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particular set of conditions necessary to obtain these benefits. The responses are observed
only on shallow soils, where rooting and nodulation are confined to a foot or so of soil
near the surface, subject to alternating drought and vaterlogging. The top few inches of
the soil overheats during the summer. Significantly, the responses to ammonia are observed
only in middle and late summer, not in spring or fall. Heat inhibition of nitrogen fixa-
tion is less likely to matter in more favorable soils, where the nodules can develop at
greater depths (8),

Exceptionally high rates of N, 400-500 1b/acre, gave a 10% increase in yield in two
trials, at Davis and in Tulare county. This is consistent with greenhouse experiments
at very high rates of N. With this much N supplied in an already-combined state, nodula-
tion is eliminated, and the 10% yield improvement probably arises from elimination of the
inherent inefficiencies present in even the best-tuned combination of plant and nodule-
bacteria. In practical terms, these responses would be uneconomic. No 10% yield increase
in alfalfa can come anywhere near paying for 400 1b. of fertilizer-N.

The Likelihood of Achieving General Economic Responses to Nitrogen

Some field experiments and greenhouse trials with well-nodulated alfalfa show re—
sponses to applied N of the order of 10% increase in yield. For such a yield increase to
be economic in the average 6 ton Californian alfalfa field, it would have to be achieved
with a good deal less than 100 1b. N.

Part of the problem lies in the inhibitory effect of available soil N on nitrogen
fixation. In alfalfa, this is mostly due to inhibition of nodulation. Nitrate is more
inhibitory than ammonium. It is inhibitory at very low concentrations, and the degree of
inhibition increases with concentration (1, 6). The effect is temporary, in the sense that
new nodules form and function once the nitrate is removed or depleted in the soil. The
effect of nitrate on nodule formation appears to be local; nodulation is inhibited only
in that part of the root system that is exposed to nitrate (1. 7).

These considerations suggest that the form, rate, and placement of N could be ad-
Justed to give a nice balance between maximum benefit to the plant’s nitrogen supply and
minimum disturbance to nodulation. Some greenhouse experiments suggest this. Halloeck (2)
grew alfalfa in boxes of sand and perlite, 40 em deep. Nitrate applied at the surface,
above the zone of nodulation, improved growth; but nitrate placed at 25 cm depressed
growth, perhaps because it gave maximum interference with nodulation yet was unavailable
to most of the absorbing roots (fig. 2). Unfortunately, in the field there is
little possibility of controlling the placement of a mobile form of N like nitrate. How-
ever, Toenjes might have achieved such control with his small doses of wvater-run ammonia.

Apart from Toenjes's local experience, there is little basis for predicting rates,
methods, and seasonal conditions that would glve economic benefits from nitrogen applica-
tion. Some of the difficulties become clear from a glance at results of greenhouse exper-
iments by Hoglund, in New Zealand (3). In his sand cultures, with one variety of alfalfa,
& little ammonium nitrate improved growth (fig. La). A little more ammonium nitrate wiped
out the benefit, because it eliminated nitrogen fixation (fig. Lb) but did not provide
enough nitrogen to compensate. Just how this result might extrapolate to the field is not
clear. For one thing, the precise control of N availability in the field is not so simple
as in a greenhouse sand culture. For another, Hoglund's data show marked differences in
response between different genetic lines of alfalfa (fig. lc). In California, about 30
alfalfa varieties are important. By some miracle they all seem to combine more or less
effectively with the rhizobia present in most of our alfalfa soils. It would be even more
a miracle if they responded precisely alike to small additions of N, in all soils and sea-
sons.

7
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Table 1

Effects of N fertilizer on hay yield and protein content of alfalfa in Indiana.
(from Rhykerd et.al. (9)).

‘N applied hay yield tons/acre protein content, %
annually
1lb/acre 1967 1968 1969 1967 1968 1969
0 6.3 8.4 7.0 19 17

100 5.5 T.9 6.7 19 18

200 5.8 7.6 6.7 18 18

Loo 5.9 8.1 T.h4 18 18

800 5.9 8.3 T.2 19 19

Other Effects: N improved plant appearance, increased succulence, slightly reduced
stand density and slightly increased weed incidence.

Table 2

Effects of N fertilizer in year of establishment, Prince Edward Is., Canada.
(established on acid soil limed to pH 6, with commercial inoculant; from Kunelius (4)).

dry matter yield kg/ha
N applied exp. 1 exp. 2 exp. 2 exp. 3 exp. 3
kg/ha first cut first cut second cut first cut second cut
0 156 1530 1kgo 1560 2170
25 320 1600 1530 1810 2280
50 290 1600 1600 2080 2110
100 370 1540 1620 2210 21ho

Other Effects: N reduced number of nodules, increased yield of weeds by 50%
(from H. T. Kunelius, 1974, Agronomy Journal, 66, 806-809.)

Table 3

Effects of fertilizer-N on established stands in Wisconsin.
(from Lee and Smith (5)).

1968. N applied at 0, 56, 112, 224, LL8, 896 kg N/ha
applied in Spring: no effect on first cut.
applied after first cut, yield of second cut. tons/acre

no No..... et R I 1
N rates 56-L48.......... ve...1.5
Nrate 896.....c00vvvninnnea.d.?

1969-1970. N applied in single applications of 336 kg/ha or split applications of
168 kg/ha, either in spring or following first or second cuts. All N treatments
improved season yield and protein content, equally, as follows:

1969
yield ton/acre % protein yield ton/acre % protein
no N:........ cerieas bk 1.7 h.2 1.9
N added:............ b7 1.9 .9 2.2
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Table 4

Some Field Trials with Nitrogen Fertilizer in California ,

Madera Co. 1962. C. Johnson
1 season 5 cuts¥*

Monterey Co. 1962-65
D. Ririe & H. Agamalian
20 cuts over U years

Tulare Co. 1965-66. W. Sallee
June application, several trials.
1 trial on Chino clay, 1 cut

Siskiyou Co. R. Benton. 1968.
first cut, alfalfa + orchard grass

Alturas 1968, J. Robison
new stand, probable S defic.
N as ammon. sulfate. 1lst cut

2nd cut

Imperial Valley Station.
W. Lehman. winter application
6 cuts, 1968

first cut, 1969
5 later cuts, 1969

Davis, 1973. D. Munns
July application, one cut

Glenn Co. 1971-7T3
D. Toenjes, water run NH

summer, shallow soils 3

Except where indicated, these trials were done on established stands

Yield Level

{no N added) N rate
tons/acre/cut 1b/acre yield increase
1.2-2.1 50 none
0.5-2 80 none
each yr
2 100 none
1.9 100 2; ?
Loo 10%
2 400-800 Y 4
1.3 100 20%
300 40%
600 50%
1.0 100 20%
300 25%
600 30%
k.5
(green) 200 none
200 9%
200 none
1.5 500 10%
1.0 30 ca 50%

refers to number of cuts on which yields were measured.
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