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Abstract

Peach palm (Bactris gasipaes Kunth) is increasingly grown in the tropics for its heart-of-palm and fruit.
Determining fertilization response and diagnosing nutrient status in peach palm may require methods that consider
the particularities in nutrient acquisition and recycling of perennial crops. Responses to nutrient additions, and the
diagnostic value of soil and foliar analyses were examined in three field experiments with three-year old peach
palm stands on Oxisols in Central Amazonia. To diagnose P-deficiency levels in soils, samples from 0—5 cm and
5-20 cm depth were analyzed for available P by different methods (Mehlich-1, Mehlich-3 and Modified Olsen).
The second and fifth leaves were analyzed to assess N, P and K deficiencies. Field experiments involved several
combinations of N (from 0 to 225 kg ha™' yr™"), K (from 0 to 225 kg ha~' yr~') and P (from 0 to 59 kg ha ™"
yr~"). Palms on control plots (unfertilized) and those receiving 225 kgha ' yr™' N.and 2 Mgha ™' of lime yielded
between 4 and 19% of the maximum growth which was obtained with N, P and K applications. In one of the
experiments, yield of heart-of-palm was positively related to N additions at the lowest levels of P (8.6 kg ha ™'
yr ') and K (60 kg ha~' yr™ ") additions. In one experiment, critical leaf N level was 2.5% for the second leaf and
2.2% for the fifth leaf. Some growth responses to P additions at constant N and K levels were observed (e.g., 797
kg ha™' yr~' of heart-of-palm with 39.3 kg ha™' yr~' of applied P, and 632 kg ha™' yr™ ' of heart-of-palm with
10.9 kgha~' yr~' of applied P in one experiment, and 2334 kg ha™' yr ' of heart-of-palm with 39.3 kg ha ™' yr™'
of P and 1257 kg ha™' yr~' of heart-of-palm with 19.7 kg ha~' yr~' of P in another trial). In the experiment for
fruit production from peach palm, total plant height did not respond to P additions between 19.7 and 59 kg ha ™'
yr~ " and K additions between 75 and 225 kg ha~' yr~'. Leaf P levels were found to be above the proposed critical
levels of 0.23% for the third leaf and 0.16% for the fifth leaf. Plants in this experiment, however, showed evident
symptoms of Mg deficiency, which was associated with a steep gradient of increasing Mg concentration from the
fifth leaf to the second leaf. Standard leaf diagnostic methods in most cases proved less useful to show plant N and
P status and growth responses to N and P additions. Soil P determined by common extractions was in general too
variable for prediction of growth.

Introduction

Plant species evolved in the tropics are generally
tolerant to some of the chief constraints to plant
growth in tropical soils: low P supply, reduced N
availability and high acidity. Nevertheless, fertiliza-
tion is necessary to achieve and sustain commercial
crop production. This situation applies to peach palm

(Bactris gasipaes Kunth), a perennial crop increasing-
ly grown for heart-of-palm (i.e., the unexpanded
leaves within the tender petiole sheath of the spear
leaf) and fruit production in the tropics (Mora Urpi et
al. 1997). Although peach palm is adapted to infertile
soils (Clement 1989), heart-of-palm plantations are
regularly fertilized in the main cropping regions of
Costa Rica (Molina 1999) and Brazil (Yuyama 1997;
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Bovi 1998; Bovi et al. 2000). There is relatively little
information, however, on rate of fertilization of peach
palm for heart-of-palm production on nutrient-poor
soils of the Amazon region. Research on nutrient
requirements for fruit production in peach palm has
been even more limited, and recommendations have
been adapted from other palm fruit crops such as
coconut and oil palm (N. Falcao, personal observa-
tion).

An important distinction should be made between
the two main cropping systems under which peach
palm is grown — for fruit and for heart-of-palm. In the
system for fruit production, shoots are not regularly
harvested (except perhaps for some initial pruning to
retain a single stem) and commercial fruit production
starts at 3—5 years. Peach palm leaves reach senes-
cence on the plant in the fruit system and within-plant
nutrient retranslocation is likely to be greater than in
plants grown for heart-of-palm. Litter in the fruit
system is low in nutrients and may decompose at a
relatively slower pace (McGrath et al. 2000) than
litter from heart-of-palm systems. When peach palm is
grown for heart-of-palm production, shoots are cut
twice or three times a year from each plant to obtain
the heart-of-palm. Only the palm hearts and sheaths
are thereafter exported from the field and a nutrient-
rich residue is left to decompose on the ground. Peach
palms in fruit systems would initially require less
fertilization than heart-of-palm crops, although high
demand for nutrients in the latter can be in part
compensated by a faster nutrient cycling.

Successful detection of nutrient deficiencies is cru-
cial to anticipate nutrient management problems,
determine correction measures and prevent economic
losses. One important characteristic of diagnostic
procedures is ‘sensitivity’, which indicates if (and
how rapidly) a given diagnostic measurement such as
foliar nutrient concentration detects changes in the
examined property (e.g., plant growth) (Meynard et
al. 1997). Sensitivity of nutrient analysis to detect
growth responses is considered lower in perennial
crops than in annual crops, because the former may
require a long time to react to nutrient additions (Yost
et al. 1999). A heterogeneous spatial distribution of
roots and nutrients in soils is an additional complicat-
ing factor for nutrient analysis in perennial crops. In
these crops, foliar analysis may be more suitable for
diagnosis than soil tests (Novais 2000). Foliar analy-
sis, however, has not always been useful in predicting
perennial crop responses to fertilization, because nu-
trient concentrations are affected by factors such as

leaf position within the crown, sample position within
the leaf, stand and foliage age, nutrient interactions,
and climatic variations (Deenik et al. 2000). There-
fore, diagnosing nutrient status in peach palm may
require methods that are designed to reflect the par-
ticular characteristics of perennial plants in nutrient
acquisition and recycling.

To address these concerns and determine responses
of peach palm to fertilization, we analyzed soils and
plant tissue from existing experiments in the Amazon
region. The objectives of this study were: (i) to
examine growth responses of peach palm to N, P and
K additions in Central Amazonia, (ii) to determine
nutrient concentrations in young (leaf 2) and rela-
tively old (leaf 5) leaves to diagnose nutrient de-
ficiency/sufficiency, and (iii) to examine the value of
soil P extracted by different methods in order to
diagnose P deficiency/sufficiency. It is important to
note that the qualification about young and old leaves
refers to peach palm for heart-of-palm only; in fruit-
ing trees the fifth leaf is still young, as a healthy plant
may have up to 23 leaves.

Materials and methods

Three experiments dealing with mineral nutrition of
peach palm were initiated in Central Amazonia in
1996 on ‘terra firme’ soils classified as clayey, ka-
olinitic Oxisols (Soil Survey Staff 1999), and locally
named ‘Latosolos amarelos’. These soils are low in
organic matter, effective cation exchange capacity, P,
K, Ca, Mg and some micronutrients. The sequence of
horizons is, in general, A (approximately 0-20 cm),
AB (20-40 cm) and B (40-60 cm). Mean annual
temperature is 26 °C and annual rainfall is about 2450
mm. The dry season extends from July to October.

Two trials were located at Yuricam farm, on high-
way AM 010, km 100, municipality of Rio Preto da
Eva, east—northeast of Manaus. The area had been
deforested and used for cattle and fruit crop pro-
duction for several years. The stand for heart-of-palm
had 5000 plants ha™' at 2 m by 1 m spacing. Initial
soil available nutrients extracted by the Mehlich-1
method for 0—5 cm soil were (in mg kg~ "): 2.1 for P,
19.5 for K, 128 for Fe, 0.7 for Zn, 1.7 for Mn and 0.2
for Cu. Organic C was 1.4% and textural fractions
were: 19% for sand, 1.5% for silt and 79.5% for clay.
The study plots were arranged in a completely ran-
domized block design with four replicates. Each plot
contained 30 plants, with 12 measurable plants. The



fertilizer treatments were (in kg ha™' yr~'): 0 N-0 P-0
K, 225 N-10.9 P-150 K, and 225 N-39.3 P-150 K.

In the fruit orchard experiment, initial plant density
was 400 plants ha™'. Soil available nutrients at 0—5
cm depth were (in mg kg~ '): 0.8 for P, 11.7 for K, 97
for Fe, 0.6 for Zn, 4.0 for Mn and 0.4 for Cu. Fertilizer
treatments were factorial combinations of three P
levels (19.7, 39.3, and 59.0 kg ha™ "' yr™ ') and three K
levels (75, 150 and 225 kg ha™ ' yr™ ") with a 0 P-0 K
treatment, in a completely randomized design with
three replicates. Two tons/ha of dolomitic lime with
6.6% of Mg were split into two applications during
the first year. All plots received a basal application of
225 kg N ha ' yr ™.

The third experiment was for heart-of-palm pro-
duction and located at Rieda farm, on highway BR
174, km 17, municipality of Manaus. The site was
previously occupied by a secondary forest of approxi-
mately 12 years of age. The initial density was 5000
plants ha'. Soil available nutrients at 0—5 cm depth
were (in mg kg_l): 12.0 for P, 39.1 for K, 113 for Fe,
1.3 for Zn, 2.8 for Mn and 0.4 for Cu. Organic C was
1.8% and textural fractions were: 42.5% for sand,
9.1% for silt and 48.4% for clay. The plots were
arranged in a completely randomized design with
three replicates. Fertilizer treatments were factorial
combinations of three N levels (41.5, 83.0 and 124.5
kg ha™' yr™"), two P levels (8.6 and 17.3 kg ha™'
yr "), two K levels (60 and 120 kg ha™' yr™ '), and a
0 N-0 P-0 K treatment.

The fertilizers (urea, triple superphosphate, and
potassium chloride) were applied by hand in circles
around the plants. N and K were applied in three equal
allocations in January, February and March of each
year, while the total amount of P was applied in
February of each year.

At three years of age, plots within two blocks of
each experiment were sampled. By convention, the
spear (youngest) leaf of peach palm is numbered as
zero. Plants grown for heart-of-palm usually have 6—8
leaves. The second and fifth leaves down the plant on
five plants per plot were sampled in March 1999, and
a composite sample of the middle third of each leaf
(including rachis and leaflets) was taken to the labora-
tory for analysis. These leaves have ceased growing
but were not yet senescent. Samples were dried at 75
°C to constant weight, ground to pass a 0.40-mm
sieve, and analyzed for total N by a micro-Kjeldahl
procedure (Nelson and Sommers 1972), and for Ca,
Mg, K, Fe, Mn, Cu and Zn by atomic absortion
spectrophotometry. Phosphorus was determined with
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UV spectrophotometry after stannous chloride reduc-
tion of the phospho-molybdate complex (Chapman
and Pratt 1973). As an index of internal nutrient
retranslocation, the fraction of nutrient retranslocated
(FNR) was calculated as

nutrient,, s/ Ca,,, s

FNR=1- nutrient,,/Ca,,,
where nutrient and Ca indicate concentration (in %)
in leaves 5 and 2. The purpose of this index is to
compare nutrient concentration against a relatively
stable nutrient such as Ca.

Soils were sampled within each plot at 0—5 cm and
5-20 cm depths from 10 positions at about 50 cm
from plants. Soils were dried at 60 °C and ground to
pass a 2 mm sieve. Total N was analyzed by a micro-
Kjeldahl procedure, and P was extracted by the
Mehlich-1 (Mehlich 1953), Mehlich-3 (Mehlich
1984) and modified Olsen (Diaz Romeu and Hunter
1978) methods, and determined by the colorimetric
Murphy and Riley procedure (Murphy and Riley
1962). In the Mehlich-1 or double acid method, which
is the most common test for determining P availability
in the Amazon region, P is extracted with H,SO,
0.0125 N and HC1 0.050 N. In the Mehlich-3 method,
CH,COOH 0.2 N, NH,NO, 0.025 N, NH,F 0.015 N,
HNO, 0.013 N and EDTA 0.001 N are used to extract
P. In addition to P, this procedure allows to extract
simultaneously K, Ca, Mg, Na, B, Cu, Fe, Mn and Zn.
In the modified Olsen method, P is extracted with
NaHCO,; 0.5 M, EDTA 0.01 M and Superfloc 127.

In the heart-of-palm experiments, yield of high-
grade (for export) heart-of-palm was recorded since
plants reached the harvestable size in 1998 and, in the
fruit orchard, plant height was measured as a growth
index because the plants had not yet reached the fruit
production stage. Plant height was a good index of
growth response to fertilization in a previous trial with
peach palm for fruit production (Pérez et al. 1993).
Differences in cumulative (i.e., sum of yields from the
first to the last harvest) yield, and in concentrations of
soil and foliar nutrients were tested by analysis of
variance or regression analysis in the case of continu-
ous variables with at least three treatments levels.
Correlation analysis (Pearson) was used to examine
relationships between available soil P concentrations
obtained with different methods. A paired-t test was
used to compare nutrient retranslocation rates for
different treatments. All statistical analyses were per-
formed with the SAS package (SAS Institute Inc.
1989).
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Results

Heart-of-palm yield increased with increasing nutrient
additions in the experiment at Yurican farm. Maxi-
mum Yyield was found in the treatment receiving 225
kg Nha ' yr~' 150 kg K ha™' yr~' and 39.3 kg P
ha™' yr™', and was about 33-fold greater than the
yield in the unfertilized treatment (Table 1). Yield in
the 39.3 kg P ha™' yr~' treatment was 26% higher
than that in the 10.9 kg Pha™' yr~' treatment. Despite
the positive response to P additions, neither P con-
centration in the second and fifth leaves, nor available
soil P values determined by the different methods at
two depths were correlated to the positive growth
response.

Foliar P and K concentrations in the second leaf
were below proposed critical levels (i.e., 0.23% for P
and 1.0% for K as in Molina 1999) except for K in the
225:39.3:150 treatment (Table 1).

At 0-5 cm depth, Modified-Olsen P was positively
related to Mehlich-3 P (P = 0.02), while Mehlich-1 P
and Mehlich-3 P were correlated at 5-20 cm depth (P
= 0.05). Available P at either 0-5 or 5-20 cm depth
did not correlate to added P, although it was higher in
the fertilized plots than in the control (P = 0.03).

In the experiment for heart-of-palm production at
Rieda, maximum yield was 21-fold higher than the
yields for the unfertilized treatments (Table 2). For
the treatments in which it was possible to compare
continuous nutrient addition effects, there was a sig-
nificant yield response to N (P = 0.01) at the lowest
levels of P (8.6 kg ha™' yr ') and K (60 kg ha™'
yr_l). Critical foliar N levels (i.e., the nutrient con-
centrations to reach 90% of maximum yield) were
2.2% for the fifth leaf, and about 2.5% for the second
leaf.

Phosphorus  additions increased heart-of-palm
yields both at 42.5 and 124.5 kg ha™' yr~' of added
N, and 60 kg ha~' yr~' of added K (P = 0.05 and
0.01, respectively). There were some significant dif-
ferences in P concentrations in leaf five among treat-
ments, but these differences did not correspond in
direction to P doses. Again, foliar and soil P con-
centrations did not follow the growth response.

All measures of available soil P at both sampling
depths were highly correlated (P < 0.0001). There
was a positive correlation between added P and
Mehlich-1 P (P < 0.001) and Mehlich-3 P (0.001) at
0-5 cm depth, but available P at 5-20 cm did not
correlate to added P. There was no response to K in
the 60 to 120 kg ha™' yr~' range of added K.

In both experiments for heart-of-palm, concentra-
tions of Ca, Fe, Zn and Cu in the second leaf were, in
general, above proposed sufficiency levels, while Mg
and Mn concentrations appeared marginally deficient
(Table 3).

In the fruit orchard experiment, maximum plant
height in the fertilized treatments was more than five
times the height in the control (Table 4). Height
growth, however, did not increase with P additions
between 19.7 and 59 kg ha™' yr~' and K doses
between 75 and 225 kg ha™' yr~'. Foliar P levels
were above the proposed critical levels of 0.23% for
the third leaf and 0.16% for the fifth leaf in most
treatments, except the control in which they were
marginally deficient. Relatively high foliar N con-
centrations were congruent with the blanket applica-
tion of N. Concentrations of Ca, Fe, Zn and Cu in the
second leaf were, in general, above proposed suf-
ficiency levels, while Mg and Mn concentrations were
deficient (Table 5).

Plants in the fruit orchard showed marked symp-
toms of Mg deficiency, characterized by yellowing of
the old leaves starting from the apical margins. Foliar
Mg concentrations were extremely low, especially in
leaf 5 (Table 5). Retranslocation rates for Mg were
higher than those for N, P and K (P < 0.001) (Table
6). In the heart-of-palm experiment at Yuricam, there
was no difference in retranslocation rates among
elements, while at Rieda, Mg retranslocation differed
from N and P rates, but these differences were less
marked than in the fruit production study. In the fruit
orchard experiment, foliar K concentration was in-
versely correlated to foliar Mg concentration (P =
0.03), but the relationship was not significant when
the data for the control treatment were omitted, sug-
gesting that antagonistic uptake of K was not the
cause of low Mg concentrations.

All measures of available P at 0—5 cm were highly
correlated among themselves (P < 0.0001), but only
Mehlich-1 P values were correlated with those of
Mehlich-3 P at 5-20 cm depth (P < 0.0000). Avail-
able P at the 0-5 and 5-20 cm depths was not
correlated to added P.

Discussion

This study provides additional evidence that nutrient
additions are needed to sustain peach palm production
in nutrient-poor soils of Central Amazonia. Product-
ion of peach palm in the Amazon region has been very



225

"(6661) BPUIOIN WOL]y d [10S USS]Q PIYIPON = OIANd d I'0S €-UOHUIN = €INd ‘d ['0S [-YOHYSIN = [INd

01 08°0 91’0 0CT 00'1 €00 0S'T #S[oAd] Kouaroyyng
LOFET 1'0FL0 A 8076 80F€9 r0FT6 LI0¥060  100¥¥10  TOFIT  SO0FSOT  100+810  10%ST 6FL6L 081 £6¢ ste
10790 70790 TOFLT (e} 9PFRIT  YLIFSPT  PIOFLSO  T00FPI0  TOFET  TO0OFIE0  100F610  TOF0CT 6£7T€9 081 601 st
70790 1070 0701 10790 T0FLO 10F1C 1007620  100FII0  €0¥6T  TO0FEF0  000FTI0  10F9¢ YTFIT 0 0 0

(®8w)  (_8yBuw)  (_HySw)  (_SySw)  (_SySw)  (,_Sy5w) (%) (%) (_eusy)  (_egsdy)  (_eqdy)  (_eydy)

w (7§ wd G- bl d N bl d N 3 d N
Ond €INd 1INd OWd ¢INd 1INd ¢ Jeol T PlRIX el YN [enuuy

“IOLIS plepuels auo = sueawl

QI SANJEA "BIUOZBWY [eNUI)) ‘wre) weounk je wyed yoead ur yydop wo )g—¢ pue wd G—() 18 J [10S 9[R[IBAB PUE ‘SUOTJEIUIIU0D 3 pue J ‘N Jeroj ‘pleik wed-jo-jreay sAnemwn)) 'y ajgn ]



"(6661) PUIOI WOL]y d [10S USS|Q PIYIPOIN = OIA ‘d 1108 €-UOIUYIN = €INd ‘d [10S [-UYOIYIN = [INd

01 01 80 91°0 Tt 01 €20 0ST #S[oAd] Kouorying
69F6'L STIFSST €8F6LI —FL6 —FS9 —F66E TOF60 100F8I0 00FTT Y0F60 100FIC0 TOFOE SLLFPH6I 0zl €L Sl
6TFTY  YIFIE 60 F9T FIF9OY TLFEYL 9PFOIL 10760 T00F610 1'0F1T I'0FTT TO0FETO TOFST TITFISSI 0zl 98 STl
SEFOSC  TOF6T 0T FCE IUIFIS THFLIL €T F0T TOF60 100F1T0 00781 T0FI'T 10070 TOFLT LYIFTEr] 0zl gLl 0'¢8
— F€0l — FTI —FLT —FLT —FLVI — FSL 00FTT — 610 00¥TT 00FI'T —1T0 00FST — 0zl 98 0°¢8
90FE€T  PEFI9  SOFEY [0F60L 98IFEPE 89FH9¢ +0FLT 900F610 €0F61 ¥OFF1 [00FITO ¥0F+T  TFEO9I 0zl eLl 01y
00F0€ TOIFEIL 9vFI'9  LPF0L 167611 SOIF8El TOF60 100700 00F8T [0FI'T 100F2C0 S0F9T SHTFe9l 0zl 98 01t
TIFIE  LYF06  SPF99  6TFE9 SHIFS0S I'ITFH0S TOF60 100F€T0 1'0FPT T'0FTT 100F9T0 €0F6T SPF998T 09 €L Sl
SIF6¢  10¥TS  SIF9%  TIFFS T6F9TE v9IFETE 00701 100760 TOF6T 00F0T 10070 00F8T €rFIv0T 09 98 Spel
I'IF0C  $TFLE  60FLT TTFT8 CIIF0TE LIFLLT TOFIT TO0FETO TOFTT 10¥60 100FSTO 1'0F9CT I911F€T91 09 gLl 0'¢8
CIFTE  1TFE9  €E€F0S  SLFSSI S9TFSTI vPEFECLL TOF60 — 610 T[0FE€T 10F0T —7TC0 [1'0F8T 6STFSTII 09 98 0°¢8
€0F0E  €TF8S  I'0F0T  I'TFTOL 09F9€E  TSFSEE ['0F90 T00F6I0 1'0FTT TOFOT 100FHT0 10FHT 0STFHEET 09 ¢Ll 0'1Y
YOF6l  TIFPT TIFLT  ¥EFT9 0STFSO0E 897¥9TE I0FIT T100F610 1'0¥6'1T TOFOT 100FE€C0 1'0FHT  LIFLSTI 09 98 0'lY
I'0FL0  T0¥80  T10FTI  T0F0€ SPFS8 60FLTL €0F60 €00FITO €0F0CT I'0FF1 [00FIC0 ¥0FST PEIFHEL 0 0 0
(,_8Y8w) (,_8ySuw) (,_8ySun (,_Sy3w) (,_3y 3w (,_3Y 3w) (%) (%) (,_eq 3Y) (,_ey3dy) (,_ey3dy) (,_eysy)

wo 07§ wo ¢—( bl d N bl d N bl d N

ONd ¢INd INd ONd ¢INd IAd G Juo] T e PIRIA el JdN [enuuy

“IOIId PIEPUB)S SUO I SUBSW
QI SANJBA "BIUOZBWY [ENUI)) ‘wirej epary Je wied yoead ur ypdop wo gg—¢ pue wo G—() I8 UOBNUIIUOD J [I0S PUB ‘UONEIUIDU0D I puk J ‘N Ie1[o] ‘p[aIk wed-jo-jreay aane[nwin)) ‘g agn ]



227

Table 3. Foliar Ca, Mg, Fe, Zn, Mn and Cu concentrations in peach palm for heart-of-palm at Yuricam and Rieda farms, Central Amazonia.

Values are mean * one standard error.

Annual NPK rates Leaf 2 Leaf 5
N P K Ca Mg Fe Zn Mn Cu Ca Mg Fe Zn Mn Cu
(kgha™") (kgha ") (kgha ") (%) (mg ha ') (%) (mgha™")
Yuricam for heart-of-palm
0 0 0 0.30£0.02 0.18+0.01 10318 39*1 39+3  6*0 023001 0.13+0.02 110£3 37*1 45+8 4*0
225 10.9 150 0.50+0.01 0.14+0.04 98*6 34*x4 264  6x0 0.89%0.01 0.09+0.01 83x3 28*10 40*x12 4*0
225 39.3 150 0.38 0.21 116 32 32 6 0.48 0.18 118 20 40 6
Rieda for heart-of-palm
0 0 0 0.54+0.12 0.20£0.06 111%£20 38*+3 53*2  8+0 74x0.06 0.15x0.06 98%17 31x3 59x2 6*0

415 8.6 60 0.46+0.02 0.24+0.01 752 38*=1 60%13 8*x0 0.69%£0.06 0.24*0.01 83x1 260 59%15 6*0
415 17.3 60 0.29+0.01 0.11£0.09 7711 42+0 60x1  7x1 0.50%0.05 0.11x0.01 102*=18 32*4 66=8 6*0

83.0 8.6 60 0.46+0.06 0.1620.05 144*48 63*x13 573  9*x1 0.82%0.16 0.16x0.06 97x1 43*3 66x4 7*1

83.0 17.3 60 0.47+0.06 0.18+0.02 96%28 43x1 61x11 9x1 0.72£0.08 0.17£0.02 102£23 39*1 64*=12 6*0
124.5 8.6 60 049+0.02 0.17+0.02 1377 39x3 74x14 9*=1 0.92%0.09 0.19%0.02 10911 31x1 79=11 7*1
124.5 17.3 60 042+0.06 0.20+0.09 88*16 38+2 61%12 9*x1 0.71£0.12 021%£0.01 9614 337 69+9 8*0
415 8.6 120 045+0.10 0.17£0.06 755 38%£3 57x12 8%0 0.82%£028 0.17+0.12 12112 46+8 78%x8 7=l
415 17.3 120 0.45+0.03 0.21£0.03 106+24 372 71x12 8%0 0.74x0.05 026+0.01 82*1 29+2 69%6 6=2

83.0 8.6 120 0.40 0.21 82 38 72 8 0.37 0.20 98 34 60 6

83.0 17.3 120 0.54+0.05 0.21£0.02 91x12 35£5 66+7 71 0.55%£0.06 022+0.06 104*18 42+0 71£8 8=0
124.5 8.6 120 047x0.05 021001 77+3 43%x3 55+*8 10£0 0.65*0.12 0.19+0.03 83*1 35+2 56*x8 7=l
124.5 17.3 120 0.53+0.03 0.21£0.03 87x1 34x3 58*13 9%l 0.66%0.00 021+0.01 103%£3 24*1 60x13 71
Sufficiency levels* 0.40 0.25 50 15 60 5

*From Molina (1999).

low without fertilization (Moreira Gomes et al. 1987).
Control plots, either unfertilized or only receiving N
and lime, yielded between 4 and 19% of the maxi-
mum yield obtained with N, P and K applications. It
was difficult, however, to determine the effect of
individual nutrients on yield because of limitations in
the design of the experiments (i.e., lack of true
controls) and, probably, because of the presence of
multiple nutrient limitations.

In the experiment with varied N applications,
growth responses of peach palm to N were observed
only for the lowest levels of added P and K. This was
rather unexpected, as responses of peach palm to N
have been consistently observed in stands for heart-
of-palm production (Guzméan 1985; Bovi et al. 2000),
fruit production (Pérez et al. 1993), and in early
stages prior to harvest (Jongschaap 1993; Lopes Reis
1997). In some cases, addition of N induced exponen-
tial growth responses (Pérez et al. 1993).

The limited response to P additions was consistent
with previous research. A review of fertilization
studies listed responses to P additions in only two out
of six field experiments, with all responses occurring
during early growth stages (Deenik et al. 2000).

Lack of response to K above levels of 60 and 75 kg
ha™' yr~' of added K suggested that these amounts
can supply peach palm requirements at least in the

relatively short term. In the long term, it is possible
that additional K will be needed because kaolinitic
Oxisols under the trials can be rapidly depleted of K
(Cravo and Smyth 1997).

Standard diagnostic methods did not seem to reflect
peach palm responses to N and P additions in most
cases. In the case of foliar analysis, results concurred
with previous studies in which N and P concentrations
in peach palm leaves did not change significantly with
increasing fertilization rates, despite a positive growth
response to nutrient additions (Guzman 1985; Pérez et
al. 1993). In only one experiment, critical foliar N
levels of 2.50% for the second leaf and 2.20% for the
fifth leaf were achieved. These critical levels are
similar to estimated levels in Molina (1999).

A severe Mg deficiency in the experiment for fruit
production at Yuricam may have affected growth
responses to other nutrients in the fertilization treat-
ments. Foliar Mg levels were well below proposed
deficiency levels (i.e., 0.25% given by Molina (1999);
and 0.24% by Gama Pacheco et al. (1997), although
the latter is for seedlings). The modest addition of two
tons of dolomitic lime per ha seemed not enough to
satisfy plant Mg requirements over time. Magnesium
concentration decreased steeply between leaf 5 and
leaf 2, indicating high internal retranslocation. A
previous study presented two opposite patterns of
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Table 5. Foliar Ca, Mg, Fe, Zn, Mn and Cu concentrations in peach palm for fruit at Yuricam farm, Central Amazonia. Values are mean = one

standard error.

Annual NPK rate Leaf 2 Leaf 5

N P K Ca Mg Fe Zn Mn Cu Ca Mg Fe Zn Mn Cu
(kgha ) (kgha™) (kgha™) (%) (mg ha”") (%) (mg ha ™)

0 0 0 043£0.03 0.17x0.05 93+3 43x1 45+5 7£1 048%0.02 0.11+0.04 1055 48+3 551 6*0
0 19.7 75.0 0.75%0.13 0.07£0.01 91=15 52*=15 38%=1 8*0 0.54*0.06 0.02*=0 866 32%4 44%3 Tx1
0 39.3 75.0 0.30£0.04 0.05+0.02 64+6 41*x15 34*+0 7x3 0.39%0.01 0.02x0 03+27 35x3 42x1 4=x1
0 59.0 75.0 0.38%£0.02 0.07x0.01 700 34x0 38*1 5*1 046*0.04 0.02x0.01 85+2 31x2 52*1 5%
0 19.7 150.0 0.40+0.03 0.12x0.01 67x2 35*2 49%3 8x+0 0.60*0.08 0.08=0.03 73%=3 444 52+6 7=1
0 39.3 150.0 041£0.01 0.07x0.01 69+2 31x5 42+6 6*0 0.74%£0.06 0.03x0.01 76*10 24*0 560 6*0
0 59.0 150.0 0.56x0.01 0.08+0.03 68+6 29+3 42+7 6*0 0.79£0.01 0.03+0.01 94+3 28+3 48*3 4*0
0 19.7 2250 0.39£0.04 0.09£0.01 100+20 31x1 44*=1 7x1 0.58%0.02 0.06=0.02 756 27+6 36%3 7=l
0 39.3 225.0 0.36x£0.01 0.07x0.01 773 26*3 31x3 7x1 041%0.05 0.02x0 10712 30*1 36x3 5*1
0 59.0 225.0 0.46x0.11 0.07x0 666 23%x2 375 6x1 043%0.10 0.02x0.01 82x4 29+2 44x4 5+]
Sufficiency levels* 0.40 0.25 60 15 60 5

*From Molina (1999).

foliar Mg variation between old and new leaves in
palms (Broschat 1997). In coconut, Mg concentration
increased with leaf age, as in our study of the second-

to-fifth-leaf range. In Canary Island date palm, foliar
Mg decreased with leaf age and symptoms of Mg
deficiency were evident on leaves with less than

Table 6. Annual fertilization rates and nutrient retranslocation in peach palm in the fertilization trials in Central Amazonia. Values are mean *

one standard error.

Annual NPK rate

Retranslocation rate

N P K N P K Mg
(kg ha™") (kg ha™") (kg ha™")
Yuricam for heart-of-palm
0 0 0 0.20£0.1 0.11x0.1 0.33x0.0 0.27%0.1
225 10.9 150 0.25%0.0 0.39%0.0 0.52*0.0 0.47x0.1
225 39.3 150 0.45+0.1 0.52+0.1 0.44x0.2 0.48+0.1
Rieda for heart-of-palm
0 0 0 0.43x0.1 0.33x0.1 0.54x0.0 0.45*0.1
415 8.6 60 0.46+0.0 0.43%0.1 0.24+0.1 0.31£0.0
41.5 17.3 60 0.49+0.0 0.53%0.0 0.65*0.0 0.34+0.1
83.0 8.6 60 0.53%0.0 0.57x0.1 0.53%0.1 0.47x0.0
83.0 17.3 60 0.44%0.0 0.40%0.1 0.24+0.1 0.38£0.0
124.5 8.6 60 0.32 0.45 0.42 0.40
124.5 17.3 60 0.51%0.1 0.47x0.1 0.56x0.1 0.37x0.1
41.5 8.6 120 0.61+0.1 0.49+0.1 0.54x0.0 0.51£0.1
41.5 17.3 120 0.50£0.0 0.44+0.0 0.27%0.3 0.20%0.2
83.0 8.6 120 0.10 0.12 0.00 0.04
83.0 17.3 120 0.53 0.43 0.44 0.35
124.5 8.6 120 0.37£0.0 0.39%0.0 0.43+0.1 0.33+0.2
124.5 17.3 120 0.40x0.1 0.32x0.1 0.15%0.1 0.19£0.0
Yuricam for fruit
0 0 0 0.25+0.2 0.17x0.1 0.43+0.1 0.42+0.1
0 19.7 75.0 0.18%0.1 0.09x0.0 0.00£0.0 0.71%0.1
0 39.3 75.0 0.32%0.1 0.35%0.1 0.30%+0.3 0.57£0.2
0 59.0 75.0 0.05%0.2 0.09+0.0 0.21x0.1 0.72%0.1
0 19.7 150.0 0.27£0.3 0.38x0.1 0.25*0.2 0.45*0.4
0 39.3 150.0 0.56=0.1 0.56%0.1 0.44x0.1 0.74+0.1
0 59.0 150.0 0.43+0.1 0.24x0.0 0.18+0.1 0.69+0.1
0 19.7 225.0 0.34x0.2 0.45*0.1 0.32+0.3 0.63x0.1
0 39.3 225.0 0.50=0.1 0.360.1 0.24+0.2 0.75+0.1
0 59.0 225.0 0.41+0.2 0.34+0.2 0.22+0.2 0.71%0.1
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0.12% Mg. A symptom severity index correlated well
with leaf position and leaf Mg concentration. Coconut
leaves had higher Mg concentrations (about 0.25 to
0.29%) than Canary Island date palm leaves (0.05 to
0.16%), and did not display symptoms of Mg de-
ficiency. A remobilization rate index was more than
100 times higher in Canary Island date palm than in
coconut.

In the present study, Mg retranslocation rates in
peach palm were higher in the stand that had striking
symptoms of Mg deficiency than in the other experi-
ments. The relationship between leaf Mg concen-
tration and leaf age has been found to vary widely
with plant species and plant age in palms (Amalu et al.
1988). Retranslocation of Mg may be highly respon-
sive to nutrient status, because ratios between Mg
concentrations in young and old leaves can vary
widely, in contrast to more constant patterns for other
macronutrients. For example, we measured higher
foliar Mg concentration in the fifth leaf (0.27% on
average) than in the third leaf (0.22%) of well fertil-
ized peach palm plants in Hawaii (A. Ares, personal
observation). A similar trend was observed in a fertili-
zation experiment in Costa Rica, in which Mg con-
centration in the third leaf varied between 0.25 and
0.28%, and between 0.28 and 0.31% in the fifth leaf
(Ares et al. 2002). The above mentioned trends are
opposite to the one found in these experiments in
Amazonia. This suggests that Mg is highly mobile
within the peach palm plants in response to Mg
deficiencies, and that the ratio between Mg concen-
tration in young and old leaves may be useful in
detecting incipient Mg deficiency.

At the beginning of this study, there were no
standard fertilization recommendations for peach
palm in the Amazon region. Results of this study
indicated that annual N-P-K doses of 125-225:20-
40:60-150 kg ha~' were needed to sustain peach
palm growth. Relatively high yields of heart-of-palm
were obtained at Rieda farm with N:P:K rates similar
to the low values in the above ranges (125:17:60 kg
ha™' yr~'), probably because this site, with a recent
history of secondary forest, had higher fertility than
the other ‘terra firme’ soils in our study, as suggested
by the soil nutrient contents before fertilization. For
other cropping areas, researchers have proposed the
following annual N:P:K fertilization rates for heart-
of-palm production: 200-250:22-44:41-166 kg ha ™'
(Molina 1999), and 200-250:9:130-170 kg ha™'
(Herrera 1989) in Costa Rica; and 160-300:17.5-
35:83-216 kg ha™' (Bovi and Cantarella 1997) in

southern Brazil. In Costa Rica, researchers have also
recommended annual applications of 25-60 kg Mg
ha™' and 40-80 kg S ha™' to peach palm (Herrera
1989; Molina 1999). In southern Brazil, it was ad-
vised to complement NPK fertilization in peach palm
with 20-50 kg S ha™' and 1-2 kg B ha™' per year
(Bovi and Cantarella 1997). In one of the few fertili-
zation experiments in peach palm for fruit, a rate of
180 kg N ha yr~' was recommended in Peru (Pérez et
al. 1993).

Soil P determined after common extractions proved
to be extremely variable in some cases, and did not
have good diagnostic value. The order in the amount
of P extracted by each method (Mehlich-1, Mehlich-3
> Modified Olsen) at 0—5 and 5-20 cm depths was as
previously found in tropical soils (Molina and Cabal-
ceta 1990). The results of this study did not question
the accuracy of the methods, but do question their
usefulness for diagnosis of soil P for palms. Even if
more detailed field experiments become available,
critical soil P levels in peach palm may be too low for
the tested methods (e.g., 5-6 mg kg ' for Mehlich-1,
and 1-2 mg kg~ ' for Mehlich-3 and Modified Olsen)
to be reliable as diagnostic tools.

Other methods used for tropical soils such as the
Olsen-Dabin and the ion-exchange resin (Raij 1978)
procedures could be tested in peach palm ag-
roecosystems. The Olsen-Dabin method extracts
much more P than the standard Olsen test and has
been used mainly with African soils (R. Yost, personal
observation). The ion-exchange resin method is not
used in the Amazon region, but it has been simplified
and routinely used in the state of Sao Paulo. A review
study indicated that P extractions with ion-exchange
resin had a higher correlation to P plant uptake than
11 other methods including Mehlich-1 and the origi-
nal Olsen method (Da Silva and Raij 1999), although
in soils with less than 20% clay, Mehlich-1 and resin
methods provided similar results (Da Silva and Raij
1996). The Mehlich-3 method provided better de-
tection of P sufficiency/deficiency than an ion-ex-
change method in corn growing on a clayed Typic
Kandihumult in Hawaii (Cai et al. 1997). Also, the
Mehlich-3 method was suitable to evaluate P availa-
bility in Oxisols and Spodosols with different textures
from the Amazon region (Brasil and Muraoka 1997).

Australian researchers have advocated the use of
solution P extracted with CaCl, 0.01 M as diagnostic
method for woody species in the nursery and field
(Smethurst 2000). In an experiment with peach palm
in the Amazon region, however, solution P collected



with ceramic suction cups was very low and too
variable to be a good index of P availability (Schroth
et al. 2000).

Complementary studies suggest that alternative
analysis (e.g., P concentration of petioles or roots, soil
organic P measurements) may be more useful as P
diagnostic criteria in peach palm. In four stands of
peach palm growing in Costa Rica on soils with
modified-Olsen P ranging from 7 to 38 mg kg ™', the
range of P concentration in petioles and coarse roots
was 0.15-0.42% and 0.20—0.50%, respectively, while
foliage P only varied between 0.25 and 0.36% (A.
Ares, personal observation). The petiole is the stan-
dard organ for diagnosing P deficiency/sufficiency in
papaya (Awada 1976). For tropical timber species in
northeastern Australia, researchers have also found
that P concentration in petiole was a better indicator
of response to P fertilization than P concentration in
the leaf lamina (Webb et al. 2000).

Conclusions

Growth of peach palm was severely reduced without
fertilization in Central Amazonia. Standard foliar and
soil analysis showed limitations for diagnosing P
deficiency. Foliar N concentration was partially useful
in detecting N deficiencies, but foliar P failed to
follow growth responses to P additions. Available soil
P measured by three methods was often too variable
and too low in relation to sample error to be useful as
a diagnostic tool. Magnesium deficiency may have
interfered with peach palm response to other nutri-
ents. Plants in the fruit orchard experiment showed
striking symptoms of Mg deficiency and a steep
gradient of increasing Mg from the fifth to the second
leaf, a trend opposite to that found in fertilized peach
palm elsewhere. Additional research is needed to
diagnose P deficiency, for which visual symptoms are
often inconspicuous and equivocal in perennial crops
such as peach palm.
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