APPENDIX – Productivity of NE-127

REVIEW of CRITICAL accomplishments fROM NE127

Objective 1: Characterize physiological and behavioral responses of poultry to critical environmental factors
A.  Thermal

Laying Hen Studies - Physiological mechanisms disrupted by heat stress (HS) 

1. In a collaborative study between NE and DE, liver samples were sent from NE to DE for analysis of cDeiodinase-I (cDI-I), responsible for converting T4 to T3; suppression of cDI-I by HS with resulting increases in prolactin is a key finding that suggests a mechanistic role for the thyroid in reducing egg production during HS (manuscript in review). 

2. In a series of studies comparing the responses to HS of different varieties of laying hens, NE determined distinct genetic differences in performance.  Respective endocrine responses to HS in these hens were consistent, suggesting that future studies should focus on elucidating differences in gene expression among the different varieties.  This research will lead to collaborative studies between NE and DE.
3.  Leghorns exposed to simulated high altitude conditions or to a cold environment exhibited vascular responses characteristic of pulmonary hypertension syndrome (PHS) (TX).

Laying Hen Studies – Management Strategies to Alleviate HS
1. In a collaborative study between NE and IA, hens at IA were provided cool drinking water and surface (head) wetting, both of which improved hen well-being, as determined by production responses (IA); blood and tissue samples were sent to NE for analysis of H:L ratios (stress measurement) and reproductive hormones for which IA does not have capability (in progress).

2. Studies at NE have shown that excessive amounts of Vitamin D fed two weeks before and during a HS episode alleviates some of the effects of HS on laying hen performance; this research suggests future collaborations with DE, IL, and MD.

Broiler Studies 
1. In a series of collaborative studies between IA and AR, the need for new assessments of heat and moisture production by modern strains of broilers was determined from a comprehensive literature review and comparative analysis of extant data; subsequent studies documented heat and moisture production of modern broilers and molting laying hens.  These studies revealed substantially higher metabolic rates of modern birds than the values documented in the literature.  The studies also provide more realistic partitioning between sensible heat the moisture production at the house level.  Furthermore, the studies filled certain gaps in the literature data (e.g., heat and moisture production of pullets and molting hens).

2. In a collaborative study between NE, IL and MD, broiler chicks from MD were sent to NE, and scientists from IL and MD traveled to NE to conduct a study with growing broilers.  Relative impact of temperature and humidity  differed with age of bird, perhaps as a function of body weight. 

3. In a series of collaborative studies between MD and IL, cool perches were found to be quite efficacious in relieving HS effects on growth performance and in reducing mortality of broilers.

4. Body growth rate is associated with and may predispose broilers to pulmonary hypertension syndrome (PHS) (TX). The pathogenesis of PHS may include deviations in the pathways, enzymes, and cofactors in synthesis of nitrous oxide (NO). Preliminary results suggest that NO donor imparts a protective effect to broilers by increasing plasma levels of NO. 

Turkey Studies

1. Studies at MN have shown that HS exacerbated diets with poor amino acid balance in depressing turkey breast meat yield; this research suggests future collaborations between MN and IA (that have just received funding from the US Poultry and Egg Association) and possibly between MN and NE.

B.  Aerial 

Ammonia – Effect and Control
1. In studies conducted (Il and PA) to determine impact on broilers of NH3 and control of ammonia in houses, IL, using a model developed to study gas, volatile organic compounds and dust emissions from poultry manure found that spraying soybean oil had no impact on NH3 emission, but that concentration and frequency of application of other additives administered through the feed or sprayed onto the manure reduced its release.  PA found that reuse of broiler litter increased exposure of young chicks to toxic (>25ppm) levels of NH3, which lowered performance and resulted in decreased financial returns.  

2. In a series of collaborative studies (MD and IL), doubling the ventilation rate had no impact on low NH3 levels, but airflow in excess of 60 ft/min was found to be important in maintaining dry litter conditions and controlling content and growth of Salmonella and E. coli in broiler litter. Controlling litter moisture and pH reduced NH3 release.

3. During the past 3 years IA, KY, PA, and MS have been collaborating, in conjunction with broiler and egg industry partners, to quantify NH3 emissions from laying hen and broiler houses as influenced by housing types, manure/litter management practices, and diet manipulation. This collaboration resulted in a USDA-IFAFS award of $870,000.  The collaboration will continue as the group further addresses the important issue of emission (particularly NH3) mitigation from poultry operations.  The research findings have been broadly and promptly disseminated to the industry and academia alike through joint publications and presentations. The on-site fan airflow measurement device, designed and refined by this collaborative group, has been adopted by researchers nationwide in their studies of measuring air emissions from mechanically ventilated animal confinement buildings.

C.  Visual – Lighting Manipulations

Studies conducted at MI found that UV light decreased the incidence of tibial dyschondroplasia and increased phytate phosphorus retention in chicks but only with inadequate diet Vitamin D.

In a collaborative study between CT and PA, red compact fluorescent lamps improved egg quality of White Leghorn hens compared to white lamps. 

D.  Acoustic – Sound Levels

In a preliminary monitoring study, CT recorded a mean (?) noise level of 92dB at standard pressure  levels (SPL) in a high-rise cage layer facility over a 6h time period and from a variety of locations within the house, including front, back, and middle cage rows, and outside of the rows.

E. Spatial

1. In studies at MD, barriers added to broiler breeder houses to break up the open space so that birds could use these “protected areas” to get away from aggressive individuals.  This environmental change results in reduced aggression among males and attracts females to these areas where most matings occur.  

2. At MD, perches made of PVC pipe were constructed and added to broiler barns in various slope angles and configurations to determine broiler preference for perch design and to determine whether use of perches improved bird health and welfare.  Addition of perches, if not used enough by broilers, increased stress as assessed by bursa weights. 

3. The addition of environmental barriers between the feeders and drinkers resulted in a significant increase in tibia width.  The use of moving spotlights in the pens resulted in higher foraging behavior of birds (MD).

4. MI assessed behavior of different strains of turkeys and found that the majority of time was spent sitting or standing during the last 3 wks of the trial with only a small amount of time spent eating and drinking. 

Objective 2:  To develop dynamic models of these responses for optimizing technical and economic aspects of poultry production systems

Modeling/Economic Analyses 

Data from the preceding research summaries were used to construct the following models:

1. Temperature-humidity (TH)-velocity (THV) Index – THV Indices for modern broilers 5-8 wk of age were developed collaboratively by NE, IL and MD, from data collected under Objective 1, Broiler Studies, #2.  The index changes as birds’ age.  IA further quantified the THVI threshold as a function of acute exposure duration for the thermoregulatory state of safe, alert, danger, or emergency.

2. A thermal discomfort index was derived for laying hens based on physiological responses to acute heat exposures. The results provide new information for the design of ventilation systems

3.  MI conducted an economic analysis for egg laying operations adopting new guidelines directed toward improving animal well-being.  Potential costs of meeting the guidelines were identified. The analyses predicted that for each penny per dozen increase in average commercial egg prices, consumer expenditures for eggs will increase by $60 million in the U.S. 

4. In a collaborative effort, PA and AR used artificial neural networks to develop regressions to predict the susceptibility of broilers to PHS; to predict metabolizable energy and amino acid profiles of feed ingredients; and, to predict feed consumption and body weight gain of broilers at different environmental temperatures. Regressions were more accurate than those from traditional analytical methods.

JOINT PUBLICATION

The committee completed the handbook "Biomeasurements and Experimental Techniques for Avian Species," which is posted at: http://sp.uconn.edu/~mdarre/NE-127/. NE127 was the first, and is still the only, regional research project to develop a website presentation of project-derived standards for conducting (physiological) research.
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