 0.14 £ 0.0025 2 1.46 £ 0.0906 @ - -
Bare ground 0.13 £0.0025 2 1.31+£0.0325+% - -
May 2007
Sunn hemp 0.14 £0.0075 @ 315+0.1180 2 3080 + 1635 @ 315+31¢°
Bare ground 0.12 £ 0.0029 @ 237 £0.0240° 1333+ 357 237 +12°

Means are averages of four replications. Means in a column for each sampling date followed by the same letter are not different (P > 0.05)
according to protective LSD mean separation. Mean separation for %N and %C are based on square root transformation (vV[0.5 + x]), but only true
means are presented.
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(P < 0.05) in sunn hemp treatments compared with bare-
ground plots by the final harvest period (Table 3).

Crop yield

Although thereisatrend toward greater total number of
cucumber fruitsand yieldsin sunn hemp treatments com-
pared to bare-ground cucumber plots, there was no sig-
nificant difference between the two treatments (Table
4). Overall yields were influence by cucumber plant
stand, which was higher (P < 0.05) in sunn hemp plots
than in bare-ground plots (Table 4). These differences
in plant stand caused asignificant amount of yield varia-
tion among plots.

Discussion and conclusion

During this field trial, there were some benefits to in-
corporating sunn hemp into the cucumber planting.
These included an increase in the numbers of bacterial-
feeding nematodes, which are involved in soil nutrient
recycling, and of nematode-trapping fungi. These fac-
ultative fungi form trapping structure to catch, feed on,
and eventually kill plant-parasitic nematodes. Therewas
also anincreasein percent nitrogen and carbon detected
in the leaves of cucumber plants in sunn hemp plots
compared to cucumber monoculture. In addition, the
total cucumber plant stand was three times greater in
sunn hemp plots compared to monoculture habitats.
Despite these benefits, there were no significant differ-
enceinyieldsbetween sunn hemp and bare-ground treat-
ments. Theoverall higher fruit numbersandyieldin sunn
hemp plots were negated by the number of cull fruits
caused by melon fly (Dacus cucurbitae) stings. The stan-
dard practice for controlling melon fly includes plant-
ing sorghum along the field border and spraying it with
GF-120 NF Naturalyte Fruit Fly Bait. Although sorghum
was planted around the study site, fruit flies were ob-
served roosting on the sunn hemp. Thus, in instances
where sunn hemp is grown with acash crop, it can pos-
sibly be used asatrap crop to managefruit fliesby spray-
ing thebait directly on the sunn hemp. Thismight elimi-
nate the need to plant sorghum borders and result in bet-
ter fruit fly control.

Although sunn hemp is becoming increasingly popu-
lar for use as a cover crop, sunn hemp seed is not al-
ways readily available owing to the fact that the United
Statesreliesheavily oninternational imports. Intercrop-
ping sunn hemp with a cash crop will alow growersto
harvest sunn hemp seed and maintain aseed source with-

. _________________________________________________________________________|
Table 3. Effect of sunn hemp treatment on leaf nutrients
at termination of the cucumber crop, April 2007.

% N % C
Sunn hemp 6.13+0.24 a 40.18 £ 0.55a
Bare ground 488+0.18b 36.67 £0.60 b

Means are average of 24 replications. Means in a column followed by
same letter are not different (P > 0.05) accorhEng to protective LSD
mean separation.

out taking the entire field out of cash crop production.

Lastly, one of the main purposes of conducting this
trial was to determine if sunn hemp could be used to
reduce populations of root-knot nematodes. However,
higher root-knot nematode numberswere found in sunn
hemp than monoculture cucumber treatment plots by
fina harvest. This may have been due to the fact that
the poor cucumber standsin monoculture treatment plots
provided limited amounts of roots for root-knot nema-
todes to feed on. Previously, the owner had discontin-
ued use of the test field because of consistent crop fail-
ure and poor yields, and the field had been left fallow
for sometime. However, we chose to conduct the study
at thissitein theinterest of the grower. The increase in
cucumber plant stand in sunn hemp plots compared to
monoculture plots suggests that growing the sunn hemp
changed some properties at thefield site that resulted in
a healthier plant stand. Future studies may include: (1)
investigating the cause of plant stand reduction and (2)
determining why the cucumber plant stand was signifi-
cantly greater when grown with sunn hemp.

In addition to sunn hemp, field studies are currently
being conducted in California, Florida, and Hawai‘i to
maximize the on-farm benefits of marigold (Tagestes
patula) and cowpea (Migna unguiculata). Our research
aims include creating environments within crop fields
that are conducive to good crop growth. We hope to in-
crease the long-term viability of agricultural communi-
tiesby providing growerswith research-based informa-
tion that increasestheir production efficiency, safeguards
the environment, reduces risk, minimizes product loss,
and safeguards farmers from economic hardship.
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. _________________________________________________________________________________________________________________________________________________________|]
Table 4. Effect of sunn hemp treatment on cucumber yield harvested between 26 March and 22 April 2007.

Sunn hemp Bare ground
Cull fruit weight (kg/ha) 3450 £ 1794 @ 1037 £ 628 2
Marketable fruit weight (kg/ha) 43 +£22°? 67 + 332
Total fruit weight (kg/ha) 3492 + 17472 1104 + 552 2
Cull fruit number/ha 16,172 + 8086 @ 6522 + 32612
Marketable fruit number/ha 263+132+2 296 + 1482
Total fruit number/ha 16,436 + 8218 2 6818 + 3409 2
Plant stand 115+30+% 35+16°

Means are average of 4 replications. Cull fruits are fruit containing melon fly (Dacus cucurbitae) stings. Means in a row followed by same letter are
not different (P > 0.05) according to protective LSD mean separation procedure.
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