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ABSTRACT

Pastures of the gen@ynodonare being cultivated alone in conventional production with high rates of nitrogen
fertilizer. Information and research about its use on mixed-pasture system isharabjective of this study was to
evaluate three grazing systems with coastcross-1 (CC) + 100 kgyedrd+ common vetch; CC + 100 kg N-hgear!

+ arrowleaf clover; and CC + 200 kg N'hgear®. The experiment was carried out from May 2013poil 2014.The

sward height, forage mass, botanical composition, leaf:stem ratio, and animal stocking density were evaluated. Experi-
mental design was completely randomized with three treatments (grazing systems) and three replicates (paddocks) in
completely split-plot time (grazing cycles). The average stocking rate was 7.0, 6.8, 6.8 tdayg fiar the respective

forage systems. Better results were found with coastcross-1 mixed with common vetch + 100 ke iawinter

and spring and coastcross-1 alone + 200 kg-Nykar! in autumn.

Key words: coastcross-1Cynodon dactylonlactating cowsrotational grazing;Trifolium vesiculosum; iia
sativa.

RESUMO

Massa de forragem, composicao botanica e taxa de lotacdo em pastagem de capim bermuda
consorciada com leguminosas forrageiras

As pastagens do géneZynodortém sido cultivadas de forma singyliaa estratégia convencional, sendo usadas
elevadas taxas de fertilizacdo nitrogenada. Informacfes e pesquisas sobre a sua consorciacdo com Isgominosas
escassas. O objetivo desse estudo foi avaliar trés sistemas forrageiros com Coastcross-1 (CC) + 10ankd N ha
ervilhaca; CC + 100 kg N Hano' + trevo vesiculoso; e CC + 200 kg NYamno!. O experimento foi conduzido de maio
de 2013 a abril de 2014. Foram avaliadas a altura do dossel, massa de forragem, composi¢éo boténica, relagao folha/
colmo e ataxa de lotac&o. O delineamento experimental foi 0 inteiramente casualizado com trés tratamentos (sistemas
forrageiros), trés repeticdes (piquetes) em parcelas subdivididas no tempo (ciclos de pestejdips de taxa de
lotacdo foram 7,0; 6,8 e 6,8 vacas' ftha® para os respectivos sistemas forrageiros. Melhores resultados foram
encontrados no sistema constituido por Coastcross-1 em consércio com ervilhaca, no inverno, e na pastagem de
Coastcross-1 em cultivo singular + 200 kg N hao', no outono.

Palavras-chave:.Cynodon dactylorpastejo rotacionaddrifolium vesiculosunwvacas em lactacavficia sativa.
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INTRODUCTION winter, and spring, seven, ten, and two frosts occurred,
respectively Meteorological data were obtained in the
eteorological Station of UFSM, located approximately
00 m from the experimental area. The grazing period was
47 days fronAugust 15, 2013 tApril 18,2014.

The cultivar coastcross-Cynodon dactyloh. Pers.)
has been highlighted for its elevated forage potenti
response to fertilization, great adaptability to diverss

environments, and flexibility of use as pasture,, laayl For experimental evaluation, an area of 46%1 m

silage (Brancet al, .2012)' . . subdivided into nine paddocks was used. The treatments
In most properties, bermudagrass is cultivated alone . . )

. . L were constituted of the following forage systems:

and demands high levels of chemical fertilizers. The use
ermudagrass@ynodon dactylonL. Pers.), cv

of fertlllgers, especially nllt.rogen, increases the foraggoastcross-l +100 kg N-hgear' + common vetchcia
production and the nutritive value. In that practice, _.. ) . )

. o $]atlvaL. cv. Comum); coastcross-1 + 100 kg Ntlyaar
production costs are elevated and the distribution

f is inad te during th ducti le. In thi arrowleaf cloverTrifolium vesiculosun$avi), cvYuchi;
orage Is inadequate during the productive cycte. In tig, ¢4 astcross-1 + 200 kg N'heear'. The coastcross-1
context, mixed grasses with forage legumes could improye .
o : . ._of the area had already been manually deployed, using
the productivity of the system, in addition to balancm%

the allowance of forage. imoroving the diet of animals andeedlings from the subdivision of the clumps, derived from
W g€, Improving ! ! an experimental area of the Dairy Cattle Laboratbry

reducing or eliminating the use of nitrogen fertilizer (Aze-
edo Junioet al. 2012). besides extending the ara _nthree paddocks, the common vetch was overseeded on
v un ’ ) ! X N9 grazi %oastcross—l(mid—Ma)/by direct mechanized plantation,

seasons. . ) . : .
: . with seeding density of 60 kg hapre-inoculated, with
Even with this performance, normally expected for _ . g . y g hap
cing planting of 17 cm between rows. In other three

L : spa
rass-| m iation, there are few properti nP . .
grass-legume association, there are few properties us zgddocks, in the same period, haul of the arrowleaf clover

mixed system, due to the slow establishment and lo - : o . .
. . was distributed, being scarified and pre-inoculated using
persistence of the legumes in the pastures (@ial,

. density of 10 kg seeds hdn all experimental areas, the
2014).Also, there is some research to overcome the y g P

e _ evelopment of natural annual ryegralsslium
difficulties.Among forage legumes used for mixed system, . .
. ) multiflorumL. Lam reseeding was allowed.
the common vetchcia satival.) and arrowleaf clover

e . . According to the soil analysis of perennial pastures
(Trifolium vesiculosunBavi) stand outThese forages . 9 yl P : P
in summer cycle, 90 kg Rayear' were applied as base

feature considerable nitrogen fixation, forage pmduc“o?értilizer by using EO,and KO. Nitrogen fertilization was
3 .

and nutritional quality to compose the diet of the ar]"”n":ll%'ubdivided into six applications, being the first held before

The objective of this study was to compare therazing started and after one, fosix, eight, and ten

performance of _forage mass, botanical composition, alzgazing cycles. On November 27, after thegazing,
stocking density of three pasture-based systems: . : .

. mowing of the experimental areas was performed to uni-
coastcross-1 and common vetch or arrowleaf clover m|xtU{e

ormize the stand areas.
. - 1
plus 100 Kg N h& and coastcross-1 plus 200 Kg Nha The grazing method used was the rotational stocking,

MATERIAL AND METHODS with one day of occupation and the c.riterion for the §tart
of animal grazing was the sward heights of the various
The study was conducted in the Central Depressidorage systems in the pasture. In the winter period, it was
region of the Rio Grande do Sul State, Brazil, at 29°43' Sased on the height of the legumes (about 30 cm) and in
53°42'W, altitude 95 mThe soil type of the experimental the summeiit was the height of coastcross-1, close to 25
area ia classified as Hapludalf Paleudult (Smith, 2014)jn for all areas.
and, according to the results of soil analysis held in 2013, The forage allowance was 6 kg DM (dry matter) for
the following average values were obtained: pi®H each 100 kg of body weight throughout the yd&r
5.5; SMP pH =6.1; clay = 21.5%; P = 26.75 mgfdd=  analysis, lactating Holstein cows were used, with an
140 mg/dmi;, OM = 3.25%Al = 0 cmolc/dnt; C&*=6.15 average weight of 567 kg and an average production of
cmolc/dn¥; Mg = 2.95 cmolc mg/dfip base saturation = 19.3 kg milk/daysubjected to two daily milking sections
70.3% and\l saturation = 0%T he climate of the regionis at 07:30 and 17:00 Wfter milking, the cows received
humid subtropical (Cfa), according to Képpenlassifi- supplementation concentrate, at 0.9% of body weight,
cation. considering the period of lactation and mean milk
The research was conducted from May 20186l production, withad libitum mineralized salt and water
2014 (330 days). The monthly temperature and precipirhe animals were kept on season grass pastures when
tation average were 14.7 to 25.7 °C and 130.7*mmthey were not in the experimental areas.
respectivelyThe climate values for the respective period At pre- and post-grazing, the forage mass was
were 18.8 °C and 134.7 mipmespectivelyDuring the fall,  estimated by double sampling techniquéifvét al, 1944)
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with twenty visual estimates and five cuts close to theith arrowleaf cloverconfirmed by the high participation
ground per paddock. The forage from the destructivia the botanical composition of the pasture.

samples was weighed and then homogenized. For the mixed system with arrowleaf cloyaithough
subsample was removed for estimating botanicdte greatest participation was in the spring, there was no
composition of the pasture and structural composition difference between the systems. During this time, there
the coastcross-1. These structural and botanicahs a large competition between foragers, with greater
components were dried in forced-air oven at 55 °C unfplarticipation of Coastcross-1. In the sumpntike values
reaching the constant weight for estimating dry mattewere similar between forage systems, although the lower
which was used to calculate the percentage of eafdrtilization occurred in the mixed system. This result is
fraction. For stocking rate, the value of instantaneouwdue to the contribution of the legumes, releasing nitrogen
stocking density was divided by the number of the daye the system (Sarrantonio, 1992). Similar results were
of each grazing cycle. The subtraction of the pre- ancerified by Aguirre et al. (2016) in pastures with
post-grazing forage mass was calculated for th@oastcross-1 mixed with legumes of winter cycle fertilized
disappeared forage mass. with 100 kg N h& year*.

Data on parameters of grazing cycles in every season In the autumn, the value of forage mass was higher (
were used for statistical analysis, considering 2, 5, 4, asd.05) in the system without legumes due to the highest
2 grazing cycles in wintespring, summeiand autumn, level of nitrogen fertilization, considering that the
respectively The experimental design was completelfcoastcross-1 responds to nitrogen fertilization
randomized with three treatments (grazing systems) affdumphreyset al, 2012). The lowest value observed in
three replicates (paddocks) in completely split-plot timghe autumn mixed system was probably due to the
(grazing cycles). Data were subjected to analysis @fcreased residual effect of forage legumes, possibly due
variance of using PROC MIXED procedure of SAS (2002j0 competition between bermudagrass and legéise,
using theTukey’s test for comparison of means.the forage mass inlocals with legumes may be smaller due
Significance was determinedgt 0.05. to its morphological structure, which increase the vertical

The experimental design was approved by the Ethigane of the forage more than in exclusive grass cultivation,
Committee and Biosafety of the UFSM, the opinion 113@sulting in less forage mass. Thus, even with different

2011 under the Protocol 23081016073/2011. morphological structures, Coastcross-1 emits its tillers
vertically, which increases its vertical space more than
RESULTSAND DISCUSSION when they are in exclusive cultivation. This probably

occurred as a strategy of Coastcross-1 to avoid

In the experimental period (330 days), thirteen grazm&)mpetition with other species (Barbetal, 2009).
cycles were performed in both systems, as well in the |, the botanical composition of the pasture, the
forage system mixed with clover as singular Cumvatiorbarticipation of Coastcross-1 was approximately 20% in
In the common vetch mixed system, twelve grazing cyclgge winter In the spring, the lowest value of the
were performed. The mean interval between grazing wegs)astcross-1 in the mixed systemx(0.05) was due to the
twenty-seven days and the occupation time was one dg¥icipation of the forage legumes that usually interferes
Similar results were found yzevedo Junioet al.(2012)  \yith the development of the companion grass (Geieu
with summer pasture related with better forage quality; 2001). In the summer and autumn, the Coastcross-1
and animal performance. values were higheFor the annual ryegrass, values were

For the pasture height in the beginning of the grazingmilar in winter and differed between pasture systems in
(Table 1), in the evaluations for the wintealues were the spring, with lower value in the mixed systgrs 0.05),
close to 30 cmp(< 0.05) for the mixed pasture systemdue to the presence of legumes that also affected the
which agrees with the methodology indicated. In thgevelopment of the grass. The average participation of
pastures constituted by coastcross-1, the height pastgggage legumes was 23.7 and 18.8% for common vetch
was approximately between 20 and 30 cm in the othghd arrowleaf cloverespectivelylt is noteworthy that
seasonsf(< 0.05). The utilization of coastcross-1 withthe presence of arrowleaf clover is longecording to
sward height around 20 cm was related with 95% lumino@oberts (1974), the proportion of forage legumes in the
interception. pasture should oscillate between 20 and 40% for the

For forage mass (pre-grazing), there was a differenoecurrence of positive reflections in animal production.
(p<0.05) between forage systems in winter and in springor the other species fraction, it was verified the presence
with greater value for mixed system with common vetctof the spontaneous-growth specigdyfiodon spp.
This result is due to the characteristics of this forage I&rochloaplantagineaandPaspalunspp.)and the values
gume (Caballeret al, 1995), which is precocious comparedwvere higher in the summer for all forage systems;
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considering that the species are season-warm, t@emparing the seasons, there were differenze$(05),
differences found confirm that the presence of legumedth greater height in the summer and autumn, attributed to
implies control of these species in the system. For tltkee exclusion areas because of the accumulation of feces.
dead material fraction, values were higher<(0.05), There were no differences between the grazing systems
especially in the winter due to the senescence materialfof forage mass (post-grazing)afle 2) due to the
the Coastcross-1, due the action of cold and frost.  adjustment used for stocking denst®pmparing the mean
For sward height of residual forage (post-grazing), italues of forage mass of pre- and post-grazing, the forage
was observed that the height of the forage was loweredusied (grazing efficiency) was approximately 48%. This
approximately 50% in all seasons of the yeab(@ 2). result demonstrated that there was no intake limited per

Table 1 Sward height, pre-grazing forage mass and botanical composition of three pasture-based systems (SF) with Coastcross-1
(CC) + common vetch + 100 kg N'hgear* (CE); CC + arrowleaf clover + 100 kg N'hgear! (CT) and CC + 200 kg N Hyear* (CN).
Santa Maria, RS, 2013/2014

Season
SF - - Average CV (%)
Winter Spring Summer Autumn
Sward height (cm)
CE 33 2 30 28 28 2.8
CT 342 2 27p8b 26° 27 2.8
CN 228bc 2 285 29 25 3.1
CV (%) 3.0 4.3 3.1 3.2
Forage mass (Kg of DM Ha

CE 3416° 32653® 3880 290" 3366 3.4
CT 2676" 2635" 3583 2905® 2950 3.8
CN 2783" 2865" 3644 34674 3190 3.5
CV (%) 4.4 4.5 3.5 4.2

Botanical composition (%)

Coastcross-1

CE 16.7 27.9® 45.4 48.5@ 34.7 5.2
CT 20.8 26.0° 43.0¢ 48.42 34.6 5.0
CN 21.5 33.2% 51.¢¢ 44 %P 37.7 4.5
CV (%) 11.2 7.0 4.5 4.6
Annual ryegrass
CE 33.4 25.3 - - 29.4 12.3
CT 32.7 24P - - 31.3 12.0
CN 35.7 35.2@ - - 37.6 9.5
CV (%) 9.2 8.7
Legumes
CE 28.1a 19.2 - - 23.7 115
CT 9.3 24.0¢ 23.2 - 18.8 19.1
CV (%) 21.5 16.5
Other species
CE 11.¢ 17.B 50.8% 47 58 31.7 5.8
CT 17.Z 17.0¢ 29.6% 45.32 27.3 6.2
CN 13.3 21.% 44.3% 50.7 32.4 5.9
CV (%) 16.6 9.2 4.9 4.7
Dead material

CE 10.62 9.3 3.8 4,00 7.0 18.5
CT 19.92 8,2 4. 6.3 10.0 12.0
CN 29.5@ 10.1 4.7 448> 12.1 10.4
CV (%) 7.8 14.5 25.4 32.1

Means followed by capital letters in the column and lowercase letters on the fare(ui& 0.05) by theTukey’s test. CV= coeficient of
variation, DM = dry matter
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animal, which normally occurs when the value exceeds05) due to the greater use of animals, related to the best
50% (Delagardet al, 2001). nutritive value of these forages (Oliet al, 2014). For

For the botanical composition of residual forage massther species, the participation value was similar to the
the values of Coastcross-1 were lower than those obtairiaiial forage mass value, showing a trend of lower intake
in the pre-grazing (approximately 32%). This resultiue to the composition of this fraction by species of
indicates that the Coastcross-1 was more consumed tlsarmmer cycle. Some plants of the geRaspalunspp.
other plants, with great participation in the botanicatan be consumed in a similar way to the ge@yisodon
composition of the pasture. For the annual ryegrass asp. due to the similarity of nutritional value. Howeasr
forage legumes, the values were proportionally lower ( the management was oriented to the pasture of

Table 2 Sward height, post-grazing forage mass and botanical composition of three pasture-based systems (SF) with Coastcross-1 (CC)
+ common vetch + 100 kg N higear (CE); CC + arrowleaf clover + 100 kg Nhgear! (CT) and CC + 200 kg N Rgear* (CN). Santa
Maria, RS, 2013/2014

Season
SF Average CV (%)

Winter Spring Summer Autumn

Sward height (cm)

CE 1280 12 177 1~ 14 3.0
CT 130 12 15k 16 14 3.0
CN 15 1¥F 177 1~ 15 2.8
CV (%) 3.7 4.0 3.0 3.0
Forage mass (Kg of DM Ha

CE 216F 1987° 1767 1762 1919 5.2
CT 1886 1676 1736® 1913 1802 55
CN 2042 1732 170% 1838® 1829 5.4
CV (%) 5.6 6.4 6.6 6.2

Botanical composition (%)

Coastcross-1

CE 17. 36.1%2 38.6 33.32 314 6.9
CT 22.9¢ 28.6¢ 36.4 39.2¢ 31.8 6.8
CN 20.3 39.0 41.4 41.5@ 35.5 6.1
CV (%) 12.4 7.2 6.4 6.6
Annual ryegrass
CE 22.9 28.5 - - 25.7 19.9
CT 254 27.9 - - 26.6 19.2
CN 254 28.1 - - 26.7 19.1
CV (%) 17.0 14.8
Legumes
CE 26.9" 13.3 - - 20.1 12.6
CT 6.2° 17.8 21.8 - 15.3 16.6
CV (%) 18.7 19.9
Other species
CE 7.18¢ 20.3 53.8 58.7 35.0 6.8
CT 13.0¢ 22.4 50.9 49.5% 33.9 7.1
CN 12.4¢ 22.P 50.8 48.7 33.6 7.1
CV (%) 25.6 12.7 5.3 5.3
Dead material
CE 25.32 12.2 7.5° 8.CP° 13.2 27.4
CT 32.3ea 15.2 18.4® 11.2¢ 19.3 18.8
CN 41.72 19.8 8.0°° 9.7 19.8 18.4
CV (%) 12.7 26.6 27.2 30.0

Means followed by capital letters in the column and lowercase letters on the fare(@i€ 0.05) by theTukey's test. CV= coeficient of
variation, DM = dry matter
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Coastcross-1, certainly harming intaké®aSpalunspp., The obtained average value of 0.54 was suitable for the
Cynodonspp and Sida santaremnensiwere less recovery of the pasture, providing high number of grazing
consumed by animals compared with the pasture witycles.
Coastcross-1. For dead material, the values were higher in In the average stocking densityaflle 4), the results
relation to the pre-grazing, as expected, due to the selectiwere related to the initial forage mass, with differeipce (
of animals by the green forage mass, especially of 1e@f05) between the systems. The higher values were found
blades (&ble 3) and the damage caused by trampling. in the winter and spring for the mixed system with vetch,
The relation between leaf blade/stem + sheath diue to the contribution of this forage legume in forage
Coastcross-1 in the pre-grazingable 3) presented no mass (@ble 1). In the summgthere was superioritp&
difference between pasture systems, demonstrating ta®5) of this mixture system, attributed to the residual
the inclusion of forage legume did not interfere in theffect of this forage legumes to the system, with the
structure of the Coastcross-1 plants. Despite the lodegradation of nodules and plant parts (Bordeleau &
forage availability in the wintethere was a high value of Prévost, 1994; Butlezt al, 2012), implying more forage
leaf blades (&@ble 1). In the other seasons, the valuemass and, consequentiyore stocking densityn the
were uniform, indicating that forage can have a strategiall, the highest stocking density was observed in the
importance in the southern region of Brazil, especially ipasture without forage legumes, demonstrating that the
the autumn, period with shortage of forage. nitrogen fertilization effect was more effective in this
Similarly, for the values of post-grazing, the relatiorperiod.
between leaf blade/stem + sheath, there was no In the mixed system with arrowleaf cloyer was
interference due to the presence of forage legume. Thleserved that between seasons the presence of this forage
data of post-grazing were more uniform compared witltegume implied stocking density values similar to the
pre-grazing due to the adjustment of stocking densitgystem without forage legume. Considering the period of

Table 3 Leaf blade/stem plus sheath of three pasture-based systems (SF) with Coastcross-1 (CC) + common vetch +-100 kg N ha
tyear! (CE); CC + arrowleaf clover + 100 kg N-hgear* (CT) and CC + 200 kg N Hag/ear* (CN). Santa Maria, RS, 2013/2014

Season
Winter Sprin Summer Autumn

SF ! pring . L Average CV (%)

Coastcross-1

Pre-grazing
CE 1.56 0.98 0.9 0.93" 1.09 19.0
CT 1.38 0.8% 0.92 0.87° 1.01 20.7
CN 1.0¢ 0.88 0.94 0.93 0.94 22.2
CV(%) 18.3 26.6 26.0 26.0

Post-grazing
CE 0.39 0.612 0.6 0.62 0.56 8.7
CT 0.49 0.62 0.56 0.60¢ 0.57 9.1
CN 0.36 0.6 0.73 0.52 0.51 9.5
CV(%) 13.7 9.2 9.7 9.8

Means followed by dferent letters in column diér (p dS 0.05) by thfukey’s test. CV= coeficient of variation.

Table 4 Socking density of three pasture-based systems (SF) with Coastcross-1 (CC) + common vetch + 10Q/kgiN(B&);
CC + arrowleaf clover + 100 kg N higear* (CT) and CC + 200 kg N Hgyear* (CN). Santa Maria, RS, 2013/2014

Season
Winter” Spring” Summer Autumn”
SF - - — Average CV (%)
Stocking density (AU h&d?)

CE 17100 169% 1818 129%¢ 163 3.5
CT 120 133» 1692 129® 138 4.2
CN 110 148®b 1682 152 144 4.0
CV (%) 4.9 4.4 3.8 4.9

Means followed by uppercase letters in the column and lowercase letters in theféngpdif’ 0.05) by theTukey’s test.CV= coeficient
of variation;AU = animal unit.* Number of grazing cycles per SF (13 in &1 CN; and 12 in CE, respectively).** Mean per seasan;
ha'd? per grazing cycle.
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the introduction of forage legumes at the end of pastufgieu R Lucero DW Ardiani R & Ehleringer JR (200IJhe mean
depth of soil water uptake by two temperate grassland species

usage, the mean of the sto_ckmg denSIt_y of the_ forageover time subjected to mild soil water deficit and competitive

systems was 7 cows haanging from 5.6 in the winter  association. Plant and Soil, 230:197-209.

and_ 9.1in the Sl:'mm'em a.s_tud.y OflcoaStcrOSS'lHumphreys J, Mihailescu E & Casey I®012)An economic

subjected to irrigation and fertilization with 300 kg Ntha  comparison of systems of dairy production based on N-fertilized

year1’ using Holstein cows, supplemented with 6 kg of grass and grass-white clover grassland in a moist maritime

. . i t. G dF Sci , 67:519-525.
concentrate day Alvim et al. (1997) observed stocking environment. rass and Forage science
; : Olivo CJ,Agnolin CA, Aguirre PE De Bem CM,Araujo TLR,

de?S|t¥ of 3.7 C(_)WS Hain the dry seas_on and 6.4 cows Diehl MS & Meinerz GR (2014) Forage mass and stocking rate

ha* during the rainy season. Scaravetlal.(2007) found of elephant grass pastures managed under agroecological and

stocking density of 5.0BU ha', assessing pastures of conventional systems. Revista Brasileira de Zootecnia, 43:289-

Coastcross-1, from January to Mayith nitrogen 295

fertilization of 80 kg N ha Roberts CR (1974) Some problems of establishment and
management of legume-based tropical pastures. Tropical
Grasslands, 8:61-67.

CONCLUSION

The inclusion of the common vetch plus 100 Kg N ha
resulted in the highest forage mass and stocking densitX , - . .
. . . . SAS Institute Inc. (2002) t&tistical Analysis System us&s guide.
in winter and Spring. For Coastcross-1 without forage le- yersion 9.0. Carysatistical Analysis System Institute. 513p.
gume and r(_acelvmg 200 Kg N ha_he be_St performance Scaravelli LF Pereira LET Olivo CJ &Agnolin CA (2007) Produ-
was found in the autumn. The inclusion of the forage ¢zo e qualidade de pastagens de Coastcross-1 e milheto utiliza-

legumes did not affect the structural composition of das com vacas leiteiras. Ciéncia Rural, 37:841-846.

Sarrantonio M (1992) Opportunities and challenges for the
inclusion of soil-improving crops in vegetable production
systems. HortScience, 27:754-758.

Coastcross-1. Smith DW (2014) Soil Survey taff: Keys to SoilTaxonomy 122
ed. Washington, USDA-Natural Resources Conservation Service.
360p.
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