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Critical Phosphorus Levels for Corn and Cowpea in a Brazilian Amazon Oxisol 
T. J. Smyth' 

ABSTRACT 
Phosphorus soil test interpretations in the Brazilian Amazon cur-rently do not account for differences ir. P requirements among cropsand lack information on the changes in available soil P per unit ofapplied fertilizer P. A long-term P experiment -n a Xanthic Haplu-dox near Manaus, Braiil was used to d.termine soil and leaf Pcritical levels for corn (Zea mays L.) and cowpea (Vigna unguiculata

L). A t9tal of six corn crops were planted in annual rotation with 
five crops of cowpea during five consecutive years. Critical levelswere established by a segmented linear regression, a iinpnr Plateau,of relative crop yields on soil test or leaf P concent, ations for each 
crop species. Mehlich 1 (1:10) critical P levels were 6 and 8 mg kg ' for corn and cowpea, respectively. Relationshir, between soil test P 
and crop yields were similar for fertilizer ! placement as eitherbroadcast and/or frequent bands. Fertilizer P required to raise theinitial Mehlich I soil P to the critical levels were 4! and 60 kg P
hba for corn and cowpea, respectively. Higher amounts of P were

le' acted by Bray I than by Mehlich 1, but both extractants were
.effective in relating available soil P to yield and applied fertilizer P.
-Critical foliar P concentrations for corn and cowpea were 1.6 and 

1.8 g kg-', respecti..eiy. Higher soil and leaf P critical levels for 
cowpea relative to corn were attributed to greater P requirementsfor plants depending on symbiotic N2 fixation for their N supply. 

l ARGE AREAS OF THE AMAZON have soils with lowLi P availability and the capacity to sorb largeamounts of fertilizer P (Cochrane and Sanchez, 1982;amnts f fetl izer983). ndain fe,1Pcocrn -Singh et al., 1983). Economic considerations often re-quire judicious management of P fertilizer inputs to 
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such soils. Fertilizer P recommendations depend on a
knowledge of (i) the existing level of available soil P,(ii) the optimum level of soil P for the crop to begrown and (iii) the level of fertilizer which must beadded to raise available soil P to the optimum level(Kamprath and Watson, 1980). Current recommendations for the Brzzilian Amazon are based on a Mehlich 1 (1:10 soil/solution) critic-al P level of 30 mg P
kg-' (Cruz et al., 1982). Information is needed as tohow this value changes among major crops and thequantities of fertilizer P required to achieve optimum
P levels in different soils for the region. Long-termeffects of P rates and placement on yields for II consecutive crops of corn and cowpea, grown in a Bra
ei e rn and wpe row in a razilian Amazon Oxisol, were described in a separate

paper (Smyth and Cravo, 1989). In this paper we cornpare soil and leaf P critical levels among the two spe
cies, and determine the relationship between applied
fertilizer P and available soil P for the Oxisol under
investigation. 

MATERIALS AND METHODS 
The experiment was conducted in a Xanthic Hapludox

(clayey, kaolinitic, isohyperthermic) at the Empresa Brasileira de Pesquisa Agropecuari,'. (EMBRAPA) ExperimentStation located 30 km north of Manaus, Amazonas. Following slash and burn clearing of the primary forest vegetation,Mehlich I extractable P was raised from 2 to 6 mg kg-'(Smyth and Bastos, 1984). Tren tments consisted ofbroadcast
and banded rates of fertilize P (as triple superphosphate) 
arranged in a split-plot factorial combination with four replications in a randomized complete block design. Main plotscontained five broadcast P rates (0, 22, 44, 88 and 176 kg Pha-') applied once before planting the initial crop., Subplotscontained four banded P rates (0, 11, 22 and 44 kg P ha-'),applied to each crop 5 cm below the seed. Banded P appli

cations were discontinued when total P by this placement
method reached 176 kg ha-'. Treatments with banded ratesof I1, 22, and 44 kg P ha-', therefore, received I1, 8, and 4 



310 AGRONOMY JOURNAL VOL 82,MARCH-APRIL 1990 

Corn 


-0100 %.&W 
.8For 

,80 FY--31.1+i2.8(P)S60 
 Y=-66.2+24.5(P)
60 'For P<640Z *o Fo<96
 

40-Fr > 

_ _20_ _ _R 

10o 


0 10 20 30 

Cowpea 


.lO0- .*..--. *~ * 6 

80- , 

EFor P<8


For P 8Z - Y--51.0+16.S(P)
E - For P>8 

; 40 - Y-85 
S0R2.77 


20 


0 20 40 60 

Mehlich 1 Soil P (mg/kg) 


Fig. 1.Observed (symbols) and predicted (lines) relationships be-

tween yields and Mehlich Isoil P for five
crops each of corn and 

cowpea.Open and solid symbols denote fertilizer
P placement as 

either broadcast or band and band plus broadcast, respectively. 

applications, respectively, during the course of the 	efor 
exper-ment.ven ccrops.of an annual corn-cowpea rotation wereEleven crops 

planted during the period of December 1981 to March 1987. 
Applications of lime, N, K and micronutrients to corn and 
cowpea crops, and further experimental details are reported 
elsewhere (Smyth and Cravo, 1989). 

In all crops, soil samples (0-15 cm) were taken from each 
plot at either corn silking or cowpea midflowering stage. Each 
sample contained 10 random subsamples from the central 
3- by 6-m plot area. Mehlich I P was measured in all samples 
by the procedure as used in Brazil (0.05 M HCI + 0.05 M 
HSO4, 1:10 soil to solution ratio, 5 min shaking). Bray I P 
(Olsen and Dean, 1965) was only measured in samples from 
treatments without banded P. 

In all crops, except corn and cowpea in 1986. leaf samples 
were collected from the same plot area and at the same time 
as soil samples. Samples consisted of 10 and 20 leaw,, for.'or 
corn and cowpea, respectively. The leaf sampled for 

was immediately below and opposite to the ear leaf. Leaves 
for cowpea were fully expanded trifoliates at the top of the 

plant canopy. Leaves were digested by wet ashing with H,0 2 

and H2SO. Phosphorus was measured in all samples and N 
was determined by micro-Kjehldal distillation (using Se as 
a catalyst) in samples from the 1985 cowpea crop. Phos-
phorus in both soil and plants was determined colorimet-
rically by the Murphy and Riley (1962) procedure. 

Analysis of variance and regression procedures in the Sta-
tistical Analysis System (SAS Institute, 1985) were used to 
analyze the data. Critical soil and foliar P levels were estab-

lished using linear-plateau models as described by Anderson 
and Nelson (1987). Yield trends as a function of rates and 
placement of fertilizer P during the, I i -onsecutive crops of 
corn and cowpea were described in a separate paper (Smyth 
and Cravo, 1989). Initial corn crop yield,; were severely af-
fected by disease problems and were not used for evaluating 
critical P levels. A single broadcast application of 176 kg P 
ha-' provided near maximum yields for the five initial corn 
crops. During the final corn crop, yields for this broadcast 

P rate were increased by 0.8 t ha-' when combined with the 
residual effects from 176 kg ha-' of banded P. In three of 
the five cowpea crops, yields for the highest broadcast 71 rate 
were increased by as much as 40% when P was also applied 
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Fig. 2.Observed (symbols)and predictcJ (lines) relationships be
tween yields for four crops each of corn and cowpea and Bray I
 
soil P infive
ra:es of broadcast P.
 

in bands. These results precluded the designation of yields 

the 176 kg P ha-' broadcast treatment as the absolute 

maximum when calculating relative yields for individual 
Therefore, relative yields used in relationzhips withMehlich I soil P and leaf Pwere based on the highest yielding 

treatment ineach crop.
 

RESULTS AND DISCUSSION 

Mehlich 1 and Bray 1 Critical Soil 
Phosphorus Levels 

Mehlich 1 critical P levels were greater for cowpea 
than for corn (Fig. 1). The use of a crop rotation with 
different spacings between rows and tillage practices 
contributed to a progressive mixing of band-applied 
P throughout the surface soil layer. Soil test P, con
sequently, detected residual effects of frequent local
ized P applications. The absence of differences among 
P placement methods in yield responses to soil test P 

indicated that banded fertilizer P availability was ad
equately measured by this extractant. 

The final corn and cowpea crops were excluded from 

evaluations of the Bray 1 critical soil P levels to max
imize conditions wherein maximum yields were ap
proached with broadcast P alone. The critical soil P 
level with this extractant also was higher for cowPea 
than for corn (Fig. 2). Bray 1 critical soil P levels were 
also estimated by a linear regression established across 

1 extractant inall sampling dates with the Mehlich 

treatments containing only broadcast P. The regres

sion equation, based on 60 observations, was as fol
lows 

Bray I P - -4.75 + 2.23(Mehlich I P) 
with an 2 0.92. h= 

Both regression coefficients were significant at the 
0001 probability level. Based on this equation, de 
0.00 1pr tibiliP level. correson d t levels 
-e
 

Bray I critical P levels corresponding to levels estab 
lished in Fig. I for the Mehlich 1 extractant were 9 
and 13 mg kg-' respectively for corn and cowpea. 

These calculated values compared favorably with the 

*li 



311 SMYTH & CRAVO: CRITICAL PHOSPHORUS LEVELS IN AN AMAZON OXISOL 

Corn
120 -	 60 
0 131- " Bray I P- 12.41e 0 . ,') 0 

0 016P 0/ 	 80- """ 
90 - o Mehlich I P- 3.13e


EE 60
 
r_ E 60 For P<1.6
 

60 30 E 40 Y.-187+167(P)
 
*For P>1.6
 

20 
 m 20 Y-84
 

>, 30 .. 0 . R2".63
 

0 1 2 3 4 

0 _ __0__ 	 Cowpea, 0 f.[044 88 132 176 	 ..100 

Applied P (kn/ha) 	 80 

Fig. 3. Bray I and Mehlich I soil test P as a function of P rates, E 60 0 % F 

62 d after fertilizer P was broadcast applied. Coefficients of de-
°.  

* For 1.8 
E 40 Z Y--74+86.5(P)termination (r2) were 0.99 and 0.98 for the Bray I and Mehlich 
C3 	 For P>1.8I extractants, respectively. 20 /Y-86-critical levels of 9 and 12 mg P kg ' established for 	 *. R20R.64 
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ments (Fig. 2). Leaf P (g/kg) 

Soil ,est i:iterpretations in the Brazilian Amazon are Fig. 4. Observed (symbols) and predicted (lines) relationships be
currently based on a Mehlich 1 critical P level of 30 tween yields and leaf P concentrations at midflowering stage for 

-mg kg I for all crops (Cruz et al., 1982). Critical levels 20 fertilizer " "-eatments during four crops eacn of corn and 
for corn and cowpea in this Oxisol were less than one- cowpea. 
half of this value and differed among crops. The crit
ical level established for corn with the Mehlich I ex- The similarities in predicted mean relative yields 
tractant was also lower than values reported in other abo-;: the critical leaf and Mehlich 1 P levels (Fig. 1 
regions of Brazil. In a clayey Oxisol from the Cerrado and 4) suggested a close correspondence between soil 
region, Yost et al. (1981) determined the critical level ai.d plant assessments of P availability throughout the 
as 10 to 15 mg P kg-' soil. A level of 9 mg P kg-' soil course of this experiment. Citical leaf P concentra
was recommended for soils with >40% -lay in south- tions for corn in this study are below the range of 
ern Brazil (Kochhann et al., 1982). The lower critical recommended values reported in other investigations 
level for the present study may be associated with a (Jones and Eck, 1973; Small and Ohlrogge, 1973). Crit
higher clay content (76%) and reduced P extraction ical leaf P level for cowpea in our experiment was 
due to exhaustion of the acid extractant or readsorp- considerably lower than the foliar P concentration (4.7 
tion of extracted P (Kamprath and Watson, 1980). g kg-') associated with maximum aboveground dry 
Mehlich I critical P levels for soybean trials in three matter yields in a Hawaiian Ultisol (Cassman et al., 
Cerrado soils declined fourfold as clay content in- !981). 
creased from 12 to 63% (I,ins et al., 1985). Cowpea nodulation was assessed during the 1983 

The Bray 1 critical P le',el for corn was similar to crop on treatments receiving only broadcast P (Em
values reported for an Ultisol in Indonesia and an presa Brasileira Pesquisa Agropecuaria, 1984). Meas-
Oxisol in Hawaii (Widjaja-Adhi and Silva, 1986) but urements at flowering on 20 plants plot-' showed that 
lower than the value recommended for midwestern nodule number increased up to the rate of 44 kg P 
U.S. soils (Thomas and Peaslee, 1973). The Bray 1 ha-' whereas nodule mass, N uptake and final grain 
critical level for cowpea was considerably higher than yield increased to the highest rate of broadcast P. Fol
the value of 1.1 mg P kg-' which Cassman et al. (1981) 
found for maximum dry matter yield at 90 days after Table 1.Effect of P rates and p'acement on leaf N concentration for 

the 1985 cowpen crop in the Brazilian study.emergence for a clayey Ultisol in Hawaii. 
Relationships between P additions and extractable Total Banded P (kg ha)t Broadcast 

soil P are essential for predicting amounts of fertilizer in1981 0 88 176 176 means 
P required to raise soil P availability to a given level. 
In samples taken 62 d after broadcast P was applied kg ha" g N kg-' 
to this Oxisol, both Mehlich 1and Bray 1soil extract- 0 43 37 40 44 41 
able P increased exponentially with increasing fertil- 22 45 33 34 44 39

44 41 38 39 40 39 
izer P rates (Fig. 3). The equation for the Mehlich 1 38 39 39 38 43 40
 
extractnt indicated that applications of 41 and 60 kg 176 40 42 44 45 43
 
P ha-t were required to achieve the respective critical Band means 42 38 39 43
 
soil P levels established for corn and cowpea. LSD (0.05)
 

Broadcast 	 NS 

Critical Leaf Phosphorus Concentrations 	 Band 4
 
Broadcast Xband
Relationships between yield and foliar P levels were NS 

based on all broadcast and bandtd P treatment com- t Total banded P corresponds to the respective rates of 0, I1, 22 and 44 kg 
P 4-1crop-'. All c-.-ps received banded applications of I I kg P ha-'. Banded

binations (Fig. 4). Critical leaf P levels were rnked in P rates of 22 and 44 kg P ha' crop-' we,e applied to the first eight and 
the same order as critical soil P levels: cowpea > corn. four crops, respectively. 
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tar N concentrations for the 1985 cowpea crop (Table 
1) also suggested that soil P availability influenced 
plant N status. With broadcast applications of 0 to 88 
kg P ha-', decreasesdecreasetion inefleaf N at the lowestwe band ratereflecteha ayie ineasdr 

reflected a dilution effect as yields were i.ncreased by 
2 .o 20 times relative to broadcast P alone. Yield re-
sponses to higher rates of residual or fresh banded P 

lower but leaf N content continuedapplications were lpecuaria,toicase 
to increase. " 

These data suggested that part of the cowpea re-
sponse to applied P resulted from increased N2 fixation 

and N supply. Studies with soybean have shown that 
external P requirements were high" for N-fixing 
plants than for plants nupplied with fertilizer N (Cass-
man et al., 1981). Subsequent investigations indicated 
that this difference was related to a higher internal P 
requirement for symbiotic N 2 fixation rather than to 

to absorb P underlty rb Prunre-
different N regimes (Israel, 1987). A higher P require-
differencesdifferentcNeimesin the ability(srab of198'froots Ash 

ment for symbiotic N 2 fixation would be in agreement 
with the higher critical stii P levels for cowpea than 
for corn in the present study. 

CONCLUSIONS 

Critical levels for both soil extractable and foliar P 
were greater for cowpea than for corn. Relationships 
between applied P and Mehlich 1 soil P during the 

wereinitial crop indicated that 60 and 41 kg P ha-' 
required to raise initial soil P to the respective critical 
lvels for cowpea and corn. These recommendations 
represent a substantial reduction in P fertilizer inputs 
relative to the current soil test interpretations used in 
the region. Although the Mehlich I extractant, at a 
1:10 soil/solution ratio, is used extensively by soi test-
ing laboratories throughout the Brazilian humid trop-
ics, Bray I extractable P was equally effective in re-
lating soil P to crop yields and fertilizer P. 

With increasing soil P availability, leaf N concen-
tration increased in the legume crop. The higher soil 
and leaf P critical levels for cowpea relative to corn, 
in this study, support previous observations of higher 
internal P requirements for plants dependent on sym-
biotic N 2 fixation. 
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