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ABSTRACT

A three year case study was conducted at two commercial Medicago sativa growers to evaluate the availability of P from struvite or mono-ammonium
phosphate (MAP) on forage yield, composition, P uptake, and soil test P. Combined yields and combined P uptake over three years for the two farms was of
38.6 and 39 tons, and 215 and 226 pounds, respectively for MAP and Struvite + MAP treatments. Average content of P in Medicago sativa was 0.29 % for
MAP and Struvite + MAP treatments. Based on this data, struvite was demonstrated to be a comparable source of P for Medicago sativa production under
commercial growing conditions.

INTRODUCTION

Phosphorus (P) and potassium are the two nutrients required in greatest quantities for the growth of Medicago sativa (Undersander et al., 1991) and annual

costs typically can be $216 acre™' but can vary greatly with fertilizer prices (Norberg and Neibergs, 2012). Most inorganic sources of P used as fertilizer are
sources from phosphate rock, with approximately 1.5 % of the global P reserves found in the USA and > 70 % in Morocco (USGS 2021). Due to agriculture’s
reliance on mined sources of P and the limited sources in the USA, it is important to evaluate alternative and renewable sources of P for crop production. One
renewable source of P that can be extracted from livestock manure is called struvite (magnesium ammonium phosphate hexahydrate (MgNH4PO4-6(H20))
(Bowers and Westerman 2005; Demirer and Yilmazel 2013, Tao et al., 2016). Hilt et al. (2016) reported the value of dairy derived struvite as a P source for
Medicago sativa, Zea mays silage, Triticosecale, and Avena sativa in greenhouse of plot studies. Struvite has been observed to be equivalent or superior to
the compared commercial fertilizer, including ammonium phosphates, calcium phosphates, and mineral ammonium phosphates in a wide variety of crops such
as Lolium perenne, Festuca, Fagopyrum esculentum, horticultural plants, Lactuca sativa, Zea mays, Cicer arietinum, and Sorghum bicolor (Ghosh et

al., 1996; Li and Zhao, 2003; Romer, 2006; Gonzalez-Ponce and Garcialopez, 2007; Plaza et al., 2007; Gonzalez-Ponce et al., 2009; Cabeza et al., 2011;
Achat et al., 2014; Bonvin et al., 2015; Ryu et al., 2015; Vogel et al., 2015; Liu et al.,.2016; Talboys et al., 2016).

While replicated plot and greenhouse studies have been conducted, we are not aware of production scale studies have been conducted to compare struvite to
common P fertilizers for production of Medicago sativa. Therefore, the purpose of the agronomic project summarized in this paper was to demonstrate the
value of struvite as a P source when compared to mono-ammonium phosphate over three growing seasons and applied to meet soil test P recommendations.
This project is companion to a project demonstrating the use of a mobile struvite system for the capture of P from liquid dairy manure (Harrison et al., 2021;
Norberg et al., 2019.).

METHODS

A three-year study was conducted at two commercial Medicago sativa growers to compare two different sources of phosphorus (P). Mono-ammonium
phosphate (MAP, 11-52-0) or struvite (N-P-K+Mg - 6 — 29 — 0 + 16) were applied alone or in combination. The initiation year was 2017, and full production data,
soil test, and forage composition were collected in 2018, 2019, and 2020. Farm 1 had an established stand of Medicago sativa and field sizes were MAP, 33
acres; and Struvite + MAP, 30 acres. Farm 2 was rotating from Phleum to Medicago sativa and field sizes were MAP, 60 acres; and Struvite + MAP, 55 acres.
Farm 1 and Farm 2 utilized irrigation via pivot and linear sprinkler systems, respectively.
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FERTILIZER APPLICATION

Fertilizer applications were made with standard application equipment for each farm and are summarized in Tables 1 and 2. The amount of P applied was
based on a prior soil test for Olsen-P (table 3). For farm 1, due to lower soil test P (range 13 — 18 ppm Olsen P), the source of P was either 100% MAP (11-52-
0) or a 2:1 ratio of struvite:MAP. The struvite N-P-K+Mg analysis was 6 — 29 — 0 + 16 in each of the three years (Table 1). In year 1 (Farm 1), the soil test P
indicated a greater need for P on the Struvite + MAP side of the field. For farm 2, due to the higher soil test P (18ppm), the source of P was either 100% MAP
(11-52-0) or 100% struvite (6 —29 — 0 + 16) in years 1 and 2, and 100% MAP (11-52-0) in year 3 (Table 2). In 2019, Farm 2 participated in a Natural
Resources Conservation Service Conservation Stewardship Program which fostered the use of nitrogen sources with limited volatilization.

Table 1. Farm 1--Nutrients Applied

Farm 1 Pro§8c1t7io_nzsoela§ons 2019 Production 2020 Production
(8/11/17%) Season (10/10/18*) | Season (10/15/19%*)
MAP Struvite** | MAP Struvite** | MAP Struvite**
only plus MAP | only plus MAP | only plus MAP
(Ibs/acre)
P20s 58 222 309 309 275 275
K 200 200 100 130 120 120
B 2 2 2 2 2 2
S NA NA NA 15 20 20
*Application date.
**2/3 Struvite: 1/3 MAP
Table 2. Farm 2--Nutrients Applied
2017 2020
Farm 2 Establishment 2,018 2.019 Production
Production Season | Production Season
Year Season
MAP 5 MAP . MAP . MAP .
Struvite Struvite Struvite Struvite
only only only only
(Ibs/acre)

N | 3040 | 288 |17.3°+ | 17.3v+ | 55 | 723¢ |106"| 106"

P20 170° 59.5¢ 14.2¢ 14.2° + 171f 171f
23 : : 63.4¢ 114" | 114"
K 1872 1352 43.8b 43.85 1228 1228 80" 80"
B 2.42 2.3
s 2.8 17° NA NA NA NA NA NA

2Applied 9/6/17 - super urea, 20-0-0-24, 0-0-62.4, boron, procote BMZ, 11-52-0-2

PApplied 4/27/18 and 7/12/18 - 0-0-60, 32-0-0, 8-24-0, 0-0-15

“Applied 7/12/18 as 8-24-0

9Applied 8/14/18 as struvite

¢Applied 11/12/18, 4/3/2019, 5/14/2019, 6/24/2019, 7/23/2019, 7/31/2019 - 0-0-60, 16-20-0, 25-0-0, 0-0-15, 8-24-0, 11-52-0, 20.5-0-0-24, 32-0-0
fApplied 11/12/18, 5/4/19, 6/24/19, and 7/23/19 as 16-20-0, 8-24-0, and 11-52-0

9Applied 11/12/18, 4/3/2019, 5/14/2019, 6/24/2019, 7/23/2019 — 0-0-60, 0-0-15, 20.5-0-0-24

"Applied 12/9/2019 for 2020 year — 11-52-0, 0-0-60

MEDICAGO SATIVA HARVEST

-Medicago sativa was harvested 3 or 4 times each year at each location. Farm 1 had an established stand of Medicago sativa and the first harvest after P

application occurred at the 4™ cutting in 2017. Farm 2 was a newly established stand of Medicago sativa in 2017 in a field previously in timothy. The field was
reseeded in April 2018, as many of the Medicago sativa plants experienced die off due to freezing winter temperatures. Forage yield estimates were made by
the growers based on bale number and sale weights. Immediately after the baling of Medicago sativa at each harvest, samples of soil (1 ft) and forage (Penn
State hay probe) were obtained while the hay remained in the field. Four areas (approximately 7000 sq ft) were identified by GPS for each treatment field at
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each farm (8 locations per farm) and samples were obtained at these same GPS coordinates each time. Eight soil samples were obtained from each GPS unit
and composited. Hay bales (125 # or 1400 #) that dropped in each GPS unit were cored and composited. As a result there were four composited soil and four
composited hay samples obtained for each treatment field at each cutting.

ANALYSES

Soil samples were analyzed by Soil Test Consultants (Moses Lake, WA) for organic matter, Olsen soil test P, Ca, Mg, S, Zn, B, and pH; and hay was analyzed
by Cumberland Valley Analytical Services (Cumberland, MD) for Ca, Mg, P, K, protein, fiber, estimated total digestible nutrients, and relative feed value.

STATISTICAL ANALYSES

Since this was a demonstration case study at commercial Medicago sativa growers, means and standard errors were calculated when replicate samples were
available.

RESULTS AND DISCUSSION

SOIL TEST P

Farm 1 Initial Olsen soil test P (mid-summer 2017) ranged from 13 to 18 ppm for the two fields on Farm 1 prior to the start of the study (Table 3 and Figure 1).
An adequate level of soils Olsen test P is considered to be 20 ppm. (Koenig et al., 2009). The content of organic matter, Ca and S were approximately one-
third to two-thirds that of farm 2; 2 vs 3.2, 3.5 vs 11.4, and 12.4 vs 18.1, respectively. The content of Zn and B in soil was similar between farms. The pH for
Farm 1 was slightly acidic at 5.9. After application of MAP or a combination of struvite + MAP the soil test P increased to 20 ppm on 9/17/20. After the 4
cuttings in 2018 soil test P was approximately 10 ppm for the struvite + MAP field, while the MAP field steadily decreased from approximately 18 to 12 ppm
after each of the 4 cuttings. In 2019, the MAP field remained at approximately 15 ppm after the 4 cuttings, while the struvite + MAP field steadily increased from
10 ppm to 15 ppm over the 4 cuttings. In 2020, the MAP field started at approximately 17 ppm and subsequently decreased to 12 and 14 ppm at third and
fourth cutting. The struvite + MAP field remained at approximately 12 ppm throughout 2020. Averaged over cuttings and years the P content of the soil was 15
and 12 ppm for MAP and Struvite + MAP, when at total of 642 — 806 Ibs P,O5 was applied, respectively.

Table 3. Initial analyses of soil at each farm prior to start of study.

Farm Field pH K Organic Ca Mg Olsen S Zn B
designation matter P
ppm | % meq/100 g ppm
1 Control 6.0 [ 49 2.1 3.2 0.8 18 12.3 1.7 0.21
1 Treated 5.8 |57 1.9 3.7 1.0 13 12.6 2.1 0.23
2 Control 6.0 | 112 3.0 11.1 3.5 18 18.3 1.3 0.24
2 Treated 6.1 | 86 3.5 11.8 3.4 18 17.8 1.5 0.26
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Figure 1. Soil test P (Olsen) after each cutting of Medicago sativa — Farm 1.

Farm 2 Initial soil test P in 2017 for farm 2 was 18 ppm for each field (Table 3 and Figure 2). The pH was slightly acidic at 6.0. During 2018 the soil test P
ranged from 14 to 20 ppm for the MAP field. For the struvite field, soil test P started at 18 ppm, decreased to 7 ppm at second cutting, and increased to 16 ppm
at third cutting after the field had received a struvite application on 8/14/18, 14 days prior to second cutting. In 2019 soil test P ranged from 19 to 25 ppm for the
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MAP field and 14 to 19 ppm for the struvite field. In 2020, the soil test P decreased from 24 to approximately 16 mg/g for the MAP field throughout the growing
season. In 2020, the soil test P decreased from 29 to approximately 13 ppm for the struvite field throughout the growing season. Averaged over cuttings and
years the P content of the soil was 19 and 17 ppm for MAP and Struvite + MAP, when a total of 466 and 422 Ibs of P,O5/,. was applied, respectively.

35
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0
3/6/2017 9/22/2017 4/10/2018 10/27/2018 5/15/2019 12/1/2019 6/18/2020 1/4/2021

Time of Sampling
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Figure 2. Soil test P (Olsen) after each cutting of Medicago sativa — Farm 2.

FORAGE YIELD

Farm 1: The demonstration fields had one cutting in the fall of 2017, and 4 cuttings in 2018, 2019, and 2020. Forage yields (Figure 3) varied across cutting and
years from a low of approximately 0.75 ton/acre to a high of approximately 2.8 ton/acre. Differences in yield between treatments and across cutting were
minimal and ranged from 0 to 0.40 ton/acre. Forage yields were comparable between treatments across the 3 years with a total for MAP and Struvite
treatments of 38.6 and 39 tons, respectively (Figure 5).

Farm 2: The demonstration fields had 3 cuttings in years 2018 and 2019, and 4 cuttings in year 2020. Forage yields (Figure 4) varied across cuttings and years
from a low of approximately 0.7 ton/acre to a high of approximately 3.1 tons/acre. Differences in yield between treatments and across cutting were minimal and
ranged from 0.1 to 0.59 ton/acre. Yield data was not available for cutting 2 in 2019.

When looking at forage yields across the 4 years, yields were comparable between treatments with a total for MAP and Struvite treatments of 38.6 and 39
ton/ac, respectively (Figure 5). Hilt et al. (2016) previously reported similar yield of Medicago sativa in two of three years in a replicated plot study comparing
struvite and MAP in Eastern Washington conducted with alkaline soils.

R T T N N X S S S S SR
% B % % % R R R, Ry R R
e, Y, &
9 %

2,
R \{QJ {97
% O % % o %

~ ~ w w
o v o w
Q o o o

Tons/acre

=
u
o

1

0.00 I

0
o
% %
7’6 6’ 4 (4

=}
S

w
o

%

Year and Cutting

®MAP only ® Struvite plus MAP

Figure 3. Yield of Medicago sativa by cutting across years for Farm 1 (Moses Lake, WA).
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Figure 4. Yield of Medicago sativa by cutting across years for Farm 2 (Ellensburg, WA). No estimate available for 2" cutting in 2018.
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Figure 5. Average total annual yield by year and treatment and total yield of Medicago sativa combined for both farms. No estimate available for 2nd cutting for
Farm 2 in 2018.

FORAGE CONTENT OF P

Farm 1: The content of P in Medicago sativa at each harvest is shown in Figure 6. Phosphorus content varied across cutting and years from a low of 0.23 % to
a high of 0.36 %. Differences in content of P between treatments and across cutting were minimal and ranged from 0.0 to 0.03 %.

Farm 2: The content of P in Medicago sativa at each harvest is shown in Figure 7. Phosphorus content varied across cutting and years from a low of 0.24 % to
a high of 0.32 %. Differences in content of P between treatments and across cutting were minimal and ranged from 0.0 to 0.02 %. Averaged over farms,
cuttings and years the P content of Medicago sativa was 0.29 % for MAP and Struvite and Struvite + MAP. Gonzalez-Ponce and Garcialopez (2007) reported
that struvite provided somewhat greater concentrations of P in perennial ryegrass when compared to other inorganic sources of P. Hilt et al. (2016) reported
increased P content and P uptake in forages with struvite when grown in acidic soils, and variable results with alkaline soils.
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Figure 6. Content of P in Medicago sativa at each cutting — Farm 1.
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Figure 7. Content of P in Medicago sativa at each cutting — Farm 2.

FORAGE UPTAKE OF P

Farm 1

The uptake of P in Medicago sativa at each harvest is shown in Figure 8. Phosphorus uptake at each harvest varied across cutting and years from a low of 4.8
pounds to a high of 18.6 pound/ac. Differences in uptake of P between treatments and across cutting were minimal and ranged from 0.1 to 3.4 pounds. The
uptake of P generally followed the pattern of Medicago sativa yield across cuttings.

Farm 2

The uptake of P in Medicago sativa at each harvest is shown in Figure 9. Phosphorus content varied across cutting and years from a low of 4.4 pounds to a
high of 18.0 pounds. Differences in content of P between treatments and across cutting were minimal and ranged from 0.1 to 3.4 pounds. As was observed for
Farm 1, the uptake of P generally followed the pattern of Medicago sativa yield across cuttings.

When looking at P uptake across the 4 years for the combination of both farms, uptakes were comparable between treatments with a total for MAP and Struvite
treatments of 215 and 226 pounds, respectively (Figure 10). Hilt et al. (2016) reported struvite to superior or equal to MAP for growth of Triticosecale and
Avena sativa in acidic soils, and variable in alkaline soils. This is consistent with previous reports of availability of P from struvite as a result of its solubility in
acidic environments (Chirmuley 1994).
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Figure 8. Uptake of P in Medicago sativa at each cutting — Farm 1.
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Figure 9. Uptake of P in Medicago sativa at each cutting — Farm 2. No estimate available for 2nd cutting in 2018.
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Figure 10. Annual cumulative uptake of P from Medicago sativa. No estimate available for 2nd cutting in 2018.

FORAGE COMPOSITION

The content of protein, fiber, estimated total digestible nutrients (TDN), relative feed value (RFV), and minerals in Medicago sativa are summarized in Tables 4
— 9 for Farms 1 and 2. The quality of Medicago sativa was comparable at each harvest between sources of P, based on the content of crude protein, acid
detergent fiber, and neutral detergent fiber, total digestible nutrients, and relative feed value. When comparing the average for each parameter between
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sources and across the three years at each farm (data not shown), the data was nearly identical. Content of Ca and Mg varied little across cuttings and
treatments over the three years. Potassium was the mineral to vary the greatest across cuttings with a low of 1.3 % of DM to a high of 3.4 % of DM.

Table 4. Composition of Crude Protein and Fiber in Medicago sativa (Farm 1).

CP, % DM ADF, % DM NDF, % DM
Date of Control Treated Control Treated Control Treated
Sample

Ave | SE* | Ave |SE Ave SE Ave SE Ave SE Ave SE
9/3/2017 | 239 |- 236 | - 31.40 |- 29.80 | - 41.4 - 39.7 -
5/30/2018 | 18.4 | - 196 | - 33.90 |- 33.60 | - 42.40 |- 41.80 -

7/11/2018 | 18.1 | 0.18 | 18.7 | 0.12 | 35.67 | 0.34 | 34.76 | 0.38 | 41.87 | 0.57 | 40.56 0.68
8/13/2018 | 20.8 | 0.57 | 21.9 | 0.28 | 33.08 | 0.89 | 31.27 | 0.47 | 38.90 | 1.37 | 36.87 0.34
9/28/2018 | 21.0 | 0.77 | 22.7 | 0.10 | 27.48 | 1.41| 25.18 | 0.53 | 32.98 | 1.67 | 30.00 0.21
6/3/2019 |20.9 | 0.35|20.3 [ 0.21 | 31.98 | 0.38 | 33.78 | 0.63 | 38.20 | 0.55 | 40.33 0.69
7/13/2019 | 19.2 | 0.70 | 19.2 | 0.13 | 35.65 | 0.86 | 38.38 | 0.33 | 41.35 | 0.81 | 44.58 0.12
8/14/2019 | 21.0 | 1.19 | 20.0 | 0.17 | 35.58 | 2.36 | 36.18 | 0.13 | 39.90 | 2.85 | 41.73 0.23
9/23/2019 | 21.7 | 0.26 | 22.8 | 0.45 | 29.95 | 0.49 | 28.60 | 0.67 | 36.70 | 0.53 | 34.78 0.56
6/3/2020 |19.0 | 0.23 | 19.4 | 0.34 | 31.93 | 0.34 | 31.43 | 0.64 | 38.70 | 0.66 | 38.43 0.64
7/9/2020 |19.5|0.33 | 19.8 | 0.37 | 32.23 | 0.13 | 31.50 | 0.83 | 38.83 | 0.15 | 38.73 131
8/7/2020 |22.9 |0.15|23.0 | 0.55 | 31.23 | 0.43 | 31.08 | 0.31 | 36.83 | 0.28 | 37.40 0.87
9/8/2020 | 24.1|0.26 | 24.2 | 0.37 | 28.175 | 0.65 | 27.03 | 0.79 | 35.15 | 0.51 | 34.08 0.56

*SE with a — indicates a single sample was obtained.

Table 5. Composition of Total Digestible Nutrients and Relative Feed Value in Medicago sativa (Farm 1).

TDN, % RFV
Control Treated Control Treated
Date of Sample Ave SE* Ave SE Ave SE Ave SE
9/3/2017 62.80 - 64.10 - 176.00 | - 181.00 -
5/30/2018 58.20 - 58.90 - 137.00 |- 140.00 -
7/11/2018 59.74 0.35 60.93 0.42 136.11 | 2.29 142.13 291
8/13/2018 60.33 0.49 63.40 0.20 152.00 |7.25 163.00 |2.31
9/28/2018 63.60 1.07 65.65 0.18 192.25 |12.15 | 215.25 1.75
6/3/2019 60.55 0.68 60.15 0.38 155.75 | 2.66 144.50 3.97
7/13/2019 59.95 0.55 58.95 0.38 137.75 | 4.39 123.50 | 0.95
8/14/2019 60.10 1.50 59.75 0.42 145.25 | 13.42 135.75 1.25
9/23/2019 61.65 0.81 64.05 0.57 166.00 |3.34 178.50 | 5.65
6/3/2020 60.35 0.31 60.95 0.47 154.00 | 2.92 156.25 3.23
7/9/2020 60.75 0.28 60.90 0.86 152.75 | 0.85 154.75 5.27
8/7/2020 61.58 0.39 61.63 0.65 163.25 | 1.89 161.25 3.12
9/8/2020 62.65 0.53 64.15 0.33 177.25 |3.84 185.25 | 4.25
*SE with a — indicates a single sample was obtained.
Table 6. Composition of Minerals in Medicago sativa (Farm 1).

Ca, % DM Mg, % DM K, % DM

Control Treated Control Treated Control Treated
Date of
Sample Ave SE* | Ave |SE Ave | SE Ave | SE Ave SE Ave SE
9/3/2017 | 1.26 |- 1.26 | - 0.30 | - 034 |- 34 - 3. -
5/30/2018 | 1.64 | - 1.67 | - 0.33 | - 036 |- 2.3 - 2.1 -

7/11/2018 | 1.64 | 0.06 | 1.70 | 0.04 | 0.32 | 0.015 | 0.34 | 0.012 | 2.4 0.18 | 2.0 0.14
8/13/2018 | 1.35 | 0.06 | 1.43 | 0.05 | 0.30 | 0.009 | 0.38 | 0.013 | 2.8 0.11 | 1.9 0.05
9/28/2018 | 1.60 | 0.12 | 1.83 | 0.03 [ 0.31 | 0.039 | 0.39 | 0.006 | 2.8 03321 0.05
6/3/2019 | 1.69 | 0.06 | 1.56 | 0.03 | 0.35 | 0.015 | 0.35 | 0.007 | 2.5 0.13 | 2.2 0.02
7/13/2019 | 1.60 | 0.03 | 1.41 | 0.01 | 0.32 | 0.003 | 0.30 | 0.009 | 1.6 0.05 | 1.5 0.07
8/14/2019 | 1.53 | 0.14 | 1.47 | 0.02 | 0.35 | 0.029 | 0.37 | 0.012 | 2.2 0.23 | 1.7 0.08
9/23/2019 | 1.45 | 0.05 | 1.50 | 0.11 | 0.34 | 0.017 | 0.38 | 0.017 | 1.9 0.18 | 1.6 0.14

6/3/2020 |1.75 |0.02 | 1.73 | 0.02 | 0.33 | 0.012 | 0.34 | 0.005 | 2.0 0.09 | 1.9 0.03
7/9/2020 | 1.57 |0.03 | 1.63 | 0.05 | 0.35 | 0.014 | 0.36 | 0.004 | 2.0 0.15 | 1.9 0.06
8/7/2020 | 1.42 |0.02 | 1.46 | 0.04 | 0.33 | 0.015 | 0.35 | 0.011 | 2.4 0.16 | 1.9 0.13
9/8/2020 | 1.37 |0.04 | 1.52 | 0.04 | 0.34 | 0.018 | 0.39 | 0.013 | 2.5 0.20 | 1.8 0.12

*SE with a — indicates a single sample was obtained.

https://nacaa.com.customers.tigertech.net/journal/index.php?jid=1218 8/11



12/5/21,12:23 PM Journal of the NACAA: Comparison of Struvite to Mono-ammonium Phosphate for Alfalfa Production at Commercial Alfalfa Fa...

Table 7. Composition of Crude Protein and Fiber in Medicago sativa (Farm 2).

CP, % DM ADF, % DM NDF, % DM
Date of control Treated control Treated control Treated
Sample

Ave SE* Ave SE Ave SE Ave SE Ave SE Ave SE

7/2/2018 17.43 | 0.56 | 18.25 0.55 | 31.35 0.71 | 31.75 0.85 38.45 0.75 | 38.65 1.07
8/16/2018 | 20.00 | 0.69 | 20.13 0.50 | 33.83 143 | 32.88 0.40 39.53 1.36 | 38.05 0.32
10/3/2018 | 24.28 | 0.68 | 21.78 0.28 | 23.40 0.72 | 26.43 0.74 27.65 0.90 | 32.70 0.72
6/7/2019 1990 | - 19.90 0.66 | 29.00 - 31.55 0.60 35.10 - 37.80 0.93
7/14/2019 | 22.88 | 0.54 | 22.80 091 | 30.73 0.83 | 31.60 141 36.23 0.88 | 35.43 1.60
9/3/2019 17.75 | 0.51 | 18.95 0.39 | 38.10 1.04 | 35.43 0.85 43.60 0.96 | 40.73 0.48
6/14/2020 | 19.43 | 0.15 | 20.08 0.72 | 32.30 0.54 | 30.50 0.87 39.43 0.39 | 36.98 0.69
7/21/2020 | 20.18 | 0.48 | 20.93 0.62 | 32.20 1.03 | 31.18 0.97 38.83 1.01 | 37.43 0.82
8/22/2020 | 2043 | 0.27 | 21.80 0.48 | 33.70 0.59 | 31.50 0.39 42.13 0.49 | 39.28 0.32
10/8/2020 | 20.73 | 0.64 | 20.25 0.59 | 29.58 1.04 | 29.03 0.91 35.98 1.22 | 35.50 0.81

*SE with a — indicates a single sample was obtained.

Table 8. Composition of Total Digestible Nutrients and Relative Feed Value in Medicago sativa (Farm 2).

TDN, % RFV
Date of control Treated control Treated
Sample Ave SE* Ave SE Ave SE Ave SE
7/2/2018 61.9 0.56 61.9 0.40 156.5 4.29 155.0 5.87
8/16/2018 | 60.8 0.73 62.3 0.82 147.7 7.42 154.8 217
10/3/2018 | 66.8 0.72 64.2 0.23 239.0 10.10 | 194.8 5.41
6/7/2019 64.2 - 62.9 0.17 176.0 - 158.5 4.94
7/14/2019 | 62.7 1.07 63.7 0.77 167.5 5.42 170.3 11.25
9/3/2019 57.4 0.79 60.5 0.72 126.8 4.50 140.3 3.15
6/14/2020 | 61.0 0.32 61.9 0.36 150.5 1.66 164.0 4.51
7/21/2020 | 61.1 0.93 62.1 0.52 153.5 6.13 160.8 5.44
8/22/2020 | 58.7 0.51 61.3 1.37 138.8 2.56 152.5 2.02
10/8/2020 | 60.5 1.45 61.5 0.75 171.0 8.01 1743 5.44
*SE with a — indicates a single sample was obtained.
Table 9. Composition of Minerals in Medicago sativa (Farm 2).
Ca, % DM Mg, % DM K, % DM
Date of control Treated control Treated control Treated
Sample Ave | SE* | Ave SE Ave SE Ave SE Ave SE Ave SE
5/21/2018 | 2.0 |- 1.8 - 036 |- 0.39 - 2.4 - 1.9 -
7/2/2018 | 1.9 |0.09 | 2.0 0.10 | 0.31 | 0.014 | 0.34 0.011 |17 012 | 13 0.09
8/16/2018 | 1.6 | 0.08 | 1.9 0.05 | 0.29 | 0.006 | 0.34 0.014 | 2.0 0.20 | 1.5 0.13
10/3/2018 | 2.1 | 0.06 | 2.2 0.09 [ 036 |0.012 | 0.38 0.015 | 2.0 012 | 15 0.09
6/7/2019 | 1.7 |- 1.8 0.08 [0.29 |- 0.31 0.004 |23 - 1.6 0.14
7/14/2019 | 1.8 |0.15 | 2.0 0.10 [ 033 | 0.025 | 0.38 0.010 | 2.0 030 | 1.4 0.10
9/3/2019 | 1.8 |0.09 | 1.9 0.07 | 0.34 | 0.030 | 0.40 0.023 |18 027 | 1.3 0.13
6/14/2020 | 1.8 | 0.06 | 2.1 0.09 | 0.34 | 0.012 | 035 0.018 | 1.8 0.14 | 1.5 0.17
7/21/2020 | 1.9 |o0.11 |21 0.11 [ 0.34 | 0.030 | 0.39 0.007 |21 022 |15 0.12
8/22/2020 | 1.8 | 0.11|2.0 0.07 | 0.39 | 0.016 | 0.40 0.014 |18 02115 0.13
10/8/2020 | 1.8 |[0.13 | 2.0 0.07 | 037 | 0.022 | 0.42 0.018 | 1.9 011 |15 0.14

*SE with a — indicates a single sample was obtained.

SUMMARY

The results of this three year case study confirm observations of the availability of P in struvite for crop production in greenhouse and plot studies. In general
MAP and struvite could be used interchangeably on a P,Oj5 basis. In very low testing soils it may be advisable to mix MAP and struvite as struvite has a slower

release rate for P.
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