Evaluation of Various Fertilizer Formulations on Pasture Yield.
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INTRODUCTION.

Standard Fertilization Practice.  The fertilization program at the Mealani Research Station was established and is based on research conducted in the early ‘70s.  The current practice is to fertilize 240 pounds of nitrogen per acre per year.  Urea has been the primary product used in this program.  The application schedule starts in the fall, usually on November 1st.  Four iso-nitrogenous applications are made at 6-week intervals; each application equates to 130 pounds of urea per acre.  In the early 1980’s, the adoption of intensive grazing management helped further to boost productivity of the pastures.  The grazing and fertilizer management program at Mealani allows the pasture resources to carry approximately 190 animal units (165 cows, 12 mature bulls, 8 young bulls and 2 horses) on 153 acres (1.24 au/ac).  Anecdotally, ranchers in the surrounding area, stock 85 animal units on 300 acres (0.27 au/ac).

The concern with using urea is its inefficient nature.  Gaseous losses of nitrogen, as ammonia, from urea applications of 75 lb. N/ac. and 150 lb. N/ac. range from 18–31% over a 6-day period.  High application rates of urea (1000 lb. N/ac.) on Maile soil series, resulted in losses of 43% over a 30-day period.  (Whitney and Tamimi, 1974).  To reduce volatile losses in urea, increase in frequency of application is recommended.  However this practice incur additional costs in labor and equipment requirements.

New polymer coated, slow release formulations are constantly being developed in the fertilizer trade.  However, these new products are generally targeted toward the turf-related industries.  The costs are considerably much higher than the standard pasture fertilizer products, but if extended productivity (12-16 weeks controlled release) and labor savings contribute to greater economic returns, then these products warrant an evaluation.  The overall goal is to reduce nitrogen inputs into the environment and improve efficiency of labor and equipment requirements while optimizing forage yield.

Objectives.

1. Evaluate the effects lower nitrogen applications of various fertilizer formulations compare to the standard fertilization program.

2. Evaluate the effect of polymer coated fertilizer on the pasture productivity and economics, especially in labor and equipment savings.

Methods.

Treatment.  The trial evaluated five different nitrogen-based products.  The treatment groups are described below in Table 1.

Table 1.  Treatment groups, nitrogen rates and cost per acre.

Treatment
Product
N
P
K
Cost/ac.
Relative Cost, %

I
Control
0
0
0
0.0
0

II
Urea¹
240
0
0
103.20
100

III
Urea
60
0
0
25.80
25.0

IV
Sulfate of Ammonia
60
0
0
42.00
40.7

V
Polymer Coated Sulfur Coated Urea
60
0
0
62.40
60.5

VI
Superturf
60
12
12
83.40
80.8

VII
Poly Supreme
60
13
26
96.60
93.6

¹  Four application of 60 pounds of nitrogen was applied every 6 weeks.

Field Layout.  The field plots were laid out in a randomized block design within the normal grazing rotation of the production pastures.  Each block contained all treatments and was replicated three times.  A total of twenty-one 400 ft.² plots were established; each separated by a 5-foot buffer strip.  The plots were laid out in reference to the paddock’s perimeter fence line.  All fertilizer treatments, except Treatment II, were applied once, at the start of the 24-week trial period.  Treatment II was distributed among four equal applications at 6-week intervals.  The predominant forage was kikuyugrass (Pennisetum clandestinum Hochst).  Field data on forage yield was to be collected at each rotational grazing cycle, approximately 28 days.  However, due to scheduling logistics, actual harvest data collection ranged from 27 to 51 day intervals.  Yield data were adjusted to 42-days.

[image: image1.wmf]7.16

0.26

1.49

5.54

2.41

2.84

1.84

0

1

2

3

4

5

6

7

8

9

10

Jan

Feb

Mar

Apr

May

Jun

Jul

Month, Year 2000

Rainfall, in.

30

40

50

60

70

80

90

Temperature, F

Mean High

Mean Low

VI
VII
III
V
II
IV
I









[image: image2.wmf]0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

Pounds DM/Acre

1 (Feb)

2 (Apr)

3 (May)

4 (Jul)

Harvest Period 

I, Control

II, Urea240

III, Urea 60

IV, SA60

V, PSCU60

VI, ST60

VII, PS60

IV
III
VI
II
V
VII
I









[image: image3.wmf]

1799.3

2514.5

601.5

465

995.7

1584.5

626.7

0

500

1000

1500

2000

2500

3000

3500

4000

4500

lbs. DM/acre

I

II

III

IV

V

VI

VI

Treatments

$82.08

$85.79

$180.65

$125.34

$105.25

$308.27

I
II
III
IV
V
VI
VII

Figure 1.  Randomized block design of fertilizer plots.

Statistics.  Data were analyzed by the ANOVA procedure using the MINITAB (1995) statistical software program.

Results AND DISCUSSION.

Tables 1 summarizes the 42-day adjusted yield per harvest period, average yield and cumulative yield of the treatment groups.  Average yield was significantly higher for treatment II (p<0.05) compared to the treatment I, III, IV, VII, but no differences were observed between treatments V and VI.  No differences were observed between the control and all low-level nitrogen (60 lb./ac.) treatments.  This would indicate that the level of nitrogen input was too low to significantly increase dry mater yield.  However an interesting trend was observed in two of the three slow-release formulations, treatment V and VI seem to improve yields perhaps by a longer controlled release of nutrients.  This effect in treatment VI is probably not related to the additional phosphorus and/or potassium levels, since the amounts of P and K in treatment VII exceeded that of treatment VI without improvement in yield.

Seasonal effects were a significant factor affecting the yields of all treatment groups.  Harvest periods 1 to 3 (February, April and May) were significantly lower than the final harvest period in July.  The critical driving force is probably due to temperature effects, followed by moisture effects.  The lack of moisture after harvest 1 and prior to harvest 2, most likely affect the lower yields observed in the second harvest period.  See figure 1.  The individual treatment graphs are shown in figures 2 to 8.

By managing of the use of slow-release fertilizers, (for example, by timing the application early in the growing season or as a second application) the producer can take advantage of the extended release of nutrients during the rapid forage growth in the summer.  This additional forage stockpile will afford the producer greater flexibility in grazing options during the late summer and winter grazing season.

Table 3 summarizes the yield benefits due to fertilization for each harvest period, average benefit and cumulative benefit per treatment.  The average DM yield benefit of fertilizing with a minimum of 60 lb. N/ac. was 854.7 lbs./ac.; fertilizing with 240 lb. N/ac resulted in a cumulative increase in yield of 2,514.5 lb./ac.  After the first harvest period, the highly soluble fertilizers in treatments III and IV, showed the most severe decline in productivity for the subsequent harvest period.  Nitrogen inputs for treatments III to VII were 25% of treatment II.  Logically then, the yield value for those treatment groups should be relative to the inputs.  Compared to treatment II, the percent yield for treatments III to VII were 23.9%, 18.5%, 39.6%, 63.0% and 24.5%, respectively.  Yield for treatments V and VI were higher than expected and treatment IV was the lowest.  The additional yield could be attributed to nitrogen conservation by the polymer coating, and/or additional nutrients provided for treatment V (sulfur) and VI (phosphorus and potassium).  Although treatment VII provided additional nutrients (phosphorus and potassium) and a polymer coating, the lower than expected yield could not be explained.

Table 4 summarizes the cost of producing the total and additional yield benefit.  The table incorporates the cost of the fertilizer and does not include labor and equipment costs.  Treatment I represented the base yield at no cost.  The cost to produce the cumulative yield ranged from $21.49/ton (treatment III) to $79.64/ton (treatment VII).  The cost to produce the yield benefit takes into account the cost to produce that portion of the DM yield that is above and beyond that of the control.  Treatment II was the most economical at $0.041/lb. DM or $82.08/ton and treatment VII remained the most expensive at $0.154/lb. DM or $308.27/ton.  See figure 9.

Two economic marginal analysis scenarios are presented in Table 5 and 6.  Table 5 evaluates the impact of fertilization on the potential pasture carrying capacity and Table 6 evaluates the impact on potential feed replacement.  The scenario is based on a 21-acre parcel with the following assumptions: feed requirements of 30 pounds of DM/cow/day, labor cost at $15/hr., equipment cost at $35/hr and alfalfa cubes at $250/ton.

Table 5 compares four scenarios, where the non-IGM, no fertilizer yield figure is based on anecdotal information of surrounding beef operations (0.27 AU/ac.).  Based on this scenario, fertilization would benefit non-IGM pasture systems that have never incorporated a fertilizer program, but only in a high price calf market.  In a low-price calf market, the rancher cannot justify the cost of fertilization, labor and equipment.  For operations that have adopted intensive managed grazing systems, and have fertilized in the past, the effect of nutrient cycling effects in the pasture system have “kicked in” may not benefit from a fertilization program at this time.  An economically effective fertilization program will depend on your current pasture productivity, fertilizer cost, and associated labor and equipment costs.

Table 6 compares the marginal analyses of pasture fertilization and feed purchase.  In this scenario, the 21-acre operation is carrying 15 grass finished steers.  Dry matter requirements for the steers over a 169-day period is approximately 38 tons.  In the non-fertilized situation, the operator needed to purchase slightly over 19 tons of feed at a cost of $4,783.  The high-level of fertilization produced an excess 7.3 tons of feed reserves.  The low-level slow-release fertilization was 2.5 tons short of its required an additional expense of $625 for feed.  In this scenario, fertilization is more economical than purchasing feed.  The high-level of fertilization saved the rancher $3,581 and the low-level fertilization of a slow-release formulation saved the operator $2,189.

Side note on imported alfalfa.  The value of imported alfalfa products in Hawaii can range from $250/ton for high quality long hay (22% crude protein, $0.57/lb. of crude protein) to $300/ton for cubes (18% crude protein, $0.83/lb. of crude protein).  Base on the work of Sherrod and Ishizaki (1966), the linear equation y = -0.45x + 15.667 was used for estimating the crude protein value for 7 and 8 week forage regrowth of kikuyu grass.  The values generated from the equation were 12.52 and 12.07 percent, respectively.  By using a relatively conservative crude protein level of 12% for the forage harvested in the trial, the value of crude protein for treatment II, III, VI, V and IV would be very competitive to importing alfalfa products at $0.34, $0.35, $0.44, $0.52, $0.75/lb. of crude protein, respectively.  The cost per pound of crude protein for treatment VII would exceed the cost of imported alfalfa at $1.28/lb.

CONCLUSIONS.

Results of this study showed that high-level, 240 lbs. N/acre/year, fertilization significantly increase forage dry matter yield compared to unfertilized plots in an intensively grazed pasture system; and low-level, 60 lbs. N/acre/year, fertilization had no significant increase in yields.  Observed trends indicate that the use of slow-release formulations may have an extended impact on yield (treatment V and VI), but due to low-level incorporation of nitrogen, no significant advantage in yield was observed.

The economic advantages of fertilization programs depend on the type of operation and particular situation and/or purpose.  In the study, the costs incurred in pasture fertilization would be economically feasible only in a high price calf market.  However, when comparing the costs of fertilization and its subsequent yield to the cost of replacing the additional dry matter yield by purchasing imported forage, fertilization is more economical than purchasing feed.  Pasture fertilization programs should be part of the holistic ranch plan.  Before making critical economical decisions on a fertilization program, you must consider the status of the nutrient cycling in the pasture system.  Pulsing nutrients into a nutrient deficit pasture system should make a definite impact on yield.  Pulsing nutrients into a stabilized system will not make significant improvements in its productivity.  The nutrient status and cycling of the pastures at the Mealani Research Station has been stabilized through years of fertilizer application and intensive grazing management.

As with any fertilization program, moisture is one of the most critical factors in its success.  Plan your fertilizer program around the wet season.  Starting a pasture fertilization program in arid environments may be more risky, due to lower predictability and dramatic departure from “normal” weather patterns.

Based on the results of this study, future work will continue to focus on lowering the current annual nitrogen and labor inputs.  The next phase of the work will increase the nitrogen inputs from 60 pounds to 120 pounds per acre per year and continue to evaluate the slow-release formulations.
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Table 2.  42-day adjusted yield by harvest period and average; total cumulative yield.

Treatment
Harvest

1
Harvest

2
Harvest

3
Harvest

4
Average
Cum. yield

169-days
Yield

Advantage


------------------- Pounds of dry matter per acre ------------------
%










I,     Control
114.0
223.1
242.6
1007.3
396.8 a
1799.3
100

II,    Urea240
735.1
500.4
1425.3
1508.8
1042.4 b
4313.8
239.8

III,  Urea60
636.8
205.8
283.0
1209.2
583.7 a
2400.8
133.4

IV,  SA60
507.1
192.8
462.5
1030.2
548.1 a
2264.3
125.8

V,   PSCU60
566.1
398.6
500.4
1207.1
668.0 a,b
2795.0
155.3

VI,  ST60
373.5
242.6
679.8
1796.1
773.0 a,b
3383.8
188.1

VII, PS60
566.1
324.9
369.0
1082.2
585.5 a
2426.1
134.8










Average
499.8 a
298.3 a
566.1 a
1263.0 b
656.8
2769.0


Table 3.  Adjusted yield benefit attributed to fertilization.

Treatment
Harvest

1
Harvest

2
Harvest

3
Harvest

4
Average
Cum. yield

169-days
Yield

Advantage


------------------- Pounds of dry matter per acre ------------------
%










I,     Control
0
0
0
0
0
0


II,    Urea240
621.1
277.3
1182.7
501.6
645.7
2514.5
100

III,  Urea60
522.8
-17.3
40.4
201.9
187.0
601.5
23.9

IV,  SA60
393.1
-30.3
219.9
22.9
151.4
465.0
18.5

V,   PSCU60
452.1
172.5
257.8
199.8
271.3
995.7
39.6

VI,  ST60
259.5
19.5
437.2
788.8
376.2
1584.5
63.0

VII, PS60
452.1
101.8
126.4
74.9
461.8
626.7
24.9










Average
450.1
87.2
377.4
298.3
348.9
1131.3


Table 4.  Economic summary: Cost to produce cumulative DM yield and DM yield benefit.

Treatment
Fertilizer cost
Cum.

Yield

(169d)
Cum.

Yield benefit
Cost to produce cumulative DM yield
Cost to produce

DM yield benefit


$/ac.
lb.DM/ac.
lb.DM/ac.
$/lb.
$/ton
$/lb.
$/ton










I,    Control
0
1799.33
0
0




II,   Urea240
103.20
4313.84
2514.51
0.024
47.85
0.041
82.08

III,  Urea60
25.80
2400.79
601.46
0.011
21.49
0.043
85.79

IV,  SA60
42.00
2264.32
464.99
0.018
37.10
0.090
180.65

V,   PSCU60
62.40
2795.02
995.69
0.022
44.65
0.063
125.34

VI,  ST60
83.40
3383.85
1584.52
0.025
49.29
0.053
105.25

VII, PS60
96.60
2426.06
626.73
0.040
79.64
0.154
308.27

Table 5.  Economic Marginal Analyses of Pasture Fertilization.

Item
Non IGM

No fertilizer
IGM

No fertilizer
IGM

Fertilizer

240 #N
IGM

Fertilizer

60#N-SR







Scenario:  21-acre cow-calf ranch

(Trt I)
(Trt II)
(Trt VI)

   Forage yield (DM yield in 169-days)
21,000
37,786
90,591
71,061

   Stocking rate (30#DM/cow/day)
4 cows
7 cows
18 cows
14 cows







Revenue: (base: calving rate of 90%)
3
6
16
12

   a.  Low calf price (400 lbs., $0.50/lb)
$ 600
$1,200
$3,200
$2,400

   b.  High calf price (400 lbs., $0.75/lb)
$ 900
$1,800
$4,800
$3,600

Expenses:





   Fertilizer
0
0
$2,167
$1,754

   Labor ($15) 5 hr/application
0
0
$ 300
$ 75

   Equipment ($35) 4 hr/application
0
0
$ 560
$ 140

Marginal Difference:





   a.  Low calf price
$ 600
$1,200
$ 173
$ 431

   b.  High calf price
$ 900
$1,800
$1,373
$1,631

Control practice:  Intensive grazing management, past history of fertilization.

Cost of contract fertilization?  (Allied Machinery)  Mowing = $65/hour (labor and equipment).

Table 6.  Economic Marginal Analyses of Feed Replacement.

Item

IGM

No fertilizer
IGM

Fertilizer

240#N
IGM

Fertilizer

60#N-SR







Scenario:  15 head on 21-acres.

(Trt I)
(Trt II)
(Trt VI)

   Forage required for 169 days, lbs.

76,050
76,050
76,050

   Forage DM yield in 169-d, lbs.

37,786
90,590
71,061

   Forage <deficit>/benefit, lbs.

<38,264>
14,540
<4,989>




(7.3 tons)
(2.5 tons)

Expenses:





   Fertilizer

0
$2,167
$1,754

   Labor ($15) 5 hr/application

0
$ 300
$ 75

   Equipment ($35) 4 hr/application

0
$ 560
$ 140

   Feed <cost>/opportunity 

<$4,783>
$1,825
<$625>







Marginal Difference:


$3,581
$2,189

Feed cost/opportunity is based on $250/ton alfalfa cubes
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Figure 1.  42-day adjusted treatment yield for each harvest period.
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Figure 2.  I (Control) cumulative yield = 1799.3 lbs. DM/ac.
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Figure 3.  II (Urea240) cumulative yield = 4,313.8 and yield benefit = 2,514.5 lb. DM/ac.

[image: image7.wmf]507.11

1030.18

462.47

192.79

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

Jan

Feb

Mar

Apr

May

Jun

Jul

Harvest periods

lbs. DM/acre


Figure 4.  III (Urea60) cumulative yield = 2,400.8 and yield benefit = 601.5 lb. DM/ac.
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Figure 5.  IV (SA60) cumulative yield = 2,264.3 and yield benefit = 465.0 lb. DM/ac.
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Figure 6.  V (PSCU60) cumulative yield = 2,795.0 and yield benefit = 995.7 lb. DM/ac.
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Figure 7.  VI (ST60) cumulative yield = 3,383.8 and yield benefit = 1,584.5 lb. DM/ac.


Figure 8.  VII (PS60) cumulative yield = 2,426.1 and yield benefit = 626.7 lb. DM/ac.


Figure 9.  Cumulative yield, yield benefit and cost per ton of benefit yield.
APPENDIX


Figure 10.  Monthly rainfall, high and low temperatures at Mealani Research Station.

Table 7.  Fertilizer products, nutrient composition and cost.

Product
$/ton
$/lb. N
Cost per acre

(Pounds of fertilizer/acre)




240 lb.N
180 lb.N
120 lb.N
60 lb.N

Urea

(46-0-0)
391.00
0.43
103.20

(522)
77.40

(391)
51.60

(261)
25.80

(130)

Sulfate of Ammonia

(22-0-0)
310.00
0.70
168.00

(1091)
126.00

(818)
84.00

(545)
42.00

(273)

Polymer Coated Sulfur Coated Urea   (39-0-0)
807.50
1.04
249.60

(615)
187.20

(462)
124.80

(308)
62.40

(154)

Superturf

(25-5-5)
694.00
1.39
333.60

(960)
250.20

(720)
166.80

(480)
83.40

(240)

Poly Supreme

(23-5-10)
742.00
1.61
386.40

(1044)
289.80

(783)
193.20

(522)
96.60

(261)

Other Fertilizers







Triple 18

(18-18-18)
300.00
0.83
200.00

(1333)
150.00

(1000)
100.00

(667)
50.00

(333)

A-1

(21-0-32)
337.75
0.80
193.00

(1143)
144.75

(857)
96.50

(571)
48.25

(286)

Prices may vary and subject to change.  Most prices were based on bulk or special sale rates.
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