
Dry-matter yields and crude protein and rumen-
degradable protein concentrations of three Arachis
pintoi ecotypes at different stages of regrowth in the
humid tropics

M. Villarreal*, R. C. Cochran†, L. Villalobos‡, A. Roja-Bourrillón§, R. Rodrı́guez‡

and T. A. Wickersham–

*School of Agronomy, Technological Institute of Costa Rica, San Carlos Campus, Santa Clara, Costa Rica,

†Department of Animal Science and Industry, Kansas State University, Weber Hall, Manhattan, KS, USA, ‡School

of Agricultural Sciences, National University of Costa Rica, Heredia, Costa Rica, §School of Zootecnia, University
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Abstract

Well-established stands of three ecotypes of Arachis

pintoi (CIAT 17434, 18744 and 18748) were harvested

from replicated plots (three blocks, each containing

three plots for each ecotype) during the two dominant

seasons (dry and wet) of the low altitude, humid tropics

of Costa Rica. Each plot was further divided into six

subplots so that, within each season, samples corres-

ponding to 4, 6, 8, 10, 12 or 14 weeks of regrowth could

be collected. For each harvest, dry matter (DM) yield of

the leaf, stem and whole plant, and the leaf:stem ratio,

were recorded. Samples of the whole plant were

analysed for crude protein (CP), rumen-degradable

(RDP) and rumen-undegradable protein (RUP) concen-

trations. DM yield of the leaf, stem and whole plant

increased with advancing period of regrowth but the

effects of period of regrowth varied somewhat among

ecotypes and across seasons. Generally, DM yield was

greater during the wet than during the dry season. The

greatest difference between ecotypes for stem and total

DM yields was evident during the dry season. In

general, DM contents were low in the whole plant,

leaf and stem samples (<220 g kg)1) and increased with

increasing period of regrowth. Increases in leaf:stem

ratio were most dramatic during the dry season with

greater periods of regrowth, although the ratio was

fairly constant during the wet season. Whole-plant CP

concentration was relatively high after short periods of

regrowth (up to 279 g kg)1 DM) but declined with

longer periods of regrowth; the relative decline was

much greater during the dry season. The RDP concen-

tration was relatively constant during the wet season

(mean 115 g kg)1 DM), but declined with longer peri-

ods of regrowth during the dry season (range 194–

111 g kg)1 DM). In general, the concentrations of RDP,

on a CP basis, were greater during the dry season and

ranged from 590 to 700 g kg)1 CP. Season, ecotype and

period of regrowth all exerted an effect on RUP

concentrations.
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Introduction

Arachis pintoi was collected from its native environment

(Brazil) in 1954, and was introduced to Costa Rica in

1987 after some preliminary evaluations in South

America and Australia. In 1994 and 1998, two different

ecotypes were made available in Costa Rica (CIAT

17434 and 18744 respectively). Other countries in

Central and South America have also introduced this

legume. In those countries, A. pintoi is used in grazing

systems for both beef and dairy cattle. Arachis pintoi has

been recognized as a legume with high intake potential

and with a high defoliation and trampling tolerance

(Argel, 1995). Although the total crude protein (CP)

yield has been reported to be high in samples from

mixed grass–A. pintoi pastures (Lascano and Thomas,
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1988; Carulla et al., 1991; Hernández et al., 1995), little

is known about seasonal and regrowth effects on

A. pintoi CP yield or the relative ruminal degradability

of its protein. With regard to productivity, Villarreal

et al. (2000) in Costa Rica and Botero et al. (1995) in

Colombia have reported very high dry matter (DM)

yields (up to 28 t DM ha)1 year)1) for A. pintoi but

information regarding seasonal influences on yield is

limited. In order to increase the information upon

which decisions can be made regarding the use of

A. pintoi in livestock production systems in the humid

tropics, a study was conducted to examine the effects of

season, ecotype and period of regrowth on DM yield

and CP concentration, as well as on ruminal protein

degradability. These effects were evaluated using three

cultivars (two of which had been officially released)

that had previously been demonstrated to possess good

agronomic potential in the low altitude, humid tropics

of Costa Rica (Villarreal et al., 2000).

Materials and methods

Site and climatic conditions

The experimental site was located on a research farm of

the Technological Institute of Costa Rica in the San

Carlos region (low altitude, humid tropics) of Costa Rica

(10�20¢N, 84�34¢W) and 172 m a.s.l. The soil (Entisol)

had a pH of 5Æ6 and had values of 18Æ8, 6Æ4, 0Æ56 and

0Æ4 cmol L)1 for Ca, Mg, K and Al respectively. The site

was poorly drained and was characterized by a low P

content (3Æ2 mg L)1). The mean annual rainfall, tem-

perature and relative humidity (mean 1979–1999) were

3203 mm, 26Æ7�C and 85% respectively. There are two

main seasons in this region of the tropics: a rainy or

‘wet’ season, which lasts from approximately June to

December (mean monthly rainfall 368 mm), and a ‘dry’

season, which lasts from approximately January to May

(mean monthly rainfall 125 mm).

Experimental design, sample collection and
analysis

Three A. pintoi ecotypes (CIAT 17434, 18744 and

18748) were evaluated under two contrasting seasons.

Wet season forage production was measured from July

to early November, and dry season forage production

was measured from January to late May. During the

period in which the study was conducted, average

monthly rainfall was 446 mm during the wet season

and 177 mm during the dry season. Nine 12 m · 6 m

plots were laid out in three blocks, with each block

containing three of the plots. Plots within a block were

randomly assigned to be seeded with one of each of

the three ecotypes. Ecotypes were established early in

the rainy season using vegetative material (average

1Æ0 t ha)1) on a prepared soil. A Rhizobium inoculum

(2Æ5 kg inocula ha)1; strain number 3101) was applied

at planting (Villarreal and Vargas, 1999). During the

3 years before the initiation of the experiment, all

plots were harvested periodically. During that period,

and throughout the course of this experiment, the

plots were not fertilized, but weed control (chemical

and manual) was necessary. Each 12 m · 6 m plot was

subdivided into six subplots (2 m · 6 m each) to

facilitate sampling after different lengths of regrowth.

Sampling was accomplished by: (i) cutting all the

12 m · 6 m plots to a uniform height c. 3 months

before each sampling period began, (ii) cutting the

randomly assigned subplots to ground level at the

designated number of weeks before the sampling date

(beginning at 14 weeks and continuing with 12, 10, 8,

6, or 4 weeks before the sampling date in successive

order), and (iii) sampling all subplots representing the

different lengths of regrowth on the same date by

clipping all materials within a 0Æ5 m · 0Æ5 m frame to

ground level. Six frames were clipped within each

subplot. The total sample clipped within each frame

was subsequently separated into leaves and stems. The

samples were dried at 55�C for 96 h in a forced-air

oven. The DM content was obtained by then drying

the samples at 105�C for 8 h in a convection oven and

DM yields for the leaf, stem and whole plant were

calculated. The leaf:stem ratio was calculated on a DM

basis.

Dried and milled (1 mm) whole plant samples were

evaluated for their CP and rumen-degradable protein

(RDP) concentrations. All N analyses were conducted

by total combustion using a nitrogen analyser (Leco

system, model FP2000; Leco Corporation, St Joseph,

MI, USA). The RDP concentration was determined

using the in vitro protease procedure described by

Mathis et al. (2001), and rumen-undegradable protein

(RUP) was calculated by subtracting the RDP concen-

tration from the CP concentration.

Statistical analysis

The data of the variables were analysed using the

MIXED procedure of SAS (SAS, 1999) with the

DDFM ¼ KR option. Fixed effects in the model were

ecotype, period of regrowth, season, and their two- and

three-way interactions. The random effects in the

model were block, block · ecotype, and block · eco-

type · regrowth age. The LSMEANS option was used to

generate treatment means. The linear, quadratic and

cubic effects of period of regrowth were evaluated using

the CONTRAST option of the MIXED procedure and

specifying the corresponding coefficients for equally

spaced treatments.
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Results

Dry-matter yield

Two-way interactions (ecotype · regrowth age, sea-

son · ecotype and season · regrowth age) were

observed for total DM yield (P < 0Æ01, P < 0Æ05, and

P < 0Æ05 respectively; Table 1). There was a linear

increase (P < 0Æ01) in total DM yield as the length of

the regrowth period increased, although the rate of

increase in DM yield tended to decrease at 12

and 14 weeks as indicated by a quadratic trend in

the data (P ¼ 0Æ08; Table 1). DM yield for CIAT

18748 dropped from 12 to 14 weeks of regrowth

during the dry season. Overall, DM yields during the

dry season were lower (P < 0Æ01) by 0Æ36 proportio-

nately compared with those observed in the wet

season. Ecotype CIAT 18744 tended to produce more

total DM yields particularly when compared with

CIAT 17434, at regrowth lengths of 8 weeks or

greater during the dry season (P < 0Æ05). However,

ecotype CIAT 18748 produced higher total DM yields

at 4 and 6 weeks of regrowth than the other

ecotypes (P > 0Æ05). DM yield of ecotype CIAT

17434 was intermediate to the others during the

wet season but had the lowest DM yield during the

dry season. Ecotype differences were more pro-

nounced during the dry season (maximum difference

of 0Æ25) compared with the wet season (maximum

difference of 0Æ06 proportionately).

Interactions observed in total DM yield, particularly

with regard to interactions of ecotype with either

season or regrowth length, were because of changes

in stem DM yield. In this case, the largest differences

among ecotypes (notably the high yield for CIAT

18744) were observed at 8, 10, 12 and 14 weeks of

regrowth (P < 0Æ01 for ecotype · regrowth period),

with such differences being most evident during the

dry season.

Stem DM yield accounted for 0Æ37–0Æ46 of the total

DM yield, and had a linear response with regrowth

period (P < 0Æ01); in contrast, there was a quadratic

response for leaf DM yield (P < 0Æ01). All DM yield

characteristics were most affected by regrowth length

although seasonal effects were relatively substantive in

some cases. On average, ecotype differences were of a

lesser magnitude than those observed for regrowth

period or season.

Dry-matter content

Leaf DM content (data not shown) increased linearly

from 169 to 200 g kg)1 (P < 0Æ01). In contrast, stem DM

content was characterized by significant two-way

interactions (P < 0Æ05) for ecotype · regrowth period,

season · regrowth period and season · ecotype. In

general, stem DM content was less affected by regrowth

period during the wet season (maximal difference

within an ecotype of 36 g kg)1) than during the dry

season (maximal difference within an ecotype of

74 g kg)1). Moreover, relative differences among eco-

types varied across seasons. Total DM content followed

a pattern similar to that observed for leaf DM content

(i.e. DM content increased linearly with regrowth

length; P < 0Æ01).

Leaf:stem ratio

The effect of regrowth length on leaf:stem ratio was

most evident during the dry season (P < 0Æ01 for

season · regrowth length; Table 2). Also, during the

dry season, significant differences were observed

between ecotypes, with ecotype CIAT 17434 having

the highest value (i.e. more leaf tissue) among the three

ecotypes (P < 0Æ01). During the wet season, the

leaf:stem ratio was relatively constant over the

regrowth length and differences between ecotypes were

minor. In general, A. pintoi tended to have a higher

proportion of leaves during the dry season.

Table 1 Effect of season, ecotype and period of regrowth

on dry-matter (DM) yield (kg ha)1) of Arachis pintoi.

Season Ecotype

Period of regrowth (weeks)

4 6 8 10 12 14

Leaf DM yield*

Dry 17434 1094 1757 1993 2227 2833 3000

18744 1321 1566 2202 2465 2475 3004

18748 1707 2065 2013 2767 2963 2612

Wet 17434 2096 2507 2954 3208 3209 3538

18744 1913 2534 2981 3151 3009 3363

18748 2436 2634 3370 3421 3108 3392

Stem DM yield†

Dry 17434 197 549 452 1166 1005 1703

18744 461 658 1462 2369 2582 3524

18748 499 897 825 1592 1509 1420

Wet 17434 1805 1636 2312 2951 3001 3409

18744 2120 1969 2848 3280 3000 3808

18748 1879 1899 2411 2548 2173 2569

Total DM yield‡

Dry 17434 1291 2305 2444 3393 3839 4704

18744 1782 2224 3664 4835 5057 6528

18748 2206 2962 2838 4358 4472 4033

Wet 17434 3902 4142 5263 6159 6210 6947

18744 4032 4503 5829 6431 6009 7171

18748 4315 4533 5782 5969 5282 5964

s.e.m.: *195Æ0; †250Æ0; ‡398Æ0.
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Crude protein concentration

Crude protein concentration was characterized by a

season · ecotype · regrowth age interaction (P < 0Æ01;

Table 3). While CP concentration declined with advan-

cing length of the regrowth period (quadratic effect;

P < 0Æ01), the magnitude of the decline was much

greater during the dry season than during the wet

season. In addition, the manner in which ecotypes

responded to the length of the regrowth period was

affected by season. For example, during the dry

season, ecotype CIAT 18744 exhibited the greatest

change in CP concentration as the length of the

regrowth period increased. However, during the wet

season, all ecotypes exhibited much less change in CP

concentration as the length of the regrowth period

increased and ecotype CIAT 17434 had the largest

change.

Rumen-degradable and rumen-undegradable
protein concentrations

Rumen-degradable protein concentration decreased

only moderately (from 125 to 106 g kg)1 DM) as the

length of the regrowth period increased in the wet

season. However, a large effect of regrowth period was

observed during the dry season (season · regrowth age;

P < 0Æ01; Table 3) with mean values declining from 184

to 119 g kg)1 DM between 4 and 14 weeks of regrowth

(quadratic effect; P < 0Æ05). Significant ecotype effects

were not found. The relationship between length of the

regrowth period and RDP concentration was similar to

that noted for total CP concentration.

When expressed on a CP basis, the RDP concentra-

tions for the A. pintoi ecotypes studied fell between 590

and 700 g kg)1 CP (Table 3). Although changes in

response to an increase in the length of the regrowth

period were small, there was a season · regrowth

period interaction (P < 0Æ01). As the length of the

regrowth period during the dry season increased, the

proportion of the CP present as RDP declined while the

opposite occurred during the wet season.

The values for RUP concentration, expressed on a DM

basis, were highest (P < 0Æ01) in the shortest regrowth

period in both the wet and dry seasons. In general,

samples collected during the dry season (mean of

79 g kg)1 DM) had greater (P < 0Æ05) RUP values than

those collected during the wet season (mean of

67 g kg)1 DM). When expressed on a CP basis, the

proportion of RUP was characterized by a season · eco-

Table 2 Effect of season, ecotype and regrowth period on

leaf:stem ratio (on dry-matter basis) of Arachis pintoi.

Season Ecotype

Regrowth period (weeks)

4 6 8 10 12 14

Dry 17434 9Æ57 3Æ30 4Æ53 3Æ23 2Æ87 1Æ93

18744 3Æ13 2Æ40 1Æ53 1Æ07 0Æ93 0Æ87

18748 4Æ33 2Æ63 2Æ87 1Æ80 2Æ00 2Æ07

Wet 17434 1Æ23 1Æ57 1Æ30 1Æ13 1Æ07 1Æ03

18744 0Æ9 1Æ30 1Æ07 0Æ97 1Æ03 0Æ90

18748 1Æ37 1Æ43 1Æ40 1Æ37 1Æ43 1Æ33

s.e.m., 0Æ89.

Table 3 Effect of season, ecotype and regrowth age on crude

protein (CP) concentration (g kg)1 DM) and crude protein

degradability (g kg)1 DM) of Arachis pintoi.

Season Ecotype

Regrowth period (weeks)

4 6 8 10 12 14

Crude protein concentration*

Dry 17434 255 230 217 202 208 194

18744 279 237 218 198 186 172

18748 275 246 234 218 207 199

Wet 17434 206 202 188 171 163 162

18744 191 183 182 170 183 168

18748 205 189 175 185 186 170

Rumen-degradable protein concentration†

Dry 17434 179Æ9 149Æ2 131Æ7 131Æ4 124Æ3 124Æ3

18744 194Æ4 157Æ9 135Æ1 135Æ5 111Æ6 110Æ8

18748 177Æ9 155Æ3 152Æ2 138Æ7 125Æ8 122Æ3

Wet 17434 128Æ9 127Æ0 120Æ8 112Æ9 109Æ0 106Æ2

18744 120Æ5 114Æ2 115Æ1 111Æ2 118Æ1 107Æ4

18748 124Æ4 113Æ1 102Æ3 117Æ5 116Æ8 104Æ9

Rumen-undegradable protein concentration‡

Dry 17434 75Æ5 80Æ7 85Æ0 70Æ2 83Æ9 70Æ3

18744 84Æ8 79Æ2 83Æ4 62Æ5 74Æ9 61Æ2

18748 97Æ3 91Æ0 81Æ4 79Æ5 81Æ1 76Æ9

Wet 17434 77Æ0 75Æ5 67Æ5 58Æ6 53Æ8 56Æ1

18744 70Æ4 69Æ3 67Æ3 59Æ3 65Æ1 61Æ1

18748 80Æ6 76Æ0 72Æ4 67Æ2 69Æ6 65Æ7

Rumen-degradable protein concentration (g kg)1 CP)§

Dry 17434 704Æ3 650Æ3 605Æ3 650Æ0 596Æ7 637Æ7

18744 693Æ7 667Æ0 618Æ7 684Æ3 598Æ3 644Æ3

18748 646Æ7 631Æ0 653Æ9 635Æ3 608Æ4 613Æ7

Wet 17434 622Æ0 625Æ0 641Æ0 658Æ0 666Æ0 654Æ3

18744 631Æ7 621Æ3 631Æ0 651Æ3 645Æ0 637Æ0

18748 607Æ0 596Æ3 586Æ0 636Æ0 626Æ0 614Æ7

Rumen-undegradable protein concentration (g kg)1 CP)–

Dry 17434 295Æ7 349Æ7 394Æ7 350Æ0 403Æ3 362Æ3

18744 306Æ3 333Æ0 381Æ3 315Æ7 401Æ7 355Æ7

18748 353Æ3 369Æ0 346Æ1 364Æ7 391Æ6 386Æ3

Wet 17434 378Æ0 375Æ0 359Æ0 342Æ0 334Æ0 345Æ7

18744 368Æ3 378Æ7 369Æ0 348Æ7 355Æ0 363Æ0

18748 393Æ0 403Æ7 414Æ0 364Æ0 374Æ0 385Æ3

s.e.m.: *9Æ6; †10Æ2; ‡6Æ6; §3Æ14; –31Æ4.
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type interaction (P < 0Æ05). Ecotypes varied in their

response to seasonal changes. Ecotype CIAT 18748 had

higher values for RUP, expressed on a CP basis, than

CIAT 18744 and 17434 in the wet season but not in the

dry season.

Discussion

The aim of this research was to provide information

regarding the impact of season and regrowth length on

the yield and concentration of select forage components

in the key ecotypes of A. pintoi used in the low altitude,

humid tropics of Costa Rica.

For DM yield, regrowth length and seasonal effects

were found to be important. Although DM yield

increased with the length of the regrowth period, it is

also known that cumulative net production will peak

and subsequently decline if allowed to reach sufficiently

advanced stages of maturity (Chapman and Lemaire,

1993). This phenomenon can certainly be affected by

climatic variables but effects associated with reproduc-

tion (e.g. reallocation of plant energy resources) and

senescence (reduced growth rate, tissue death and leaf

loss) could clearly exert an impact. In this experiment,

it was suspected that the latter might be largely

responsible for the quadratic effect of the length of

regrowth period on DM yield observed, particularly for

ecotype CIAT 18748, which was the earliest maturing

ecotype evaluated. The same effect has been suggested

in growth and modelling studies with temperate grasses

(Belanger and Richards, 1995; Bonesmo and Belanger,

2002; Duru et al., 2002).

The DM yield of A. pintoi ecotypes after different

periods of regrowth and in different seasons is clearly of

value in planning hay, silage or grazing systems that use

this forage. Reports of high DM yields of A. pintoi at

short regrowth periods suggest that this legume is likely

to function well in association with tropical grasses,

which typically require grazing every 3–5 weeks in

rotational grazing systems in the humid tropics. In

contrast, if grown in pure stands and maximal annual

DM yield is of paramount interest, larger intervals

between harvests may be preferable. When harvest

frequencies were sustained over a 2-year period, longer

intervals between harvests resulted in greatest mean

annual DM yields for CIAT 18744 and 17434 (Villarreal

et al., 2000). They reported values of 28Æ8, 30Æ9 and

32Æ1 t DM ha)1 year)1 for CIAT 18744, 24Æ2, 23Æ3 and

26Æ8 t DM ha)1 year)1 for CIAT 17434 and 24Æ9, 25Æ3
and 23Æ8 t DM ha)1 year)1 for CIAT 18748 when har-

vested every 4, 8 and 12 weeks respectively. The slight

reduction in DM yield for CIAT 18748 at 12 weeks is

consistent with the observations for this ecotype at

14 weeks during the dry season in this study and

implies little advantage in harvesting this ecotype at

regrowth lengths beyond 10 weeks, particularly when

grown under dry conditions. The increase in yield

observed with longer regrowth periods and during the

wet season has also been seen in other experiments

conducted in the tropics (Argel, 1995; Villarreal et al.,

2000).

The relative reductions in DM yield for each ecotype

from the wet to the dry season (decreases of 0Æ449,

0Æ291 and 0Æ345 for ecotypes CIAT 17434, 18744 and

18748 respectively) suggest that there may be some

important differences between ecotypes with regard to

their adaptation to periods of water stress. The ability of

ecotype CIAT 18744 to maintain greater productivity

under dry conditions was one of the main reasons for

the significant interaction of ecotype and season for

total DM yield. The increased productivity of CIAT

18744 during the dry season appeared to be related to

the relatively higher stem DM yield, particularly with

longer periods of regrowth. While this may have

implications for overall forage quality, the changes in

CP concentration suggest that potential changes in

overall nutritive value may not be large in magnitude.

The leaf:stem ratio fell between 1Æ0 and 1Æ5 during the

wet season; the relative proportion of leaf was generally

greater during the dry season. This was especially true

for the shorter regrowth periods and for ecotypes 17434

and 18748. Increased leaf:stem ratio is commonly

observed in forages grown under drier-than-normal

conditions (Buxton and Mertens, 1995). The positive

association of the leaf:stem ratio with RDP concentra-

tion in forage DM emphasizes the need for harvesting

after short regrowth periods, particularly under dry

growing conditions. Specifically, livestock operations

involving A. pintoi as a source of supplemental RDP, for

example when fed as a complement to a basal diet of

low-quality forage, may be of benefit.

Ecotype generally appeared to exert the least impact

of the main effects on CP concentration. Crude pro-

tein concentration decreased from an average of

221 g kg)1 DM during the dry season to an average

of 182 g kg)1 DM during the wet season (a decrease of

c. 0Æ176). However, because of the lower DM yield

during the dry season, the total CP yield, in terms of

kg ha)1, was still significantly greater during the wet

season (an increase of c. 0Æ29 compared with the dry

season). In general, the concentration of CP observed in

the A. pintoi samples is comparable with that observed

in temperate legumes across a wide variety of maturities

(NRC, 2001). In addition, the CP concentration of A.

pintoi compares favourably with other high-protein

legume and non-legume forage shrubs currently used

in the humid tropics such as Cratylia argentea (Argel and

Lascano, 2001), Leucaena leucocephala, Erythryna species,

Gliricidia sepium, Cassia species, Calliandra species (Ku

Vera et al., 2001) and Morus species (Sánchez, 2001).
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The relative CP concentration of A. pintoi suggests that it

has the potential to make valuable contributions to the

nutritive value of forage-based diets in the tropics. This

is particularly true with regard to its ability to serve as a

complement to tropical grasses which tend to be lower

in CP concentration than temperate grasses (Minson,

1990).

The relative proportion of RDP in the A. pintoi

samples is less than what is often reported for temperate

legumes, particularly for legumes at early stages of

maturity. In the latter, RDP, expressed on a CP basis, is

often 800 g kg)1 CP or more (Coblentz et al., 1999).

Reduced relative ruminal degradability, accompanied

by a relatively high total CP concentration, could be

advantageous in situations in which metabolizable

protein supply is commonly deficient relative to

demand. Such metabolizable protein deficiencies and,

therefore, positive performance responses to additional

RUP supply (NRC, 2001) would be most likely to occur

in high-producing dairy cows.

Conclusions

Overall, the relative magnitude of the effects within a

season on the measured variables was greatest for the

length of the regrowth period and least for ecotype.

Based on the relatively high DM yield during both wet

and dry seasons, the relatively high concentration of CP

(even at advanced regrowth ages), and its protein

degradability characteristics, A. pintoi appears to have

significant potential for use in forage-based systems in

the low altitude, humid tropics.
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