Alfalfa Production as a Function of
Soil Extractable Phosphorus in the
Semi-arid Pampas

By Martin Diaz-Zorita and Daniel E. Buschiazzo

This research provides insight into soil nutrient limitations for the main
alfalfa producing soils of the semi-arid Pampas. Comparisons of criti-
cal extractable soil phosphorus (P) values were made among four com-
mon soil testing procedures.

as having nitrogen (N), P, and sulfur (S) deficiency as a result of low

native soil fertility and wind erosion. In reality, information on annual
and pasture crop responses to nutrients is scarce, variable, and sometimes
contradictory. Variability in crop response to P fertilization might be ex-
plained by differences in total and/or available soil P. Results from a
climosequence analysis describe similar total P levels among agricultural
soils in the region (PriieR et al., 1992). Thus, variations in crop response must
at least be partially explained by differences in available soil P.

Several factors can modify soil P availability. These include: phosphate
sorption by amorphous iron (Fe) and aluminum (Al) oxides, as well as precipi-
tation of calcium phosphate in the presence of excess carbonate. Variability
in crop response to P could also be attributed to other nutrient deficiencies.
For example, in the eastern part of La Pampa Province, S deficiency is
known to reduce alfalfa dry matter responses to P and N fertilization (Bariggi
etal., 1975; Diaz-Zorita and Fernandez-Canigia, 1998). Zinc (Zn) and copper
(Cu) are also known yield-limiting factors for this region of Argentina (Gonzalez
and Buschiazzo, 1996).

The Bray Kurtz 1 procedure is commonly used for the evaluation of
available P for annual and pasture crops, but is less effective for soils
with free calcium carbonate contents. The Olsen extraction procedure is
thought to be more reliable for high pH soils, while the Mehlich 3 proce-
dure is widely promoted for its multi-nutrient extraction capability and re-

duced soil analysis costs. The objective of this study

T he semi-arid Pampas region of Argentina is commonly characterized

was to determine the relationship between four dif-
ferent P extraction procedures and alfalfa dry mat-
ter production under greenhouse conditions.
Surface horizons from 10 Entic Haplustoll soils
were selected to obtain a range of available P levels.
Main soil properties are presented in Table 1. Avail-
able soil P was determined using the Bray Kurtz 1
(Beech and Leach, 1989), Olsen (Olsen and Sommers,
1982), Kelowna (Buschiazzo et al., 1999), and Mehlich
3 (Mehlich, 1984) procedures (Table 2). Four fertili-
zation treatments (Table 3) were added to 1,400 cm?®
pots arranged in arandomized complete block (RCB)
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Table 1. Mean physicochemical properties of the test soils from the semi-arid Pampas, Argentina.

Clay Sit  Sand  SOM Nt Alo Feo
------------- Yp--vvmreee WaterpH  ---mg/kg - - -

5.8 70 872 15 0.08 6.6 1,105 565
115 180 705 11 0.06 81 1,360 557
118 292 590 2.8 0.14 6.5 930 1,032
10.7 35.6 53.7 2.2 0.10 8.0 1,540 560
93 435 472 5.2 0.27 7.2 1,535 597
185 344 471 2.7 0.12 6.2 1,255 1,187
305 458 243 5.2 0.27 5.7 1,705 1,372
10.0 93 807 12 0.06 58 1,155 607
Ca, magnesium (Mg), Fe, 100 133 767 25 0.11 5.8 1,135 675

design with three repli-
cates. Pots were planted to
rhizobium-inoculated al-
falfa. Aerial dry matter
(DM) was measured at 108
and 166 days after seeding.
Total P, S, potassium (K),

C—IOTMUO®m>|Y

mined in composite | SOM =soil organic matter, Nt = total nitrogen, Alo = aluminum amorphous oxides,
samples from each treat- Feo = iron amorphous oxides

ment, sampling date, and
test soil. Results of DM production were analyzed by

analysis of variance (ANOVA) procedures and the Tukey | Table 2. Soil extractable P levels for four different
mean comparison test. The mean crop response in each procedures on 10 soils from the semi-arid
soil was related to soil test P as determined by each of Pampas, Argentina.
the four extraction procedures using a linear-segmented BrayKurtz1 Olsen  Kelowna Mehlich3
model. Bl  ooscossscosc Mgrkg - - - - - oo -
A 95 - - 16.9
Results B 36 - 115 -
Alfalfa dry matter production varied between | C 242 8.6 26.9 26.5
1.17 and 7.05 g/pot per sampling date, showing sig- | D 93 26 108 135
nificant interactions between soil-type and fertiliza- E 106 3.7 142 159
: ; : F 373 18.6 37.6 35.2
tion treatment. The effect of sampling date was in-
d - S G 672 615 86.1 56.8
ependent of soil-type and fertilization treatment. H 92 31 102 147
Thus, treatment effects were analyzed separately for | 290 116 402 28.0
each soil using the average of the two sampling dates. ] 5.9 6.2 137 113
Treatments produced significant differences

(p=0.05) in dry matter production in soils A, B, C, E,
H, and J compared to the control (Table 4). Soils A and H had a significant
dry matter response to P fertilization alone. The complete minus P treat-
ment (CF - P) increased dry matter production relative to the control in soils
A, C, E, and H. Only soils A and B produced less dry matter than the
complete treatment (CF) under the CF - P treatment. Together, these re-
sults suggest that most soils showed relevant changes in dry matter produc-
tion after fertilization with nutrients other than P,

The absence of aresponse to P and other nutrients in the soils D, F, G,
and I is explained by high extractable P and soil organic matter contents, and
low sand contents (Table 1). Thus, under the experimental conditions, these

soils were able to provide higher ] . .
nutrient supplies through miner- Table 3. Fertilization treatments and levels of applied nutrients.

alization. Differences in DM pro- Nutrients
duction were partially explained PO, KO S N B Cu
by differences in tissue P levels |Treatment ~ ----oooooeeonnn kg/ha- -« --oeeeeee

[DM (g/pot) = 0.95 + 4.45 P, |Control - - _ _ _ _
+3.22P, 7, r*=0.575, p=0.05]. Complete fertilization (CF) 79 524 262 225 06 15
Tissue analysis of the non-fer- | Complete without P (CF - P) - 524 262 240 06 15

tilized control treatments showed | P fertilization (PF) 79 524 - =
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Table 4. Effects of four fertilizer treatments on alfalfa dry
matter production (average of two sampling dates)
using 10 semi-arid Pampas soils.

_ liEaimen S contents below the critical level of 0.22% in most
Soil__ Control 7 CRL soils, which suggests that S, and not P, could be the
"""""" g/pot - -------- - limiting nutrient for optimal alfalfa production. Sev-
A 154c  257b  240b  356a | ergl quthors have obtained similar results after fertil-
g g'gg E gg? E igg 2 2‘23 g izing alfalfa and pastures in field studies in the area
D 599 594 569 382 (Diaz-Zorita and Fernandez-Canigia, 1998). In soils
E 399c  482ab 443bc 57la A B, EF qnd H, the tissue Zn contents in co_n_trol
F 353 389 447 416 pots were higher than those in treatments fertilized
G 478 4.90 471 476 with P alone, suggesting that P fertilization under
H 274bh 396a 350a 450a low Zn availability could induce Zn deficiency and
[ 322 323 4,01 468 lower crop yield. Tissue Mg contents were also below
J 253c  325bc  333ab 4.23a the critical level for optimum alfalfa dry matter pro-
Different letters indicate significant differences duction, which may be due to cation competition
between treatments (p=0.05). between K and Mg in soils with high native K levels.

Figure 1. Relationship
between relative alfalfa
dry matter production,
as the ratio CF -P/CF,
and soil P levels
extracted according

to (a) Bray Kurtz 1, (b)
Olsen, (c) Kelowna, and
(d) Mehlich 3 proce-

Phosphorus concentration in alfalfa tissues were
significantly correlated with extractable soil P levels no matter which extrac-
tion procedure was used.

Relative DM production was related to extractable soil P contents
when expressed either as the ratio between the control and PF treat-
ment, or the ratio between the CF - P and CF treatments (Figure 1).

Despite large variation in the measured values, strong linear rela-
tionships existed between the four extracting procedures (Table 5). Since
no differences existed between the duration, intensity, or soil:extractant
solution ratio used in the extraction procedures, the lower extractable
soil P values obtained with the Olsen procedure is explained by the lower
reactivity of the extraction solution, NaHCO,, compared to the extraction
solutions used in the Bray Kurtz 1 or Mehlich 3 procedures.

The critical extractable soil P content, based on the Bray Kurtz 1 proce-
dure, was greater than those values suggested in field studies (Peaslee, 1978;
Culot, 1986). This is likely an artifact
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common to pot studies wherein small soil
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Alfalfa dry matter production in soils
of the semi-arid Pampas region, under
greenhouse growing conditions, depends
on extractable soil P and the availability
of other nutrients such as S, Mg, and
Zn. The response of alfalfa to P fertiliza-
tion could be partially explained by the
extractable soil P contents determined
by the Bray Kurtz 1, Olsen, Kelowna, or
Mehlich 3 procedures. The critical
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Table 5. Linear relationship between soil extractable P levels extracted by four different procedures.

POlsen = '_7'2 +0.90 I:>Brz:1y Kurtz 1 PBraly Kurtz 1i 9.7+0.99 IDOIsen rz f 0.89
PKelowna __258' 3'&%5%@ Kurtz 1 PBray Kurtz 1: 'gggffégléelowna :2 : 832
- Mehlich lIl = " ' Bray Kurtz 1 Bray Kurtz 1~ "=Y" ' Mehlich Il -
eXtraCtabIe. soil P con- Keelov:/;a: 118+125 IDOIr:‘eyn " OrI:Zn ”:r '27'8 +0.74 |:)Kelowna o r2=093
tent for maximum alfalfa Putehiicn 1= 96 + 1.44 P Poisen = 43 + 0.58 Pyepiich 1 r2=0.84

dry matter production Puteniich i = 6:27 +0.66 Py Prciowna = 94+ 132 Pyjepicn i r?=0.87
depended upon the

extraction procedure. Further tield study 1s required to estimate critical P
levels for fertilization recommendations in this region. In such studies, it is
suggested to apply adequate levels of S, Mg, and Zn, since these nutrients
were observed to be limiting factors for optimal alfalfa growth.
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