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Abstract. Summer cover crops can produce biomass, contribute nitrogen to cropping ?heaiozngg&sfongiﬁyc;ﬁﬁsrgggeséugse%jggﬂ?:t

systems, increase soil organic matter, and suppress weeds. Through fixation of atmo- S .
spheric N, and uptake of soil residual N, they also contribute to the N requirement of released under temperate conditions during
. . . : . thefirstsubsequent crop cycle (Wagger, 1989).
subsequentvegetable crops. Sixlegumes {cowp¥afha unguiculatal .), sesbaniafesbania However, Giller and Cadisch (1995) reported
exaltatal .), soybean Glycine maxL.), hairy indigo (Indigofera hirsutumL.), velvetbean that onl ’90/ to 29% of the added regn ma-
[Mucuna deeringiana(Bort.) Merr.], and lablab (Lablab purpureusL.)}; two nonlegume y 9% 0 - 9 :

- nure N was recovered by the first catch crop in
broadleaved species [buckwheaHagopyrum esculentunMoench) and sesameSesamum : :
N . ; . temperate regions, and only 6% to 28% in
indicum L.)]; and five grasses {sorghum-sudangrassSprghum bicolor(L) Moenchx S. tropical aaricultural svstems
sudanensgP) Stapf], sudangrass §. sudanenséP) Stapf.], Japanese milletEchinochloa pS nch?onization 0¥N su -I from decom-
frumentacea(Roxb.) Link], pearl millet [ Pennisetum glaucun{L). R. Br.], and German osir){ residue and cro Klpc)i/emand should
foxtail millet [ Setaria italica(L.) Beauv.)]}, were planted in raised beds alone or in mixtures %cregse the overall efficﬁenc of use (McGill
in 1995 at Plymouth, and in 1996 at Goldsboro, N.C. Biomass production for the Iegumesancl Myers, 1987). Appro riat)e/timin of cover
ranged from 1420 (velvetbean) to 4807 kg-ha(sesbania). Low velvetbean biomass was cro ki)I/I affécts thi.s spFr)lchpronization ?Wa er
attributed to poor germination in this study. Nitrogen in the aboveground biomass for the 198p9) The mixin %f residues of diffgrgent’
legumes ranged from 32 (velvetbean) to 97 kg-Higsesbania). All of the legumes except ualit. mav be o?]e approach to managin
velvetbean were competitive with weeds. Lablab did not suppress weeds as well as di tes )c/)f degom ositiongeld N release thagt] an
cover crops producing higher biomass. Aboveground biomass for grasses varied fromhel to 0 timizF:a the efficiency with which
3918 (Japanese millet) to 8792 kg-Ha(sorghum-sudangrass). While N for the grasses .. p to op y -

: . . fixed N, is used. Creamer et al. (1997) studied
ranged from 39 (Japanese millet) to 88 kg-h&sorghum-sudangrass), the C : N ratios were - :

. . the use of winter cover crop mixtures to
very high. Additional N would be needed for fall-planted vegetable crops to overcome timize benefits associated with cover cro
immobilization of N. All of the grass cover crops reduced weeds as relative to the weed ge Thev attempted to achieve a more des?r-
control plot. Species that performed well together as a mixture at both sites included : Y P

. able C: N ratio of residue material by combin-
Japanese millet/soybean and sorghum-sudangrass/cowpea. ing plants with high (mature cereals) and low

(legumes) C : N ratios to reduce N mineraliza-
The changing emphasis in agriculture i€rops can be used in the southeastern Unitg@n rate and to time N release with crop N
toward optimizing economic and biologicalStates between spring and fall vegetable cropgptake. Planting mixtures of legumes and
productivity, while minimizing the impact of ~ Cover crops can provide a source of N fograsses may also increase the amount of
agriculture on the environment. Thus, there isubsequent crops (Peoples et al., 1995), reduggnospheric Nfixed by the legume. Grasses
growing interest in using short-season summerosion (Flach, 1990), reduce runoff and potenysually germinate and establish effective root
annual legumes, other broadleaves, and/tial contamination of surface waters (Hoyt etystems more rapidly than do legumes. Thus,
grasses as cover crops and green manuresain 1994), capture soil mineral N that mighthe soil N concentration will be reduced, re-
vegetable production systems. While substamtherwise be lost to leaching (Stivers andylting in increased legume nodulation and N
tial research has been conducted on wint&hennan, 1989), improve soil physical propefixation (Giller and Cadisch, 1995).
annual cover crops, very little has been corties (Barber and Navarro, 1994; Wilson et al., weed control in vegetable production sys-
ducted on summer cover crops. Summer covéf82), suppress nematode populations (Crowms is difficult because few herbicides are
et al,, 1996; McSorley et al., 1994; McSorleytegistered. Weeds are typically controlled by
Received for publication 3 May 1999. Accepted forand Dickson, 1995; Mojtahedietal., 1993)’ and management system consisting of a combi-
o suppress weeds (Creamer et al., 1996; Sanfasgltion of tillage and herbicides. Tillage can
publlqanon 13 Sept. 1999. We thank the _Organ_l nd Hirston, 1984; Weston et al., 1989) . . .
Farming Research Foundation for funding thi ' ’ o - reduce soil surface residue and increase the
evaluation of summer cover crop species. We also Su_mmgr annual legumes W'th potentla}l fokisk of soil erosion, and herbicides can be
thank Jane Frampton, Joe Difeo, and Tim Mathew&clusion in vegetable production rotationsostly and, if misused, contaminate water
for their technical support, and the staff at thénclude soybean, cowpea, sesbania, and lablgisources. Alternative weed management
Tidewater Research Station in Plymouth and ther hyacinth bean, velvetbean, SUnnhemQtrategies include the use of both cover crops
Center for Environmental Farming Systems in(Crotalariajunced..), and hairyindigo. Grasses and cover crop residues as mulches to effec-
Gotl)?sﬁprotg]qr their field :U?portd _The Ctost ;)hfand other nonlegumes that could be Considermeh/ suppress weed seed germination and
publishing this paper was defrayed in part by i i .
payment of page charges. Under postal regulationgi?ég r?r\]N g;snz]a;esro 'Eéﬂﬁtg’_%ggg s&;{gg?;g??g%ﬁRﬁ?biggiﬁﬁgﬁjgé 23093) ’ Mechanlsr_ns
p/weed compe

this paper therefore must be hereby madaeer- et . : :
tiserﬁegsolely ' Indicate this fact. sudangrass, sorghum-sudangrass, pearl millgtion while the cover crop is growing, allel-
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When killed and left as a mulch on the soilAquic Hapludults) with 0.3% organic matterplants per treatment were subjectively rated
surface, cover crops can provide N for faland pH 5.7. as described by Sarrantonio (1991) for size
vegetable crops and serve as a weed-sup- Soil was disked and raised beds 1.5 nismall, medium, large), location (taproot, lat-
pressing mulch into which fall vegetable cropsvide were formed with a rototiller/bedshapereral root, both), and activity (not active, some
can be transplanted withouttillage. Schonbeckorth Carolina Dept. of Agriculture & active, all active) on 7 Aug. 1995. Some of
etal. (1991) grew sequential combinations o€onsumer Services soil tests indicated adhese species of legumes had never been
winter and summer cover crops and founequate levels of P and K, so no supplementgtown in the area prior to this study, thus
that some buckwheat plantings suppressddrtilizer was applied at either location. Covemaking it important to know if active nodula-
summer weeds effectively, but others faile¢rops were seeded at recommended ratésn were occurring. Nodule size and number
because of drought. Sudangrass toleratd@able 1) with a small-plot precision drill. have been associated with increased N fixa-
drought, but grew rapidly and suppresse@he experimental design was a randomizetion (Olayinka et al., 1998)
weeds only at the most fertile site. Regrowtltomplete-block with four replications. Each  On 22 Aug. 1995 in Plymouth and 5 Sept.
of buckwheat in lettucelL@ctuca sativd..) plot consisted of three beds 4.5-m wide 1996 in Goldsboro, 1-fmbiomass samples
was a problem. 6-m long. Seeding rates for mixtures werdrom each of four replications were cut at the

Short sudangrass (15 cm) killed withselected based on 60% of the monocultursoil surface. The samples were separated into
glyphosate [N-(phosphonomethyl) glycine]seeding rate for legumes and 40% of theomponent cover crop species and broadleaf
had no effect on fall-planted cabbadas- seeding rates for grasses. All legumes weind grass weeds, dried at 85 for a mini-
sicaoleraced. Capitata), buttaller sudangrassnoculated with the appropriatehizobium mum of 48 h, and weighed to determine
(30 cm) reduced cabbage yields, possibly bapecies. General characteristics of cover cragboveground biomass. Samples were ground
cause of increased allelopathic exudatespecies evaluated are listed in Table 2. with a Tecator 1093 Cyclotec grinder
(Knavel and Herron, 1985). Sorghum- Nodules from five randomly selected(Perstorp Analytical Co., Hoganas, Sweden)
sudangrass seedlings exude sorgoleone from

roots. At very low concentrations, Einhellig etTable 1. Seeding rates of summer cover crops and cover crop mixtures planted in Plymouth (1995) al

al. (1993) showed that sorgoleone inhibited Goldsboro (1996), N.C.
photosyntheseis in sensitive plants like soy
bean and pe®(sum sativurh..). Weston et al.

Seeding rate

i ientific nam kg-
(1989) reported that the allelopathic potenticu$pec e Scientiic name koha
of sorghum-sudangrass diminished with age owpea ‘Iron Clay’ Legumes and other brs%(::givr?;uiculata_ 78
This study was conducted to evaluat%esbamia Sesbania exaltath. 29
se_veral potential summer cover crops anfi,iw indigo Indigofera hirsutal.. 9
mixtures for use in a vegetable productiorsoypean: yellow ‘Young' Glycine maxL.) Merrill 100
rotations. Cover crops were evaluated for prosoybean: black seeded (trailing) ‘Laredo’ Glycine maxL.) Merrill 34
duction of aboveground biomass, N inVelvetbean Mucuna deeringiangBort.) Merr. 45
aboveground biomass, C : N ratio (as an indi-ablab Lablab purpureugL.) Sweet 45
cation of availability of N to subsequent crops)Buckwheat Fagopyrum esculentuiMoench 67
suppression of weeds, and degree of activgesame Sesamum indicuin 13
nodulation of legumes. Ultimately, the goal Grasses
was to select single species and mixtures thd@panese millet Echinochloa frumentace@oxb.) Link 34
would produce high biomass and N, have gearl milet Pennisetum glaucuifl..) R. Br. 34
desirable C : N ratio (20:1-30:1), and could bgeéman foxtail millet Sgtarl?]ltahca(dL.) Be::v. 33;4
. . uaangrass orghum suaanen
mechanically k.'”ed an(_j managed to suppre orghum-sudangrass Sorghum bicoloL) Moenchx 39
weeds both while growing and in a subsequent Sorghum sudanengg) Stapf.
fall vegetable crop. .
Mixtures
) Soybean (trailing)/sorghum-sudangrass 24/12
Materials and Methods Cowpea/sorghum-sudangrass 55/12
Cowpea/sesbarfia 55/7
Cover crop plots were established in PlySoybean/Japanese millet 60/13
mouth, N.C., on 21 June 1995, and aVelvetbean/sesbariia 31/7
Goldsboro, N.C., on 3 July 1996. Soil inVelvetbean/pearl mill&t 27/13
Plymouth was a Cape Fear (clayey, mixedvelvetbean/sorghum-sudangrass 27/16

thermic Typic Umbraquults) with 16% or- zSeeded in Goldsboro only.
ganic matter and pH 5.3. In Goldsboro, soifSeeded in Plymouth only.
was an Altavista (fine-loamy, mixed, thermic

Table 2. Growth characteristics and environmental considerations of summer cover crops evaluated.
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Species Growth characteristics Environmental considerations

Legumes/other
Cowpea Viny 0.5-1 m, stout taproot with laterals near surface Tolerant of acidity, drought, intolerant of waterlogging
Sesbania 1-4 m, erect, shallow rooted Tolerant of heavy, waterlogged soils and wide pH
Trailing soybean Upright & viny, 0.6—1.2 m, fibrous, most in top 0.2 m Tolerant of wet and dry soils, variable pH
Velvetbean Viny, 3—18 m, fibrous roots Intolerant of waterlogging, resistant to light frost, nematodes
Lablab Viny 0.5-2 m, stout taproot with laterals near surface Tolerant of acidity & alkalinity, drought when established
Hairy indigo Erect & spreading 0.6-2.5 m Tolerant of acidity, intolerant of waterlogging
Buckwheat Erect 0.50-1.5 m, taproot with laterals near surface Intolerant of drought, waterlogged soils
Sesame Erect 1-1.5m

Grasses

Japanese millet Erect 0.6-1.2 m, fibrous roots Low biomass production under dry conditions
German foxtail millet 0.3-1.5 m, fibrous roots Heat tolerant, low water requirement but sensitive to extended drought
Pearl millet 0.3-4.5 m, fibrous roots Heat and drought tolerant, high production with new hybrids
Sudangrass Erect to 5 m, fibrous roots Drought, salinity and heat tolerant, sensitive to low temperatures
Sorghum-sudangrass Erect to 5 m, fibrous roots Drought tolerant, allelopathic, prussic acid problematic for livestock
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and analyzed for C and N with a Perkin-Table 3. Assessmerif legume nodulation in Plymouth, N.C., on 7 Aug. 1995.
Elmer Analyzer 2400 (Perkin-Elmer Corp.,
Norwalk, Conn.).

Data were subjected to analysis of vari

Species No. Size Location Activity
Cowpea Medium Medium Tap and lateral roots 50% active

o . Sesbania High Large Tap and lateral roots Active
ance, and least significant differenaso] | gpjan None
tests were used to separate means (Wilkinsoseybean Medium Medium Tap and lateral roots 50% active
1990). Velvetbean Few Medium Lateral roots Active
Results and Discussion After Sarrentonio (1991).

Rainfall for the growing season was 269

gg;dlsnbgrlgr?r?u;gég 1\,?,?;',222 t5|’13e1 g(])r_n e":ﬂjable 4. Aboveground biomass (AGB), C : N ratio, and N in AGB, for species grown in Plymouth, N.C.,
* Y€4I" and Goldsboro, N.C., in 1995 and 1996.

average is 314 mm in Plymouth and 329 mm

in Goldsboro. Two hurricanes (Bertha and Aboveground biomass (kgfa
Fran) contributed to the above-normal rainSpecies Crop Weed C:N Nitrogen (kgha
fall in 1996. Temperatures were near average Legumes and other broadleaf species
in both seasons. Sesbania 480%d 518 de 23 ef 97a
No nodules were present on lablab, whickoybean 3940 d 881 cd 20 f 90 ab
is reflected in the low biomass production oBesame 3766 220 34 46
the crop (Table 3). Velvetbean had relativelfCowpea 3966 d 187 e 21f 84 ab
few nodules, but those present were activérailing soybean 3704 de 339 de 21f 79 ab
Cowpea and soybeans had moderate nufguckwheat 3548 def 310 de 211 48 cd
bers of nodules, but only some were activé-2blap 2241 ef 1371 be 34d 35d
Sesbania was highly nodulated, and al elvetbean 14201 1951 ab 29 de 82d
nodules were active. Grasses
There was no interaction between siteprghum-sudangrass 8rep sae 53a 88 ab
years, so data for monoculture species we arl millet 6670 b 69e 50ab 65 be
! . udangrass 5639 bc 8le 44 bc 66 bc
combined for analysis (Table 4). The SeSba_n@erman foxtail millet 4569 cd 254 de 44 bc 48 cd
cover crop produced a high amount of biogapanese millet 3918d 16le 42c 39 cd
mass; however, its use as a cover crop shougkedy control 2185 a
probably be discouraged in the southeastersp, 1607 644 7 29

United States because of its potential to be 8fiean separation within columns bsp atP < 0.05.

important weed. Sesbania had a desirabigesame was not included in the statistical analysis as it was only present at one site.

C : Nratio (23:1) and potential to contribute

significant amounts of N (97 kg-Higfor use Sorghum-sudangrass produced the higlwhich explains the low biomass of sesbania
by subsequent crops. Soybean produeHl est amount of aboveground biomass and wasd resulting high weed biomass.

kg-ha' N and may be the most economicavery competitive with weeds (Table 4). The Summer cover crops have the potential to
choice for a summer legume cover crofC : N ratio was very high (53), so while theproduce large amounts of biomass that will
because of its relatively low cost. Soybeammount of N in the aboveground biomass wasuild soil quality in a short time. At the same
did not compete as well with weeds as somgubstantial (88 kg-h8, immobilization of N time, they contribute or recycle N, minimize
ofthe other species, butinhibited weed growtlvould need to be overcome for use with aveed growth, and reduce soil erosion by
relative to weedy control plots (Table 4).fall-planted vegetable crop. C : N ratios forkeeping the soil surface covered. This study
Cowpea was vigorous, competitive withthe grasses were high, and additional N wouldemonstrates that there are viable choices for
weeds, and produced large amounts gfrobably be required to overcome immobili-short-season summer cover crops in the
biomass and N. Velvetbean germinated veryation. The most vigorous grass cover cropsoutheastern United States. Some of them
poorly in this experiment, probably becauseffectively suppressed weeds, and all of themmay also have the potential to be mechani-
the very large seed was damaged in the graisduced weeds as compared with the weedagally killed and left on the surface as a muich
drill at planting. While biomass was high incontrol plots. for no-till vegetable production in the fall.
buckwheat, the C : N ratio was also high and Because there was little repetition of teste@reamer and Dabney (1999) evaluated these
N low as compared with many of the le-mixtures between years, data were analyzemtop’s susceptibility to various methods of
gumes. Though buckwheat may not supply aseparately for each year. Because of poanechanical kill and found that undercutting
much N as the legumes, it has other benefitgermination, hairy indigo and velvetbean dicprovided greater than 95% kill for five of six
and has been reported to suppress weedst perform well in the mixture combinationsbroadleaf species and two of five grass spe-
(Oplinger et al., 1989), attract beneficial in4n 1995 (Table 5), so mixtures that containedies. Mowing was effective in killing all six
sects (Bugg and Ellis, 1990), and accumulatgéiese species were not tested in 1996. Theoadleaf species, but regrowth occurred with
P (Annan and Amberger, 1989). Sesame wasixture of sorghum-sudangrass and cowpetree of five grasses, with no regrowth in the
vigorous, and, like buckwheat, had a higher Gerformed consistently at both sites duringnature German foxtail millet and Japanese
:Nratio and lower N accumulation than all ofooth years, with high biomass, high biomasmillet. In general, rolling did not effectively
the legumes except lablab and velvetbean. M, and little weed growth. The inclusion ofkill broadleaves or grasses, unless they were
was competitive with weeds, and may als@owpea reduced the C : N ratio substantiallynature (German foxtail millet, Japanese mil-
attract beneficial insects into cropping sysfTable 5). Japanese millet and soybean pelet and buckwheat).

tems because of its flower structure. Thisormed well as a mixture, with significant  Mixtures have great potential to optimize
crop warrants further evaluation as a summeimounts of biomass from both species presebenefits of cover crop use, but additional
cover crop. Nearly all of the broadleaf andn the mixture. This mixture produced 9lresearch should be conducted to select appro-
legume summer cover crops reduced weedg-ha! N in Plymouth and 57 kg-HaN in  priate mixture combinations and determine
as compared with the weedy control plotsGoldsboro. All mixtures were competitive seeding rates for optimum production. Re-
except when cover crop biomass was exyith weeds relative to the weedy controlksearch is also needed to determine the opti-
tremely low (velvetbean). Hairy indigo pro- plots, except for the sesbania/velvetbean mixnum time of cover crop establishment and
duced no biomass in this study, as it wagure (which was entirely sesbania). The seedkill and the subsequent effect on cash crops
outcompeted because of slow emergence aitl rate for sesbania in the mixture was muchlanted into cover crops that are killed and
establishment. lower than the monoculture seeding rategither left on the soil surface or incorporated.
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Table 5. Percent composition, aboveground biomass (AGB), C : Nratio, and N in AGB for cover crop mixtures grown in Plymouth
and Goldsboro in 1995 and 1996, respectively.

Aboveground biomass (kgHp

Species Composition (%) Crop Weed C:N N (kgbha
Plymouth

Sorghum-sudangrass/cowpea 79/21 G ofe] 184 a 39¢c 91la

Japanese millet/soybean 47/53 4799 ¢ 139 a 28d 9la

Sudangrass/hairy indigo 99/1 6780 bc 190 a 74 a 42 b

Pearl millet/velvetbean 92/8 5504 ¢ 70a 58 b 42b

Sorghum-sudangrass/velvetbean 99/1 9889 a 316 a 59 b 76 a

Weedy check 2783 b

LSDg 05 2287 299 10 30
Goldsboro

Sorghum-sudangrass/soybean (tr.) 96/4 10650 a 207 a 24 201 a

Sorghum-sudangrass/cowpea 79/21 8001 b 50 a 28 102 b

Cowpea/sesbania 72/28 3910 ¢ 117 a 28 64 bc

Japanese millet/soybean 27173 3051 c 543 a 23 57 bc

Sesbania/velvetbean 100/0 2849 c 1830 b 28 25¢

Weedy check 2163 b

LSDg 05 2446 1406 NS 51

“Mean separation within columns, byp atP < 0.05.
NSNonsignificant aP < 0.05.
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