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COMPENDIO

Un experimento fue Hevado a cabo en nn swelo Teria Rova Estructurada, orden
Alfivol, pava extudiar 1} la eficiencia de la ntilizacidn del {osfore del fertifizante por
poi el frijol (Phaseolus vulgaris, L.} co. “Carioca’, bajo diferentes modos de aplicacion
de ette fertilizante; 2) la influencia de wna pequeiia dosis de "arvangne” del fertilizants
witroyenado et la wtilizacion del fdifero del fertilizante v riceverra.

Lo datos munedtran gne diferentcs modas de aplicacion del fevtilizante forfata-
do no afectaron la produccin. Siv embaigo, ol fertifizante que fne colocado en banda

o & e de profundidad, 4 cm abajo de la semifla y a distancia de 4 cm de la livea de
sembradura acnsé wna mejor eficiencia de Ia wtilizacién del {désfore aplicado

No bubo efecto del witrdgenn de “arvangne’

.

en la wtilizacién del férforo del

fertilizame El peso y el wimero de nddutos no fueron afeciados por la aplicacion del

nitrégeng o por el fosfore del feitilizante

Infrodnction

at the adequate moment, adequate quantity and

source, nature of the soil, root systems of the
ciop, climatic conditions, chemical and physical proper-
ties of the fertilizer and interaction, which may occur
between nutrients of the fertilizers, exert an influence
in the fertilizer efficiency.

The fertilizer should be applied to the soil either
at planting, in banding or broadcasting, incorporated
or not.

MANY factors, sach as correct localization, supply

Generally, the application of the fertilizer to the
side and below the seed is considered to be the best
method (4, 5, 6, 7, 11). However, due to the chemical
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properties inherent to each nuteient, contained in the
ferttlizers, the importance of their localization cannot
be the same for all of them. For example, the nitrogen
moves faster in the soil solution as nitrate ion, whereas
the phosphate ion moves slowly in the soil solution
and at short distances.

Procedures for the application of fertilizers have
beers the subject of extensive studies (3, 5, 6, 7, 11, 12,
16Y) but there is little information concerning the loca-
lization of fertilizer in Phaseolus vulgaris Cook and
Hulburt (4) suggested banding placement at 2.5 to
4.0 cm distance and 4 to 5 cm below the seed and
Miranda ef al. (15) obtained good results with banding
application. Neptune et af (13) observed that the
broadcast application of phosphatic fertilizer was the
worst placement for the bean; the best placement was
the application of fertilizers at 5 c¢m distance from the
seed row at 10 cm depth. They carried out the experi-
ment with ‘Tguagw’ cultivar in a low fertility soil (Ru-
brozem)

The objectives of this experiments were to study:

a) the efficiency of fertilizer phosphorus (ordinary
super-phosphate-"*P} utilization by common bean (Pha-
seolns valgaris L.} under different methods of apply-
ing phosphatic fertilizer.
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b} the influence of a small dose of starter nitrogen
fertilizer (urea-¥INYy on utilization of festilizer phospho-
rus and on number and weight of nodules

¢) the influence of fertilizer P and its method of
application, on the utilization of a starter dose of ferti-
lizer nitrogen and on number and weight of nodules

Matesial and methodrs

The crop utilized was bean (Phaseoluns rulgaris)
cultivar "Carioca’,

This cuftivar (local name: feljio Carioca) has in-
determined growing habit, long peduncle and a growth
cycle arcund 90 days. According to DArtagnan ef of
(8), good yields have been obtained by the producers
of this cultivar, which shows great resistance to disenses

The seeds were inoculated with a mixture of strains
of Rhizebimm: 127-K-14 and 127-K-17 (from Nitragis,
Co, USA) and CENA-04 The sowing was done in
02/11/74.

The experiment included 8 tieatments arranged
in randomized complete block (RCB) with 6 replicates

The teeatments were the following: T,) 30 kg
N/ha surface broadcast and worked into the soil to
n depth of 8 ecm and 80 kg P.0,/ha surface broadcast
and wotked into the soil to a depth of 8 cm T,) 30
kg N/ha as treatment 1 and 80 kg P,0,/ha surface
broadeast. T,) 30 kg N/ha as treatment 1 and 80 kg
P.0,/ha banded on surface 4 cm away from the seed
row. T,) 30 kg N/ha as treatment 1 and 80 kg
P,0;/ha banded at 8 cm depth (4 cm below seed and
4 ¢m distance from seed row, depth of seeding being
4 ecm) Ty} 30 kg N/ha as treatment 1 and 80 kg
P.0,/ha banded at 8 ¢m depth mid-way between rows
(22,5 cm away from seed row, distance between row
being 45 cm). T,) 30 kg N/ha as treatment 1 and
258 kg/ha gypsum (rate containing an equivalent
amount of sulphur to that contained in the single super-
phosphate supplying 80 kg P,05/ha) surface broad-
cast and worked into soil to a depth of 8 cm Zero P.
T,) Zero N. 80 kg P,0,/ha broadcast on surface and
worked into the soil to a depth of 8 cm. Ty) Control -
Zero, N, Zero P. 258 kg/ha gypsum (rate containing
an equivalent amount of sulphur to that contained in
the single superphosphate supplying 80 kg P.0;/ha)
surface broadcast and worked into the soil to a depth
of 8 cm.

Urea (45% N), ordinary superphosphate (209
P,0;) and potassium chloride (6095 K,0) were used
as sources of N, P and K, respectively The urea was
labelled with *N at 4.0 percent atom excess, and the
superphosphate was labelled with *P at 0.5 mCi/g

& aYn

The plots were divided into two-sub-plots, and
one of which was treated with isotopically labelled fer-
tilizer. The other received unlabelled fertilizer

Each treatment plot consisted of 5 rows, each 10 m
long with a row spacing of 45 cm Within each row,

the plants were spaced at 3 cm Each plot was 225
m* The labelled festilizers was applied to the sub-plot
2 m long and 90 cm wide, over an area of 1.8 m®
Unlabelled fertilizer was applied to the rest of the plot
area 207 m* Only the central one meter lenght of the
middle row (row 3) of the subplot treated with label-
led fertilizer was harvested for "IN and/or **P analysis

Yield measurements were made on the harvest from
the 9 meters of rows 2, 3, and 4 of the whole plot,
leaving out the 50 cm lengths of the rows at each end
of the plot This included the area harvested for N
and 7P analysis.

The potential evapotranspiration (Et) was caleula-
ted by the method of Penman adapted to the conditions
of Piracicaba {14} (Fig 1)

Soil Analysiv

The experiment was carried out in Textural B Terra
Roxa Sail (TRE) order Alfisol.

Soil samples from the different horizons of the
profile and composite soil samples from the experimen-
tal site, at different depths, were taken for chemical
analysis. The pH value was determined by a glass elec-
trode in soil: H,O and soil: KCI ratio 1:2.3; organic
carbon by the method of Walkiey and Black, as descri-
bed by Jackson (10), total nitrogen by the semi-micro-
Kjeldahl, and nitrate and “exchangeable” ammonium
by the magnesium oxide-Devarda alloy methods, des-
cribed by Bremmer (2); soluble phosphorus was deter-
mined by photocolorimetric method after extraction
with NaHCO, 0.5M (Olser method) and H.SO,
005N, exchangezble potassium was determined by
flame photometry after extraction with a solution of
KCL 0 05N; exchangeable calcium and magnesium were
determined by atomic absosption spectrophotometry after
extraction with a solution of KCl 1N; exchangeable
aluminium was titrated with a solution of NaOH 0.02N
after extraction with a solution of KCI 1N; and ex-
changeable hidzogen was titrated with NaOH 0.02 N
after exteaction with calcium acetate 1N, adjusted to
pH 70 {Table 1)

Plant Analysis

The harvested plant, separated in prain and straws
(husk, stem and leaves), and the nodules were dried
in a ventilated oven at 65 to 70°C and weighed. On
the ground samples, passing through 40 mesh screen,
total nitrogen was determined by the plant digestion
procedure described by Hanway (9), and total phos-
phorus was determined after the plant digestion with
nitric-perchloric acid, by the vanadate-molybdate-yeitow
method.

The radioactivity of **P was measured by Cerenkov
radiation {17, 1), atilizing a liquid scintilator (Nuclear
Chicago Corporation, Série 720, U.S.A)).

For the “N/*N isotopic ratio determination, the
plant samples were prepared according to the modified
Dumas method (13}, and the isotopic composition
of N, liberated was determined in the mass spectrometer
Varian-Mat, model CH-4, by measurement of the fon
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Fig 1 —Precipitation and Potenciut Evapotramipivation (ET ). calculated by the medhod of Penman,

currents corresponding to mass 28 (VN *N), mass 29
("IN #N) and mass 30 (PN ¥N).

Resulis and discussion

The fertility status of this sandy clay loam soil is
of medium fertility with a high content of exchange-
able potassium. Exchangeable aluminium content is Jow.
The data also indicate a decrease in the contents of the
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wdapied to the conditiony af Piracicabu (14}

exchangeable cations and soluble phosphorus in rela-
tion to the increase in the depth of soil (Table 1).

Data regarding grain and straw yield are given in
Table 2. The placement of phosphorus fertilizer did
not affect the yield It can be inferred by the data that
the phosphorus level of the soil was adequate for the
cultivar, and, for this reason, there was no response
to apphcataon of the phosporus fertilizer The high

Table 1 —Soil 2nalysis of the experimental site at dif ferent depths

m eq/L00g soil
Bepth pH ¢ . CTC
om H:0 aClz
Gac K+ Car Mgt Na ¥ Al ¥ H+
0-20 5.95 515 0.38 5.49 1.10 25 016 342 1100
20-40 6.25 5435 G 39 473 1.23 019 015 301 1040
40-60 630 | 5.63 0.13 452 1.30 022 0.08 5.00 980
P in ppm
Depth Za N PRMm PEM
cm oM Total NaHCC: H=504 N0 NHy
{OLSEN) 005 N
0-20 1.96 10 295 860 680 1.26
20-40 1.20 008 0 45 3.79 244 1.91
40-60 1 GG 0.06 019 282 130 1.30
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Table 2 —FEffect of methods of applying phosphatic
fertilizer and starter nitrogen on grain and
straw yield®.

Treatrents Grain Steaw
TaEE 2157 1575
T 2165 1558
T 2234 1588
T 2180 1563
Ts 2247 1643
Tz 2081 186G
T1; 2170 1417
Ts 3004 1388

CV g 787 1222

= Means of six replieates, The values are not significantly different
at the 005 level Tukey's test

ee  f; = surface brozdeast and worked inte the soil; f» - surface
broadcast; Tz = banded en surface 4 om away from the seed
row; Ts = banded at 8 cm depth; Ts = banded at 8 cm depth
hetween rows; Ta o= pgepsum; T3 o= as Fr {withaut nitragen);
and Tx = gypsum  All the treatmeats except Tr and Ts received
3¢ kg N/Zha

grain yield reached can also be attributed to the favour-
able climatic conditions during the growing season (see
Fig. 1) and to the good insect and disease control
performed during the experiment

In respect to the concentration of phosphorus and
the amount of this nutrient (Table 3} in the grain and
in the straw, there is no significant difference among
the treatments But the percentages of the phosphorus
in the grain and in the straw, separately, derived from
the fertilizer, indicate that the treatment T, was su-
perior to the other treatments, followed by the treat-
ment Ty The similar trend was observed in respect to
the percentage of the utilization of applied phosphosus
in the plant (grain + straw) All those data confirm
that the application of phosphorus fertilizer banded at
§ cm depth, 4 cm below the seed and 4 cm distance
from seed row, was the most efficient placement. As
Neptune and coworkers (13) have observed with
‘Tguacu cultivar in a low fertility soil, in this experi-
ment, the broadcast application of phosphatic fertilizer
also resulted in a low phosphosus utilization by bean
plant ‘The worst treatment was the surface banded ap-
plication (T,)

The data of the Table 4 indicate that the percen-
tage and the amount of nitrogen in the grain and in
the straw derived from fertilizer aze approximately equal
for all the treatments; this means that the placement
of the phosphorus fertilizer did not affect the utiliza-
tion of starter nitrogen It is evident, therefore that

Table 3 —Effect of methods of applying phosphatic fertilizer and starter nitrogen on phosphorus utilization:
% and kg/ha of total P and P derived from the fetilizer (PDIF} in the grain, straw and tota;
percentage of utilization of festilizer phospharus (% UPE) and A value (mean of six replicates).

G ¥ kg P/ha th PRFF kp/he POTY

Treat- G U PF A Value
ment Grain Straw Grain Straw Graia Straw Girain Straw Tatal {ka/ha)
T,%% 0432 0126 9.59 207 11 06c%  833b 1 3le Q175¢ 140%¢ -f 26¢ 228 ab
1 04410 D132 889 21l 15 12b G 40h 134be 0 135¢  1:48¢c 4 23¢ 206 wb
T, 0424 0126 977 211 10 84c 653k P05 O011%c 119¢ 3 3% 300a
I 0414 0.145 925 227 2995 13 0da 292z 03082 306 q.1%a 85 ¢
Ts 0422 1136 99 225 1966b 10822 185h 0241h 200b 5 98h 1-i8 be
Ty 0431 0136 9 38 214 — — —— s — e e

T: 0431 0134 933 200 12 28¢ 742b 1.15¢ 0153¢ 130¢ 3 58¢ 253 a
Ta 0 439 0133 923 V87 e —- o — - o e
CV % 509 9.96 662 1130 010 14 23 1866 2009 17061 1278 23.08

*  Those values within a celumn not followed by the same lettess are

significantly different at the 003 level by Tukeys test

ve Ty m supface breadepst and worked into the soif; Ta =~ surface broadeast; s handed on surface 4 em away from the seed row; Ty = banded

at 8 cm depth; Ts = banded at B cm depth between rows; Tao = gypsum; To o= as Tp {without nitrogen); and Ts = pypsum

ments except Tr and Tu received 30 kg N/ha

All the treat-
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Table 4 —Effect of methods of applying phosphatic fertilizer and starter nitrogen on nitrogen utilization:
percentage and kg/ha of nitrogen derived from the fertilizer (NDFF) in the grain, in the straw
and total; percentage of utilization of nitrogen fertilizer (¢ UNE.); and A value (%)

o NDET ke/ha NDTF wUNTE A Value
Treatment
Grain Straw Grain Stran Total thg/ha)
Ty 625 666 467 118 585 1950 462
T. 673 647 491 1.22 G616 2052 {21
Ta 513 551 382 1.4 I 86 16 19 562
T : 565 5 63 415 111 527 17 33 550
T; 600 598 512 117 629 11063 471
Ta 547 550 04 124 527 17 57 527
cv 1702 1806 16 88 13 85 14 66 1§64 1701

®e

Means of six replicates. The values are not significantly different at the 005 level by Tukey's test

Ty = surface broadcast and worked into the soil; T2 = surface broadeast: Ta = banded on surface 4 cm away from the seed row; Ty = banded

at 8 cm depth; Ts = banded at 8 em depth between rows; To = pypsum; Tr o= as T (without nitropen); and Ty = gypsum Al the treat

ments. except Froand Tw recehved 30 kg N/ba

there was no e¢ffect of starter nitrogen. From the total
of 30 kg/ha of applied nitrogen, the bean plants uli-
lized 49 to 63 kg N/ha, corresponding to the effi-
ciency of fertilizer nitrogen ulilization of 162 to 210
per cent, respectively

The A value depends directly on the fraction of the
element in the plant derived from the fertilizer. Thesc
two parameters are praportionally inverse, consequently,
if the N or P fraction is low, the correspondent A
value wiil be high. The experiment showed that the
A values vary with methods of fertilizer placement

Table 5 -Weight (in mg) and number of dry nodu
les per plant.*

st ) nd ) rd .
Treat. 14t sampling 2nd sampling 3rd sampling
ment
weight number weight number weight number
1 3500 21 7300 31 2200 )
8 68 25 19 7800 41 36 50 16

CVeg | 43 15 3038 1953 | 488 Y 33 67

* Means of six replicates.  The values are not significantly different

at the 005 fevel by Tukey's test

{Table 3 and 4) From the soil fertility point, a rela-
tive classification of nutrient concentrations into low,
medium and high A value, in different soil types, has
not yet been established

The data of Table 5 refers to the weight and number
of nodules for the three samplings. Generally, these
data show a high coefficient of variation Apparently
the starter nitrogen did not affect the weight and num-
ber of nodules,

Conclusions

The tollowing conclusions can be drawn:

The different methods of applying phesphatic Fer-
tilizer did not affect the grain yield and staster nitrogen
utilization However, considering the fertilizer phospho-
rus utilization by the crop, the best treatment was teat
in which the phosphorus feritlizer was banded at 8 cm
depth, 4 cm below the seed and 4 om distance from
the seed row, and the depth of seeding being 4 cm

There was no effect of starter nitzogen fertilizer on
utilization of fertilizer phosphorus, and on the weight
ot number of nodules

Sunimary

An experiment was conducted in Textural B Terma
Roxa Soil (TREY}, order Alfisol, to study: 1) the ef-
ficiency of fertilizer phosphorus utilization by common
beans (Phaseolns wilgaris, 1.} cv Carioca, under dif-
ferent methods of applying this fertilizer; 2) the in-
fluence of a small dose of starter nitrogen fertilizer on
utitization of the fertilizer phosphorus and vicz-versa;
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33 the influence of fertilizer P and its method of ap-
plication on the utilization of starter nitzogen

The data show that different methods of applying
phosphatic fertilizer did not affect the grain yield, bat
considering the fertilizer phosphorus utilization by the
crop, the best treatment was that in which the phos-
phorus fertilizer was banded at 8 cm depth, 4 cm below
the seed and 4 cm distance from the seed row

There was no effect of starter nitrogen fertilizer on
the utilization of fertilizer phosphorus. The weight and
number of nodules were not affected by the starter
nitrogen nor by the fertilizer phosphorus
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