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Title: Effect of Boron Fertilization on Alfalfa Production (MT-13F)

Year: 1997
Location: 4 7J Farms, east of Ledger, MT.

Personnel: Grant D. Jackson and John H. Miller. Western Triangle Ag. Research Center,
Conrad, MT 59425. :

Objectives: 1) To predict the response of alfalfa to boron fertilization using soil and/or tissue
tests; (2) and prepare a final report at conclusion of the project addressing the above objective.

Summary: Boron (B) at 0, 1, and 2 Ibs/a in combination with 0, 40, and 80 Ibs phosphorus
(P20s)/a was applied to an existing, irrigated, alfalfa stand in 1997 and 1998. Forage yield and
selected nutrients were measured. Forage yields averaged 6.1 tons/a in 1997 and 8.6 tons/a in
1998. No significant response to B or P was measured. The lack of yield response to B was
attributed to the gradual increase in soil B from 0.4 ppm, in the plow layer, to 1.1 ppm in the 4-5
foot soil depth. In general, B increased the B content of the forage in 1997 but not in 1998,
Plant P uptake was mixed also. Phosphorus fertilization increased plant P content in 1998 but
not in 1997. Boron and P fertilization did increase the respective soil test levels when measured

after the last harvest in 1997. Producers should consider deep sampling for B when planning a B
fertilization program.

Procedures: Nine fertilizer treatments and blanket applications of 10 Ibs Zn, and 30 Ibs K/a were
applied to an existing, one year old, alfalfa stand on April 18, 1997. The field plot design was a
3 x 3 factorial (0, 40, and 80 Ibs P,0s, 0, 1, and 2 Ibs B/a) with four replicates. For-the second
year, P treatments were applied on October 7, 1997; B treatments, 30 lbs K/a, and 10 lbs Zn/a
were applied on March 25, 1998. Plot size was 6 x 15 feet. A two-foot wide, flail chopper was
used for the first cutting. A three-foot Jari mower was used for all subsequent harvests. After
weighing, plot samples were sub-sampled for nutrient and water analysis. Harvest dates for 1997
were June 18 for Cut 1 (1/20™ bloom), August 5 for Cut 2 (25 % bloom), and September 24 for
Cut 3 (1/10™ bloom). Harvest dates for 1998 were June 23 (25 % bloom) for cut one, August 4
(80 % bloom) for cut 2, and September 29 (80 % bloom) for cut 3. Initial soil samples were
taken prior to fertilizer application on April 18, 1997. In addition P plots were soil sampled prior
to P application on October 7, 1997, and B plots were soil sampled on March 25, 1998 prior to B
application. Fertilizer materials were treble super phosphate, potassium chloride, zinc sulfate,

and Granubor (14.3 % B). Irrigation water was sampled on July 25, 1997. Initial soil and
irrigation water analyses are shown in Table 1.



Results:

Forage Yield:

The 1997 forage yield data are summarized in Table 1, and the average yield for three cuttings
was 6.1 tons/a. Forage yield data for 1998 are summarized in Table 2, average yield for three
cuttings was 8.60 tons/a. Even though the P and B treatments were based on the initial soil tests
and responses were expected, no forage yield response to either P or B was detected. The lack of
B response is probably explained by the gradual increase in B from 0.4 ppm, in the plow layer, to
1.1 ppm in the 4 to 5 foot depth. Soil samples deeper than six inches were not analyzed for P,
thus the lack of P response cannot be explained by P levels in deeper soil samples. With the

relatively high forage yields and a initial P soil test of 13 ppm, a yield response to P fertilization
was expected.

Plant Nutrient Content:

Plant nutrient analyses are shown in Tables 3 and 4. In 1997 (Table 3) B fertilization increased
B uptake in cuts 1 and 2. Boron also increased P, S, Ca, Mg, and Mn uptake in cut 3, and Zn -
uptake in cut 2. Phosphorus uptake was unaffected by P fertilization, but P concentration
gradually declined from 0.26 to 0.22 % to 0.15 % for cuts 1, 2, and 3, respectively. Zinc
concentration declined with the increase in P when measured at cuts 2 and 3. At cit 2,B
decreased with increasing P. In 1998 (Table 4) the nutrient concentration responses to P and B
were different from 1997. Boron and P fertilization increased N in cut 1, and B increased N in
cut 3. Nitrogen was unaffected by B and P in 1997. Phosphorus significantly increased P
concentration in all three cuttings. Boron did not affect B uptake as it did in 1997; however, P
depressed B uptake in cut 3 rather than cut 2 in 1997. Calcium content was decreased by P in cut
3 and by B in cut 2. Copper levels declined with increasing P in cuts 1 and 2 but were increased
by B in cut 2. Iron concentration was increased by B in cut 1 and decreased by B in cut 2.

Manganese was increased by B in cut 2. Boron increased Zn and S in cut 1, while P depressed
Zn levels in cut 1.

Post-Harvest Soil Analysis:
The results of the composite, post-harvest soil sample analysis are shown in Table 5. Both B and

P soil test levels increased with increasing fertilizer rates. Soil B levels increased from 0.51 ppm
(check treatment) to 0.66 ppm (1 1b B/a treatment) and 0.79 ppm (2 1bs B/a treatment).



Table 1. The Effect of Phosphorus and Boron on Irrigated alfalfa Forage Yield. Western
Triangle Ag. Research Center, Conrad, MT. 1997.

Treatment Yield!
Entry P,0s B 1% Cut 2" Cut 3 Cut Total
----- (lbs/a)----- (tons/a)
9 80 2 1.58 2.84 1.85 6.26
6 80 1 1.39 2.70 1.89 5.97
3 80 0 1.62 2.68 1.99 6.29
8 40 2 1.33 2.78 1.82 5.94
5 40 1 1.74 2.66 2.03 6.43
2 40 0 1.47 2.66 1.86 5.99
7 0 2 1.52 2.75 1.85 6.13
4 0 1 1.33 2.89 1.87 6.09
1 0 0 1.62 2.71 1.85 6.18
Summary Statistics
Experimental Means 1.51 2.74 1.89 6.14
Error Mean Square 0.027 0.061 0.013 . 0.151
P-value 4 0.0175 0.8855 0.1738 0.6641
Standard Error 0.165 0.248 0.113 0.389
Standard Error of the Mean 0.083 0.124 0.056 0.195
C.V. 1: (s/mean)*100 10.93 9.03 5.96 6.34
LSD (0.05) 4 0.24 NS NS NS
Phosphorus Summary
80 1.53 2.74 1.91 6.17
40 ) .51 2.70 1.91 6.12
0 1.49 2.78 1.85 6.13
LSD (0.05) NS NS NS NS
: Boron Summary
2 1.48 2.79 1.84 6.11
1 1.49 2.75 1.93 6.16
0 : 1.57 2.68 1.90 - 6.15
LSD (0.05) NS NS NS NS
Interaction P-value 0.003 0.790 0.146 0.264

! Yields based on 12% moisture.
Growing season ppt. = Additional moisture from irrigation = 18.0"
Harvest dates for first, second, and third cuttings = June 18, Aug. 5, and Sept. 24, respectively.



Table 1 Continued.

Soil Tests

OM.=2.25%, pH=28.0

Depth B Cl1 NH4-N NO;-N SO4-S
(ft.) (ppm) lbs/a

0-1 0.35 12.3 13.2 31.7 143.5
1-2 0.38 14.2 7.0 7.8 2459
2-3 0.42 35.0 15.0 33 727.9
3-4 0.78 143.5 7.1 2.6 1293.6
4-5 1.08 410.0 7.6 2.2 4335.2

Element Amount

(0-67) (ppm)
P 13.8
Zn 0.48
Mn 5.85
K 234
Cu . 0.9
Fe 6.86
B 0.41

Irrigation Water Analysis
PH=8.3

EC (mmhos/cm) = 0.65

TDS (mg/L) =442.0

TSS (mg/L) = 8.0

Element . Amount
or lon (ppm)
B 0.089
Ca 45.0
Cl 4.08
Cu . <0.01
K 2.8
Mg 34.0
Mn 0.03
Na 38.3
P 0.19
S 45.5
Zn <0.01
HCO;5 248.0

CO_ <1.0




Table 2. The effect of phosphorus and boron on irrigated alfalfa yield. Western Triangle Ag.
Research Center, Conrad, MT. 1998.

- Treatment Yield'
Entry P,O, B 1% cut 2™ cut 3 cut Total
Lt e (Ibs/a) mememmmeane _ (tons/a)

9 80 . 2 3.69 2.52 2.55 8.63

6 80 1 3.72 2.40 2.43 8.42

3 80 0 3.04 2.62 2.32 8.18

8 40 2 3.61 2.42 2.23 ‘ 8.10

5 40 1 3.84 2.57 2.30 8.16

2 40 0 3.62 2.25 2.51 8.4¢

7 0 2 3.54 242 2.52 8.50

4 0 1 3.59 2.27 2.67 8.76

1 0 0 3.63 2.45 2.54 8.50

Summary Statistics

Experimental Means - 3.65 2.44 2.51 8.60
Error Mean Square - 0.028 0.058 0.062 0.282
P-value - 0.49 0.227 0.369 0.204
Standard Error of the Mean 0.048 0.058 0.072 0.153
C.V.1: (s/mean)*100 . - 4.54 2.86 9.89 6.17

LSD (0.05) - NS NS NS NS

. Phosphorus Summary

0 - - 3.68 2.38 2.46 8.43

40 - - 3.69 2.41 245 8.55

80 - - 3.59 2.51 2.62 8.81

LSD (0.05) - - NS NS NS NS

Boron Summary

0 - - 3.63 2.44 2.49 8.56

1 - - 372 241 2.48 8.61

2 - - 3.62 2.45 2.56 8.63

LSD (0.05) - - NS NS NS NS
Interaction P-value - 0.49 0.227 0.369 0.204

' Yields based on 12% moisture.
Harvest dates for first, second, and third cuttings=June 23, Aug.4, and Sept. 29, respectively.
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Table 5. Soil test for P and B separated by fertilizer rates for 0 to 6" depth. Western Triangle Ag.
Research Center, Conrad, MT. 1998.

Treatment A Soil Test'
P,0, | B P | B
(lbs/a) - (ppm)
0 0 9.5 0.51
40 1 16.9 0.66
80 2 18.0 0.79

' Soil sampled for P on October 7, 1997 and for B on March 25, 1998.



