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(ABSTRACT) 

Dry matter production must be predicted to utilize nitrogen recommendation models for 

winter wheat at growth stage 30. Four methods of dry matter estimation were evaluated for their 

ability to predict dry matter production. The pasture probe, height, and rising plate methods did 

not have adequate prediction ability. The drop plate method predicted dry matter with an r? of 

prediction of 0.82 for all sites combined. The predictive ability for an individual site was lower. 

The combined model on an individual site caused a wide range of errors. Consequently, the four 

methods are not recommended for estimating dry matter. The changes in percent nitrogen and dry 

matter near growth stage 30 were measured. Dry matter increased significantly, but percent nitro- 

gen did not vary significantly. The number of clipped samples necessary to estimate the dry matter 

for the five ha field studied was four samples. The number of samples needed for larger fields will 

depend on the variability of the dry matter in the field and on the variation inherent to the sampling 

technique. 

Adequate potassium nutrition is required for high yields of winter wheat. Current soil test 

levels were evaluated and found to adequately describe the crop’s need for potassium. The influence 

of preplant and growth stage 25 applied potassium on yield and lodging was evaluated. On the 

medium to high potassium test soils used, the timing of the application did not affect yields or 

lodging. Ethephon reduced lodging better than potassium.



Acknowledgements 

I wish to express my sincere appreciation to Dr. Marcus M. Alley for his guidance and support 

throughout my graduate program. Gratitude is also extended to the other members of the com- 

mittee: Drs. David C. Martens and Daniel E. Brann. 

I wish to thank Dr. Marvin Lentner for his statistical and program analyses. 

I am also thankful for the assistance of ; ' , and 

I wish to express gratitude for the financial contribution of the Division of Soil and Water 

Conservation. 

Acknowledgements iii



Table of Contents 

Dry Matter Estimation at Growth Stage 30 2.0.0... ccc ee ce cee ee eee eee eee en eee 1 

FN 0) 5 ¢:\ oj Sa 1 

Introduction 0.0... cect ee ee eee eee eee ee ee eee ee eee teen eens 2 

Literature Review 2.0... cee ee eee ee eee eee tee eee eee ee eens 3 

History of Dry Matter Estimation 2... ... 0... ccc eee ee eee ee eee eee eens 3 

Dry Matter Estimators .......0 0... ccc ccc ce ee eee ee eee e eee te eee ena 4 

Visual 2... ee ee ee eee ee eee eee nent teen ens 4 

Height and percent ground cover) 2.1... ke ee eee eee e eee eene 5 

Disk meters 2.0... ec ee eee ee ee ee eee ee eee ee eens 6 

Rising plate meter 20... ce teen eet ee eee cent eee teas 8 

Electronic capacitance meter ....... 0. cc cece cee eee eee eee ete ne eeas 9 

Effect of Growth Stage on Dry Matter and percent N. .......... cee ec ee ee eee 10 

Sampling Intensity 2... 0... ee ee eee ee eee ee een eee eee eee 12 

Materials and Methods ............ ccc ccc cee eee ee eee eee e ne eens 13 

Dry Matter Estimation... 0.0... . cc ee nee eee eee eee eens 13 

Sample handling 2.0... .. ccc ee eee eee eee eee eee eens 16 

Data analysis 2.0... ee ee eee eee eee een eee enee 17 

Table of Contents iv



The Effect of Time on Percent N and Dry Matter Production ...............000005 18 

Data analysis 0.1... . ee ec ee eee eee e eee ee eee ence eens 18 

Sampling Intensity bbb bbb bbb bbb bbb bbb bbb bbb bbb bbb bbb bbb nbn, 18 

Data analysis ..... 0.0... cece ee eee eee eee eee ete eee e eens 19 

Results and Discussion ......... 0... cee eee ec ee eee eee eee cece eee ee eee 19 

Dry matter estimation 2.0... . ccc ee eee ee eee eee eee eens 19 

Fresh weight estimation 0... ... cece eee eee eet ee eee nena 38 

Predicting water content with the pasture probe 2... 1... . ccc eet eee 46 

Percent moisture content as influenced by N fertilization ........ 0... cece eee eee 48 

The influence of time on percent N and dry matter production ................006. 52 

Sampling intensity 2.0.0.0... ccc eee eee eee eet eens eee 56 

Conclusions 2... ccc eee eee eee eee eee eee eee eens 59 

References 0... ec eee ee eee eee eee eee eee ee tees 60 

Potassium Fertilization 2.0.0.0... ccc cc cece eee eee eee e rete e eee eeees 64 

Abstract 2... ce cee ee eee eee eee eee eee eee eee ee eee teens 64 

Introduction 2... ee eee ee eee eee ee eee ee eee ee ee eee 65 

Literature Review 2.0... cece eee ete eee een e eee ee eee eee e aes 67 

Soil Testing for Potassium 2... 0... cece eee ee ee ee eee eee eee eees 67 

Effect of K Fertilization on Yield 2.0... 0... 0... cece ccc ee te eee te eee nes 68 

Timing of Potassium Fertilization ..... 0... cc ccc eee eee eee eens 69 

Lodging 2.1... ce ee ee tee eee nee eect eee een e eee 69 

The Effect of Potassium on Lodging ........... 0. ccc cece eee eee eens 70 

The Effect of Ethephon on Lodging ........ 0... cece eee eee eee renee 70 

Materials and Methods ........ ccc ccc cee eee eee eee ee eet eee eee eee 72 

Results and Discussion ......... ccc cece ee ee ee ee eee eee eet ee eee eens 76 

6 Co) Ce 76 

Seed Quality 2... ce ee ee eee eee eee eee eee eee nes 79 

Table of Contents v



Lodging 26. ee cece ee ee ee ee eee eee ee eee eee eee ee eee 80 

Soil Extractable Ko... ee ee eee eee eee ee eee eens 82 

Tissue Percent K, Dry Matter, and K Uptake ........ 0... eee eee eee ees 85 

Conclusions 2.0... cece ee ee ee eee eee eee ete eee eee eee ees 86 

References 2.0... .. ce ccc ee ee ee eee ee ee ee eee eee eee eee tenes 89 

Appendix A. Nitrogen rate and timing experiment. ......... 0. cc cece e vec eecscncees 92 

Appendix B. An explanation of the PRESS statistic and r* of prediction ..............4. 94 

Appendix C. Fortran progam to determine the change in variance for different sampling schemes. 96 

Appendix D. Raw data for dry matter estimation study ......... 2... cece wcrc erences 99 

Table of Contents vi



List of Illustrations 

Figure 1. Distribution of the r? of prediction values for the regression equations relating dry 
matter production and meter readings at GS 30 for individual sites. .......... 

Figure 2. The change in dry matter production of winter wheat over time. ............ 55 

Figure 3. The effect of the number of samples on the standard deviation of means. ...... 57 

Figure 4. Treatment list and field experiment diagram. .......... 0.0. e ee ee eee eee 93 

List of Hlustrations vii



List of Tables 

Table 1. 

Table 2. 

Table 3. 

Table 4. 

Table 5S. 

Table 6. 

Table 7. 

Table 8. 

Table 9. 

Table 10. 

Table 11. 

Table 12. 

Table 13. 

Table 14 

Summary of locations used during the 1986-1987 winter wheat growing season in- 
cluding wheat variety, row spacing, and soiltype. ..............2.0 02000 14 

Summary of locations used during the 1987-1988 winter wheat growing season in- 
cluding wheat variety, row spacing, and soil type. ..............00 cece eee 15 

Dry matter estimation data summary, 1986-1987, 2... 2... cee ee eee ee ee 20 

Dry matter estimation data summary, 1987-1988. 2.2.0... 2... cece eee eee 21 

Regression equations relating dry matter production (y) at GS 30 to the pasture 
probe reading (x) for individual sites. 2.0... cee ee eee es 25 

Regression equations relating dry matter production (y) at GS 30 to the drop plate 
reading (x) for individual sites, 2.1... eee eee ee tee ee ees 26 

Regression equations relating dry matter production (y) at GS 30 to the height read- 
ing (x) for individual sites, 1987-1988. .. 0.0... . cee ce ee eee eee 27 

Regression equations relating dry matter production (y) at GS 30 to the rising plate 
reading (x) for individual sites, 1987-1988. 2.0.0.0... cece eee eee 28 

Descriptions of the data groupings used for regression analysis relating dry matter 
production at GS 30 individually to pasture probe, height, drop plate, and rising 
plate readings. 2... cece eee eee eee ee eee ete 30 

Regression equations relating dry matter production (y) at GS 30 to the pasture 
probe reading (x) for selected groups of data. ....... 0.0... cece ee eee eee 31 

Regression equations relating dry matter production (y) at GS 30 to the drop plate 
reading (x) for selected groups of data. 2.0... .. cee eee eee eee 32 

Regression equations relating dry matter production (y) at GS 30 to the height read- 
ing (x) for selected groups of data. 2.1... .. cee eee ee eee eens 33 

Regression equations relating dry matter production (y) at GS 30 to the nsing plate 
reading (x) for selected groups of data, ... 2... .eee eee e eee 34 

Summary of fresh weights, 1986-1987, 22... ... ee ee ee ee eee 39 

List of Tables Vili



Table 

Table 

Table 

Table 

Table 

_ Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34 

. Summary of fresh weights used with the pasture probe, height, and drop plate 
readings, 1987-1988. 2.0... kee ee ee eee eee eee e eens 40 

. Summary of fresh weights used with the rising plate readings, 1987-1988. ....... 41 

. Regression equation relating fresh weight (y) at GS 30 to the pasture probe reading 
(x) for individual sites, 2.0... cece ee ee ee eee ee eee eens 42 

. Regression equations relating fresh weight (y) at GS 30 to the drop plate reading (x) 
for individual sites. 2... ce eee te eee eee eee eens 43 

Regression equations relating fresh weight (y) at GS 30 to the height reading (x) for 
individual sites, 1987-1988. 2... ce cee ee eee eee eee eens 44 

Regression equations relating fresh weight (y) at GS 30 to the rising plate reading (x) 
for individual sites, 1987-1988. 2... ce eee tee ee eee 45 

Regression equations relating fresh weight (y) at GS 30 to the various methods (x) 
for sites 4 and 8, 1987-1988. 2... cc ce eee eee eee tenes 47 

Regression equations relating water weight (y) at GS 30 to the pasture probe reading 
(x) for individual sites, 20... . . ke eee ene e eee eee nnes 49 

A comparison of the r? of fit and the r? of prediction for regression equations relating 
fresh weight and water weight to the pasutre probe reading for individual sites. .. 50 

Wheat tissue moisture content at GS 30 as influenced by N fertilization rate at GS 
25, ee eee eee eee eee eee eee eee eee 51 

Regression equations relating wheat tissue moisture content (y) at GS 30 and nitro- 
gen fertilization rate (x) at GS 25. 2... eee teens 53 

Wheat tissue nitrogen content and dry matter production between GS 25 and GS 32 
for Twain wheat growing in 10 cm rows on a Hayter loam soil, 1987-1988. ..... 54 

Soil types and classifications at the experimental locations used during the 1985-86 
and 1986-87 winter wheat growing seasons. .......... 00s eee eee ee ees 73 

Treatments used during the 1985-85 and 1986-87 winter wheat growing seasons. .. 74 

Initial soil test levels for DDA extractable potassium. .......... 000 eee e eee 75 

Wheat grain yield, specific weight, thousand kernel weight and lodging as influenced 
by K fertilization and ethephon application at sites I and IJ in 1985-86. ....... 77 

Wheat grain yield, specific weight, thousand kernel weight and lodging as influenced 
by K fertilization and ethephon application at sites III and IV in 1986-87. ...... 78 

Soil dilute double acid extractable and ammounium acetate extractable K at GS 30 
as influenced by K fertilization at sites I and II in 1985-86. ................. 83 

Soil dilute double acid extractable and ammounium acetate extractable K at GS 25 
and 30 as influenced by K fertilization at sites III and IV in 1986-87. ......... 84 

Wheat tissue percent K at GS 30 as influenced by K fertilization at sites I and II in 
1985-86. Lc ee ee eee eee eee eee ee eee 87 

List of Tables ix



Table 35. 

Table 36. 

Table 37. 

Table 38. 

Table 39. 

Table 40. 

Table 41. 

Table 42. 

Table 43. 

Table 44. 

Table 45. 

Table 46. 

Wheat tissue percent K, dry matter, and K uptake at GS 30 as influenced by K 
fertilization at sites III and IV in 1986-87. ........ 2.0... eee eee eee 

Dry weights, pasture probe, height, drop plate, and rising plate readings obtained 
at site 1 (table 2) on 3-29-88. 2... ec eee eee eens 

Dry weights, pasture probe, height, drop plate, and rising plate readings obtained 
at site 2 (table 2) on 3-28-88. 2... ce ene eee eee eae 

Dry weights, pasture probe, height, drop plate, and rising plate readings obtained 
at site 3 (table 2) on 3-28-88. 2... cee eee eee nee eens 

Dry weights, pasture probe, height, drop plate, and rising plate readings obtained 
at site 4 (table 2) on 3-29-88. 2. cee eee ee tee ene 

Dry weights, pasture probe, height, drop plate, and rising plate readings obtained 
at site 5 (table 2) on 3-30-88. 2. eee eee eee eens 

Dry weights, pasture probe, height, drop plate, and rising plate readings obtained 
at site 6 (table 2) on 3-30-88. 2... ee eee tenes 

Dry weights, pasture probe, height, drop plate, and rising plate readings obtained 
at site 7 (table 2) on 3-30-88. 2... ce ee eee ee eens 

Dry weights, pasture probe, height, drop plate, and rising plate readings obtained 
at site 8 (table 2) on 3-30-88. 0... ee nee eee t eens 

Dry weights, pasture probe, height, drop plate, and rising plate readings obtained 
at site 9 (table 2) on 4-1-88. 2. ce teen e eee ne 

Dry weights, pasture probe, height, drop plate, and rising plate readings obtained 
at site 10 (table 2) on 4-1-88. 2. ce eee eee eee eee 

Dry weights, pasture probe, height, drop plate, and rising plate readings obtained 
at site 11 (table 2) on 4-1-88. 2. ee eee eee teens 

List of Tables



Dry Matter Estimation at Growth Stage 30 

Abstract 

The ability to predict the amount of applied nitrogen (N) needed by a wheat crop for optimum 

economic yield in the same growing season is a desirable objective. The dry matter production of 

the wheat crop at growth stage 30 is needed information for a model which has been developed to 

predict the optimum N rate. Non-destructive methods of accurately estimating the dry matter need 

to be developed to implement the model. The objectives of this research were: (1) to compare the 

height, pasture probe, drop plate, and rising plate methods for estimation of soft red winter wheat 

dry matter production at growth stage 30; (2) to determine the effects of row spacing and variety 

on the predictability of dry matter production using the four methods; (3) to measure changes in 

wheat dry matter production and percent N in tissue during the time period immediately proceeding 

growth stage 30 until growth stage 31; and (4) to determine the number of samples per unit area 

needed to accurately estimate dry matter production. Nitrogen rate and timing experiments were 

used to produce a wide range of dry matter levels at growth stage 30. The pasture probe and drop 

plate methods were evaluated at four sites throughout Virginia in 1986-87. All four dry matter es- 

timation methods were evaluated at eleven sites in 1987-88. Regression equations relating the 
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method reading and the actual dry matter were developed for each site and for various groupings 

of sites based on row spacing and variety. The regression models were compared on the basis of 

the r? of prediction values which indicate the ability of the estimation method to predict dry matter 

production. The drop plate method appeared to be more effective at predicting dry matter pro- 

duction with a model which combined all sites. However, the accuracy of the prediction for an 

individual site varied considerably. Grouping sites by row spacing or by variety did not improve 

the predictive ability of the models. Therefore, none of the methods can be recommended to esti- 

mate the dry matter production in the manner evaluated. Percent N in the tissue did not change 

with time near growth stage 30 for the location studied. However, dry matter production increased 

significantly with time. Therefore, the timing of the sampling for dry matter production is critical. 

The number of clipped samples necessary to accurately estimate the dry matter production for the 

five ha field studied was four samples. The number of samples needed for larger fields will depend 

on the variability of the dry matter in the field and on the variation inherent to the sampling tech- 

nique. 

Introduction 

The ability to predict the amount of applied nitrogen (N) needed by a wheat (Triticum 

aestivum) crop for optimum economic yield in the same growing season is a desirable objective. 

Research by Baethgen and Alley (1989b) in Virginia for intensively managed winter wheat produced 

a model which predicts the N needed at Zadoks (1974) growth stage (GS) 30 for maximum yield 

from the N uptake at GS 30. 

Nitrogen uptake is a product of the percent N in the tissue and the dry matter production. 

Percent N is obtained by chemical analysis of the whole plant, but the dry matter production must 

be estimated on-farm. The actual dry matter production can only be determined by cutting, drying, 

and weighing the entire field. Obviously, a less destructive method for estimating dry matter pro- 
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duction must be used. Traditionally, dry matter estimation involves cutting tissue from a small, 

known land area, then drying and weighing the sample. However, a non-destructive method of 

estimating dry matter production is desirable since it would be faster and easier and would not de- 

stroy potential yield. Such a method is required for implementation of the model for N uptake that 

was developed by Baethgen and Alley (1989b). 

The objectives of this research were: (1) to compare the height, pasture probe, drop plate, and 

rising plate methods for estimation of soft red winter wheat dry matter production at growth stage 

30; (2) to determine the effects of row spacing and variety on the predictability of dry matter pro- 

duction using the four methods; (3) to measure the changes in dry matter production and percent 

N in the tissue with time near growth stage 30; and (4) to determine the number of samples per 

unit area needed to accurately estimate dry matter. 

Literature Review 

History of Dry Matter Estimation 

Dry matter estimation research began primarily in forage-livestock systems. Knowing the 

amount of grazable forage in a pasture is essential in optimizing animal output per head and per 

hectare. Traditional methods of cutting and drying are too costly and laborious for field-scale use. 

Cutting also removes photosynthetic tissue which may influence future production and botanical 

composition. Therefore, many low cost, simple, and non-destructive alternatives have been inves- 

tigated. Several of these methods are visual estimation, height and/or percent ground cover, disk 

meters, rising plate meters, and electronic capacitance meters. 
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Dry Matter Estimators 

Visual 

Several researchers have investigated visual methods for estimating dry matter production. 

These methods have been evaluated on hardinggrass (Phalaris tuberosa); ryegrass (Lolium perenne) 

and hardinggrass/white clover (Trifolium repens) mixtures (Hutchison et al., 1972); sub clover (T. 

subterraneum) and alfalfa (Medicago sativa), grasses such as lovegrass (Eragrostis curvula), pangola 

grass (Digitaria decumbens), ryegrass, and mixed clover/grass stands (Campbell and Amold, 1973); 

tanglehead (Heteropogon contortus)/ Townsville “lucerne” (Stylosanthes humilis) mixtures (Haydock 

and Shaw, 1975); and mixtures of orchardgrass (Dactylis glomerata), bluegrass (Poa pratensis), and 

red and white clovers (7. pratense and T. repens) (Risso, 1978). 

Hutchison et al. (1972) visually ranked samples against reference plugs of known dry matter 

to obtain the dry matter estimate. The reference plugs were placed on a tray and carried through 

the field to aid comparison. Results were biased by observer, but the authors felt there was ade- 

quate accuracy for the method to be useful. 

Haydock and Shaw (1975) selected quadrants in a field to represent the entire range of dry 

matter found in that field and then visually ranked samples against those quadrants. The reference 

quadrants were harvested and a regression equation developed to relate the ranking scale to actual 

mean dry matter. Observer training consisted of all observers simultaneously ranking each reference 

quadrant until rankings were acceptably uniform. Since the error checking mechanism of this 

method is observer-dependent, day to day and year to year consistency would be difficult to main- 

tain. This method has the added problem of increased subjectivity since the reference quadrants 

are not carried through the field. As expected, estimates were also biased by observer, but the es- 

timates of mean yield were within eight percent of the actual mean when individual biases were 

eliminated. 
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The comparative yield method presented by Haydock and Shaw (1975) was adapted by Risso 

(1978). Instant photographs of the reference quadrants were taken in the field to facilitate com- 

parison in other parts of the field. As with Haydock and Shaw (1975), combining all observers in 

the comparative yield method tended to eliminate individual bias. However, Risso found that a 

simple visual ranking was more accurate after the observers were trained during the calibration 

process. 

Campbell and Arnold (1973) reported similar results. They found a linear relationship be- 

tween the visual estimate and the actual yield of the cut sample, especially when observers were 

adequately trained. However, r values varied considerably with the experience of the observer, in- 

dicating a loss of precision with untrained observers. For the 126 trials conducted by Campbell and 

Arnold (1973), the r? values greater than 0.70 occurred 89 percent of the time. According to the 

authors, the high degree of fit between the visual estimate and the actual yield indicates that a visual 

estimate is useful in estimating actual dry matter production. 

Visual methods of estimating dry matter as a whole can be useful provided observers are ade- 

quately trained. However, less subjective methods of estimating dry matter production may reduce 

the variability in the regression equation and eliminate the time and expense associated with ex- 

tensive training. 

Height and percent ground cover 

Height, percent ground cover, or a combination of these parameters has also been evaluated 

for estimating dry matter production (Pasto et al., 1957; Evans and Jones, 1958; Bakhuis, 1960; 

Alexander et al., 1962; Whitney, 1974, Michalk and Herbert, 1977; and Risso, 1978). Percent 

ground cover has been most commonly estimated visually in reference to a calibrated rod or a ruler 

in an attempt to quantify a subjective measurement. In general, researchers have found that percent 

ground cover alone is not a good estimator of dry matter since it reflects only the dry matter in the 

horizontal direction. 
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Height has been measured by a ruler (Pasto et al., 1957; Evans and Jones, 1958; and Alexander 

et al., 1962) or calibrated rod as described by Michalk and Herbert (1977). Estimation of the dry 

matter production by height alone was evaluated by Michalk and Herbert (1977). Height was a 

better index than percent ground cover provided the stand was not lodged. Height alone was also 

evaluated by Whitney (1974) using a device constructed of a plastic Fresnel lens. A Fresnel lens is 

a concentric series of simple lens which makes a large diameter lens with a short focal point possi- 

ble. The Fresnel lens narrows the field of vision, making height estimation easier and faster. This 

method is accurate, with average height explaining 94 percent of the variation in dry matter for two 

tropical grasses. 

A combination of height and percent ground cover used in a regression model as separate 

variables and/or multiplied together to form one parameter consistently impoves the estimation 

over either parameter alone (Pasto et al., 1957; Evans and Jones, 1958; Bakhuis, 1960; Alexander 

et al., 1962; Michalk and Herbert, 1977; and Risso, 1978). This index works well, but it requires 

as much time as clipping and is not time efficient if one is not interested in the botanical composi- 

tion as well as dry matter production. 

Disk meters 

The “bulk density” (Alexander et al., 1962) or “bulk height” (Bransby et al., 1977 and Vartha 

and Matches, 1977) of a forage combines both height and percent ground cover. Disk meters have 

been developed and evaluated as a way to test bulk height (Alexander et al., 1962; Powell, 1974; 

Bransby et al., 1977; Vartha and Matches, 1977; Michalk and Herbert, 1977; Risso, 1978; and Baker 

et al., 1981). The disks have been constructed from cardboard (Alexander et al., 1962), plywood 

(Alexander et al., 1962; Michalk and Herbert, 1977; and Baker et al., 1981), metal (Powell, 1974), 

and plexiglass (Risso, 1978). The disks meters have been tested on tall fescue (Festuca 

arundinacea) (Alexander et al., 1962; Bransby et al., 1977; and Vartha and Matches, 1977), alfalfa 
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(Michalk and Herbert, 1977), and mixed stands of grasses and legumes (Powell, 1974; Risso, 1978; 

and Baker et al., 1981). 

Disk meters are constructed of a plate on a central shaft which is dropped onto the foliage. 

The height at which the plate is supported by the foliage is dependent on the bulk density and will 

reflect the yield. Generally, researchers found the disk meters to be more accurate, more precise 

and less time consuming than height, percent ground cover, or a combination of the two. Noted 

exceptions are Risso (1978) who found the disk meter to be only as good as a combination of height 

and percent ground cover, and Powell (1974) who found good correlation during the winter and 

early summer but unacceptable relationships for the rest of the year, probably because botanical 

composition changed as the pastures were grazed. Vartha and Matches (1977) also discovered 

variation with grazing treatment. 

The weight of the disk in the disk meter may be important in estimating dry matter. Alexander 

et al. (1962) found r values ranging from 0.60 to 0.96 for a cardboard square and from 0.46 to 0.96 

for a plywood square. The weight is more critical with taller forages. Bransby et al. (1977), 

however, found that disk weight did not affect r, but did affect the slope of the regression line. 

Therefore, the disk material is critical. Also, application of the regression equations must only be 

done with an identically constructed disk meter. 

Baker et al. (1981) studied the relationship between the disk meter reading and dry matter on 

mixed hay swards containing various percentages of grass and legume both before and after cutting. 

The intercept for each category was different. However, one curvilinear regression equation could 

be used to estimate the dry matter. The only necessary change was the intercept value. The r’ 

value was 0.82 when using one equation for all categories, varying the intercept as necessary. 

Powell (1974), however, also studying mixed stands of grasses and legumes, found that both 

slope and intercept did change with composition and growth stage and that the regression lines were 

generally not curvilinear. The average meter reading ranged from 2.9 to 6.2cm. Baker et al. (1981) 

had meter readings up to 60 cm. Bransby et al. (1977) suggests that the relationship is linear at 

lower disk readings and curvilinear at readings over 20 cm. 
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These discrepencieés in slope and intercept may be eliminated by limiting the analysis and ap- 

plication to a specific crop at one growth stage. Different species and the same species at different 

growth stages have different growth habits such as degree of etiolation and tillering and amount of 

senescent material present. These differences may affect the meter reading, thus affecting the slope 

and intercept ‘of the regression equation. The botanical composition can also alter the regression 

equation. One species may influence the reading more than another species; therefore, the relative 

content of that species will impact the reading. A single species at a specific growth stage will not 

have these differences, and the slopes and intercepts of the regression equations may not change. 

Vartha and Matches (1977) used a disk meter to locate areas with the mean bulk height to 

minimize the number of clipping samples required instead of using the meter to directly estimate 

the dry matter. Overall r? values ranged from 0.52 in the fall to 0.77 in the summer. However, 

visual estimation of areas with mean bulk height may be as effective and faster. 

Rising plate meter 

The rising plate meter operates on much the same principle as the disk meters except the plate 

is allowed to rise along the central shaft as it is lowered to the ground rather than being dropped 

onto the foliage. Michell and Large (1983) tested a rising plate meter on perennial ryegrass. They 

found a linear relationship (r values ranged from 0.94 - 0.98) between the meter reading and dry 

matter. Spring readings were better correlated with dry matter than summer readings. This fact 

suggests that the accuracy of the meter may be dependent on the timing of use of the meter due to 

changes in growth habit. The rising plate meter was not useful when there was senescent material 

present, further indicating that the timing of use is critical. 

Earle and McGowan (1979) tested the Ellinbank Pasture Meter on 60 percent perennial 

ryegrass and 20 percent white clover pastures. This rising plate meter consisted of a 30 cm x 30 cm 

plate weighing 5.0 kg m~*. They found a linear relationship between dry matter production and 

the meter reading with an r*? = 0.97. The meter was most accurate at 7 cm, but at the extremes 
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of 2 or 16 cm readings, the calibration line was still accurate to +70 or 150 kg dry matter ha’, 

respectively. The average total amounts of dry matter ranged from 2013 to 2240 kg ha~?. Within 

operator variation was only 3 percent, but the variation increased between operators due to the 

force with which the plate was lowered and the angle of the central shaft. Air temperature and the 

subsequent changes in percent dry matter had no effect on the meter readings. 

Earle and McGowan (1979) found that the rising plate meter is more accurate than visual as- 

sessment and requires less training. Although not statistically better according to these authors, the 

rising plate meter has the advantages over the drop plate meters of being lighter, easier to use, and 

faster. 

Electronic capacitance meter 

Significant interest has been generated in the use of electronic capacitance instruments for es- 

timating dry matter. Initially, capactiance was used to measure the moisture content of wheat 

(Burton and Pitt, 1929). In the search for non-destructive methods for estimating dry matter, 

reserachers turned to electronic capacitance as a possibility. Capacitance is the storage of charges 

when potential differences exist between conductors in a system of conductors and dielectrics (Neal 

and Neal, 1973). 

Neal and Neal (1973) review the history and development of capacitance meters for use in 

estimating dry matter. The first meters were tested on forage in 1949 and consisted of two separated 

parallel aluminium plates. Other designs followed, each improving on the last or addressing dif- 

ferent concerns. In 1970, Johns and Haydock evaluated 9 probe and 16 probe units. Their findings 

showed that the capacitance meter could best be used to locate the “average” area to be clipped for 

dry matter estimation. They found considerable variation in the correlation of the meter reading 

with dry matter due to succulence or N fertilization and compressed herbage due to trampling or 

lodging. The meter readings were more highly correlated with the weight of the water in the 

herbage than dry matter. 
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Johns (1972) evaluated 10 different methods for using a capacitance meter. He found distinct 

seasonal patterns and consistent differences in the correlation due to species and urigation. How- 

ever, he points out that there is usually a strong linear relationship between herbage yield and meter 

reading within any one pasture at any one time. This suggests that application of a capacitance 

meter over a wide range of conditions may be difficult. Campbell and Arnold (1973) recommended 

a visual assessment over a capacitance meter in a mixed grass and clover pasture because of the low 

correlation obtained with the meter, especially with varied botanical composition and low dry 

matter present. 

Vickery et al. (1980) reported results of studies with a single probe meter that was more 

portable and convenient to use than previous designs, more stable in operation, and more respon- 

sive to differences in dry matter than to differences in moisture content. The probe reading was 

related to dry matter by the Mitscherlich model with an r? of greater than 86 percent. A more de- 

tailed description of this instrument and construction specifics are given by Vickery and Nicol 

(1982). 

Michell and Large (1983) found that the rising plate meter was marginally better than the 

single probe capacitance meter in estimating dry matter. Earle and McGowan (1979) did not find 

the Ellinbank rising plate Pasture Meter to be better than the electronic capacitance meter, but they 

discuss certain advantages of the rising plate meter. First, the rising plate meter had no drift due 

to battery changes, air temperature or humidity, and wetness (i.e., the electronic capacitance) of the 

pasture. Also, the rising plate meter was faster and easier to use and was cheaper than the electronic 

Capacitance meter. 

Effect of Growth Stage on Dry Matter and percent N. 

The model developed by Baethgen and Alley (1989b) to predict N fertilization needed at GS 

30 requires a value for the N uptake at GS 30. Nitrogen uptake is the product of the dry matter 

times percent N in the tissue. There is somewhat limited information on the changes which occur 

Dry Matter Estimation at Growth Stage 30 10



in dry matter production and percent N in winter wheat as a function of time. Consequently, it is 

not known how critical the timing of the sampling for dry matter production and percent N may 

be. 

Dry matter accumulation and N distribution has been studied in winter wheat over the grow- 

ing season (Waldren and Flowerday, 1979; Karlen and Whitney, 1980; and Baethgen and Alley, 

1989a). However, these researchers have studied the changes over the full growing season. Little 

information has been reported on the changes which occur at or near GS 30. 

Baethgen and Alley (1988a) reported an increase in N uptake occurring at GS 30, but there is 

no indication of which component of N uptake (percent N or dry matter production) is changing. 

It is conceivable that the timing of sampling for one parameter may be more critical than for the 

other parameter. Waldren and Flowerday (1979) also report increases in N and dry matter as a 

percentage of the total over the growing season. 

Karlen and Whitney (1980) evaluated the change in dry matter and macro-, secondary, and 

micronutrients in hard red winter wheat in Kansas from weekly sampling dates. Dry matter accu- 

mulation was described by quintic equations with r? = 0.577 and r? = 0.966 in the fall and spring, 

respectively. The authors offered no physical justification of the cubic and quintic terms included 

in the models, however. Also, the slope of the line between growth stage 25 and 31 (considering 

both fall and spring data) was very close to zero, suggesting that either dry matter does not change 

during this period or that weekly sampling is not sufficient to show significant changes. 

Percent N was also characterized by Karlen and Whitney (1980) with a quintic equation in the 

fall with an r? = 0.23. The low r? suggests that there is too much variation in percent N for it to 

be related to growth stage simply by a time variable during the fall. In the spring, however, percent 

N was negatively related to growth stage by a linear equation with an r? = 0.87. Inspection of the 

data presented by these researchers revealed more variation in percent N between growth stage 25 

and 30 than would be expected with the high r* value. The strong linear nature of the regression 

equation and the high r* were established by data collected after growth stage 30. 
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Sampling Intensity 

The question arises as to the number of samples necessary to accurately estimate the dry 

matter production on a field basis. Matches (1966) evaluated the size and number of mower strips 

needed for orchardgrass and Kentucky bluegrass pastures. The research concluded that a minimum 

of 0.33% of the area needed to be sampled to reflect the “true” dry matter production. That area, 

which translates to 33 m* ha™!, is excessive on a field scale. In addition, the mower harvested the 

pasture to a stubble height of 6.4cm. This height would leave a significant amount of dry matter 

in the field which may have affected the results of the study. 

Powell (1974) also evaluated the number of samples needed to estimate dry matter when using 

a weighted disk meter. The research was conducted on grazed paddocks of varying botanical 

composition in New Zealand. Sixty meter readings were taken along a diagonal in each paddock. 

This extensive sampling was considered a “standard” mean. Twenty randomly-selected observations 

were required to obtain a correlation of r = 0.90. If the observations were chosen from “average” 

sites within the paddock as visually evaluated by the operator, only five observations were required 

for the same correlation, implying that it is best to use visual evaluation in conjunction with the 

meter as suggested by Vartha and Matches (1977). The size of the paddocks were not given, so it 

is not possible to determine the number of samples recommended per unit area. Secondly, the 

varying botanical composition had a significant effect on the regression equations between dry 

matter production and meter readings. Therefore, it is possible that fewer samples would be re- 

quired if the botanical composition did not change or if the paddock contained only one species. 

Thirdly, the “standard” mean was a mean of meter readings, not dry matter production. The study 

did not correlate subsamples of meter readings with the dry matter production. The number of 

subsamples needed may be different if the mean of the subsamples is correlated with actual dry 

matter production instead of the “standard” mean of meter readings. 
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Materials and Methods 

Dry Matter Estimation 

Nitrogen rate and timing field experiments were established throughout Virginia during the 

1986-87 and 1987-88 winter wheat growing seasons. At GS 30 before N is applied, these exper- 

iments are a randomized complete block design consisting of 16 replications of five N rates (0, 28, 

56, 112, 168 kg N ha~') applied at GS 25. These experiments were used to produce a wide range 

of dry matter levels at GS 30. Tables 1 and 2 give site descriptions for 1986-1987 and 1987-1988, 

respectively. In 1986-87, one plot for each N fertilization level was selected except at site 4 where 

all plots were used. In 1987-1988, forty plots were randomly selected to give an equal number of 

N rates at each site. A plot diagram with treatment explanations is shown in Appendix A. 

In the 1986-87 winter wheat growing season, a capacitance meter and a weighted disk meter 

were evaluated for their effectiveness in predicting dry matter production. The capacitance meter 

was the Gallagher Pasture Probe manufactured by Design Electronics, Ltd., Palmerston North, 

New Zealand. The drop plate, or weighted disk meter, used was manufactured by the Agronomy 

Department at VA Tech. The design was similar to the drop plate described by Risso (1978). 

First, the pasture probe was used to obtain a Corrected Meter Reading (CMR) by taking the 

average of twenty readings taken from directly on the row within two 91 cm randomly selected row 

sections. Air references were taken before and after each set of twenty readings. The probe tip was 

waxed frequently when the dew was heavy. Another area was selected for the drop plate. Placing 

the foot of the drop plate on the row, the plate was dropped onto the vegetation. The reading was 

then recorded to the nearest 0.5 cm. The wheat was cut with hand shears to ground level from the 

two row sections used with the pasture probe. 

In the 1987-88 winter wheat growing season, four methods of estimating dry matter were 

evaluated: a capacitance meter, height, a weighted disk meter, and a nsing plate meter. The 
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Table 1. Summary of locations used during the 1986-1987 winter wheat growing season including wheat 
‘variety, row spacing, and soil type. 

  

  

Site Location Wheat Row Soil Type 
Variety Spacing 

(cm) 

1 Montague Farms, Saluda 18 Munden fine 
Essex Co. sandy loam 

2 Whitethorn Farn, Coker 916 10 Guernsey silt 
Montgomery Co. loam 

3 Whitethorn Farn, Coker 916 18 Guernsey silt 
Montgomery Co. loam 

4 Agronomy Research Coker 916 19 Ross sandy 
Farm, Giles Co. loam 
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Table 2. Summary of locations used during the 1987-1988 winter wheat growing season including 
wheat variety, row spacing, and soil type. 
  

  

Site Location Wheat Row Soil Type 
Variety Spacing 

(cm) 

1 Clarence E. Fitchett Saluda 18 Bojac sandy 
Farm, Accomac Co. loam 

2 Ralph Dodd Farm Coker 983 18 Bojac sandy 
Northampton Co. loam 

> Lewis Walker Farm Coker 916 18 Emporia fine 
Dinwiddie Co. sandy loam 

4 Ralph Randolph Farm Coker 916 10 Kempsville 
Hanover Co. sandy loam 

5 Montague I Farm , Coker 9733 18 Kempsville 
Middlesex Co. sandy loam 

6 Montague II Farm Saluda 18 Emporia fine 
Middlesex Co. sandy loam 

7 Liberty Hall Farm Massey 18 State sandy 
Westmoreland Co. loam 

8 Camden Farms Coker 916 10 Pamunkey 
Caroline Co. loam 

9 Whitethorn Farm Coker 916 10 Hayter loam 
Montgomery Co. 

18 Whitethorn Farm Coker 916 18 Hayter loam 
Montgomery Co. 

11 Agronomy Research Coker 916 10 Ross sandy 
Farm, Giles Co. loam 
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capacitance meter was the same Gallagher Pasture Probe used the previous year. The drop plate 

which also measured height was the same design as the previous year; however, it was made in the 

engineering shops at North Carolina State University. The rising plate was the Ellinbank Rising 

Plate Meter, manufactured by the Instruments Shop, University of Missouri according to a design 

described by Earle and McGowan (1979). 

The four methods of estimating dry matter were evaluated on each plot at each location. First, 

the pasture probe was used to obtain a CMR by averaging 10 readings taken from directly on the 

row within a 45 cm x 45 cm quadrant. Air references were taken before and after each set of 10 

readings. The probe tip was waxed frequently when the dew was heavy. This same area was used 

for the height and drop plate readings. Placing the foot of the drop plate on the row, the plate was 

lowered until 50 percent (by visual estimate) of the leaves were touching the plate. The height was 

then recorded to the nearest 0.5 cm. To obtain the drop plate reading, the plate was raised five cm 

above the height reading and dropped onto the vegetation. The reading was then recorded to the 

nearest 0.5 cm. A 45 cm x 45 cm frame was placed on the ground directly under the drop plate. 

The wheat tissue was cut with hand shears to ground level. 

The rising plate reading was taken in a separate area of the same plot to accommodate the 

smaller size of the plate. Since the plate is relatively small (32 cm x 32 cm), adjustment had to be 

made for different row spacings. The foot of the rising plate was placed between the rows for 18 

cm row spacings and on the rows for 10 cm row spacings. As the foot was placed on the ground, 

the plate rose along the central rod as the vegetation held it up. The reading was then recorded. 

A 32 cm x 32 cm frame was then placed on the ground directly under the rising plate. The wheat 

tissue was cut with hand shears to ground level. 

Sample handling 

Fresh weights were taken in the field with a triple beam balance when possible. It was not 

possible to take fresh tissue weights at all locations due to excessive dew on the wheat when it was 
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cut at some locations. Dry weights were taken after the samples were dried in an oven at 60°C for 

24 hours. 

Data analysis 

Dry matter production on a kg ha~! basis was calculated on the basis of row spacings. A 

wheat plant is assumed to utilize the space, light, water, and nutrients from half of the row on each 

side. Consequently, dry matter production on a land area basis must account for the space the 

plants occupy. Therefore, the length of row or the length of the quadrant side (dependent on the 

method used for that year) was multiplied by the row spacing to obtain a land area. 

Fresh tissue weights were taken at sites 2, 3, and 4 in 1986-1987 and sites 2, 3, 4, 7, and 8 in 

1987-1988. Percent moisture was calculated for those sites. 

Separate regression analysis (Steel and Torrie, 1980) for each method related dry matter from 

the cut samples to the readings obtained from the various methods. Locations used during 

1987-1988 were combined in different groupings to determined the effects of location, row spacing, 

and variety on the predictability of the regression equations obtained. Where applicable, the 

readings were also regressed against the fresh weights. 

The PRESS statistic, an indication of the predictibility of the dependent variable (dry matter 

or fresh weight) by the independent variable (CMR, height, drop plate reading, or rising plate 

reading), was used to compare the four methods. The lower the PRESS statistic value, the better 

the predictibility. For groupings which did not contain the same number of observations, the r? 

of prediction was used to evaluate the model, with the higher r* of prediction being the best. See 

Appendix B for a further explanation of the PRESS statistic and r* of prediction. 

Analysis of variance and regression analysis were performed on the percent moisture data to 

determine the effects of N fertilization rate, row spacing, and location on the reading. The pasture 

probe reading was also regressed against the water content of the wheat to determine if the meter 
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is more closely related to water content than to dry matter as suggested by Johns and Haydock 

(1970). 

The Effect of Time on Percent N and Dry Matter Production 

A 149 m? plot of winter wheat (cv. Twain) in 10 cm rows in Montgomery Co., VA was uti- 

lized for this experiment. At 3 day intervals from GS 25 to GS 31, five replications of wheat were 

cut and dried as previously described from a 32 cm x 32 cm quadrant. The growth stage was de- 

termined using the Zadoks (1974) growth stage scale as described and illustrated by Tottman and 

Makepeace (1979). The percent N in the tissue was determined by digesting the plant tissue with 

sulfuric acid and analyzing the digest for ammonia using a QuikChem Automated Ion Analyzer 

system. The colorimetric procedure is QuikChem Method No. 13-107-06-2-A (Lachat Instru- 

ments, 10500 N. Port Washington Rd., Mequon, Wisconsin 53092). 

Data analysis 

Analysis of variance and regression analysis were performed to relate growth stage and either 

percent N or dry matter. 

Sampling Intensity 

A 5.2 ha stand of wheat (cv. Twain) in 18 cm rows at Neuhoff Farms in Pulaski County, VA 

was selected for this experiement. One hundred randomly selected tissue samples were cut to 

ground level with hand shears within a 32 cm x 32 cm quadrant. The samples were dried at 60°C 

for 24 hours and weighed. 
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Data analysis 

Using a computer simulation model (Appendix C), the average of the 100 samples was calcu- 

lated and assumed to be the “true” dry matter production. From a randomly selected subset of 50 

samples all possible combinations of different numbers of subsamples were used to calculate the 

average dry matter. The standard deviation of the means was plotted against the number of sub- 

samples. 

The data was evaluated to see if the sampling technique had a relatively small inherent vari- 

ation and was, therefore, capable of causing at least a 50% drop in the standard deviation of means 

with three to five samples. A graph was constructed showing the relationship between the number 

of samples and the standard deviation of means. The point on the curve where each additional 

sample gave little additional decrease in the standard deviation of means was considered the critical 

number of samples. The applicability of the technique to larger fields was discussed. 

Results and Discussion 

Dry matter estimation 

A summary of the data collected in 1986-1987 and 1987-1988 are given in tables 3 and 4, re- 

spectively. The complete data set for 1987-1988 is found in Appendix D. 

Inspection of table 4 reveals that the dry matter production on a unit area basis for the cuttings 

used for the rising plate are, as a rule, higher than the corresponding cuttings used for the pasture 

probe, height, and drop plate. However, the difference is not consistent. Therefore, drying dis- 

crepancies and errors in calculation can be ruled out. A possible explanation for the difference in 

the dry matter production may be variation in the field. The smaller sample size of the rising plate 
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Table 3. Dry matter estimation data summary, 1986-1987. 

  

Montague Farm 

  

  

Dry Pasture Drop 
mattert probe-+ plate 

(kg/ha) (cm) 

Avge. 1094 158 7.7 
Max. 1568 197 10.7 
Min. 554 117 4.6 
Std. dev. 325 24 1.8 

  

Whitethorn 198 Farm 

  

Avg. 2009 209 16.3 
Max. 2852 239 18.4 
Min. 1076 171 14.0 

Std. dev. 474 18 1.2 

  

Whitethorn 18 Farm 

  

  

  

Avg. 1379 181 12.2 
Max. 2030 200 14.1 
Min. 1876 159 11.2 
Std. dev. 262 10 @.9 

Agronomy Research Farm 

Avg. 2265 189 14.4 
Max. 3444 164 18.8 
Min. 1561 68 10.6 
Std. dev. 478 25 1.8 

  

tpetermined on a 3252 square cm area for 18 cm 
rows and on a 1858 square cm area for 10 cm rows 
for use with the pasture probe and drop plate 
readings. 
*Corrected meter reading from the pasture probe. 
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Table 4. Dry matter estimation data summary, 1987-1988. 

  

Clarence E. Fitchett Farm 

  

  

Dry Dry . Pasture Drop Rising 
matter? matters probe§ Height plate plate 

(kg/ha) (kg/ha) (cm) (cm) (cm) 

Ave. 2606 3552 179 13.7 10.4 18 
Max. 3659 4694 251 21.0 15.0 28 
Min. 1746 2480 116 71.0 4.90 7 

Std. dev. 459 518 30 3.0 2.7 5 

  

Ralph Dodd Farm 

  

  

  

  

  

Ave. 1590 2604 145 11.9 7.0 13 
Max. 2141 3100 178 16.0 10.5 20 
Min. 1040 1683 108 8.0 4.0 4 
Std. dev. 276 302 18 2.1 1.8 4 

Lewis Walker Farm 

Avg. 1913 2994 177 13.7 9.0 15 
Max. 2869 3808 224 22.6 13.5 26 
Min. 1331 2303 127 9.0 5.0 10. 
Std. dev. 334 314 21 2.7 2.4 4 

Ralph Randolph Farm 

Ave. 2532 4012 161 15.4 10.9 17 
Max. 3711 5476 214 22.0 17.0 27 
Min. 1353 2585 88 5.0 2.5 5 
Std. dev. 566 637 30 4.2 3.5 6 

  

TDetermined on a 2406 square cm area for 18 cm rows and on a 
2290 square cm area for 10 cm rows for use with the pasture 
,probe, height and drop plate readings. 
*Determined on a 1129 square cm area for 18 cm rows and ona 
968 square cm area for 19 cm rows for use with the rising 
plate. 

SCcorrected meter reading from the pasture probe. 
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Table 4. (continued) 

  

Montague Farms I 

  

  

Dry Dry Pasture Drop Rising 
mattert matter? probe) Height plate plate 

(kg/ha) (kg/ha) (em) (cm) (cm) 

Avg. 2189 3129 166 15.1 10.3 17 
Max. 2869 3897 203 22.0 17.0 28 

Min. 1538 2480 119 10.@ 5.0 9 

Std. dev. 383 STT 21 3.0 2.8 4 

  

Montague Farms II 

  

  

  

  

  

Avg. 1889 2621 134 11.3 6.5 11 
Max. 2328 3454 188 17.0 11.0 21 
Min. 1289 2037 91 8.0 3.0 4 
Std. dev. 261 345 22 2.35 1.8 4 

Liberty Hall Farm 

Ave. 2704 3764 196 18.7 12.7 28 
Max. 3410 4960 252 26.0 18.5 33 
Min. 2038 2746 142 11.0 5.5 4 
Std. dev. 401 536 26 3.4 3.2 6 

Camden Farms 

Ave. 2524 4238 174 15.6 9.7 18 
Max. 3755 5786 237 25.0 17.5 27 
Min. 1790 3307 131 10.0 5.0 10 
Std. dev. 513 609 25 3.2 3.2 5 

  

TDetermined on a 2406 Square cm area for 18 cm rows and on a 
2290 square cm area for 10 cm rows for use with the pasture 
probe, height and drop plate readings. 
*Determined on a 1129 square cm area for 18 cm rows and ona 
968 square cm area for 10 cm rows for use with the rising 
plate. 
SCorrected meter reading from the pasture probe. 
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Table 4. (continued) 

  

Whitethorn 10 Farm 

  

  

  

  

  

  

Dry Dry Pasture Drop Rising 
mattert matter? probe§ Height plate plate 

(kg/ha) (kg/ha) (cm) (cm) (cm) 

Avg. 4163 6374 238 23.6 18.0 30 
Max. 5108 8473 280 29.0 23.0 36 
Min. 3362 4960 135 19.6 13.0 22 
Std. dev. 531 850 29 2.9 2.5 4 

Whitethorn 18 Farm 

Avg. 3976 6159 239 23.2 16.8 27 
Max. 5114 7661 287 30.0 23.8 39 
Min. 3098 4517 198 17.0 12.0 16 
Std. dev. 436 710 21 2.3 2.28 5 

Agronomy Research Farm 

Ave. 2958 4465 106 18.8 13.5 21 
Max. 3886 6296 160 27.@ 18.90 32 
Min. 1834 3410 43 13.0 3.5 12 
Std. dev. 455 643 31 3.2 3.1 5 

  

tnetermined on a 2406 square cm area for 18 cm rows and ona 
2298 square cm area for 18 cm rows for use with the pasture 

«probe, height and drop plate readings. 
*Determined on a 1129 square cm area for 18 cm rows and on a 
968 square cm area for 10 cm rows for use with the rising 
plate. 
SCorrected meter reading from the pasture probe. 
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may be more subject to variation caused by bare spots and excessive growth because there may be 

an operator tendency to avoid obviously poor areas, causing the sample to over estimate the dry 

matter production. The discrepancies do indicate that sample size is critical. When applying re- 

search to a field situation, it is imperative to exactly duplicate the cutting techniques and sampling 

areas. 

The average dry matter production ranges from 1094 kg ha~* at Montague Farms to 2265 kg 

ha~! at the Agronomy Research Farm in 1986-1987. For the 1987-1988 season, the average dry 

matter production ranges from 1590 kg ha~! at the Ralph Dodd Farm to 4163 kg ha~! at the 

Whitethorn 10 Farm. Clearly, there are differences in the average dry matter production due to 

locations. 

Dry matter production at GS 30 was regressed against each of the methods. The equations 

were compared using the r* of prediction to test the ability of the reading (CMR, height, drop plate, 

or rising plate) to predict the dry matter production. Once an acceptable equation is developed, it 

can be used to predict the dry matter production from the reading. 

Regression equations relating dry matter production at GS 30 to the pasture probe reading and 

to the drop plate reading for both years are found in tables 5 and 6, respectively. The remaining 

two methods, height and the rising plate, were added in the second year, and the resulting regression 

equations are presented in tables 7 and 8, respectively. 

Data was grouped as indicated in table 9 to examine the effects of row spacing and location 

and to determine the applicability of the methods over a wide range of conditions. Referring to 

table 4, it is clear that Whitethorn farm is not comparable to the other locations with respect to dry 

matter production and meter readings. The minimum value for the dry matter is higher than any 

other average dry matter production value. Also, the average dry matter production for Whitethorn 

farm is approximately 4000 kg ha~! while the closest average is 2958 kg ha~! at the Agronomy 

Research Farm in Giles Co. The average meter readings are also much higher. The average pasture 

probe reading ranges from 238 to 239 at Whitethorn in comparison with 106 to 196 at all other 

locations. Ranges for the average height, drop plate, and rising plate readings at Whitethorn Farm 

are 23.2 to 23.6 cm, 16.8 to 18.0 cm, and 27 to 30 cm, respectively. The ranges of the same values 
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Table 5. Regression equations relating dry matter production (y) at GS 30 to the pasture probe reading 
(x) for individual sites. 

  

  

  

2 r 
Sitet Regression Equation Significance‘ pred. 

Linear Quadratic 

1986-1987 

1 y$ = -853 + 12.34 ee ns 9.79 
2 y = -255 + 6.7x bd NS 0.04 
3 NS NS 
4 NS NS 

1987-1988 

1 y = 342 + 12.7x * NS 0.65 
2 y = -436 + 14.0x + # NS 0.77 
3 y = -207 + 12.0x + NS 0.52 
4 y = 34 + 15.5x * % NS 0.64 
5 y = -296 + 15.0x “+ NS 0.66 
6 y = 519 + 9.7x ot # NS 0.62 
7 y = 209 + 12.7x i # NS 0.64 
8 y = -525 + 17.5x # it NS 0.67 
9 y = 9881 - 63.0x + 0.16x2 ## oe 0.32 

10 y = 673 + 13.8x a+ NS 0.40 
11 y = 2268 + 6.5x # # NS 0.09 

  

tsee tables 1 and 2 for site descriptions. 
3*#***# Indicate significance at the 0.05 and 0.01 probability 
levels, respectively. 

Spry matter expressed in kg/ha. 
{Pasture probe corrected meter reading. 
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Table 6. Regression equations relating dry matter production (y) at GS 30 to the drop plate reading (x) 
for individual sites. 

  

  

2 r 
Site? Regression Equation Significance* pred. 

Linear Quadratic 

1986-1987 . 

1 yS = -193 + 166.3x1 ae NS 0.84 
2 NS NS 
3 NS NS 
4 y = 173 + 142.1x ee NS 8.39 

1987-1988 

1 y = 1115 + 143.8x #4 NS 0.69 
2 yY = 707 + 125.8x * # NS 0.63 
3 yY = 909 + 111.9x a% NS 0.57 
4 y = 1111 + 130.2x * + NS 0.63 
5 y = 911 + 123.7x ** NS 0.76 
6 y = 1051 + 116.9x # # NS 0.63 
7 y = 1499 + 95.9x * NS 0.53 
8 y = 1107 + 146.9x a NS 0.79 
9 y = 14335 + 151.4x # # NS 0.46 

10 y = 1802 + 129.0x # # NS 0.35 
11 y = 1692 + 93.8x * # NS 0.28 

  

tSee tables 1 and 2 for site descriptions. 
+***#* Indicate significance at the 0.05 and 0.01 probability 
levels respectively. NS = not significant. 
Dry matter expressed in kg/ha. 

qDr op plate reading expressed in cn. 
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Table 7. Regression equations relating dry matter production (y) at GS 30 to the height reading (x) for 
individual sites, 1987-1988. 

  

  

  

2 r 
Sitet Regression Equation Significance: pred. 

Linear Quadratic 

1 y§ = 802 + 131.4x1 «e NS 0.73 
2 y = 272 + 110.5x * i NS 0.67 
3 y = 616 + 94.5x allel NS 0.56 
4 y # 831 + 110.5x * # NS 0.62 
5 y «= 569 + 107.1x % NS 0.66 
6 y = 7435 + 94.1x + # NS 0.64 
7 y = 1093 + 86.2x a NS 0.50 
8 y = -1189 + 350.0x - 6.50x? «#* * 0.75 
9 y = 1105 + 129.7x * # NS 0.44 

108 y 906 + 132.5x * NS 0.44 
11 y »* 953 + 107.0x # # NS 0.52 

  

tSee table 2 for site descriptions 
+*#*## Indicate significance at the 0.05 and 0.01 probability 
levels, respectively. NS = not significant. 

Spry matter expressed in kg/ha. 
{Height expressed in cn. 
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Table 8. Regression equations relating dry matter production (y) at GS 30 to the rising plate reading 
(x) for individual sites, 1987-1988. 

  

  

2 r 
SiteT Regression Equation Significance? pred. 

Linear Quadratic 

1 y§ = 2036 + 85.1x! oe NS 0.63 
2 y = 1984 + 48.6x “a NS 0.41 

3 y = 2035 + 63.0x + NS 0.53 
4 y = 2487 + 89.1x *# NS 0.66 

5 y = 2141 + %57.8x it NS 0.34 
6 y = 1818 + 75.1x * NS 0.62 
T y = 2656 + 56.3x + # NS 0.39 

8 y = 2514 + 98.6x a # NS 0.54 
9 NS NS 

10 y = 3442 + 101.8x ** NS 0.46 

11 y «= 2750 + 81.1x a NS 0.26 

  

tsee table 2 for site descriptions. 
+"*** Indicate significance at the 0.05 and 0.01 probability 
levels respectively. NS = not significant. 

§Dry matter expressed in kg/ha. 
{Rising plate reading expressed in cn. 
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at all other locations are 11.3 to 18.8 cm, 6.5 to 13.5 cm, and 11 to 21 cm, respectively. Several 

factors may have contributed to these differences, including high residual N, warm temperatures, 

and optimum cultural practices. Therefore, each grouping was examined with and without 

Whitethorn farm. 

The regression equations relating dry matter production to the various dry matter estimation 

methods for each grouping are found in tables 10 - 13. Equations useful for field applications where 

large bariability is expected will have an r? of prediction greater than 0.70. This means that the 

regression equation explains 70 percent of the variation in predicted values, with only 30 percent 

of the errors in prediction remaining unexplained. 

The 2 of prediction is analogous to the coefficient of determination, or r*._ While the r? value 

is used to compare models on the basis of fit, the r? of prediction value is used to compare models 

on the basis of predictive ability. See Appendix B for a further explanation of the r? of prediction. 

With regard to the overall model with all sites combined (group A), the drop plate and height 

methods predict dry matter best with r* of prediction = 0.82 and 0.81, respectively, as compared 

with the pasture probe and rising plate with r? of prediction = 0.64 and 0.70, respectively. The r’ 

of prediction for the pasture probe is 0.64 for the combined model. Only groups D, E, L, and N 

show an increase over the combined model with group E still having a lower r* of prediction than 

obtained with the drop plate and height methods. 

The r? of prediction for the rising plate for the combined model is 0.70 with only groups L 

and N showing an increase. None of these r* of prediction values equal the values obtained with 

either the drop plate or height methods. 

The drop plate combined model gives an r* of prediction of 0.82. Groups D, H, L, and N 

have an equal or greater r? of prediction. The height combined model gives an r* of prediction of 

0.81 with groups H and L having a higher r? of prediction. Both of these values are acceptable for 

use in field applications. 

The purpose of the groupings of the data was to examine the effect of row spacing and variety 

on the various regression equations. Group D (18 cm row spacing combined) is only higher than 

the combined model with the pasture probe, and group F (10 cm row spacing combined) is always 
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Table 9. Descriptions of the data groupings used for regression analysis relating dry matter production 
at GS 30 individually to pasture probe, height, drop plate, and rising plate readings. 

  

  

Grouping Description 

A All sites combined (1-11)t 
B AN sites Sombined without Whitethorn farm 

1-8, 11 

Cc Whitethorn farm combined (9-10) 
D 18 cm row spacings combined (1-3, 5-7, 10) 
E 18 cm row spacings combined without Whitethorn 

farm (1-3, 5-7) 
F 18 cm row spacings combined (4, 8-9, 11) 
G 18 cm row spacings combined without Whitethorn 

farm (4, 8, 11) 
H Coker 916 combined (3-4, 8-11) 
I Coker 916 combined without Whitethorn farm 

(3-4, 8, 11) 
J Coker 916 in 10 cm rows combined (4, 8-9, 11) 
K Coker 916 in 18 cm rows combined without 

Whitethorn farm (4, 8, 11) 
L Coker 916 in 18 cm rows combined (3, 1@) 
M Coker 916 in 18 cm rows combined without 

Whitethorn farm (3) , 
N Saluda combined (1, 6) 

  

tSee table 2 for site descriptions. 
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Table 10. Regression equations relating dry matter production (y) at GS 30 to the pasture probe reading 
(x) for selected groups of data. 

  

  

  

2 
r 

Croupt Regression Equation Significance: pred. 

Linear Quadratic 

A y§ = 3897 - 30.7x1+ 0.13x2 an un 0.64 
B y = 3941 = 30.1x + 0.12x2 ue ue 0.28 
Cc y = 9113 = 56.5x + 0.15x2 a +* 0.36 
D y = 1439 = 8.1x + 0.07x2 #0 ae 0.81 
E y = 815 + 1.6x + 0.04x2 om “+ 0.66 
¥ y = 3760 - 21.9x + 0.09x? ae ae 0.58 
G y = 3470 - 16.0x + 0.07x2 o aa 0.05 
H y = 4284 - 30.6x + 0.12x?2 as oe 0.59 
I y = 3806 — 20.6x + 0.07x2 NS “* 0.02 
J y = 3760 - 21.9x + 0.09x? a ae 0.58 
K y = 3470 — 16.0x + 0.07x? « na 0.05 
L y = -2681 + 27.0x ae NS 0.83 
M y = ~207 + 12.0x ae NS 0.51 
N y = -14 + 14.2x a+ NS 0.80 
  

tSee table 9 for group descriptions. 
s**a8# Indicate significance at the 0.05 and 0.01 probability 
levels respectively. 

§SDry matter expressed in kg/ha. 
{Pasture probe corrected meter reading. 
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Table 11. Regression equations relating dry matter production (y) at GS 30 to the drop plate reading 
(x) for selected groups of data. 

  

  

  

2 r 

Groupt Regression Equation Significance? pred. 

Linear Quadratic 

dA = y$ = 1048 + 88.1x19+ 3.95x? oe ee 0.82 
B y = 865 + 145.0x *« NS 0.72 
C yy = 1588 + 142.7x «# NS 0.46 
D y = 983 + 83.3x + 4.41x? on ee 0.82 
E y = 807 + 142.7x *# NS 0.72 
F y = 1570 + 41.9x + 4.90x? a ae 0.79 
G y = 1268 + 123.6x we NS 0.65 
H Y = 1148 + 85.1x + 4.02x2 oe * 0.81 
I y = 983 + 139.4x + NS 0.65 
J y = 1570 + 41.9% + 4.90x? oe ne 0.79 
K y = 1268 + 123.6x * # NS 0.65 
L y 10 + 227.3x ae NS 0.87 
M y = 909 + 111.9x a NS 0.57 
N y = 818 + 164.8x af NS 0.81 
  

tSee table 9 for group descriptions. 
z#°*## Indicate significance at the 0.05 and 0.01 probability 
levels respectively. NS = not significant. 
Spry matter expressed in kg/ha. 
{Drop plate reading expressed in cm. 
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Table 12. Regression equations relating dry matter production (y) at GS 30 to the height reading (x) 
for selected groups of data. 

  

  

  

2 r 
Croupt Regression Equation Significance? pred. 

Linear Quadratic 

A yS = 748 + 65.4x%4 2.77x2 ae ae 0.81 
B y = 444 + 126.0x + NS 0.67 
Cc y = 965 + 132.8x “+ NS 0.47 

D y -2 + 156.0x + # NS 0.78 

E y = 493 + 116.5x + NS 0.62 

F y = 952 + 68.4x + 2.41x? ** . 0.80 
G y = 745 + 117.7x * # NS 0.70 

H y = 567 + 91.4xK + 2.16x2 + # * 0.83 
I yY = 439 + 130.1x 4 NS 0.68 
J y = 952 + 68.4x + 2.41x? #* * 0.80 
K y = 745 + 117.7x + NS 0.70 

L y = ~650 + 194.8x  # NS 0.89 

M y = 616 + 94.5x *# NS 0.55 
N y = 271 + 154.6x allel NS 0.67 

  

tsee table 9 for group descriptions. 
+#e"# Indicate significance at the 0.05 and 0.01 probability 
levels respectively. NS snot significant. 
§Dry matter expressed in kg/ha. 
{Height expressed in cm. 
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Table 13. Regression equations relating dry matter production (y) at GS 30 to the rising plate reading 
(x) for selected groups of data. 

  

2 
r 

Groupt Regression Equation Significance? pred. 

Linear Quadratic 

A y$ = 1881 + 62.8x14+ 2.34x2 “* “8 0.70 
B y = 1741 + 105.4x ae NS 0.53 
Cc y = 4117 + 75.7x ae NS 0.16 
D y = 2016 + 21.5x + 3.44x2 of a 0.69 
E y = 1778 + 85.8x a* NS 0.62 
F y = 2816 + 44.9x + 1.98x? ae * 0.62 
G y = 2569 + 89.8x # + NS 0.54 
H y = 1369 + 157.4x * NS 0.67 
I y = 2063 + 106.2x ae NS 0.43 
J y = 2816 + 44.9x + 1.98x2 ae * 0.62 
K y = 2569 + 89.8x ae NS 0.54 
L y = 241 + 206.8 ae NS 0.78 
M y = 2035 + 63.0x os NS 0.53 
N y = 1644 + 101.3x a* NS 0.79 
  

tSee table 9 for group descriptions. 
s*#**# Indicate significance at the 0.05 and 0.01 probability 
levels respectively. NS = not significant. 

§Dry matter expressed in kg/ha. 
{Rising plate reading expressed in kg/ha. 
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lower than the combined model. This indicates that grouping the data by row spacing alone does 

not generally increase the r? of prediction of the model as compared to grouping the data by com- 

bining all sites. Group L (Coker 916 in 18 cm rows combined) consistently has a higher r* of 

prediction than the combined model. This may suggest that a model specific for variety and row 

spacing would predict dry matter production better than a model combining all sites. However, the 

combined model for Coker 916 in 10 cm rows (group I) never gives an increase in the predictive 

ability over the combined model. Therefore, developing a model specific for row spacing and va- 

niety will probably not improve prediction of dry matter over a model with all row spacings and 

varieties combined. 

Figure 1 shows the distribution of the r? of prediction values for the individual site models 

(tables 5 - 8). While most of the models have an r? of prediction falling between 0.60 and 0.70, it 

is desirable to have an 1? of prediction greater than 0.70 for the model to be useful in field appli- 

cation. Only 5 models have r* values greater than or equal to 0.70. Note that this is from a total 

of forty-one models. It is clear from Figure 1 and tables 5 - 8 that there is a wide range of predictive 

ability for each method at any site. For example, the pasture probe predicts dry matter with an r? 

of prediction of 0.79 at site 1 in 1986-1987. However, the r? of prediction at site 2 is only 0.04, and 

the equation is not significant at sites 3 and 4. In 1987-1988, the same problem occurs with the r? 

of prediction for the pasture probe ranging from 0.09 at site 11 to 0.77 at site 2. The intercepts range 

from -853 to 2268, and the slopes range from 6.5 to 17.5 for the linear equations for both years. 

There is one quadratic equation in the second year. From this wide variation in the r* of prediction, 

intercepts, and slopes, it is clear that there is no consistency of calibration among sites. 

Due to this wide range in predictive ability at each site, caution must be used in applying a 

combined model even if it does have an acceptable r? of prediction. For example, consider the 

application of the drop plate for site 3 (Walker Farm, Dinwiddie Co.). Group L (Coker 916 in 18 

cm rows combined), which includes site 3, has an r* of prediction of 0.87. However, the regression 

equation for the individual site (also group M) gives an r? of prediction of 0.57. The improvement 

in the r? of prediction for group L over group M can be attributed to the addition of the Whitethorn 

farm which, when evaluated alone, only has a r* of prediction of 0.33. Using average drop plate 
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Figure 1. Distribution of the r* of prediction values for the regression equations relating dry matter 
production and meter readings at GS 30 for individual sites. 
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values for both site 3 and 10 from table 4, the individual site models predict dry matter production 

which varies from the actual by -3 kg ha~! and 7 kg ha™!, respectively. When the average values 

are evaluated in the combined model, the predicted dry matter productions are off by -143 kg ha~! 

and 147 kg ha™', respectively. Clearly, combination of the data sets in this case is responsible for 

a better fit of the regression equation and a subsequent increase in the predictive ability of the 

model; however, it is detrimental to the prediction of the dry matter for each site. 

The overall combined model has an r? of prediction of 0.82. On the average, the overall 

combined model overestimates dry matter production at site 3 with the drop plate by 265 kg ha~?. 

Again, an increase in the r* of prediction in a combined model does not guarantee more accurate 

prediction of dry matter for an individual site. 

Since the ultimate goal of dry matter estimation is the prediction of the N requirement at GS 

30, it is useful to also compare models on the basis of their effect on the N requirement. Baethgen 

and Alley (1989b) present the equation y = 240 - 2.12x where y = N recommended at GS 30 in 

kg ha~! and x = the N uptake of the tissue at GS 30 in kg ha™?. 

The following method was used to evaluate the effects of the predicted dry matter on the N 

recommendation. First, the drop plate readings were used in the individual site model for site 3 to 

obtain the predicted dry matter values. These values were used with the corresponding N uptake 

values (not reported here) in Baethgen and Alley’s (1989b) N recommendation model to obtain 

predicted N recommendations. Nitrogen recommendations using actual dry matter instead of pre- 

dicted dry matter were also calculated. The differences between these two N recommendations were 

calculated and averaged. The results of the calculations are presented in the following paragraphs. 

The individual site model for site 3 underestimates the N recommendation by 0.25 kg ha™! 

when compared with the N recommendation obtained from the actual samples. The overall com- 

bined model underestimates the N recommendation on the average by 19 kg ha~! The N recom- 

mendation of the combined model ranges from 65 kg ha! below to 18 kg ha7? 

recommendation from the individual site model. This degree of accuracy in the prediction of the 

N requirement is not acceptable for a field situation. Note that the r* of prediction for the dry 

matter estimation model is higher for the combined model than for the individual site model, and, 
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yet, the N recommendation is more accurate for the individual site model. It is clear, therefore, that 

the r? of prediction for the dry matter estimation model is not necessarily a good indication of the 

ability of the model to predict the N requirement at GS 30 for a given site. 

The accuracy of the prediction can also be evaluated using the worst case prediction, or the 

observation with the greatest residual, for each combined model and comparing it with the actual 

prediction and the prediction obtained from the individual site model. For group A, the worst case 

prediction for the drop plate method was associated with plot 420 at site 11. The actual N re- 

commendation from the cut sample is 142 kg ha~?. Experience has indicated that the wheat crop 

in Virginia generally could not efficiently utilize this much N at GS 30. However, a recommenda- 

tion of 60 kg ha~? would be reasonable in this case. The recommendation from the combined 

model is -23 kg ha~!, or no N applied. The recommendation from the individual site model is 89 

~1. As expected, the in- kg ha~’. Again, the recommendation would probably be cut to 60 kg ha 

dividual site model gives a more accurate prediction of the N recommendation. An underprediction 

of this magnitude from the combined model is too large and would result in the loss of profit. 

The worst case prediction for the height method is associated with plot 420 at site 9. The actual 

N recommendation from the cut sample is -53 kg ha~', or no N applied. The recommendation 

from the combined model is 49 kg ha~!. The recommendation from the individual site model is 

11 kg ha~?. As expected, the individual site model again gives a more accurate prediction of the 

N recommendation. An overprediction of 49 kg ha~! decreases profits and is not environmentally 

acceptable. 

Fresh weight estimation 

Since the dry matter estimation measurements are taken on fresh foliage, there 1s a possibility 

that the methods will predict fresh weight better than dry matter. Summaries of the fresh weights 

are found in tables 14-16. Tables 17-20 contain the regression equations relating fresh weights to 

the various estimation methods. 
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Table 14. Summary of fresh weights, 1986-1987. 

  

we mr rrr re renee nee Sitel -------------------- 

2? 3 4 

(kg/ha) (kg/ha) (kg/ha) 

Ave. 12032 7052 9769 
Max. 16146 9902 14100 
Min. 8619 5351 5489 
Std. dev. 2309 1265 2617 

  

tsee table 1 for site descriptions. 
“Determined on a 3252 square cm area for 18 cm rows and on a 
1858 square cm area for 198 cm rows. 
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Table 15. Summary of fresh weights used with the pasture probe, height, and drop plate readings, 

  

1987-1988, 

mr rn eee Sitet ----------------------- 

2% 3 4 7 8 

(kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) 

Ave. 5304 6455 9616 9831 8815 
Max. 8961 12063 18918 15780 14867 
Min. 2021 3189 2716 5643 5121 
Std. dev. 1826 1895 3920 2893 2669 

  

tSee table 2 for site descriptions. 
sDetermined on a 2406 square cm area for 18 cm rows and on a 
2298 square cm area for 1@ cm rows for use with the pasture 
probe, height and drop plate readings. 
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Table 16. Summary of fresh weights used with the rising plate readings, 1987-1988, 

  

we oe --- =~ - +--+ += -- Sitet ----------------------- 

23 5 4 7 8 

(kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) 

Ave. 7037 8399 12556 11431 12655 
Mas. 10938 13338 24169 18405 21245 
Min. 3436 4889 4123 5403 8308 
Std. dev. 1785 1897 4194 3222 3336 

  

Tsee table 2 for site descriptions. 
+Determined on a 1129 square cm area for 18 cm rows and on a 
968 square cm area for 10 cm rows for use with the rising 
Plate. 
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Table 17. Regression equation relating fresh weight (y) at GS 30 to the pasture probe reading (x) for 
individual sites. 

  

  

2 r 
Sitet Regression Equation Significance: pred. 

Linear Quadratic 

1986-1987 

2 y§ = -4457 + 78.9x1 ae NS 0.26 
3 NS NS 
4 = 2047 + 71.1x * # NS @.34 

1987-1988 

2 y = -8250 + 93.3x a # NS 0.79 
3 y = -61989 + 71.3x # # NS 0.58 
4 y = -8392 + 111.8x + # NS 0.70 

7 y = -9247 + 97.3x at NS 0.72 
8 y = -7854 + 95.9x *# NS @.75 

  

TtSee tables 1 and 2 for site descriptions. 
t*#+**# Indicate significance at the 0.05 and 0.01 probability 
levels, respectively. NS = not significant. 

§Fresh weight expressed in kg/ha. 
{Pasture probe corrected meter reading. 
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Table 18. Regression equations relating fresh weight (y) at GS 30 to the drop plate reading (x) for in- 
dividual sites. 

  

  

  

2 r 
Site! Regression Equation Significance? pred. 

Linear Quadratic 

1986-1987 

2 NS NS 
3 q NS NS - 
4 y§ = -6589 + 1110.4x a NS 0.74 

1987-1988 

2 y = -85%1 + 876.2x + NS 0.71 
3 y 699 + 641.4x # # NS @.58 
4 y = -315 + 910.1 lal NS @.64 
7 y = 426 + 742.8x wt NS @.62 
8 y = 1355 + 773.0x *# NS 0.81 

  

tSee tables 1 and 2 for site descriptions. 
y#e"# Indicate significance at the 0.05 and 0.01 probability 
levels respectively. NS = not significant. 
Fresh weight expressed in kg/ha. 

{pr op plate reading expressed in cm. 
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Table 19. Regression equations relating fresh weight (y) at GS 30 to the height reading (x) for individual 
sites, 1987-1988. 

  

  

  

2 r 
Sitet Regression Equation Significance? pred. 

Linear Quadratic 

2 yS = ~3572 + 743.6x1 “e NS 0.70 
3 y = ~-1318 + 565.8 «# NS @.62 

7 y = -2984 + 685.3x “+ NS 0.63 

  

TSee table 2 for site descriptions. 
t#e*## Indicate significance at the 0.05 and 0.01 probability 
levels respectively. NS = not significant. 

§Fresh weight expressed in kg/ha. 
{Height reading expressed in cm. 
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Table 20. Regression equations relating fresh weight (y) at GS 30 to the rising plate reading (x) for 
individual sites, 1987-1988. 

  

  

  

2 r 
Sitet Regression Equation Significance: pred. 

Linear Quadratic 

2 y! = 2867 + 327.1x1 ae NS 0.56 
3 y «= 2293 + 401.1x ** NS @.61 

4 y = 2086 + 611.4x + # NS @.73 
7 y = 3873 + 384.0x * NS 0.53 
8 y = 2487 + 581.9x * # NS 0.64 

  

tSee table 2 for site descriptions. 
+#**# Indicate significance at the 0.05 and 0.01 probability 
levels respectively. NS = not significant. 

SFresh weight expressed in kg/ha. 
{Rising plate reading expressed in cn. 
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Table 17 gives the regression equations relating the pasture probe reading to the fresh weights. 

Note that in comparison to the r? of prediction for the same site found in table 5, the r? of pre- 

diction for the fresh weight is always higher. The pasture probe is an electronic capacitance meter 

consisting of a dielectric. In the case of the pasture probe, one plate is in the probe and the foliage 

provides the second plate. Both distance between plates and the size of the plates is critical in a 

dielectric. Therefore, the probe integrates the surface area of the foliage and its distance from the 

probe to obtain a reading. With fresh foliage, the water provides a larger surface area, thereby in- 

creasing the capacitance. It follows, therefore, that the pasture probe would be more effective at 

predicting fresh weight than dry matter production (Johns and Haydock, 1970 and Johns, 1972). 

Comparing the r* of prediction values from tables 18, 19, and 20 with those from tables 6, 7, 

and 8, respectively, it is apparent that all methods predict fresh weight better than dry matter. This 

is also probably due to the influence of water in the foliage. 

Table 21 presents the regression equations for the various methods when grouping sites 4 and 

8 (Coker 916 in 10 cm rows). There is no consistent increase in the r? of prediction for any method, 

indicating that grouping on the basis of variety and row spacing again adds no predictive ability. 

Predicting water content with the pasture probe 

Since water is the largest component of fresh foliage, it may have the greatest impact on the 

capacitance reading. It is possible that the probe reading actually predicts the water content better 

than the fresh weight. 

Table 22 presents the regression equations and the r? values of prediction for the relationship 

between water content and the pasture probe reading. Table 23 shows a comparison of the r? of 

fit and the r* of prediction for both the fresh weight and the water weight. Both the r? of fit and 

the r? of prediction for the water weight are, except in one case, either greater than or equal to the 

corresponding r? for the fresh weight equations. However, the additional fit and predictive ability 
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Table 21. Regression equations relating fresh weight (y) at GS 30 to the various methods (x) for sites 
4 and 8, 1987-1988. 

  

  

  

2 r 
Method Regression Equation Significance? pred. 

Linear Quadratic 

Pasture 
probe y§ = -6951 + 96.5x1 “# NS 0.63 

Height y = -2659 + 782.5x# a NS 0.73 

Drop 
plate y = 559 + 842.0xiTt # NS 0.71 

Rising * 
plate y = 2238 + 599.7x+ i # NS @.71 

  

tSee table 2 for site descriptions. 
t#e*# Indicate significance at the 0.05 and 0.01 probability 
levels, respectively. NS = not significant. 
§Fresh weight expressed in kg/ha. 
{Pasture probe corrected meter reading. 
#Height expressed in cm. 
Trop plate reading expressed in cm. 
Rising plate reading expressed in cm. 
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are very small. Therefore, utilizing water weight instead of fresh weight explains no more of the 

variation. Secondly, the pasture probe predicts the water weight only as well as the fresh weight. 

Percent moisture content as influenced by N fertilization 

It is apparent from the preceding discussion that each method is more accurately indicating 

fresh weight than dry matter. Application of the methods for the intended purpose of predicting 

dry matter production will not be possible unless there is a consistent percent moisture content in 

the foliage over all locations and N fertilization practices. If this is the case, then the chosen method 

can be used to predict the fresh weight and the dry matter calculated from the predicted fresh weight 

using an “average” percent moisture. 

Table 24 shows the influence of N fertilization rate at GS 25 on the wheat tissue moisture 

content at GS 30. Except for one case, the N fertilization rate had a significant effect on the percent 

moisture. The values vary from 56.1% to 84.6% over all locations and years. Within a site, the 

greatest range is 18.5% at site 2 in 1987-1988. Two other sites have ranges greater than 10%. 

Clearly, the percent moisture is not consistent over all locations and N fertilization practices. 

Since percent moisture is not constant, dry matter can not be calculated from the fresh weight 

predicted by the various methods. The average fresh weight multiplied by the quantity (1 - 

*“emoisture) equals the average dry matter. At site 2 in 1987-1988, the calculated dry matter would 

vary by 981 kg ha~! due to the range in percent moisture. This is only slightly less than the ob- 

served range in dry matter of 1040 kg ha! (table 4). The effect of the percent moisture range at 

site 3 in the second year is 542 kg ha~!. This range in dry matter is also less than the observed 

range of 1331 kg ha~! for site 3 dry matter (table 4). Calculating dry matter from predicted fresh 

weight again is not feasible because the differences in percent moisture do not account for the range 

in observed dry matter. 

Regression equations relating the tissue moisture content at GS 30 to the N fertilization rate 

at GS 25 are shown in table 25. The r? of prediction values range from 0.23 to 0.75; three sites are 
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Table 22. Regression equations relating water weight (y) at GS 30 to the pasture probe reading (x) for 
individual sites. 

  

  

  

2 r 
Sitet Regression Equation Significance? pred. 

Linear Quadratic 

1986-1987 

2 y§ = -74 + 1.24 “s NS 0.27 
3 NS NS 
4 y = 11 + 1.2x + # NS 0.38 

1987-1988 

2 y = -188 + 1.9x "# NS 0.78 
3 y = -144 + 1.4x «+ NS @.58 
4 yY = 78+ 1.5xX + O.01x2 «#* * 0.72 
7 y = -227 + 2.8x lial NS 0.72 
8 y = -168 + 1.8x + NS 0.76 

  

tSee tables 1 and 2 for site descriptions. 
+**** Indicate significance at the 0.05 and 0.01 probability 
levels, respectively. NS = not significant. 

§Water weight expressed in grams. 
{Pasture probe corrected meter reading. 
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Table 23. A comparison of the r? of fit and the r? of prediction for regression equations relating fresh 
weight and water weight to the pasutre probe reading for individual sites. 

  

o------ r2 ------- ---- r? pred. ---~ 
Fresh Water Fresh Water 

Sitet weight weight weight weight 

1986-1987 

2 0.36 @.38 @.26 0.27 
3 NS NS NS NS 
4 0.48 0.51 0.34 0.38 

" 1987-1988 

2 0.81 0.80 @.79 0.78 
3 ®@.62 @.62 0.58 @.58 

4 0.72 0.75 0.70 0.72 
7 0.74 (8.75 0.72 @.72 
8 ®.78 @.79 0.75 @.76 

  

TSee tables 1 and 2 for site descriptions. 
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Table 24. Wheat tissue moisture content at GS 30 as influenced by N fertilization rate at GS 25. 

  

  

memset tse Sitest --------------- 
N Rate 2 3 4 7 8 

(kg/ha) rere ne en nene ® moisture --------~--~------- 

1986-1987 

@ 82.2 77.8 72.1 

28 80.8 81.0 73.4 

56 84.4 81.3 76.0 

112 84.4 81.7 78.4 
168 84.6 719.6 83.1 

Linear: * Ns aH 
Quadratic NS NS NS 

1987-1988 

@ 56.1 64.1 61.4 65.5 68.6 
28 66.3 67.9 68.8 68.6 69.2 
56 69.7 69.8 73.6 71.2 71.0 

112 72.0 71.8 717.4 73.7 69.8 

168 74.6 72.5 73.7 77.3 73.8 

Linear + # x! #% + # + 

Quadratic # # * *# NS NS 

  

tSee tables 1 and 2 for site descriptions. 
+*#***# Indicate significance at the 0.05 and 0.91 probability 
levels, respectively. NS = not significant. 
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described by quadratic equations. Clearly, the relationship is site-specific. This is to be expected 

since each site will vary in regard to the level of residual N. This fact will make application of the 

equations over all locations impossible. It is, therefore, again impossible to calculate the dry matter 

from the fresh weight predicted by the various methods. 

The influence of time on percent N and dry matter production 

The changes in percent N in the wheat tissue and the dry matter production with time are 

presented in table 26. The change in percent N was not significant over the evaluated growth stages. 

This study was conducted at Whitethorn in Montgomery County which had a high level of residual 

N. Therefore, as the dry matter increased, the wheat plant was able to remove more N from the soil. 

Since percent N is a function of the total amount of N in the plant and the amount of dry matter, 

the percent N would remain fairly constant if the continued uptake of N could keep up with in- 

creases in dry matter. The strong linear decrease in the percent N that has been shown by other 

researchers was from later season growth stages. The effect of growth stage on percent N may be 

affected by residual soil N levels. 

Dry matter production, on the other hand, shows a highly significant increase between GS 25 

and GS 32. This trend is also illustrated in figure 2. While the timing of sampling for percent N 

may not be as critical, the timing for dry matter production is critical. Delaying sampling until GS 

31, which in this case is only three days, could overestimate the dry matter production by approx- 

imately 10%. Care must, therefore, be exercised in sampling at precisely GS 30. This requires that 

the farmer correctly indentify the growth stage. It also requires the ability to get into the field at 

the prescribed time. 
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Table 25. Regression equations relating wheat tissue moisture content (y) at GS 30 and nitrogen 
fertilization rate (x) at GS 25. 

  

Sitet Regression Equation r2 

1986-1987 

2 yt = 81.9 + 0.019x3 0.27 
3 s 
4 y = 72.5 + 0.049x ®.67 

1987-1988 

2 y = 57.8 + 6.25x - 8.0009x2 ®.75 

4 y = 61.6 + 0.29x - 0.0013x2 @.52 
7 y = 66.4 + 0.07x 0.80 
8 y = 68.6 + 0.03x 0.23 

  

tSee tables 1 and 2 for site descriptions. 
«Moisture content expressed as a percentage. 
§Nitrogen fertilization rate expressed in kg/ha. 
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Table 26. Wheat tissue nitrogen content and dry matter production between GS 25 and GS 32 for 
Twain wheat growing in 10 cm rows on a Hayter loam soil, 1987-1988. 

Growth Dry 

  

Date stage ent matter 

(kg/ha) 

3-22-88 25 3.14 3376 
3-25-88 26 3.08 4142 

3-28-88 30 3.12 4101 

3-31-88 31 2.95 4515 
4- 6-88 32 3.21 5758 

Linear? NS ae 

  

TMean of 5 replications. 
3*#*## Indicate significance at the 0.05 and 9.91 probability 
levels, respectively. NS = not significant. 
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Figure 2, The change in dry matter production of winter wheat over time. 
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Sampling intensity 

As discussed before, the true dry matter production of a field can only be obtained by cutting, 

drying, and weighing the entire field. So the dry matter production must be estimated with smaller 

samples from a known area. The number of samples necessary to estimate the true dry matter 

production is not yet known. 

As the number of samples increases, the standard deviation of the means will decrease. The 

rate at which the standard deviation of means decreases depends on two factors. First, the variation 

in the sampling technique will affect the rate of decrease. With more variation inherent to the 

technique, the rate of decrease will be lower. Secondly, the amount of variation in the dry matter 

for the field will also affect the rate of decrease in the standard deviation of means. Again, the rate 

of decrease will be lower with more variation in the dry matter for the field. 

Figure 3 shows the effect of increasing the number of samples on the standard deviation of 

means for the study conducted at Neuhoff Farms in Pulaski County, VA. The standard deviation 

drops from 608 at one sample to 290 for four samples, a drop of more than 50%. By the fourth 

sample, the standard deviation of means is not decreasing much with each additional sample. For 

this five ha field, four cut samples are sufficient to estimate the dry matter production. The vari- 

ation inherent to the sampling technique must be relatively small, since the objective of at least a 

50% drop in the standard deviation of means in three to five samples was obtained. 

Extrapolation of these findings to a larger field will be affected by the two factors mentioned 

before that control the rate of decrease in the standard deviation of means: variation in the sampling 

technique and variation in the dry matter for a given field. Variation in the sampling technique 

should not change as a function of field size. The samples were cut by three people for this study. 

Therefore, the results already include variation due to operator differences and should be the most 

variable results that would be obtained. So if variation in the sampling technique were the only 

concern, four samples would be sufficient for any size field. 
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Figure 3. The effect of the number of samples on the standard deviation of means. 
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However, variability in dry matter in the field must also be considered. Variation in dry matter 

production generally increases as the field size increases due to changes in soil types and microcli- 

mates. Therefore, the rate of decrease in the standard deviation of means will be lower. Conse- 

quently, it will take more samples to reach 50% of the initial standard deviation. How many 

additional samples are needed depends on the degree of added variation in dry matter due to the 

larger field size. 

The maximum number of samples needed would be the recommended number of samples for 

a five ha field times the increase in field size over five ha. In other words, 16 samples would be the 

maximum needed for a 20 ha field, and 40 samples would be the maximum for a 50 ha field. 

However, it is unlikely that this many samples would be required. Random samples taken on a 

large field may average some of the variation in dry matter production for the field. Therefore, 

fewer samples would be needed. So for a 50 ha field, the required number of samples would fall 

between four and forty samples, depending on the variation in dry matter. 

Further research is needed to determine exactly how many samples are needed on larger fields. 

A large field with a large amount of variation in dry matter could be subdivided into five ha sections. 

This same experiment could be repeated and analyzed on each section separately and on the entire 

field to see the effect of variation in dry matter on the rate of decrease in the standard deviation of 

means. 

The number of samples required to estimate dry matter production depends on the sampling 

technique since variation in the sampling technique is important. So four samples is only adequate 

to estimate dry matter production on a five ha field when cutting tissue samples as described for this 

study. Tissue samples taken in a different manner than the method used for this study may require 

a different number of samples. For example, using a different size quadrant, cutting a length of row 

rather than a quadrant, or failing to cut the tissue to ground level may all affect the required number 

of samples by changing the variation inherent to the sampling technique. Using an estimation 

method such as the drop plate will also probably increase the number of required samples. 
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Conclusions 

The ability to estimate dry matter production accurately at GS 30 is important in determining 

the N requirement for the wheat crop at GS 30. Traditionally, dry matter production has been 

estimated by cutting, drying, and weighing tissue samples. However, a non-destructive estimation 

method is more desirable because it would be faster and easier and would not destroy potential 

yield. 

The pasture probe, height, drop plate, and rising plate methods were investigated to determine 

if dry matter production could be accurately estimated with any of these methods. The dry matter 

production at GS 30 was regressed against each of the methods. The equations were compared on 

the basis of the r* of prediction, or the ability of the reading (CMR, height, drop plate, or rising 

plate) to predict the dry matter production. Initially, the drop plate method appeared to predict 

dry matter better than the other methods because of a higher r* of prediction for the overall com- 

bined model. 

The equations for individual sites exhibited a wide variation in the r* of prediction values, in- 

tercepts, and slopes. Clearly, there was no consistency of calibration among sites. When the sites 

were grouped, the r? of prediction values increased over the individual sites. However, the combi- 

nation of the data sets was solely responsible for a better fit of the regression equation and the 

subsequent increase in the r* of prediciton values. The grouping was detrimental to the prediction 

of dry matter for individual sites. 

The N recommendation at GS 30 for an individual site was also adversely affected by grouping 

the data sets. The resulting underpredictions would decrease yield and cause a loss of profit. The 

overpredictions would also decrease profits and are not environmentally acceptable. Therefore, the 

combined dry matter estimation models cannot be used on individual sites even though they have 

acceptable r* of prediction values. 

The sites were also grouped to show the effect of row spacing and variety on the predictive 

ability of the equations. The results of grouping the data show that developing a model specific for 
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row spacing and variety will probably not improve prediction of dry matter over a model with all 

row spacings and varieties combined. 

Due to the wide range of calibrations obtained at each site over the two year period, it is also 

unreasonable to expect to develop site-specific models. Even though the drop plate had acceptable 

r? of prediction values for some of the individual sites, the drop plate exhibited very poor predictive ~ 

ability at many of the sites. 

All of the methods predicted fresh weight better than dry matter. Since the percent moisture 

content varies with N nutrition, the methods are influenced more by the water content of the foliage 

than the dry matter. This fact reenforces the idea that the methods are unsuitable for predicting 

dry matter. 

The percent N in the tissue did not vary significantly between GS 25 and 32. The dry matter 

production, however, increased significantly in that time frame. Therefore, the timing of the sam- 

pling for dry matter production for use in N recommendation models is critical. 

Dry matter production must be estimated rather than actually measured. The number of 

samples required to accurately estimate the dry matter production depends on variation in sampling 

technique and variation in the dry matter in the field. For the five ha field studied, four cut samples 

were adequate to describe the actual dry matter in the field. However, the number of samples 

needed in a larger field will depend on the two sources of variability previously mentioned. 
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Potassium Fertilization 

Abstract 

Adequate potassium (K) nutrition is required for obtaining high yields of soft red winter 

wheat. The objectives of this research were: (1) to determine if current soil test calibration levels 

are appropriate with the higher yields obtained under intensive management techniques; (2) to 

compare the influence of preplant K fertilization to a late winter application (growth stage 25) of 

K on yield and lodging; and (3) to measure the effect of K application and the growth regulator 

ethephon on lodging. Potassium fertilization experiments was conducted in 1985-86 on a Tetotum 

silty clay loam and a Ross sandy loam followed by experiments in 1986-87 on a Guernsey silt loam 

and a Ross sandy loam. The respective dilute double acid (DDA) extractable K levels were 114, 

157, 53, and 40 mg extractable K kg~' for the four locations; these levels were high, high, medium, 

and medium - in extractable K, respectively. Potassium was applied preplant and at GS 25 at a rate 

of 93 kg K ha~!. All K treatments including the check treatment were applied with and without 

an ethephon treatment. Intensive management techniques were used, including 10 cm rows, pre- 

cision planting, split-spring N applications, and disease, insect and weed control based on system- 

atic scouting. Grain yields were not affected by the treatments in 1985-86. In 1986-87, yields 
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increased from 5.1 to 6.2 tons ha~ because of the ethephon treatment. Potassium application and 

the timing of the K application did not affect yield, seed quality, or lodging at any of the four sites. 

Potassium application and the timing of the K application did not affect the DDA and ammonium 

acetate (1 N NH4QOAc) extractable K levels at growth stage (GS) 30 at either site in 1985-86. No 

treatment effect on extractable K level was observed at GS 25 in either method for both sites in 

1986-87. At GS 30 in 1986-87, the 1 N NH4OAc extractable K at one site and the DDA extractable 

K at the other site were increased by K application. The timing of K application did not affect the 

soil K levels. Tissue percent K at GS 30 was increased by K application at all four sites. The 

timing of the K application also affected the K content in the second year, with the GS 25 appli- 

cation associated with the highest tissue percent K at GS 30. Recalibration of the DDA soil test 

method does not appear to be necessary since yield increases did not occur in response to K 

fertilization on the high test level soils. The timing of K applications is not critical on high test level 

soils, although the timing will probably be more critical if the soil is deficient in available K. 

Potassium fertilization on high K test level soils did not reduce lodging. The growth regulator 

ethephon is more effective at reducing lodging than K fertilization. 

Introduction 

Winter wheat (Triticum aestivum) yield potentials have improved in recent years with the de- 

velopment and application of intensive management techniques. Yields approaching or exceeding 

6700 kg ha~? have been reported in Virginia and Maryland under intensive management (Alley and 

Brann, 1987). Intensive management implies the use of high yield potential cultivars with disease 

resistance, appropriate pest control programs based on scouting, narrow rows, and split spring N 

application (Wiersma, Oplinger and Guy, 1986; Alley and Brann, 1987). 

The increased yields obtained with intensive management also require an increased supply of 

nutrients. Virginia soil test levels were calibrated in the 1950’s with wheat yield levels of 1350 to 
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2000 kg ha~! (Rich, 1955). With the increased nutrient demand of a higher yielding crop, the 

relative categories of low, medium, and high need to be reevaluated to ascertain if the categories are 

adequately correlated with yields. 

The timing of the application of potassium (K) has been shown to significantly affect yield 

(Elwali and Gascho, 1985). Since the period of greatest uptake of K begins near Zadoks (1974) 

growth stage (GS) 30 (Beaton and Sekhon, 1985), application of the K just prior to that stage may 

decrease possible leaching of K on low CEC soils and fixation of K by hydroxy-interlayered clays. 

Current Virginia Extension Service recommendations indicate that all K fertilizers can be applied 

preplant. 

Several researchers have evaluated the effect of K on lodging (Skogley, 1977; Bharati, 

Whigham and Voss, 1986; and Boquet and Johnson, 1987). Potasstum may possibly increase the 

straw strength enough to reduce lodging (Skogley, 1977). Traditionally, growth regulators like 

ethephon are used to reduce lodging. If K is as effective in reducing lodging as ethephon, K 

fertilization could replace ethephon usage for lodging control. 

The objectives of this research were: (1) to determine if current soil test calibration levels are 

appropriate with the higher yields obtained under intensive management techniques: (2) to compare 

the influence of preplant K fertilization to a late winter application (GS 25) of K on yield and 

lodging; and (3) to measure the effects of K application and the growth regulator ethephon on 

lodging. 
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Literature Review 

Soil Testing for Potassium 

Soil test levels are calibrated to reflect the potential for increased yield with additional fertilizer. 

In Virginia, the dilute double acid (DDA) (H2SQO,4 and HCl) extraction procedure is used for K 

(Donohue and Hawkins, 1979). Soil test levels below 38 mg K kg! are considered low, with a 

high probability of a yield increase with K fertilization. Levels from 38 to 88 mg K kg~! are labeled 

medium. Soils testing over 88 mg K kg™? are labeled high, with no yield response expected to K 

fertilization. 

Soil test levels must, however, be continually verified and updated (Evans, 1987). Changing 

management practices create the need to continually reevaluate soil test calibration levels. For ex- 

ample, the phosphorus (P) levels in Alabama are decreasing, but the decline in residual soil test P 

has been accompanied by yield increases of corn (Zea mays) in recent years (Evans, 1987). 

Therefore, the P ratings may need to be adjusted for the increased nutrient requirements of higher 

yielding crops. 

Skogley and Haby (1981) have worked with K fertilization of winter wheat in Montana. Very 

low correlation has been observed between yield response to K fertilization and 1 N NH,OAc 

extractable-K soil test values. Also, Skogley (1977) found a yield response in winter wheat to ad- 

ditional K fertilization on a soil testing very high in 1 N NH4OAc extractable-K in Montana. The 

unexpected yield increase from 3.3 to 3.7 tons ha~! suggests that the soil test levels may be im- 

properly calibrated or that the 1 N NH4OAc soil test method is not suited for Montana soils. 

Boquet and Johnson (1987) have evaluated the K soil test levels for winter wheat in Louisiana. 

On soils testing high in 1 N NH4OAc extractable-K, no significant yield response was observed 

with additional K fertilization. The yield levels obtained in the three year study ranged from 2.0 
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to 4.4 tons ha~!. Therefore, the researchers concluded that the soil test calibrations were adequate 

for current management practices which result in comparable yields. 

Effect of K Fertilization on Yield 

Research on the effect of K fertilization on the yield of winter wheat has shown mixed results. 

Skogley and Haby (1981) reported increases in yield due to an application of 22 kg K ha~! for 47% 

of the sites studied in Montana. However, responses ranged from a 113 kg ha7! yield decrease 

(-4.4%) to a 888 kg ha~? yield increase (13.2%). Other researchers have also reported yield in- 

creases in response to K fertilization. Bharati, Whigham, and Voss (1986) found a 6.4% yield in- 

crease with 186 kg K ha~? for soybean in lowa. This increase would be expected on the medium 

1 N NH,OAc K testing soil used. Additional K did not increase yield further. Wheat yield in- 

creased linearly with K fertilization rate on a low 1 N NH4OAc test level soil in a wheat/soybean 

double crop system in Georgia (Elwali and Gascho, 1985). 

Potassium fertilization has failed to produce a yield response in other studies. In Nova Scotia, 

Bishop and MacEachern (1971) observed no wheat yield response to different levels of K 

fertilization. However, there were no check plots included in the experiment so it is difficult to in- 

terpret the results. Boquet and Johnson (1987) observed a trend for wheat yield to increase with 

increasing K rate, but no significant increases occurred. 

The reasons for the differences in yield responses to K fertilization are unclear. Potassium 

fertilizer source may influence the response (Fixen et al., 1986). Potassium was applied as KCl in 

most cases (Bishop and MacEachem, 1971; Elwali and Gascho, 1985; Bharati, Whigham, and Voss, 

1986; and Boquet and Johnson, 1987). Fixen et al. (1986) studied the use of KCl on hard red 

winter wheat, spring barley, and spring oats in South Dakota. Yield responses occurred to KCl 

application even on soils testing very high in extractable K. These researchers concluded that the 

observed yield responses were due to Cl~ rather than K* because tissue Cl~ levels increased but 

Potassium Fertilization 68



tissue K* levels did not. However, the studies by Bishop and MacEachern (1971) and Boquet and 

Johnson (1987) did not show any yield increase even when using KCl. 

Timing of Potassium Fertilization 

Fertilizer application should coincide with a crop’s greatest demand for the nutrient to ensure 

efficient utilization. Baethgen and Alley (1989) studied the pattern of nitrogen (N) uptake in winter 

wheat and found the greatest daily N uptake rates immediately following GS 30. Therefore, 

fertilizer N applied at GS 30 will probably be more efficiently utilized by the crop than N applied 

at planting. Beaton and Sekhon (1985) report a similar K uptake pattern. As a result, K applied 

in the spring may be more efficiently utilized by winter wheat than fall applied K. 

Elwali and Gascho (1985) studied the timing of K fertilization in Georgia for a wheat/soybean 

double crop system on a soil with a low K test level. Applying all of the recommended K for both 

wheat and soybean crops at wheat planting was not adequate for optimum wheat yields. Splitting 

the recommended 120-160 kg K ha™! into applications at planting and in February, however, in- 

creased the wheat yields without affecting the soybean yields. The researchers reported that the K 

leached on the low CEC soil used for the study when all of the K was applied at planting. Con- 

sequently, K was more available to the wheat when applied near the time of maximum uptake. 

Lodging 

Lodging is one of the most significant limitations to maximum grain yields of wheat (Wiersma, 

Oplinger, and Guy, 1986). Lodging causes decreased photosynthesis, an increase in disease severity, 

and reduced harvest efficiency. Therefore, management practices which reduce lodging are desira- 

ble. 
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The Effect of Potassium on Lodging 

Potassium promotes a stronger cuticle, thicker outer walls in the epidermal cells, lignification 

and development of firmer tissues in plants (Beaton and Sekhon, 1985). It is possible, therefore, 

that increased K fertilization may increase stem strength and thickness. Skogley (1977) found a ten 

percent increase in the stem diameter of wheat in Montana with a 2:1 K:N fertilizer. He also found 

an 18 percent increase in the stem break force with the same fertilizer ratio. 

Increased stem strength could be beneficial in reducing lodging under favorable weather con- 

ditions such as high winds and heavy rains (Skogley, 1977). Vasey and Soper (1966) found im- 

proved standability with K fertilization of malting barley under such conditions. However, no 

research has shown a reduction in lodging due to increased K fertilization in winter wheat. In the 

work done by Skogley (1977), weather conditions did not cause lodging; therefore, the effect of the 

observed increase in stem strength and thichness on lodging could not be evaluated. Boquet and 

Johnson (1987) found no difference in lodging among K treatments of winter wheat on a high K 

test level soil in Louisiana. Research with soybeans showed an increase in lodging with 186 kg K 

ha~! on a soil testing high in K in Iowa. The increased lodging was due to increased plant height, 

but it is not clear why the plant height increased in this study. All of the previously mentioned 

studies were conducted on soils testing high in K. It is possible that increased K fertilization may 

reduce lodging on soils more deficient in K. 

The Effect of Ethephon on Lodging 

Since lodging is a consistent limitation to maximum yields of wheat in many environments, 

plant growth regulators could be used to reduce plant height and control lodging. Ethephon 

[(2-chloro-ethyl) phosphonic acid] is registered for commercial use in Virginia for lodging control 

on winter wheat. 
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Ethephon is a source of ethylene and stimulates additional ethylene production in plant cells 

(Dahnous et al., 1982). Ethylene is a natural plant hormone which inhibits movement of auxin in 

stem tissues, thereby reducing auxin-induced stem elongation. Shorter plants are less likely to lodge 

because of less leverage force from the developing grain head. Ethylene may also increase lignin 

production and, therfore, stem strength, which could also reduce the lodging potential (Nafzinger 

et al., 1986). 

Wiersma, Oplinger, and Guy (1986) studied the effects of ethephon on lodging and yield of 

winter wheat in Wisconsin. The application of 0.22 kg active ingredient (a.1.) ha~! at GS 39 in- 

creased yields by 0.28 Mg ha~! or 6.4%. This yield increase was associated with a 4 cm decrease 

in plant height. The lodging index decreased from 2.6 to 1.8. Plant height was positively correlated 

with lodging (r= 0.85), and lodging was positively correlated with grain yield (r= 0.88). The results 

were dependent on cultivar and environmental conditions. 

Nafzinger et al. (1986) also reported cultivar and environment dependent results with five 

cultivars of soft red winter wheat in Illinois. In general, ethephon did decrease lodging. However, 

ethephon use decreased yields in this study. Yields were reduced by 8% at the application rate of 

0.28 kg ai. ha~! at GS 37 and by 17% at 0.56 kg a.i. ha~! at GS 37. No explanation was offered 

for the reason for the yield decrease, but the ethephon label does indicate that grain yield decreases 

are possible if ethephon is applied to a plant under stress. 

Dahnous et al. (1982) observed that ethephon reduced plant height even on semi-dwarf varie- 

ties of spring wheat. However, the effect was less dramatic than for normal height barley and 

triticale varieties and required a higher application rate. Semi-dwarf wheat varieties do not normally 

lodge, so even though plant height was reduced, lodging incidence did not change. Consequently, 

no yield increases occurred. 
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Materials and Methods 

Winter wheat was established at the locations given in table 27 during the 1985-86 and 1986-87 

winter wheat growing seasons. The cultivar Coker 916 was planted in 10 cm rows with a seeding 

rate of 420 seed m~? at each location. A K fertilization experiment was established as a randomized 

complete block with four replications and the six treatments outlined in table 28. Broadcast fertilizer 

consisting of 17 kg N, 62 kg P, 28 kg K, 28 kg Mg, 28 kg S, 28 kg Mn, 11 kg Zn, and 7 kg Cu ha~? 

was applied pre-plant. The wheat received 67 kg N ha~! at GS 25 and 90 kg N ha~! at GS 30. 

Thirty percent urea-ammonium nitrate solution was used as the N source. The experiment at site 

I also received a spring application of 11 kg S ha~! from ammonium thiosulfate. Ethephon, or 

Cerone! applications were made at GS 37 at 0.28 kg a.i. ha~'. Potassium applications were made 

in accordance with the treatment list. 

The sites chosen had either high or medium soil K test levels in order to evaluate the adequacy 

of current soil test levels for intensively managed winter wheat. The initial soil test levels for DDA 

extractable K are presented in table 29. 

In 1985-86, the plots were rated for lodging at harvest. In 1986-87, lodging ratings were made 

twice during the spring and at harvest. Plots were rated using the scale presented by Szoke et al. 

(1979): 

Lodging index = S$ x1Ix0.2 

where 

S = area of surface lodged (1 =none to 9= total) 

I = intensity of lodging (1= upright to 5= flat) 

Tissue samples were collected at each site at GS 30. In 1986-87, the dry matter was also cal- 

culated after weighing a dried tissue sample taken from two 91 cm row sections. Percent K in the 

tissue was determined by the dry ash procedure outlined by Donohue and Friedricks (1984). The 

1 Cerone is a registered trade name of Rhone Poulene Ag, Inc. 
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Table 27. Soil types and classifications at the experimental locations used during the 1985-86 and 
1986-87 winter wheat growing seasons. 

  

Site Location Soil Type and Classification 

1985-86 

I Westover Plantation, Tetotum sicl; fine-—loamy, 
Charles City Co. mixed, thermic Aquic Hapludult 

II Agronomy Research Farn, Ross sl; fine-loamy, mixed, 
Giles Co. mesic Cumulic Hapludoll 

1986-87 

III Whitethorn, . Guernsey sil; fine, mixed, 
Montgomery Co. mesic Aquic Hapludalf 

IV Agronomy Research Farm;, Ross sl; fine~loamy, mixed, 
Giles Co. mesic Cumulic Hapludoll 
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Table 28. Treatments used during the 1985-85 and 1986-87 winter wheat growing seasons. 

  

Potassium Rate Timing Growth Regulator 

kg K/ha 

@ --- None 
93 Preplant None 
93 GS 25 None 

8 -<-- Ethephon 
93 Preplant Ethephon 
93 GS 25 Ethephon 
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Table 29. Initial soil test levels for DDA extractable potassium. 

  

DDA Soil test 

Site Extractable K level 

mg K/kg 

1985-86 

I 114 High 
II 157 High 

1986-87 

III 53 Medium 
IV 40 Medium - 
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procedure was adapted for atomic absorption by using a background solution of 1000 meq NaCl 

L~! instead of a lithium solution. Potassium uptake was calculated for 1986-87. 

Soil samples were collected at GS 30 at each location in 1985-86. In 1986-87, soil samples 

were also collected at GS 25. Extractable K was determined by the dilute double acid extraction 

procedure outlined by Donohue and Friedricks (1984) and by the normal ammonium acetate (1 

N NH.OAc) procedure from Knudsen et al. (1982). | 

The center 1.1 m by 4.9 m of each 5.2 m by 4.9 m plot was harvested with a Hege 140 small 

plot combine. The grain was weighed, and moisture and specific weight were determined with a 

Dickey John GAC II moisture meter. Yield was calculated on an area basis and adjusted to 13.5% 

moisture and a specific weight of 77 kg hi~!. 

The data was analyzed using analysis of variance and orthogonal contrasts (Little and Hills, 

1978). Duncan’s Multiple Range Test was used to separate means. 

Results and Discussion 

Yield 

Yield data for each location during both seasons are presented in tables 30 and 31. During 

1985-86, yields tended to be higher at site I due to rainfall received in late May and the higher 

water-holding capacity of the Tetotum soil (table 30). In 1986-87, yields tended to be higher at site 

IV due to less lodging when compared with site III (table 31). 

Yield differences due to treatment were observed during 1986-87. Contrast analysis revealed 

that the yield differences were due to ethephon applications. At site III (table 31) ethephon appli- 

cations increased yields from 5.1 to 6.2 tons ha~! when averaged across all K treatments. At site 
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Table 30. Wheat grain yield, specific weight, thousand kernel weight and lodging as influenced by K 
fertilization and ethephon application at sites 1 and HI in 1985-86. 

  

  

1800 
Potassium Growth Growth . Specific kernel 

rate stage regulatort Yield+ weight weight Lodging! 

ke K /ha tons/ha ke/hi g 

Site I 

® --= None 6.6nsi 77.1ns 36.0ns 2.2apé 

93 Preplant None 6.5 717.0 36.3 1.5b¢ 
95 Preplant Ethephon 7.1 76.8 35.9 @.2c 
93 25 None 7.3 17.8 35.9 3.8a 
93 25 Ethephon 6.8 717.0 35.8 @.2c 

Site II 

@ --- None 6.8ns 79.1ins 36.0b ®.2ns 
8 --- Ethephon 6.2 19.0 35.5b ®.2 

93 Preplant None 6.2 19.4 36.4ab 0.2. 
93 Preplant Ethephon 6.8 719.1 35.8b @.2 
93 25 None 5.8 79.4 37.1a 0.2 
93 25 Ethephon 6.1 719.3 35.7bd 0.2 

  

tEthephon applications were made at GS 37 at 9.28 kg ai/ha. 
*Yields are the average of four replications adjusted to 13.5% 
moisture and are calculated on the basis of 77 kg/hl. 

' §Lodging Index Scale: This scale is a measure of the area affected by 
lodging and the degree or intensity of lodging. Values range from 
@.2 # entire plot completely upright to 9.8 = entire plot completely 
flat. 

qns = not significant at alpha = 0.05. 
#WValues within columns and sites followed by different letters differ 
significantly at the 5% level of probability according to Duncan's 
Multiple Range Test 
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Table 31. Wheat grain yield, specific weight, thousand kernel weight and lodging as influenced by K 
fertilization and ethephon application at sites HI] and IV in 1986-87. 

  

  

1000 
Potassium Crowth Growth Specific kernel Lodging § 

rate stage regulatort Yieia! weight weight 5-25 6-3 6-23 

kg K/ha tons/ha kg/hl g 

Site III 

0 --- None 5.101 67.3c! 27.3ns 9 9.0a 9.0ns 
8 --- Ethephon 6.4a 69.2ab 29.3 7 8.@a 9.0 

93 Preplant None 4.8b 67.8bdc 29.7 8 8.9a 9.@ 
93 Preplant Ethephon 6.2a 69.2ab 28.6 7 6.0b 9.0 
93 25 None 5.3b 69.6a 30.3 8 8.6a 9.0 
93 25 Ethephon 6.la 68.S5abe 28.0 8 7.9a 9.90 

Site IV 

@ --- None 6.1b 69.1ns 26.6ns 3.@8ab 6.2a 7.2a 
@ “<= Ethephon T.4a 712.2 27.2 @.2b 1.6c 1.8b 

93 Preplant None 6.4b 718.6 27.2 3.6a 6.2a 7.6a 
93 Preplant Ethephon 7.5a 712.6 27.9 @ §.8ab 2.6b 
93 25 None 6.0b 67.7 27.2 5 8.@a 7.5a 
93 25 Ethephon 6.9ab 72.3 27.2 @.2b 2.4bc 3.0b 

  

‘FEthephon applications were made at GS 37 at 
?¥ields are the average of four replications 
moisture and are calculated on the basis of 
§Lodging Index Scale: 

@.28 kg ai/ha. 
adjusted to 13.5% 
717 ke/nil. 

This scale is a measure of the area affected by 
lodging and the degree or intensity of lodging. Values range from 
@.2 = entire plot completely upright to 9.0 = entire plot completely 
flat. 

{Values within columns and sites followed by different letters differ 
significantly at the 5% level of probability according to Duncan's 
Multiple Range Test. 
ns = not significant at alpha = 9.605. 
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IV ethephon applications also increased yields from 6.2 to 7.2 tons ha~? when averaged across all 

K treatments. 

In 1985-1986 (table 30), ethephon applications did not significantly affect grain yields at either 

location. Yields ranged from 6.8 tons ha~! without ethephon to 7.0 tons ha~! with ethephon (site 

I) while yields at site II varied from 6.0 to 6.1 tons ha~! with and without ethephon, respectively. 

Environmental conditions in 1986-87 caused greater lodging at sites II] and IV when compared 

with sites I and II in 1985-86. Therefore, the benefit of the ethephon applications was greater in 

1986-87. The benefit was seen in the differences in grain yield among treatments receiving ethephon 

applications compared to treatments with no ethephon applications (table 31). 

Potassium fertilization did not significantly affect grain yields in either year. The soils at sites 

I and II initially tested high in K and medium to medium minus at sites III and IV (see table 29). 

Therefore, no yield response would be expected at sites I and II to K application if the soil test 

calibration levels are correct. A yield response may be expected at sites III and IV since the test 

level is medium. Since K fertilization did not affect grain yields, the soil test level that predicted 

no yield response to K fertilization adequately described the situation at sites I and II. Moreover, 

since no yield increase was observed to K fertilization on the medium test level soils the second 

year, the test levels were more than adequate in describing the need for K fertilization. 

The timing of K application did not significantly affect grain yields at any location during both 

seasons. Thus, timing is not an important consideration for K fertilization of winter wheat on high 

K testing soils with sufficient exchange capacity to prevent K leaching. 

Seed Quality 

The specific weights and 1000 kernel weights (tables 30 and 31) were unaffected by the treat- 

ments with the exception of 1000 kernel weights at site II in 1985-86 (table 30) and the specific 

weights at site III in 1986-87 (table 31). Contrast analysis showed that the ethephon application 

was responsible (10% level) for the reduction of the average 1000 kernel weights (ethephon treated 
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weights = 35.7 g vs. no ethephon treated weights = 36.5 g). The plants were under moisture stress 

at the time of the ethephon application, and the application would not have been made to a pro- 

duction field according to label specifications; this condition could be responsible for the reduction 

of the 1000 kernel weights. Contrast analysis also revealed that K fertilization was responsible for 

an increase in the 1000 kernel weights from 35.8 g without K to 36.2 g with K. Neither effect re- 

sulted in grain yield differences. 

The specific weights showed significant differences among treatments at site III in 1986-87 

(table 31). However, the differences are not clearly related to either ethephon, K fertilization, or 

the timing of K fertilization and appear to be due to random variation. 

Lodging 

Lodging ratings are presented in tables 30 and 31. In 1985-86, lodging was evaluated only at 

harvest. Lodging did not occur at site II so all ratings = 0.2. At site I, lodging ratings ranged from 

0.2 to 3.8. The lowest ratings, and therefore the least lodging, were associated with the treatments 

which included an ethephon application. Ethephon decreased lodging as shown by the decrease in 

lodging rating from 2.5 to 0.2 (table 30). Neither fall nor spring potassium application affected 

lodging. 

In 1986-87, lodging was unaffected by treatment at the earliest date and at harvest at site III 

(table 31). The lodging was severe at this location due to a heavy thunderstorm in late spring. All 

plots were completely flat at harvest. The June 3 rating date shows a significant difference in the 

lodging rating for one treatment. Since that treatment received an ethephon application, the re- 

duction may be due to the effect of the ethephon. However, the other treatments which received 

ethephon have higher lodging ratings. Neither K application nor the timing of the K application 

had any effect on the lodging at site III. 

Ethephon application is responsible for the differences in the lodging ratings at site IV in 

1986-87 (table 31). Ethephon reduced the lodging rating from 4.0 to 0.2 on the first sampling date, 
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from 6.8 to 3.3 on the second date, and from 7.4 to 2.5 at harvest. Potassium application and the 

timing of K application did not influence the lodging at this location. 

The timing of K application did not affect lodging at any location over two years. However, 

the soils used in this experiment tested high in extractable K (see table 29). Therefore no yield re- 

sponse was expected from K application, and it can be said that the soil K was adequate for the 

crop’s needs. On a soil with less available K, the timing of the K application may be more critical 

as was shown by Elwali and Gascho (1985). 

Ethephon is effective in reducing lodging as seen at site I in 1985-86 (table 30) and at site IV 

in 1986-87 (table 31). However, ethephon is not capable of reducing or preventing lodging under 

extreme conditions like those which occurred at site [I] in 1986-87 (table 31). 

Skogley (1977) suggested that K fertilization could increase straw strength and thus reduce 

lodging even on high testing soils. However, the results of the 2 years of this experiment do not 

support his claim. In all cases where lodging ratings were significant due to treatment, the growth 

regulator ethephon was responsible for the reduction of lodging. In no instance did the K treatment 

of 93 kg K ha~? reduce lodging. Since these soils tested medium or high in extractable K and no 

yield responses were obtained with additional K fertilization, the K required by the crop for opti- 

mum yields was available from the soil. Thus, the additional K applied should have been over and 

above the crop’s needs and could have increased the straw strength as suggested by Skogley (1977). 

Skogley (1977) measured straw strength and found that K fertilization did increase straw 

strength. However, no lodging occurred in any of his plots. Therefore, he did not observe a re- 

duction in lodging due to K fertilization, but hypothesized the possibility. Straw strength was not 

directly measured in these experiments. Straw strenght may have been increased, but such an in- 

crease was not adequate to reduce lodging. 
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Soil Extractable K 

The data for the soil DDA and 1 N NH,4OAc extractable K is presented in tables 32 and 33. 

The concentration of K determined by both methods was not significantly affected by the treat- 

ments at either location in 1985-86 (table 32). The DDA extractable K was higher at site I ranging 

from 195 to 218 mg K kg~'. The values ranged from 99 to 117 mg K kg™! at site II. The 1 N 

NH4OAc extractable K at site I was 180 to 198 mg K kg~* and 93 to 109 mg K kg? at site II. 

The data for 1986-87 is presented in table 33. The DDA extraction procedure showed no sig- 

nificant differences at either GS at site III over all treatments. The range in DDA extractable K 

at GS 30 was 67 to 88 mg K kg~'. The 1 N NH4OAc extraction procedure did not give significant 

differences at GS 25, but significant differences were apparent at GS 30. The range in | N 

NH,OAc extractable K at GS 30 was 98 to 137 mg K kg~!. Contrast analysis revealed that K 

application had a significant effect (5% level) on the 1 N NH4OAc extractable K at GS 30 at site 

III, increasing the value from 98 mg K kg~! without K applied to 132 mg K kg~* when K was 

applied (averaged over timing of K treatments). The timing of the application did not affect the 

extractable K. 

The differences in the two methods were reversed in 1986-87 compared with both sites in 

1985-86. In 1986-87 (table 33) 1 N NH4OAc extractable K was higher than the corresponding 

DDA extractable K value. Work by Flannery and Markus (1971) indicates that the 1 N 

NH,OAc extractable K is higher than the corresponding DDA extractable K from the same soil, 

although the magnitude of the difference depends on the soil type. The results from 1986-87 (table 

33) agree with this finding. The results from 1985-86 appear to have the values reversed. However, 

no explanation can be found for the decrepency. 

Table 33 reveals that some differences in soil K levels existed at site IV. Again the 1 N 

NH,OAc extractable K levels at GS 30, ranging from 122 to 134 mg K kg™', were higher than the 

corresponding DDA extractable K levels, ranging from 86 to 121 mg K kg™!. 
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Table 32. Soil dilute double acid extractable and ammounium acetate extractable K at GS 30 as influ- 

enced by K fertilization at sites I and II in 1985-86. 

  

  

Potassium Growth 
rate stage DDA NH,0Ac 

kg K/ha me K/kg mg K/ke 

Site I 

Q --- 195nst 180ns 
95 Preplant 218 198 
93 25 217 196 

Site II 

@ -—= 103ns 95ns 
93 Preplant 117 109 
95 25 99 93 

  

tTns = not significant at alpha «= 0.05. 
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Table 33. Soil dilute double acid extractable and ammounium acetate extractable K at GS 25 and 30 
as influenced by K fertilization at sites III and IV in 1986-87. 

  

  

Potassium Crowth w~n--- CS 25 ---- cn--- GS 30 ---- 
rate stage DDA NH,0Ac DDA NH4O0Ac 

kg K/ha --- mg K/kg --~ --- mg K/ke --- 

Site IIT 

Q --- 70nst 144ns 67ns 98b3 
93 Preplant 84 160 87 128ab 
93 25 “-- ~<< 88 137a 

Site IV 

@ --- 101ins 118ns 86b 122ns 
93 Preplant 129 132 1096a 134 
93 25 --- ~-- 121a 133 

  

tns = not significant at alpha = 6.05. 
iValues within columns and sites followed by different letters differ 
significantly at the 5% level of probability according to Duncan's 
Multiple Range Test. 
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At GS 30 at site [V (table 33), the DDA extractable K changed with treatments. The fertilized 

plots averaged 114 mg K kg~/ as opposed to 86 mg K kg™! for the unfertilized plots. Timing of 

the K application was not a significant factor although the GS 25 application tended to increase the 

GS 30 DDA extractable K more than the preplant application. 

In 1985-86, the soil DDA extractable K levels at GS 30 were all in the high range (table 32) 

according to the calibration of Donohue and Hawkins (1979). The wheat crop had removed some 

K from the soil by GS 30, and the soil samples still tested high. This would indicate that the soils 

were capable of supplying adequate K for the crop at least until GS 30. Also, the observed lack 

of yield response to K fertilization (see table 30) would be expected since the soils were still testing 

high at GS 30. | 

In 1986-87, yield differences did occur (table 31), but ethephon application was responsible for 

the differences as previously discussed. At site III (table 33), there was no significant difference in 

the DDA extractable K level for any treatment at either sampling date. At GS 25, the values ranged 

from 70 (medium) to 84 (medium+). At GS 30, the values ranged from 67 (medium) to 88 (me- 

dium+). Again, these calibration levels are those currently utilized by the VPI & SU Soil Testing 

Laboratory (Donohue and Hawkins, 1979). Even at a medium K soil test level, there were still no 

yield responses to additional K fertilization. 

At site [V in 1986-87 (table 33), the DDA extractable K at GS 25 was not affected by treat- 

ment but had a range of 101 (high-) to 129 (high). At GS 30, some differences occurred among 

treatments due to K application, especially the GS 25 application. However, the yield responses 

(table 31) were again due to ethephon application, not differences in soil extractable K. 

Tissue Percent K, Dry Matter, and K Uptake 

The changes in leaf K content and K uptake caused by treatments are presented in tables 34 

and 35. In 1985-86 (table 34), samples varied due to K treatment at both sites. The percent K 

values at GS 30 ranged from 3.2% to 3.8% over both locations. At site II, the differences in percent 
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K were due to K application, with K application increasing the percent K from 3.2% to 3.5%. 

However, the increases in the tissue K content did not result in yield differences (see table 30). 

In 1986-87 (table 35), changes in tissue percent K were significant at both locations. At site 

III, percent K ranged from 2.6% to 3.0%. Timing of the K application significantly increased the 

percent K level. At site IV, tissue percent K ranged from 2.9% to 3.3%. These differences in tissue 

percent K were not the cause of the yield differences, however (see table 31). 

Skogley (1977) suggested that increased K in the tissue could reduce lodging. However, even 

though tissue percent K did increase in this study, lodging was not changed by the additional K in 

the plant. It is possible that lodging resistance due to increased plant K content could occur with 

higher levels of plant K content than those obtained in these studies. However, very high levels 

of K application would be required as the application rate of 93 kg ha~! is generous in a situation 

where no yield responses are obtained. 

Conclusions 

The first objective of this research was to determine if current soil test calibration levels are 

appropriate with the higher yields obtained under intensive management techniques. Soils at all 

of the sites initially tested medium to high in extractable K. Over the 2-year period studied, no yield 

differences occurred in the first year and the differences of the second year were due to ethephon 

application, never K fertilization. Yields were also not related to soil K levels at either GS 25 or 

30. This indicates that soils initially testing high are capable of supplying adequate K for the in- 

tensively managed winter wheat crop producing high yields, up to 7.4 tons ha~'. Therefore, the 

current soil test calibration levels for K appear to be adequate for wheat crops that are managed for 

high yield levels. 

The timing of K fertilization did not affect either the grain yield or the lodging at any site 

during this 2-year study. Applying K prior to planting and at GS 25 appeared to be equally 
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Table 34. Wheat tissue percent K at GS 30 as influenced by K fertilization at sites I and I] in 1985-86. 

  

  

Potassium Growth Tissue 
rate stage -K . 

kg K/ha % 

Site I 

93 Preplant 3.6b 
93 25 3.8a 

Site II 

@ --- 3.2b 
93 Preplant 3.5a 
93 25 3.5a 

  

TValues within columns and sites followed by different 
letters differ significantly at the 5% level of prob- 
ability according to Duncan’s Multiple Range Test. 
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Table 35. Wheat tissue percent K, dry matter, and K uptake at GS 30 as influenced by K fertilization 
at sites ITI and IV in 1986-87. 

  

  

Potassium Growth Tissue Dry K 
rate stage K matter uptake 

kg K/ha % Kke/ha kg K/ha 

Site III 

@ --- 2.6ct 2482ns: 65.2ns 
93 Preplant 2.8b 2381 66.8 
93 25 3.0a 2328 69.4 

Site IV 

@ --- 2.9c 2489ns 72.30 
93 Preplant 3.1b 2395 75.@0ab 
93 25 3.3a 2482 81.9a 

  

Values within columns and sites followed by different letters differ 
significantly at the 5% level of probability according to Duncan's 
Multiple Range Test. 

tns = not significant at alpha = 6.65. 
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satifactory in supplying K for the winter wheat crop for both the silt loam and sandy loam soils in 

these studies. However, since all of the sites tested medium to high in available soil K, the crop 

did not need the additional K fertilization. The timing of the K application will be more critical if 

the soil is deficient in available K. 

Ethephon application was responsible for most of the differences observed in grain yield, seed 

quality, and lodging. Ethephon application reduced lodging and was associated with increased yield 

at both sites during 1986-87. The reason for yield increases was a reduction of lodging at those sites 

with ethephon treatment. At site IV, lodging was clearly reduced by ethephon. At site III, all of 

the plots were completely flat; however, the higher yields were still associated with treatments re- 

ceiving an ethephon application probably due to later lodging of these plots. Ethephon was also 

effective in reducing lodging at site I in 1985-86 although the reduction was not reflected in yield 

differences. Thousand kernel weights were lower in ethephon treated plots at site II in 1985-86, 

but yields were unaffected. 

Potassium fertilization did not reduce lodging at any site during the 2-year study. Even though 

the percent K in the tissue did increase in the second year, the additional K did not result in addi- 

tional straw strength to reduce lodging. An ethephon application was more effective at reducing 

lodging than K fertilization. 
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Appendix B. An explanation of the PRESS 
statistic and r* of prediction 

One common method of model validation is data splitting, that is, setting aside part of 
the original data to be used only in evaluating the predictive ability of the model. Data split- 
ting may be done in several ways. One method is physically dividing the data set, using one 
part to develop the model and the remainder to validate it. Another form of data splitting is 
the prediction error sum of squares, or PRESS statistic. In theory, the PRESS statistic is 
calculated as follows: 

select an observation, for example i. Fit the regression model to the remaining # - 1 observations 
and use this equation to predict the withheld observation ae Denoting this predicted value ys , 
we may find the prediction error for point i as e, = y; — The prediction error is often called 
the ith deleted residual. This procedure is repeated ‘for each observation i= 1,2,...,”, 
producing a set of m deleted residuals ee.) ... » &). Then the PRESS statistic is defined as s the 
sum of squares of the 2 deleted residuals as in 

n 
2 A 742 

PRESS = ei) = Dy — Hid 

i=! sl 

Thus PRESS uses each possible subset of 2 — 1 observations as the estimation data set, and 
every observation in turn is used to form the prediction data set. (Montgomery and Peck, 1982, 
p. 430.) 

In practice, PRESS is computed using the following computational formula 

n 

PRESS = “12 
~ ( 1—A, ) 

it 

i=1 

  

where H, is the leverage of the observations or the diagonal of the HAT matrix. 

Because PRESS is an error sum of squares, the model with the smallest PRESS will be 

the best predictive model. However, because the magnitude of the PRESS statistic depends 

on the number of observations in the data set, models with an unequal number of observations 
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must be compared in another manner. If models are intended for data description, the coef- 

ficient of determination, or r?, is used to compare them. 

where SS; is the error sum of squares and S,, is the total sum of squares from the least squares 

regression model. An analogous quantity, r* of prediction, can be used to compare models 

designed for prediction or estimation. 

PRESS 

Syy 

rof prediction = 1 — 

The higher the r? of prediction, the better the predictive ability of the model. 
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Appendix C. Fortran progam to determine the 

change in variance for different sampling schemes. * 

C -INTEGER I,J, K, L, N, OBS(5) 

PARAMETER (N= 50) 

REAL A, X(N), SSE(5), SIGMA(5), XBAR 

CALL SSET (5, 0.0, SSE(1),1) 

CALL SSET (5, 0.0, OBS(1),1) 

WRITE (6,988) 

DO5 M=1,N 

READ(5,999) X(M) 

WRITE(6,999) X(M) 

5 CONTINUE 

Cc 

2 Written by Gary Baran, Statistical Consulting Center, VA Tech. 
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XBAR = 53.00 

DO 10 1=1,N 

SSE(1) = (X(I)-XBAR)**2 + SSE(1) 

OBS(1) = 1+ OBS(1) 

DO 20 J=I+1,N 

A=(X(I)+X(J))/2 

SSE(2) = (A-XBAR)**2+ SSE(2) 

OBS(2) = 1 + OBS(2) 

DO 30 K=J+1,N 

A=(X(I)+X(J) + X(K))/3 

SSE(3) = (A-XBAR)**2 + SSE(3) 

OBS(3) = 1 + OBS(3) 

Cc WRITE(6,997) I,SSE(3),X(K) 

Cc WRITE(6,999) A 

DO 40 L=K+1,N 

A=(X(I)+X(J)+X(K)+X(L))/4 

SSE(4) = A-XBAR)**2 + SSE(4) 

OBS(4) = 1 + OBS(4) 

DO 50 M=L+1,N 

A=X(I)+ X(J)+ X(K)+ X(L) + X(M))/5 

SSE(5) = (A-XBAR)**2 + SSE(5) 

OBS(5) = 1 + OBS(5) 

50 CONTINUE 

40 CONTINUE 

30 CONTINUE 

20 CONTINUE 
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10 CONTINUE 

C 

WRITE(6,987) 

DO 60 I= 1,5 

SIGMA(I) = (SSE(I)/(OBS(I)-1))**.5 

WRITE(6,998) SIGMA(I),OBS(1) 

60 CONTINUE 

C 

999 FORMAT(F6.2) 

998 FORMAT(2X, 12.5,3X,17) 

C 997 FORMAT(I2,2(2X,F9.3)) 
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Appendix D. Raw data for dry matter estimation 

study 
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Table 36. Dry weights, pasture probe, height, drop plate, and rising plate readings obtained at site 1 
(table 2) on 3-29-88. 

Dry matter estimators 

  

  

Dry Dry Drop Rising 

weight weight, Pasture Height plate plate 

Plot (kg/ha)t (kg/ha)+ probe § (cm) (cm) (cm) 

191 3934 4249 238 26 16.5 29 
163 3934 3364 199 18 11 14 

187 2743 4869 238 21 16 28 

188 2639 4249 195 18 12 24 

113 2618 2744 178 13 8 9 
114 2951 3983 233 21 15 18 

116 3221 4169 288 21 16 33 
117 2666 3983 186 16 11 21 

118 2244 4872 178 14 9.5 28 
319 2836 4957 183 16 8 18 

201 2868 3698 265 26 14 8 
283 2784 3541 184 21 14 18 

285 2969 3895 195 18 71.5 17 
207 3488 3275 252 24 16.5 26 
289 2265 3364 157 a 9 12 
211 2452 3895 193 23 17 19 

212 2781 4692 185 28 14 19 
213 3242 4168 263 22 17 28 
216 2577 4872 181 17 11 25 

218 2989 3886 212 19 14 16 
362 2182 3886 184 15 9 16 
363 2743 3541 191 17 18 14 
394 3117 4426 216 23 17 27 
365 2161 3895 178 18 12 26 

366 2119 2744 142 14 16 4 

318 3288 3718 233 23 18.5 27 

315 2826 3718 222 21 15.5 23 

317 2678 3275 168 11 5.5 268 
319 2989 3939 217 21 14 15 

328 2265 4249 185 16 11 24 

491 2119 3364 155 16 9 14 
4965 3242 3319 226 2B 14 16 

418 3242 4160 226 19 13 29 

Al 2452 3231 168 14 9 17 

412 3283 4116 216 22 15 27 

414 3138 3718 218 24 17 23 
416 23598 3541 177 19 12 23 
418 23569 2921 162 16 9 13 

4&19 2286 3818 199 19 12 17 
429 2781 3364 184 18 13 22 
  

TDetermined on a 2466 squore cm area for use with the posture probe, 

height and drop plate reodings. 

iDetermined on a 1129 square cm area for use with the rising plate. 

§Scorrected meter reading from the posture probe. 
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Table 37. Dry weights, pasture probe, height, drop plate, and rising plate readings obtained at site 2 
(table 2) on 3-28-88. 

Dry matter estimators 

  

  

Ory Ory Drop Rising 

weight weight Posture Height plate plate 
Plot (kg/ha)t (kg/ha) probe§ (cm) (cm) (cm) 

1681 3369 4854 238 25 17 24 
183 28898 4544 269 18 13 25 
187 2531 4234 169 15 9 22 
108 3273 4957 237 22 17.5 24 
113 2225 4337 163 13 8.5 17 
114 2444 4131 178 15 8.5 26 
116 2531 3365 162 16 9 16 
117 2422 4131 176 15 18 14 

118 1855 4828 154 18 5 26 
119 2315 4751 175 14 8.5 16 
261 2225 3924 164 13 9 15 

283 2531 5686 164 13 9 23 
265 2987 3615 131 13 8 13 

287 2967 3718 262 18 14 16 

2089 2138 3924 131 V1 7 14 
211 2444 3924 177 13 8 17 

212 2596 54735 173 15 11 26 
213 2836 5376 173 18 12.5 27 
216 3142 3821 195 18 13 15 

218 2851 3718 1668 13 7 17 

392 3142 444] 265 17 13 23 
383 1964 5783 162 11 7 24 
384 2531 4828 209 15 6.5 26 
385 1789 3976 154 18 5 11 
386 3316 . 3718 188 18 13 15 
319 2793 4337 182 17 19.5 15 

315 2695 3511 366 12 7 14 
317 3855 3615 189 19 13 11 
319 2687 KAKI 163 12 7 23 

3298 1985 3821 137 12 7 19 
491 2651 3718 146 13 8 12 

495 2313 3488 162 14 18 18 

418 1964 4337 159 VW 5.5 16 
411 1964 3821 165 13 7 11 

412 3998 3924 194 17 11 18 
414 2488 4751 171 17 1B 17 
416 3753 3821 218 18 15 15 
418 2684 4751 161 15 8 21 
419 1876 4337 1498 12 6 17 
426 3366 4441 193 17 12 15 
  

TDetermined on a 2298 square cm orea for use with the posture probe, 
, height ond drop plote readings. 

+Determined on o 968 square cm orea for use with the rising plate. 
Scorrected meter reading from the pasture probe. 
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Table 38. Dry weights, pasture probe, height, drop plate, and rising plate readings obtained at site 3 

  

  

(table 2) on 3-28-88. 

Ory matter estimators 

Ory Ory Drop Rising 
weight weight, Posture Height plate plate 

Plot (kg/ha)T (kg/na)+ probe§ (cm). (cm) (cm) 

191 1912 2611 163 16 18.5 9 
183 1371 2479 137 9 6.5 8 
187 1784 2921 151 13 7 11 
168 1662 2398 147 13 7.5 14 
1135 1285 2124 188 9 5 7 
114 1662 2921 166 11 7 16 
116 1496 2921 141 13.5 7 19 
117 1621 2656 162 4 7.5 14 
118 1288 2382 128 16 6 12 
119 1413 2611 133 19 &.5 16 
261 1681 2036 115 8.5 & 7 
263 1496 2921 146 19 5 15 
2085 1455 2399 147 14 8 12 
287 1878 3919 165 13 8 18 

2693 1247 2479 131 16 6.5 11 
211 1496 2567 141 11 5 15 
212 2148 2744 166 15 9 16 

213 1662 2965 138 13 8 14 

216 1247 2656 128 9 4.5 18 

218 1579 2965 146 13 8 13 
392 1888 1682 153 13 7.5 8 
363 1662 2479 133 11 4.5 12 

384 2878 3698 178 15 18 19 
385 1745 2479 15¢ 14 7.5 13 
396 1371 2744 119 13 5 14 

316 1912 2479 151 13 9 13 
315 1888 2656 168 12 8 19 
317 1122 2257 119 8 4 4 
319 1876 3998 158 15 19 26 
326 1621 2362 144 13 8 7 
491 1184 2479 115 8.5 5 9 

495 1496 2479 158 13 8 9 
418 1953 23998 173 14 9.5 12 

411 1662 2567 148 12 8 14 
412 1912 2479 164 14 9 18 

414 1787 2833 165 135 8.5 14 
416 1745 2788 159 12 8 28 
418 1538 2479 135 18 5 6 
419 1662 2921 162 12 6.5 19 
426 1839 2833 123 9 5.5 9 
  

tDetermined on a 2466 square cm area for use with the pasture probe, 
height and drop plote reodings. 

+Determined on a 1129 square cm area for use with the rising plote. 

Scorrected meter reoding from the posture probe. 
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Table 39. Dry weights, pasture probe, height, drop plate, and rising plate readings obtained at site 4 

(table 2) on 3-29-88. 

Dry matter estimotors 

  

  

ory Ory Drop Rising 

weight weight Pasture Height plote plate 

Plot (kg/ha)t (ng/ha)? probed (cm) (cm) (cm) 

191 1995 3916 282 15 13 18 

183 1745. 3231 116 8 5.5 18 

197 2847 3851 284 18 14 22 

168 3221 3452 235 19 15 18 

113 1745 2479 121 7 4 12 

114 2781 3629 199 14 12 29 
116 3657 4692 251 20 15 28 
117 2992 3895 298 16 12.5 22 
118 2784 3452 196 13 9.5 16 
119 2868 3718 178 13 18.5 28 
261 1912 2656 188 13 9.5 7 
263 2119 3187 143 11 7 15 
265 249% 4116 176 12 10 11 
267 3158 4426 226 17 14.5 28 
269 2283 2833 136 16 7.5 9 
211 2161 3364 184 11 9 13 
212 2286 3718 161 12 8 23 
213 2369 3187 171 12 9 16 

216 2868 4249 181 14 19.5 24 
218 3491 4168 232 21 15 25 

362 2161 3364 152 12 8.5 15 
383 2761 3364 157 12 9.5 16 

3B4 2781 3718 176 15 18.5 26 
395 2743 4116 187 1h 11 23 

386 27961 3698 175 13 19.5 11 

318 2369 3275 191 12 8 16 
315 3934 3896 183 15 13 17 

317 2244 3866 155 18 7.5 16 
319 2951 3866 196 15 41 28 
326 2286 3983 157 13 8 17 
491 2286 2567 157 12 9 8 
465 2161 3452 174& 13 9 19 
419g 3117 4249 207 18 14 22 
411 2452 2921 161 43 16 14 
412 3834 3983 197 16 13. 21 
414 2784 3187 187 14 1B 17 

416 2826 3629 166 14 18 26 
418 2784 3275 182 15 19.5 17 
419 3675 3983 261 17 14 23 
428 2161 3898 139 18 7 15 
  

TDetermined on a 2486 squore cm area for use with the posture probe, 

height ond drop plate reodings. 
Determined on a 1129 square cm area for use with the rising plate. 

§Scorrected meter reading from the pasture probe. 
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Table 40. Dry weights, pasture probe, height, drop plate, and rising plate readings obtained at site 5 

(table 2) on 3-30-88. 

Dry matter estimators 

  

  

Dry Ory Orop Rising 

weight weight, Pasture Height plate plate 

Plot (kg/ha )t (kg/na)* probe§ . (cm) (cm) (cm) 

191 2452 4426 169 22 18 22 

123 2764 4337 144 21 13 26 

187 3616 4249 144 25 18 22 

198 3675 4937 132 26 15 29 

113 2781 3541 185 18 13 14 
114 2826 3718 156 17 11 24 
116 2761 §223 137 19 13 32 
117 3657 3452 134 27 16 16 
118 1829 4426 79 16 9 29 
119 2868 41628 112 29 18 28 
261 1745 2921 6&6 14 18 15 
285 3280 3452 111 19 13 27 
265 2826 3541 198 17 12 20 
267 3449 4514 134 22 17 32 
289 2681 3187 79 15 12 18 

211 2784 4789 185 18 14 29 
212 2781 4514 126 21 15 23 
213 2743 3275 145 21 16 23 
216 2826 4872 86 16; 13 19 
218 2761 3895 134 21 15 22 
392 2306 3541 71 14 19 26 
363 2868 3718 111 19 14 25 
394% 2847 3187 138 19 14 27 
385 2743 3187 132 18 15 20 
396 2678 3275 43 13 9 18 
3168 2618 3231 77 18 11.5 18 

315 3285 3629 8d 26 15 16 
317 2992 3275 47 16 VW 19 
319 3699 4169 1298 24 18 22 
329 2868 3851 94 18 12 19 

491 2878 3187 59 14 8 12 
485 2784 3585 183 17 14 19 
416 3934 4249 114 21 16 25 
411 27681 3275 92 14 19 17 
412 2992 3886 87 22 16 24 

414 2847 © 4872 122 19 15 26 
416 3875 3886 79 29 16 25 
418 2781 3718 68 15 17 28 
419 3366 4249 1398 22 17 23 
426 2618 3364 72 18 38.5 13 
  

TDetermined on o 229% square cm area for use with the pasture probe, 
,neight and crop plate readings. 

+Determined on a 968 square cm area for use with the rising plate. 
§Scorrected meter reading from the pasture probe. 
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Table 41. Dry weights, pasture probe, height, drop plate, and rising plate readings obtained at site 6 
(table 2) on 3-30-88. 

Ory matter estimators 

  

  

Ory Dry Drop Rising 
weight weight | Posture Height plote: plate 

Plot (kg/na)t (kg/ha)+ probe) ‘ (cm) (em) (cm) 

181 2487 4389 164 17 12.5 23 
183 2444 3261 151 13 11 12 

187 2836 3718 178 19 14 18 
168 2793 3718 156 15 11 15 
113 1876 3718 411 8 6 8 
114 2924 4751 171 17 13 27 
116 2793 4234 188 17 12.5 23 

117 2356 3498 149 13 1B 19 
118 1593 2582 182 9 4 5 
119 2951 2892 134 13 7 12 
281 2951 3821 116 9 6 16 

283 2924 3615 158 17 12 16 
265 2487 4854 153 13 8.5 16 

287 3578 3821 194 21 15 21 
299 1353 3821 88 5 2.5 12 
211 3898 3821 173 15 11.5 15 
212 2749 4337 165 13 8 21 
213 3665 4234 204 21 15 20 
216 3273 4544 161 15 11 21 
218 3411 3924 175 18 14 23 
3p2 2651 3666 126 16 8 12 
383 3769 4337 214 22 15 18 
384 2408 4544 178 16 12 25 
365 2889 3718 165 22 17 16 

366 1462 3821 117 8 3.5 14 
316 2888 4647 178 18 13 208 
315 3229 4337 211 21 16 26 
317 1745 4647 114 11 6 21 
319 2487 5473 176 19 13 26 
326 2356 3924 168 14 9 15 
434 2851 2788 163 16 12 5 

4985 2499 4337 194 19 12.5 16 
419 2924 4751 198 18 13 25 
411 2138 3615 166 15 9.5 11 
412 2531 3924 187 17 14 14 
&14 2488 4441 169 16 12 25 
416 2444 444) 172 17 13 24 
418 1928 3924 153 14 9.5 18 
419 2662 4957 198 21 15 24 
428 2225 2685 157 14 9 8 
  

TDetermined on a 2298 squore cm orea for use with the posture probe, 
height and drop plate readings. 

Determined on a 968 squore cm orea for use with the rising plate. 
§corrected meter reading from the posture probe. 
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Table 42. Dry weights, pasture probe, height, drop plate, and rising plate readings obtained at site 7 

(table 2) on 3-30-83. 

Ory motter estimotors 

  

  

Dry Dry Drop Rising 
weight weight Pasture Height plate plate 

Plot (kg/ha)t (hg/na)+ probe§ (cm) (cm) (cm) 

191 2836 3275 154 15 9 298 
183 2639 2921 184 18 13 17 
197 2494 3187 189 14 11 19 
188 2244 3886 177 13 9 22 
113 1953 2479 162 15 16 11 
114 1953 2833 352 14 8 12 
116 2668 2921 188 22 17 12 
117 1912 3275 146 13 8.5 16 
118 1995 2744 134 11 8 16 
119 26698 3275 176 18 14 23 
291 1662 3851 136 16 7.5 19 
283 1995 2833 151 14 8 16 
205 2784 2744 174 18 13 13 
287 2369 3895 167 15 11 25 
269 1995 2656 153 11 8 17 
211 2577 3275 189 17 11.5 19 
212 2348 3818 182 16 19 19 
213 2868 2744 199 21 15 16 

216 1745 2965 153 12 6.5 16 
218 2535 3718 174 17 12 19 
362 1878 2921 135 13 8 17 
383 2418 3629 298 19 13 19 

384 1621 3275 156 14 7.5 16 
3B5 2327 2744 186 18 12.5 13 
396 1579 2921 125 18 5 14 

318 2418 3541 155 15 10 16 

315 2781 2656 196 19 15 18 
317 1878 2656 157 14 18 21 

319 2286 3275 173 18 13 9 
328 2636 3187 161 14 18 15 
491 1579 3819 165 13 8 16 
495 2936 2833 176 16 11 17 
4168 2781 3886 196 18 13 28 
411 1912 5818 163 12 9.5 13 
412 2223 3364 175 15 9 25 
41% 2743 3629 283 18 13.5 23 
416 1764 3187 139 13 7 16 
418 2244 3819 155 13 9.5 14 
419 2286 3187 163 18 12.5 19 
429 1538 2833 119 11 6 15 
  

tDetermined on a 2486 square cm area for use with the pasture probe, 

height and drop plate readings. 

+Determined on a 1129 square cm areo for use with the rising plate. 

§corrected meter reading from the pasture probe. 
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Table 43. Dry weights, pasture probe, height, drop plate, and rising plate readings obtained at site 8 
(table 2) on 3-30-88. 

Ory matter estimators 

  

  

Dry Dry Drop Rising 

weight weight, Posture Height plate plote 

Plot (kg/ha)t (kg/na)+ probe§ (cm) (cm) (cm) 

181 2223 2392 188 17 11 18 

193 1538 2744 141 8 iy 11 

187 2036 3619 157 41 6.5 15 

188 1787 3998 427 11 5 15 

113 1288 2213 116 8 5 7 

114 1876 2744 165 13 8.5 12 

116 1995 3818 161 14 7.5 1B 

117 2286 3698 166 14 8 13 

118 1455 2213 91 9 & & 

119 1953 3898 138 12 8 21 

281 1413 2124 115 9 & 6 

283 1517 2921 121 41 5 13 

285 1794 2398 125 16 6 4 

287 1829 3854 151 12 6.5 16 

269 1787 2398 112 19 6 9 

211 2836 2479 148 12 8 16 

212 1876 2921 1398 42 7.5 14 

213 2161 2656 152 16 19 12 

216 1496 2362 113 16 5 7 

218 1787 2567 126 18 5 11 

362 1912 2396 166 12 8 12 

383 2836 2479 151 13 8 14 

384% 1995 2656 158 12 7 41 

395 1995 2656 143 14 6 13 

366 1662 2382 123 11 6.5 8 

3198 1662 2567 126 18 6 8 

315 1953 2744 127 14 7.5 11 

317 1329 2936 182 18 5 4 

319 1475 2567 167 9.5 5 11 

326 1829 2398 129 13 6.5 8 

461 1642 2124 162 9 6 7 

485 1876 3275 129 9 4&.5 15 

418 1912 2833 145 18 5 11 

411 1764 2479 118 11 § 11 

412 2327 3452 164 17 11 19 

414 2119 2567 148 13 8 13 

4% 16 1953 2744 138 11 7 11 

418 1496 2396 113 8 3 7 

419 1876 2656 132 12 7 13 

&29 1579 2124 186 8.5 6 4 
  

TDetermined on a 2466 square cm area for use with the pasture probe, 
height and drop plate readings. 

+Determined on a 1129 squore cm oreo for use with the rising plate. 

§corrected meter reading from the pasture probe. 
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Table 44. Dry weights, pasture probe, height, drop plate, and rising plate readings obtained at site 9 

(table 2) on 4-1-88. 

Dry motter estimators 

  

  

Ory Dry Drop Rising 

weight weight Pasture Height plate plate 

Plot (kg/ha)t (kg/ha)+ probes’ (cm) (cm) (cm) 

161 2369 3187 176 29 V1 13 

183 2265 2744 185 14 11 13 

187 2868 3886 218 22 13.5 26 

188 1878 3231 188 17 9 16 

113 2878 2656 168 12 6 18 
114 21139 3452 182 13 9 19 

116 1829 3898 197 13 7.5 16 
117 2452 3187 261 19 13 19 

118 1953 2656 172 11 7 11 
119 2286 3187 191 16 12.5 28 

261 1371 2877 1598 11 5 13 
283 1829 2833 189 15 12.5 16 
285 1455 2656 148 11 6 16 
267 1787 3187 189 14 18 22 
266 2265 3364 283 14 12.5 17 
211 1579 2965 165 13 8 17 
212 1766 3187 169 12 7 18 
213 1995 2744 193 14 18 13 

216 1787 2302 152 12 7 19 
218 1787 3254 164 12 7 13 

382 1876 2656 159 11 8 13 
383 1953 3898 269 14 16 17 
304 1496 3142 177 14 9 14 
365 1787 2744 156 13 9 41 
386 1579 2382 142 16 6.5 12 

319 2119 2833 192 14 9.5 14 
315 1784 2656 177 14 9 16 

317 1784 2567 157 13 8 19 
319 2263 3187 192 16 11 19 
328 2369 3364 187 18 11 18 

491 1336 2744 127 19 5 11 
495 1876 3816 178 14 9.5 12 
4198 1745 3898 188 15 9.5 15 
411 1621 3898 151 12 7 11 
412 2369 3818 . 224 18 13 18 
414 1745 3364 169 9 5 19 
416 2146 3488 198 15 18 22 
418 1496 3698 161 12 8 15 
419 2878 2921 192 14 16 16 
428 16898 3818 162 11 6.5 14 
  

{Determined on a 2486 square cm orea for use with the pasture probe, 

height ond drop plate readings. 
+Determined on a 1129 square cm area for use with the rising plate. 

§Corrected meter reading from the posture probe. 
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Table 45. Dry weights, pasture probe, height, drop plate, and rising plate readings obtained at site 10 
(table 2) on 4-1-88. 

Dry weight estimators 

  

  

Dry Ory Drop Rising 

weight weight | Pasture Height plate plate 

Plot (kg/ha)T (kg/ha)+ probed (em) (cm) (cm) 

191 4958 5577 246 25 18 32 

193 4298 5887 232 21 17 36 

197 3535 4957 238 298 15 29 

188 3494 5266 195 19 14 24 

113 3464 5577 237 22 17 38 
114 4233 5868 2668 26 26 35 

116 3368 5998 2568 © 21 16 36 
117 4298 5785 133 22 37 29 

118 3622 5376 235 19 13 31 
119 3494 5376 211 19 14 27 

261 3665 6713 244 26 16 22 

283 3753 6196 222 23 - 19 26 
265 3927 6764 289 23 16 32 
287 3535 6713 226 23 17.5 39 

269 4329 $998 227 27 28 34 
211 3535 5577 283 19 14.5 28 

212 3796 7229 216 22 16 35 
213 3927 6841 259 22 18 26 
216 4145 §577 198 24 18 22 
218 3884 5783 287 22 17 29 
382 4B44 6713 288 27 21 3¢ 
393 3971 5689 249 23 17 38 
394 4931 6919 273 27 22 32 
395 5195 6919 272 29 22 36 

386 4192 8262 274 28 21 31 
316 4858 8468 236 26 26 22 

315 4516 6196 244 25 19 31 
317 4538 7623 269 26 20 28 
319 4936 6485 249 27 21 35 
3298 4473 7177 247 23 17 34 
461 4495 6196 264 25 26 28 

465 4931 7849 265 24 26 36 

416 4975 6566 278 28 23 36 
411 3753 7384 282 22 15 34 
412 4975 6483 255 27 28 . 27 
414 4756 7623 265 24 19 39 
416 4568 5999 224 26 19.5 28 

418 5862 7436 258 26 26 32 
419 3665 6893 255 22 18 29 

429 4582 6971 221 19 14% 32 
  

TDetermined on a 2298 square cm area for use with the pasture probe, 

,neight ond drop plate readings. 
+Determined on a 968 square cm area for use with the rising plate. 

§corrected meter reading from the posture probe. 
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Table 46. Dry weights, pasture probe, height, drop plate, and rising plate readings obtained at site 11 
(table 2) on 4-1-88. 

Ory motter estimators 

  

  

Dry Dry Drop Rising 

weight, | weight Pasture Height plate plate 

Plot (kg/ha)t (kg/na)+ probed (cm) (cm) (cm) 

181 3948 6152 232 22 17 23 
193 3636 6639 219 22 16 28 
187 3639 6196 241 22 16 24 
188 4331 7176 237 24 18 32 
113 4322 4514 231 23 18 16 
114 3574 5842 236 21 15 26 
116 3823 4789 249 24 16 19 
117 4655 4693 243 24 19 23 
118 3996 6919 269 24 18 27 
119 4539 §931 239 26 19 26 
281 3366 5223 289 17 14 22 
283 3288 6373 198 26 12 24 
285 3886 7882 219 21 15 31 

287 3782 6727 243 24 17 39 
289 3574 7657 205 22 16 25 
211 3748 6418 288 20 13 21 
212 3532 5577 222 23 17 27 
213 4873 6373 255 23 18 34 
216 3325 5931 266 21 15 28 
218 3696 6196 224 23 16 26 
362 4114 6619 244 ' 24 16 23 
3683 3998 6558 267 26 19 34 
384 4281 5718 257 26 18 25 
385 4197 6285 247 24 17 29 
386 3865 5754 245 23 16 24 

318 4447 6985 245 22 15 28 

315 4821 6816 287 28 21 32 
317 4873 5842 226 23° 18 21 

319 5112 6586 278 38 25 34 
329 4495 6919 249 24 16 27 
481 3616 6727 256 24 21 29 
495 4281 6993 259 24 18 38 

419 4655 7259 281 24 18 33 
411 4616 5134 233 24 18 19 
412 3657 5488 262 . 24 17 23 
1% 4873 6462 241 24 16 27 
416 3823 6816 234 26 13 28 

418 3948 5887 221 21 16 25 
419 4156 $887 245 25 18 25 
428 3748 5754 219 21 15 28 
  

Tbetermined on a 2496 square cm area for use with the pasture probe, 

height ond drop plate readings. 

Determined on a 1129 squore cm area for use with the rising plate. 
Scorrected meter reading from the posture probe. 
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