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Abstract. A visual obstruction technique and clipped quadrats were used to develop prediction equations for estimating forage mass of Perennial Ryegrass, Tall Fescue, Subterranean clover mixed (MIX) pastures near Corvallis, Oregon. The technique used was a modification of a procedure developed in Kansas during the 1970’s. This technique estimates visual obstruction using a pole which is marked at 5 cm increments. When the pole is placed vertically in a sward and observed from a distance of 4 meters, visual obstruction, or the amount of the pole which is obscured from view by standing forage, can be estimated. In order to estimate forage mass of MIX pastures, 45 visual obstruction measurements and concurrent 0.19 m2 quadrat clipped weights were collected monthly from each of two sample sites during June, July, August, and September of 2000. The two sample sites were managed differently; continuous or season-long grazing (CONT), and intermittent or rotational grazing (STOCK). Linear regression analysis was used to investigate the relationship between visual obstruction measurements and clipped forage weights and to develop equations for the prediction of forage mass. The r² value for all values pooled across months and sample sites was 0.58. However, the r² values were greater than 0.7 for each sample site during June, July and August, while r² values were .50 or lower for each sample site during September. Data analysis using indicator variable analysis identified a difference in both slopes (P < 0.01) and intercepts (P = 0.09) between the CONT and STOCK regression equations. Additionally, indicator variable analysis identified a difference (P < 0.10) in either intercept or slope among regression equations for all months within both CONT and MIX sampling sites. Therefore, separate prediction equations must be reported for each sampling site and month. This analysis demonstrated that the relationship between visual obstruction measurements and clipped forage weights was influenced by forage maturity and management for the pastures utilized in this study. This technique has potential for practical use, however, accuracy of regression equations is dependant on season of use and pasture management.  
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Introduction

Estimation of forage mass is an important factor in grazing management. For example, Hart et al. (1988) reported stocking rate as grazing pressure, or steer days per metric ton of forage DM produced.  This method of evaluating the relationship between forage mass and animal performance is useful; however, implementation or application of this data may be difficult in the absence of accurate, easily applied means to measure and(or) monitor forage mass. Clipping and weighing forage is the most accurate method of determining forage mass, but the time and labor required by this method may limit its use, especially for producers (Harmoney et al, 1997). Robel et al. (1970) developed a method for measuring forage mass that requires significantly less time and labor than clipping techniques. They reported an equation that describes the relationship between the visual obstruction measurements (VOM) and the weight of vegetation clipped from quadrats for Kansas native grasses and observed an r² of 0.95. Michalk and Herbert (1977) observed an r² of 0.80 for growing Lucerne pasture using a technique similar to the procedure developed by Robel et al. (1970). Harmoney et al. (1997) reported and r² of 0.63 for several different types of forage using visual obstruction measurements. These reports have established a potential for using this technique to develop prediction equations for the estimation of forage mass. However, the accuracy of prediction equations developed using this technique should be tested across forage management techniques and stages of growth, as most equations have been developed within one season and forage management technique (Ackerman et al., 1999). The objective of this study was to develop equations for prediction of forage mass using the VOM technique for Perennial Ryegrass, Tall Fescue, Subterranean clover mixed pastures and investigate the accuracy of the technique across pasture management schemes and months.

Materials and Methods

Study Site. Data was collected at the Soap Creek Ranch (Oregon State University, Department of Animal Sciences) located 19.3 km north of Corvallis OR.  The primary forage species at this site are tall fescue (Festuca arundinacea L. Schreb), perennial ryegrass (Lolium perenne L., and subterranean clover (Trifolium T. Subterraneum L.).  Visual obstruction and concurrent clipped samples were collected during June, July, August, and September from two separate sites over a period of seven to ten days starting the first day of the second week of each month.  One site (CONT) was grazed continuously from March 1 through September 18 at a stocking density of approximately 0.4 AU/ha.  The other site (STOCK) was grazed from April 13 to June 15 at a similar stocking density to the CONT site.  Following June 15, grazing pressure was removed and forage at this site was reserved (stockpiled) for autumn grazing.  Autumn grazing was reinitiated in the STOCK pasture on August 18 and was continued through September 18.  The STOCK sampling site was a 20 ha pasture and samples were collected at 50 m intervals along six transects evenly spaced across the pasture.  The CONT sampling site was approximately 15 ha in size and samples were clipped in a similar manner as the STOCK pasture.  Total precipitation during 2000 was 107 cm (Agrimet, 2000) very near the 30 year average annual precipitation of 108 cm.  Precipitation during the months of June, July, August and September was 2.9, 0.36, 0.03 and 1.37 cm respectively (Agrimet, 2000), which was somewhat lower than 30 year average precipitation during these months (3.1, 1.3, 2.2, and 3.8 cm for the months of June, July, August and September, respectively)


Description of Robel Pole. The pole developed by Robel et al. (1970) was described as a round pole (3 cm diameter x 150 cm height) which was marked with brown and white paint at alternating decimeters. The mid-point of each decimeter was marked with a narrow black stripe that made it possible to distinguish half-decimeters. These researchers determined that the most accurate (r² = 0.9550) readings of visual obstruction were made at 1 m of height and 4 meters away from the pole. We utilized an instrument very similar to the one described by Robel et al. (1970). The pole we used was modified by separating the lower five decimeters into quarter decimeters (2.5 cm) with black tape marks. Additionally, we used alternating red and white paint rather than brown and white. In order to establish exact distances for observation, 4 m of string was attached to the top of the large pole and the top of a second, smaller pole at 1 m of height. Using this smaller pole, one could extend the string to its full distance (4 m) and sight on the larger pole from a height of 1 m. 

Data Collection. Forty-five visual obstruction measurements (VOM) were collected from both the CONT and STOCK sites monthly during June, July, August, and September. At each sampling site, a VOM was recorded and a 0.19 m2 quadrat clipped to approximately 2.5 cm above the soil surface. Clipped samples were taken at the same point as the VOM by placing the back side of the clipping frame against the base of the Robel pole and extending the long portion of the clipping frame in the same direction that the VOM was recorded. Following collection, clipped samples were immediately dried at 55ºC for approximately 72 h and weighed to determine DM weights of forage mass.

Statistical Analysis. Prior to regression analysis, values that were greater than one standard deviation away from the mean within each sampling site x month combination were removed from the data set.  Regression and indicator analyses were conducted using PROC REG of SAS (1996) to determine the relationship between clipped weights and VOM and to examine the relationship between the slope and intercepts of the regression lines among sampling sites.

Results and Discussion 


The results of regression analysis indicated (P < 0.05) a linear relationship between VOM and forage DM/acre for both management systems across all months.  This linear relationship suggests that for each cm increase in VOM, there was a consistent increase in forage weight.  When all values were pooled across months and sample sites, the r² value was 0.58, which is lower than values reported by Robel et al. (1970) or Harmoney et al. (1997).  When separated by sample site, the r² value for the STOCK site was 0.58, while the CONT site was 0.80 (Figures 1 and 2).  When separated by month within sampling site, most months exhibited an r2 exceeding 0.70 which is more similar to r2 values reported by Harmoney et al. (1997) than the overall r2 was.  One trend that the CONT and STOCK site had in common was that the r2 dropped significantly for September collections in comparison to all other months.  For the CONT site, the r2 decreased to 0.51 while the STOCK site declined to 0.42 in September.  Cool season perennial forages are normally in dormancy in Western Oregon during the late summer and early fall. The decline in r2 for September prediction equations may highlight a concern in using this technique to predict forage mass of dry, dormant forage.


Further data analysis using indicator regression indicated a difference in both slopes (P < 0.01) and intercepts (P = 0.09) between the CONT and STOCK regression equations.  The fact that both the intercept and the slope were different demonstrates a need for different prediction equations for each management system.  Therefore, direct comparisons of prediction equations among months between the two management systems were not made.  The CONT pasture had lower forage mass and VOM across all months than did the Stock Pasture (Figure 3). The CONT pasture appeared to have been grazed in a more uniform manner as suggested by an overall standard deviation for CONT samples of 836.5 kg DM/ha in comparison to a standard deviation of 5455.0 kg DM/ha for the STOCK sampling site.  The greater relative uniformity of CONT forage mass was quite possibly due to more days of grazing and concurrent lower overall forage mass. Additionally, the DM content of all samples collected from Stock pastures vs CONT pastures appeared to be higher (54.8 vs 50.7 % DM for STOCK and CONT respectively).  This factor may indicate a difference in forage maturity of samples collected from each site due to grazing management and further highlight the need for separate prediction equations based upon forage management when using this technique.  All of these factors may have contributed to the differences in both the r2 and slopes and intercepts of equations between the two sampling sites.


Continuously Grazed Site.  The high and low r2 values and prediction equations for the continuous site were observed in June and September, respectively (Figures 4 and 5).  The r2 values for June, July and August were all greater than 0.7 which are similar to values reported by Harmoney et al. (1997), however, the r2 value for September was 0.51. 


Within the CONT site, slopes of equations for June, July, and August were (P > 0.10) not different, however, all three months were (P < 0.10) different from September.  This relationship would indicate a consistent increase in forage mass as VOM increased within June, July, and August.  The difference in slope for the September equation may be due to differences in seasonal forage characteristics such as DM content.  These results suggest that season may have an impact on the accuracy of the prediction equation as suggested by Ackerman et al. (1999).  Intercepts of the prediction equations were different (P < 0.10) among all months except July and August.  The difference in the intercept among months may indicate a difference in overall average forage mass among months. Forage mass was 2578, 1779, 1595 and 1571 kg DM/ha for June, July, August, and September, respectively (Figure 3).  Furthermore, mean VOM was 24, 10, 6, and 6 cm for June, July, August, and September respectively (Figure 3).  These two factors may have resulted in a difference in intercept as was demonstrated for the CONT regression equations across months.  Therefore, we conclude that despite a similar increase in forage mass per cm increase in VOM during June, July, and August for the CONT site, a separate regression equation must be used for each month because of the difference in intercepts.


Stockpiled Site. The high and low r2 values and prediction equations for the stockpiled site were observed in June and September, respectively (Figures 6 and 7). Similar to the CONT site, the r2 values for June, July and August were all greater than 0.7, however, the r2 value for September was 0.42.  This decline in the r2 value for September may demonstrate a decline in accuracy of prediction during periods of forage dormancy similar to what was observed in the CONT site.  Therefore, we conclude that the accuracy of this VOM technique may decline during periods of forage dormancy independent of forage management technique.


It is interesting to note that forage mass (DM) and VOM declined from June 15 through the August collection period for the STOCK site despite termination of grazing on June 15 (Figure 3).  This factor may be an artifact of forage loss due to weather and other herbivorous species’ consumption of forage as well as translocation of nutrients from leaves and stems to roots.  A decline in DM from the August collection to the September collection would be expected as autumn grazing was initiated on August 18 immediately following the August sampling period. All months had (P < 0.10) different slopes except July vs September. In contrast to CONT pastures, intercepts among months were similar (P > .10) except for the comparisons of June vs August and July vs August.  More overall forage mass, and subsequently, more overall variability in forage mass and VOM may have negatively impacted our ability to detect differences in intercepts.  However, we conclude that it is most important to recognize that slopes differed among months under this management scheme, suggesting a lack of a consistent increase in forage mass as VOM increased.  As stated previously, the relationships among slopes and intercepts of prediction equations among months between the two management systems differ.  

Implications

The visual obstruction technique appears to have potential for use in predicting forage mass.  Collecting visual obstruction measurements and clipped weights used for development of prediction equations over a series of years with wide differences in precipitation and other climatic conditions should strengthen the resulting equations and render the predictions more accurate.  The technique appears to be more accurate, and thus, may have more utility if used during periods of active forage growth. The disparity in response of the VOM technique to managerial impacts highlights the need for case dependant prediction equations.  As one would expect, forage management and stage of growth have major impacts on prediction of forage mass.  For maximum accuracy of prediction, a separate prediction equation should be developed for each combination of season and pasture management.
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Figure 1. Relationship between kg of forage DM/ha and visual obstruction 
measurement (cm) for the continuously grazed Perennial Ryegrass, Tall Fescue, Subterranean clover mixed site during June, July, August, and September.

Y = 1041.4 + 71.5x, r2 = 0.80
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Figure 2. Relationship between kg of forage DM/ha and visual obstruction 
measurement (cm) for the stockpiled Perennial Ryegrass, Tall Fescue, Subterranean clover mixed site during June, July, August, and September.

Y = 1447.76 + 182.3 x   r2 = 0.58

Figure 3. Forage Mass and visual obstruction measurements (cm) for continuously grazed and stockpiled Perennial Ryegrass, Tall Fescue, Subterranean clover mixed pastures during June, July, August, and September.
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Figure 4. Relationship between kg of forage DM/ha and visual obstruction 
measurement (cm) for the continuously grazed Perennial Ryegrass, Tall Fescue, Subterranean clover mixed site during June.

Y = 377.0 + 91.5 x r2 = 0.85
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Figure 5. Relationship between kg of forage DM/ha and visual obstruction measurement (cm) for the continuously grazed Perennial Ryegrass, Tall Fescue, Subterranean clover mixed site during September.

Y = 1178.3 + 62.8 x   r2 = 0.51

Figure 6. Relationship between kg of forage DM/ha and visual obstruction measurement (cm) for the stockpiled Perennial Ryegrass, Tall Fescue, Subterranean clover mixed site during June.
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Y = 2322.08 + 242.3 x r2 = 0.84
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Figure 7. Relationship between kg of forage DM/ha and visual obstruction measurement (cm) for the stockpiled Perennial Ryegrass, Tall Fescue, Subterranean clover mixed site during September.

Y = 1798.2 + 92.6 x   r2 = 0.42
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