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Summary

Forage-based year-round grazing is feasible in Alabama and Southeastern USA through utilization of cool- and warm-season forages. This can be achieved by allowing for as much grazing as possible throughout the year. A series of experiments were conducted at the Caprine Research and Education Unit in George Washigton Carver Agricultural Experiment Station in Tuskegee University to develop and demonstrate a profitable and sustainable year-round forage based production system with sunn hemp (SH), Bermudagrass (BG), and SH+BG combine system in the summer-fall followed by winter wheat forage system for the Southeastern U.S. during the last 1 year. The results indicated that animals on SH and SH + BG combination grew significantly faster and reached expected slaughter weight in less time when compared to BG pasture systems. The SH in the summer and fall followed by winter wheat grazing systems were the most productive with regards to biomass production. This is probably due to higher nutritive values of SH forage diets throughout the year.  Soil and forage nutrient contents, and economic benefits will be reported in the future. Raising goats on SH was the least expensive system in terms of inputs required and seems profitable. 
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The specific objectives are to:

1. To determine pasture quality and soil fertility changes combining summer legume forage such as sunn hemp followed by winter forage;
2. To determine animal health and performance of goats when sunn hemp is incorporated in the feeding system and when grazing multi-culture grasses, and grasses in combination with legumes;
3. To determine soil quality changes using multi-culture grasses, and grasses in
      	combination with legume forages;
4. To identify and assess economic characteristics and optimum economic return of different goat production (grasses/legumes) systems;
5. To evaluate adaptability (on an experiment station with goats) and demonstrate applicability (on two small farms) of an integrated year round forage system using commercial goats.


II. Approach and Methods
Experimental treatments included;

1.  Summer forage system 
1. Control (Bermudagrass; BG)
2. Treatment 1 (Sunn hemp; SH)
3. Treatment 2 (BG + SH; 70:30 %, respectively)

2. Winter forage system  
1. Wheat and Rye grasses (WRG) plant on BG paddock
2. WRG plant on treatment 1 (SH) 
3. WRG plant on treatment 2 (BG+SH)

III.	Accomplishments/Milestones	
Objectives 1 and 4 
Summer Grazing Pastures
For summer grazing, three different forage combinations were planted including (1) bermudagrass (BG), (2) sunn hemp (SH), and (3) BG + SH forage combinations. Seedbeds were prepared in April, 2015 and animals were grazed on Jun 20, 2016 during 3 months (Figure 1a,b).
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Figure 1. Sunn hemp (a) and bermudagrass pasture (b).


Winter Grazing Pastures
For this objective, 3 forage combinations (grasses planted on legume forage sits), winter gazing were planted in duplicates on 6 pasture paddocks of 0.5 acres to see any residual (carry over) effects of soil nutrients from legume forage to winter wheat forages (Figure 2a,b).  Seedbeds were prepared in October 10 of 2015, according to the recommendations with proper amounts of seeds, per acre, for respective forages and were planted in October 26, 2015. Three different forage combinations were: (1) annual wheat grass (WG) on BG pasture, (2) WG on SH pasture, and (3) WG on BG+SH mixed pasture.

Data Collection
Forage mass (kg DM/ha), botanical composition and forage chemical composition were measured on February, March, and April 2016 for winter grazers, and in July, August, and September for summer. On each occasion four random quadrates per paddock were cut using a hand-clipper for biomass. The forage samples were then oven-dried at 90 oC for 18 h, and weighed.  For laboratory analysis, four quadrates of herbage on offer were cut to ground level from each paddock. Samples were combined for each paddock, mixed, and divided, with the first part used for botanical composition assessments and the second part for chemical analysis.
Statistical analysis
All data were analyzed as repeated measure with production system included in the model as a fixed effect using the Proc GLM procedure of SAS (SAS Inst. Inc., Carry, NC). Differences among means, for all analysis, were determined by least square means procedure with the protected F-test (P < 0.05).

Biomass production

Field experiment was conducted at the Caprine Research and Education Center, Tuskegee 
University, Tuskegee, AL in 2015 and 2016 to investigate the residual nitrogen contributions by sunn hemp legume crops compared to Bermudagrass and to the growth and development of succeeding winter wheat forages in next crop cycle. Forage dry matter production is presented in Figures 2 and 3 a, b. New forage legume Sunn hemp (Crotalaria juncea L; SH) grows well and produced 5 tons DM per ac compared to bermudagrass (BG; 1.5 t DM /ac) and SH + BG combinations (3 t DM/ac) during summer (Figure 2). For winter wheat forage production (Figures 2 a,b, and c ), previous legume forage (residual carry over) effect of  soil N was greater for SH (Figure 3 a) than for BG (Figure 3 b) that produced 1.7, 1.39, and 1.78 t DM per ac of winter wheat biomass production (February-March, 2016) from SH, BG, and BG+SH planted sites, respectively. Therefore, it may be proclaimed that growth of winter wheat forage was highest with the application of lower rates of nitrogen after SH and SH + BG combination compared with wheat forage after BG. Sunn hemp is an excellent choice for produce high quality summer forage as well as cover crop for Southern USA because it returns nitrogen to the soil and suppresses weeds. 



(B)
(A)



Figure 2. The effect of previous legume sunn hemp (SH) forage and its residual effects (carry-over effects) on winter wheat forage biomass production system, 2016. 
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Figure 3. The effect of previous legume sunn hemp (a), Bermudagrass (b), and sunn hemp + bermudagrass combinations on winter wheat forage biomass production, Caprin Research and Education Unite, Tuskegee, University, Tuskegee, AL 2016.

Animal performance
This objective was investigated by 2015 (summer forage) and 2016 (carry-over effect on winter forages). Goats were placed in each of the two 1½ acre plots (n = 4 and 2 replicates) and spent approximately 2 months in each plot (Figure 3). This objective is fully investigated by this project and it is one of the main contributions of this report. Twenty-four Kiko cross breed goats were placed on 8 paddocks, 4 goats each and spent approximately 45 days in each plot in 2015. Animal average daily gain (ADG, g/day) in SH system in summer 2015 are presented in Figure 3, while previous legume forage residual effect (carry-over) and FAMACHA scores are presented in Table 4 and 6, respectively. Average daily gain was highest for goats grazing on SH forage group (218.9 g/d) and lowest (-0.21 g/d) for goats on BG and intermediate (81.7 g/d) ADG for goats grazing on SH+BG mixed forages.
Goats grazing winter wheat forage followed by SH and BG on body weight responses (Figure 5) in February, March, and April 2016 were higher in previous legume forages SH and SH+BG combination than BG forage group. FAMACHA scores (parasites and anemia status) were also similar trend with animal performance. According to our results, Biomass production, ADG, and FAMACHA score and previous legume SH forage effects were different (P<0.01) in the following order: SH > SH+BG> and BG forages. 




Figure 4. The effect of legume forage sunn hemp (SH) and its combination (SH+BG) with bermudagrasss (BG) on body weight (BW) changed in summer forage system, 2015. 




Figure 5. The effect of previous legume forage (residual carry-over effects) on monthly animal body weight (BW) changed in winter wheat forage system, 2016. 
SH= sunn hemp, BG=bermudagrass.


 

Figure 6. The effect of previous legume forage sunn hemp (SH) and its combination (SH+BG) with bermudagrasss (BG) on FAMACH (anemia) score in summer forage system, 2015. 


Hay production 
After summer grazing season was over in September, 2015, animals were removed and remaining biomass was harvested for hay production (Figure 6.). The benefit of hay making after grazing is to extend the sustainability of the system in terms of animal feeding and production. Our results indicated that dry matter biomass production as hay was higher for SH and  SH+BG combinations when compared to BG alone and resulted in 4 bales of SH hay produced per ac vs. one bale of hay produced on BG forage.
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Figure 7. Effect of legume forage sunn hemp and its combination with bermudagrass on hay production, 2015.

On-farm research:
Two farmer cooperators participated in this project (S & B Farm and G. Goodman, AL; Figure 8). Outreach on-farm experiments was carried out on two minority goat farms in AL as demonstration sites to evaluate adaptability and demonstrate applicability of selected production systems. Sunn hemp was used as an alternative to summer legume cover crops as an organic matter builder and as a symbiotic nitrogen producing legume. We planted SH (40 Lbs./ac) and BG (25 Lbs./ac) late summer (August 15, 2015) with no-till methods (Our farmers have tractors, but didn’t have drill for seed in). However, germination rate was not enough to grazing both farms due to no-till and late planting of both forages. Therefore, we plane to planting both forages on April 20, 2016 using a tiller and drill to make sure to have good germination rate. PD and Co-PD also agreed to apply one more year extension of this project due to failed for germination.
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Figure 8. S-SARE summer forage biomass production (SH and BG forages) and soil test with minority farmers, Rusell Bean, Barbour County, Eufaula, AL, 2015.

Extension and Outreach Program. 
A joint workshop and pasture walk program were organized with several producers (13 local producers) including our collaborators and producers in attendance when we hosted “Integrated Approach for Managing Diseases and Parasites in Small Ruminants Training” at the Caprine Research and Education Center, Tuskegee University, Tuskegee, AL (Figure 9). 
The program began with a pasture walk followed by questions/answers session. Much of the interest was focused on SH and other potential alternative forages such as wild potatoes. Producers were also requesting us to carry out further studies with SH that can produce seeds and regrowth. The final goat production performance based on these forages will be disseminated to a larger audience and other stake holders through fact sheets, popular articles and to scientific community through referred journal articles.
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Figure 9. Training workshop and pasture work for producers and collaborators, July 9, 2015.

Impacts and Contributions/Outcomes
We feel using proper legume forages such as SH for summer grazing followed by winter forages (e.g. winter wheat) can provide for year-round foraging. However, combination of forages used for grazing should be selected to optimize animal performance, enhance the soil property and reduce methane or ammonia emission from feces while reducing dependency on petrochemical fertilizer. We are hoping that combining legume forages with grasses cropping systems will increase protein output as well as restore N in soil, thus reducing dependency on petroleum-based fertilizer.
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Figure 10. Sunn hemp forage, Tuskegee University, Tuskegee, AL, 2015.
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