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Agricultural intensification and socioeconomic changes over several decades have generated many abandoned fields. These changes have led to reduce plant and animal biodiversity, as well as associated loss of ecosystem services, and represent deterioration of a unique socio-ecological production landscape known as “Satoyama” in Japan. Appropriate management measures should be implemented to restore these abandoned fields. The objectives of this study were to: (1) determine the effect of goat grazing on vegetation dynamics and animal performance in response to different stocking rates over a 5-years period; and (2) evaluate the economic potential of weed management through goat grazing by comparing this method to mowing with a brush cutter. We found that goat grazing changed vegetational composition, increased the number of plant species, and improved plant diversity in the abandoned field, although stocking rate had little effect on plant diversity. Goat grazing changed vegetation quality, even though goats maintained their nutritional status and body weight over 5 years. Goat grazing showed economic advantages over mowing during a relatively short period (up to 8–12 days per 1,000 m2). Overall, we found that goats would be ecologically and economically useful in restoring, managing, and conserving agricultural fields. However, a more comprehensive approach is still necessary for conserving “Satoyama.” Combination of grazing, mowing with a machine and prescribed burning may be more effective, and animal and biofuel production in these field would be a solution for reducing field abandonment.
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INTRODUCTION

Satoyama is a unique socio-ecological production landscape composed of a mosaic of paddy fields, secondary forests, grasslands, ponds, and streams that create and provide various habitats to many plant and animal species in Japan (Washitani, 2001; Katoh et al., 2009). However, agricultural intensification and socioeconomic changes over several decades have induced outflow and aging of rural population who manage this production landscape. These changes also have decreased economic incentive to use marginal agricultural field, resulting in many abandoned fields in this area. Since the mid-1970's, the area of abandoned field in Japan have increased and it is currently over 400,000 ha. More than half of these areas are now considered unsuitable for paddy and crop farming (Ministry of Agriculture Forestry Fisheries, 2018) due to encroachment and overgrowth of weedy and shrubby plants. Typical dominant species in an abandoned field are bamboo (Phyllostachys edulis, P. bambusoides, and P. nigra var. henonis), dwarf bamboo (Pleioblastus argenteostriatus f. glaber, P. chino Makino, etc.), Kudzu (Pueraria montana var. lobata) and other alien species such as tall goldenrod (Solidago altissima). These plants spread to an abandoned field by vegetative growth or anemochory from neighboring forests and fields. In the past, these weedy and shrubby plants have been removed by human mowing with brush cutter and other machines. However, labor shortage in rural area makes it difficult to use this approach. Thus, appropriate and alternative management measures should be implemented to restore and utilize these abandoned fields.

Grazing may be a feasible way to manage these abandoned fields (Hall, 2018) as herbivores prevent encroachment and overgrowth of weedy and shrubby plants (Popay and Field, 1996). Goats eat more shrubby and woody plants than cattle and sheep and may thus be effective weed managers (Animut and Goetsch, 2008). Moreover, goats can survive in nutritionally harsh environments because of their ability to eat a wide range of plants and their low metabolic requirements, and they are capable of grazing and moving in hilly and steep marginal areas.

Abandoned fields are typically composed of semi-natural vegetation, which is often lower in nutritional value than sown plant species. Moreover, vegetation and animal performance are largely influenced by stocking rate; long-term grazing at different stocking rates induces qualitative and quantitative changes in field vegetation, leading to differences in animal performance and affecting sustainable grazing in the management of abandoned fields. Furthermore, the economic potential of controlling weeds through goat grazing should be evaluated, because economical sustainability is also crucial to promote the dissemination of goat weeding as a strategy to restore abandoned fields.

In this short report, we present the quantitative and qualitative dynamics of vegetation and goat performance in response to different stocking rates over a five-year period. Then, we discuss the economic potential of weed management through goat grazing by comparing this method with human mowing with a brush cutter. Understanding these dynamics will facilitate the use of sustainable goat grazing systems to maintain the unique “Satoyama” landscape and its biodiversity.



MATERIALS AND METHODS


Field Study

This study was approved by the Committee for Animal Research and Welfare of Gifu University (#13022, 15020, and 17034). The study was conducted in a 0.8-ha abandoned field (35°29′ N, 137°1′E, alt. 130 m) mainly dominated by bamboo (P. edulis) for many years after abandonment. Shiba × Saanen crossbreed goats (16–17 goats with initial mean body weight (BW): 26.3 ± 8.0 kg at the start of grazing) were used for this study. Before the start of this study, the bamboo was clear-cut; then, the site was divided into two areas in which two stocking rates, high (HS: 30–33 goats/ha) and low (LS: 14 goats/ha), were implemented for 5 years. Generally, animal and vegetation measurements were conducted each year in spring (late May), summer (late July), and autumn (mid September to early October); however, those in the 1st year were 1 month later because of a month delay of the start of grazing. Plant biomass was estimated in six random plots (50 cm × 50 cm/plot) from each stocking rate; edible parts were collected for chemical analysis. Botanical composition was estimated in 20 fixed plots (25 cm × 25 cm/plot) at each stocking rate and was classified into forbs, Poaceae, Cyperaceae, shrubs, bamboo, and dwarf-bamboo (P. argenteostriatus). Forage intake by goats was estimated using a double-indicator method with n-alkane (Dove and Mayes, 2006) and acid detergent insoluble ash (ADIA: Nakano et al., 2007). Each n-alkane capusel (C32) was administered to five goats in each stocking rate twice a day for 2 weeks. Then, fecal grab samples were collected from the rectum of the goats twice a day in the latter half of the weeks. Dietary n-alknae and ADIA contents were estimated by the combination of monitoring foraging behavior and hand-clipping. Foraging behavior of four goats (two goats/day) was observed for 2 h in the morning and evening feeding bouts. The top 9–10 plant species in their ingestive bites (~80–90% of the total bites) were collected by simulating feeding behavior. Forage dry matter (DM) intake was estimated as follows:

DM intake (kg DM/day) = (fecal output [kg DM/day]/(1–digestibility)

Fecal output (kg DM/day) = C32 dose rate (mg/day)/C32 fecal content (mg/kg DM)

Digestibility = (1–[ADIA g/kgDM in diet]/[ADIA g/kg DM in feces])

Goats were weighed at the start and end of each investigation period. Forage intake and daily gain (DG) were analyzed using a generalized linear mixed model. Individual goat was assumed as a statistical unit. Botanical and chemical compositions were not analyzed statistically, because we just have one study site in each stocking rate.



Estimation of Economic Potential

A simple simulation study was conducted to compare weeding cost by goat grazing and human mowing with a brush cutter. The weeding area was set at 1,000 m2, and weeding was conducted twice during May–November. Cost for human weeding with a brush cutter included cost for weed cutting, removing, and disposal, and the cost of each process was estimated following the cost estimate standards for civil engineering work (Ministry of Land Infrastructure Transport and Tourism, 2017); with this, the total cost for human weeding was estimated at 76,400 yen (685 US dollar)/1,000 m2.

Cost for goat weeding was estimated using seven goats (to simulate a real-life situation) and the following equation:
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where, Pc is purchase price of a goat, Cp is selling price at the culling, Wyr is working years of a goat, AMc is annual management cost for a goat, Oc is operating cost, and Wday is working days per year. Pc was estimated according to the market price in the previous 5 years (National Livestock Breeding Center, 2018); Cp was estimated at 6,000 yen according to the market price; Wyr was assumed to be 7 years; AMc, including feeding cost out of the weeding period and health management, was set at 70,000 yen/yr; Oc, including shelter and fence, tax and public dues, and sundries was estimated at 30,000 yen/yr according to past records of a weeding contractor; and Wday was considered as 84 (40%), 105 (50%), and 126 (60%) days during the grazing season (210 days: from May 1st to November 30th)—and considered that the daily fee for using a goat decreases as goats become more engaged in weeding. Weeding cost per 1,000 m2 was determined according to this goat fee and grazing/weeding days at the site.




RESULTS AND DISCUSSION


Vegetation Dynamics and Goat Performance

Goat grazing at different stocking rates did not decrease forage biomass over time, but it clearly affected botanical composition. The dominant plant species at HS changed from bamboo to tufted grass species over 5 years, while dwarf-bamboo was continuously dominant at LS (Table 1). Both bamboo and dwarf-bamboo are resistant to defoliation due to rhizomatous and vegetative reproductive (Fujii and Shigematsu, 2008). However, although goat grazing effectively reduced the dominance of bamboo, it did not reduce that of dwarf-bamboo.


Table 1. Changes of botanical composition during 5-years grazing at different stocking rate in an abandoned field.
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The number of plant species increased from 33 in the 1st year to over 50 in the 5th year, regardless of the stocking rate. The Shannon diversity index also increased from the 1st to the 5th year at both stocking rates (HS: 2.3–2.8; LS: 2.1–2.6). These results suggest that goat grazing in the abandoned field for 5 years clearly changed vegetational composition, increased the number of plant species, and improved plant diversity, although stocking rate had little effect on plant diversity (Herrero-Jáuregui and Oesterheld, 2018).

Changes in botanical composition affected diet quality (Figure 1). At HS, diet quality—reflected by crude protein (CP) and neutral detergent fiber (NDFom)—was relatively constant throughout the study period, whereas at LS, diet quality decreased over the 5 years, leading to a decrease in forage intake by LS goats. Although goat grazing altered vegetation quality, the goats maintained their body weight and nutritional status over the 5-years period at both stocking rates (Figure 1). Therefore, the use of grazing for the sustainable management of abandoned fields did not negatively affect the nutritional status of goats.


[image: Figure 1]
FIGURE 1. Crude protein (CP: A) and neutral detergent fiber (aNDFom: B) contents in ingested forage, and dry matter (DM) intake (C) and daily gain (D) of grazing goats in high stocking rate (—) and low stocking rate (– – –) during five-year grazing at an abandoned field.




Economic Potential of Goat Weeding

The daily fee for goat weeding was estimated at 1,291, 1,033, and 861 yen/goat at a 40, 50, and 60% operating rates, respectively. Imai and Nakanishi (2015) estimated a daily fee of 400–500 yen/goat based on an interview survey with several goat weeding contractors. As they did not include the initial cost of purchasing goats in their estimate, our estimate of daily fee is considered reasonable even though it is almost twice as high as their estimate.

As previously mentioned, human weeding requires 76,400 yen/1,000 m2. The cost for goat weeding was lower than that for human weeding until 8 days/1,000 m2 in all scenarios tested (Figure 2). Considering that goats remove weedy herbs in 10 days at an operating rate of 60% during the grazing season, goat weeding costs <80% of human weeding. However, the cost of using goats increased with number of days; i.e., goat weeding might not be appropriate if the weeding site includes rank growth of weedy plants and encroachment of shrubby plants. Overall, the present results suggest economic advantages of goat grazing for managing field abandonment under some conditions; however, if an abandoned field is closed by tall weedy and shrubby plants, mowing by a brush cutter or other machine should be the first approach to remove these plants. Then, goat grazing can be useful and cost effective to maintain the filed condition well.


[image: Figure 2]
FIGURE 2. Comparison of weeding cost by goat grazing and human mowing with a brush cutter. Cost for goat weeding at an annual operating rate (days) of 40% (84 days: -·-), 50% (105 days: - -), and 60% (126 days: —). Cost for human weeding (······).





CONCLUDING REMARKS

Intensification of agricultural processes and livestock production is effective and inevitable for economic growth. However, it also negatively affects the use of land and other resources, as well as biodiversity and the rural landscape. The present results suggest that goats grazing is useful and economical for restoring, managing, and conserving agricultural field environments, if the field does not cover rank growth and shrubby plant community. However, the present findings should be tested in different sites, because origin, management history and surrounding environment may affect the response of plant community to goat grazing.
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High Stocking Rate

Bare ground and litter 238 446 43.3 493 40.4 38.0 74 20.8 235 17.8 211 14.1 148 19.4 156
Bamboo Phyllostachys edulis Grass 188 227 140 17 70 30 87 122 38 79 156 99 69 165 119
Dwarf bamboo Pleioblastus argenteostriatus  Grass 0.0 12 08 50 07 1.6 1.6 12 1.0 1.0 25 23 49 49 3.1
Other grasses Poacea spp. Grass 4.9 70 116 109 123 125 264 195 175 160 208 213 182 241 280
Cyperaceae Cyperaceae spp. Sedges 7.0 80 50 00 49 08 24 28 35 60 68 63 39 23 56
White clover Triollum repens Legume 7.2 13 10 27 40 05 27 20 00 1.0 06 - 19 07 01
Other legumes Fabaceae spp. Legume 15 08 03 23 03 01 48 29 31 42 23 33 126 84 29
Tall goldenrod Solidago altissima Fobs 160 40 05 28 25 10 27 - 29 89 06 08 03 - -
Fish mint Houttuynia cordata Forbs 3.0 0.0 0.7 0.0 0.3 0.1 1.3 32 30 4.1 88 72 7.8 123 14.7
Other forbs Fobs 160 80 221 285 273 416 452 336 896 355 192 808 286 152 216
Shrubs Shrubs 18 18 08 48 03 08 241 18 241 26 1.7 4.0 0.1 15 15
Low Stocking Rate

Bare ground and ltter 341 514 512 404 423 428 260 261 240 145 170 183 108 179 224
Bambboo Phyllostachys edulis Grass 75 115 107 00 9.0 74 64 87 3.4 74 108 108 23 96 8.1
Dwarf bamboo Pleioblastus argenteostriatus Grass 17.0 152 1.9 14.5 135 168 129 18.9 1562 16.7 18.1 139 215 19.1 189
Other grasses Poacea spp. Grass 25 08 103 64 9.8 127 177 157 193 207 195 133 164 117 114
Cyperaceae Cyperaceae spp. Sedges 2.0 50 20 08 58 73 87 40 80 47 44 37 66 9.4 75
White clover Trifolium repens Legume 1.8 - - 00 00 - 00 03 00 07 05 - 10 1.0 03
Other legumes Fabaceae spp. Legume 00 34 18 108 10 16 19 12 32 60 58 65 90 40 69
Tall goldenrod Soldago altissima Fobs 122 03 05 13 08 - 36 - 30 15 05 05 05 0.0 -
Fish mint Houttuynia cordata Forbs - 03 1.0 1.0 27 03 10 13 13 1.7 05 15 20 49 3.7
Other forbs Fobs 156 69 86 220 118 86 264 221 208 229 197 273 268 192 189

Shrubs Shrubs 7.3 5.2 20 31 33 25 0.7 17 1.8 32 32 44 36 3.2 22





