Effect of N and K doses in nutritive solution on growth, production
and coffee bean size
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ABSTRACT

An adequate supply of nutrients is essential for obtaining high yields of coffee. The objective of this study was to
evaluate the effect of N, K and the N:K ratio on vegetative and reproductive growth of coffee. For this purpose, coffee
plants were grown in nutrient solution containing K in the concentrations of 1.08; 2.15; 3.23 and 5.38 nonddibed
with a dose of 6 mmol LN, resulting in the N:K ratios (w/w): 1:0.5; 1:1; 1:1.5 and 1:2.5. The control treatment consisted
of the doses 3 and 1.61 mmadlaf N and K respectivelyesulting in the N:K ratio (w/w) 1.0:1.5. The following variables
were evaluated: height, stem diamgtarmber of nodes of the eighth plagiotrofic branch (index branch), pairs of
plagiotrofic branches and number of nodes in the orthotropic branch every three weeks from the beginning of the
experimentAdditionally, it was evaluated the chemical composition of processed beans and leaves between the
flowering and the rapid expansion stage of the cherry beans, production of cherry beans per plant and classification of
beans according to the size. N influenced mainly the characteristics of vegetative growth and K influenced mainly the
reproductive growth evaluated by the production. The lowest production resulted in the highest percentages of beans
retained on sieves with holes larger than 16/64", while the highest production promoted an increase in the percentage
of beans retained on sieves with holes smaller than 16/64".
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RESUMO

Crescimento, producédo e tamanho de gréos de café decorrentes de doses de N e K
em solucao nutritiva

O suprimento adequado de nutrientes ao cafeeiro é essencial para obtencao de alta produtividade. O objetivo deste
trabalho foi avaliar o efeito do nitrogénio, do potassio e da relacdo N:K no crescimento vegetativo e reprodutivo do
cafeeiro. Paraisto, plantas de café receberam solucédo nutritiva, contendo K nas concentracées de 1,08; 2,15; 3,23 € 5,3¢
mmol L%, combinadas com a dose de 6 mmbtle N, obtendo-se as relacdes N:K (p/p):1,0:0,5; 1,0:1,0; 1,0:1,5; 1,0:2,5.

O tratamento controle continha as doses de 3 e 1,61 midel N e K, respectivamente, resultando na relacao N:K (p/

p) de 1,0:1,5Avaliaram-se a altura, o didmetro do caule, nimero de nés do oitavo ramo plagiotrépico (ramo indice), o
namero de pares de ramos plagiotropicos e o numero de nés do ramo ortotrépico a cada trés semanas apés 0 inicio dc
experimento. Realizaram-se também analises da composicéo quimica dos graos beneficiados e folhas, no periodo entre
a floracdo e expansédo rapida dos frutos, producdo de café cereja por planta e classificacdo dos graos quanto ao
tamanho. O N influenciou principalmente as caracteristicas de crescimento vegetativo e o K influenciou principalmente
as caracteristicas de crescimento reprodutivo, avaliadas pela prodlugéioor producédo resultou em percentagens

mais elevadas de graos retidos nas peneiras com crivos maiores que 16/64 polegadas, enquanto a maior producGac
promoveu aumento na percentagem de gréos retidos nas peneiras com crivos menores que 16/64 polegadas.
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INTRODUCTION MATERIAL AND METHODS

Nitrogen fertilization is essential in view of the low  The experiment was conducted in a sub-irrigation
productivity of the Brazilian coffee plantations andhydroponic system installed in a greenhouse at Universi-
moreovey N is the most required nutrient for vegetativelade Federal déicosa, from September 2006 to July 2009.
growth and the second most exported to beans (Catanil&e treatments consisted of four N:K ratios in the nutrient
Moraes, 1958). It is often considered that the requiremersslution with a single concentration of N and different
of K are equivalent to those of N, although the highesbncentrations of K, plus a control treatment with a lower
proportion of K is found in the beans, particularly in theoncentration of N.
pulp, unlike for N (Carneiro, 1995). Coffee seedlings of the variety Catiaérmelho

An adequate nitrogen supply provides increaseldC 99 germinated in conventional substrate and with
branching of plagiotropic branches, greater leaf area,pair of true leaves were grown in corrugated roofing
higher production of starch and other carbohydratesheets, 3.75 m long and 0.85 m wide at the t¢gQ) b
essential for the formation and growth of beans (Guimavide at the base and 0.20 m in height, the ends closed,
raes & Mendes, 1997), while K plays an important role isealed and filled with expanded clay of 8 to 13 mm in
the formation of beans, acting in photoassimilate transpafiameter to a height of 0.17 m from the base. The expe-
in the phloem (Marschnef012).The deposition of rimental plot consisted of eight plants spaced 0.4 m
biomass in the bean is necessarily accompanied by tgart, and the six central plants were considered as
accumulation of K. Furthermore, K is a required nutrierthe useful plot.
in the activation of several enzymes essential for synthesis The concentrations 1.08, 2.15, 3.23 and 5.38 rhrhof
of organic compounds, including starch (Marsch2eL2). K were combined with a dose of 6 mmdiaf N to yield the

In this sense, the importance of balance betweenK ratios (w/w) of 1.0:0.5; 1.0:1.0; 1.0:1.5; and 1.0:2.5. The
these nutrients has been highlighted by Rosolem (200gpntrol treatment was according to Moetaal (2007): 3
who reports that when the potassium fertilization isamolLN and 1.61 mmdlK, resulting in the ratio N: K
neglected, in general, crops respond to N rates with mug@¥w) of 1.0:1.5. The sources of N and K were calcium njtrate
smaller increases in productivity potassium nitrat@nd potassium dihydrogen phosphate,

Neveset al (2006) studied the effect of two levels ofrespectively
NPK fertilization on the productivity and accumulation of  The other nutrients were supplied by a half-strength
N and K in leaves of different varieties of coffee conductegieiner nutrient solution (8iner 1984) that contained:
in the dense production system and found N: K ratios (W/5 mmol LR, 2.25 mmol I Ca, 1 mmol it Mg, 1.75 mmol
w-weight/weight) of 2.36 and 1.51 at 31 and 55 months @f1 S, 23 ymol ! B, 0.3 umol ! Cu, 12 umol t* Mn, 0.3
cultivation, indicating that the requirements of N argimol L* Mo, 1 umol L*Zn and 40 umol £ Fe. The
greater than those of K. The excess N causes changegsiperiment was arranged in a complete randomized design
the ratios N:P and N:K of the leaves and decreasegth three replications, with the treatments randomly
production, stimulating preferably vegetative growttassigned to the different corrugated roofing sheets. In
(Malavolta, 1986)Also, according to Malavolta (1993), this system, plants were watered with nutrient solution
the adequate N:P ratio in leaves is in the range 16-18; Ne#r 30 minutes every three hours during the day and every
in the range 1.3-1.4 and N:S in the range 16-18. six hours at night.

The nitrogen and potassium nutrition can influence The nutrient solution was kept in five 1,000 L tanks,
the production of large or small coffee beans, which igccording to the treatments. During cultivation, the volu-
also influenced by varietal characteristics, climatic anghe of the tanks was supplemented daily with well water
sanitary conditions. The severe deficiency of K can caug to its initial volume. The pH was monitored daily and
branch die-back, formation of small or withered beans angdaintained between 5.5 to 6.5 using HCl and NaOH (3 mol
pinhead drop (Malavolta, 1993). L%). The electrical conductivity (EC) of the nutrient

The bean size uniformity ensures a more evenly roagblution was monitored daily and adjusted using a
avoiding the formation of over-roasted or carbonizedonductivity meter when it showed depletions of 30%
beans (Severinet al 2001). Regarding managemenicompared with initial values.
practices, itis expected that the levels of N, K and the N:K' Because there were qualitative variations in the nutrient
ratio are important for proper vegetative development @ncentrations of the solution, since not all elements are
the plant as well as for the size and yield of coffee beangysorbed in the same proportions they are supplied

This study aimed to evaluate the effect of N, K angiviartinez & Clemente, 2, it was necessariy addition

N:K ratios on vegetative growth, initial production andyp the periodic adjustment of nutrient concentrations via
physical characteristics of the processed coffee beangC, to replace it every four months.
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The experiment was conducted in nutrient solutiothere was reduction in plant growth with increase in N
under controlled conditions in order to vary the doses of &hd K kept constant, as shown by the difference in height
and K and the N:K ratios, excluding the effect of th@nd stem diameter between the treatments with the N:K
accompanying ion, usually present in field conditions or iratios 0.5:1 and 1:0.5 and the control; the number of pairs
soil-containing potsAlthough optimal doses are not of plagiotropic branches and the number of nodes of the
extrapolated to growing conditions, the technique allowglagiotropic index branch between treatments 1:1.0 and
more safely to isolate the effects of N and K in the vegetatitiee control. This response highlights the importance of
and reproductive growth of dek.Additionally, the leaf the N:K for plant growth (able 1).
contents obtained in plants grown in nutrient solution and The number of nodes in the orthotropic branch did not
associated with better growth responses can be used dbange with the treatmentsafile 1), being more dependent
diagnosis and prognosis of nutritional status of crops. on the plant ontogeny than on their nutritional status.

Assessments of the following variables were The production of coffee cherries in treatments of the
performed every three weeks: stem diameter (SD); heigtime N:K and different doses of these nutrients (6 and
(H); number of nodes of the eighth plagiotropic brancB.23 mmol ! x 3 and 1.61 mmol L) showed significant
from the base (Index Branch — NIB); number of pairs dlifference, indicating, therefore, that the N:K ratio was
plagiotropic branches (PPB), number of nodes of theotimportant for defining the cherry bean production and
orthotropic branch (NNO) and production of coffeehat there was effect of N and/or K on this variable. The
cherries per plant (PROD). different doses of N tested with similar doses of K resulted

The harvest of coffee cherries was carried out at 780 no significant difference, suggesting that the higher
days after the beginning of the experiment, when abodbse of N has not positively affected the production of
90% of beans were at the cherry stage. The coffee beaonffee cherries (@ble 1).
of the useful plot were manually harvested and weighed. The increase in N, from 3 to 6 mmol,tesulted in lower

For the leaf analysis, leaves were collected from thgroduction, which may be caused by the increased
third or fourth node counted from the apex to the base wégetative growth and, hence, increased self-shading, which
the plagiotropic branches of the middle third of the plantsonsequently reduces the photosynthetic rate and the
between the flowering and the rapid expansion stage. Fmoduction of photoassimilates used for coffee bean
the cherry bean analysis, samples of about 100 g pfoduction.According to Sanzonowicet al. (2003),
processed beans were taken per treatment. The sampigicbgen fertilization can increase coffee production by 30%
material was washed, dried in a forced-air oven, groundiimtraditional spacings; howevén adult plants grown in a
aWiley mill with a 20-mesh sieve and subjected to thaigh density planting system, the nitrogen can reduce
nitric-perchloric digestion. production when there is a high degree dfskading and

The total N content was determined by the Kjeldatéxcess N in the leaves. Moreowaecording to Gallet al
method (Bremnerl965).The K content was determined (1999), in dense coffee systems, already with self-shading
by flame photometry absorption. Ca and Mg wereroblems, the N fertilization can reduce production.
determined by atomic absorption spectrophotometry In a similar study Oliveira (2005) used increasing
(AOAC, 1975). percentages of N, P and K fertilization and found that

For sorting by size, the beans were separated by a setreasing doses did not correspond to increases in height,
of sieves and classified to size and shape accordingsiem diameter and number of pairs of plagiotropic
Brasil (2003). branches. Even with low doses of N and K, the content of

Data were subjected to analysis of variance (XA)A these nutrients in the tissues was sufficient for ensuring
The Dunnett test was used for the mean comparisogsod plant growth.
between the control and the other treatments. The treatmentsAccording to Nakashgir (1992), the production and
with doses of K and the same dose of N (6 mmidpMere efficiency of N utilization in maize plants are considerably
subjected to regression analysis. Statistical analyzes wergher when doses proportional to K are applied as organic

performed using the software SAEG (URU07). fertilizer, but when the doses of N and K are excessive,
there is no significant increase in production and N use
RESULTSAND DISCUSSION efficiency.
_ With the dose 6 mmol'LN, the production of céde
Growth and yield cherry responded to K rates as an increasing quadratic

Growth variables were not statistically different wherfunction, reaching maximum points at doses of 3.72 mmol
using the same N:K ratio, although the doses of theke K in the nutrient solution (Figure 1). The reduction in
nutrients were different (comparison between thehe production from the dose of 3.72 mmdlK can be
treatment of N:K = 1:1.5 and the control). Howewenen linked to competition and resulting decrease of the calcium
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and magnesium absorption by the roots, which affecisns for the absorption sites at the highest K dose applied
coffee bean production. to the nutrient solution. The higher concentrations of Ca
Silva (1999) found opposite results testing the dosesd@nd Mg in the treatments with N:K 1:1.5 and N:K 1:1, in
100, 200 and 400 kg/ha and the sources potassium chlorigjch the K concentrations were higher than those of the
potassium sulfate and potassium magnesium sulfate avahtrol treatment and thus capable of promoting antagonism
reported no significant effect of the doses on the productievith such cations, suggest a synergistic effect of the higher
of coffee plants, in two consecutive harvests. HoweveN dose of these treatments on the absortion of Ca and Mg.
the existing K levels in the solil, although lowere adequate No difference was found between the treatment with
to yield good production of coffee plants. N:K 1:1.5 and the control regarding the concentration of
. . K in the cofee beans. Howevgthe content in the beans
Chemical composition of leaves and beans for the ratio N:K 1:0.5 was significantly different from the
The leaf nitrogen contents of plants from theontent of the control treatment, indicating the effect of
treatments with 6 mmol'LN were higher than those from the N:K ratio and N doses on this nutrient. No significant
the control treatment, regardless of the K dose or the Niifference was found for Ca as a function of different N:K
ratio, indicating the effect of N and K applied in nutrientatios and the control treatmenafie 3).
solution (Table 2).The leaf contents in these treatments For the contents of N and Mg, it was found significant
were within or above the nutrient sufficiency rangeiifference between the treatment with N K 1:1.5 and the
proposed by Martinezt al (2003) for the region &fico-  control, indicating that the effect of N and K doses was
sa, whereas the leaf contents of the control treatment wejieater than the fefct of the N:K ratio (&ble 3 .)The
below the range considered adequate for this region. effect of N was indicated by the significant difference
The leaf content of K was higher in the treatmentsbserved between the treatments of N K 1:0.5 and N:K 1:1

with 6 mmol L*N compared with the controlgble 2). In  and the control for the N and Mg contentalfle 3).
the treatment with N:K 1:0.5, where the concentration of

K is lower than the control, this behavior is justified by

. 15

the lower growth and consequent concentration effect ® y=-0,4031+0,7941x -0,1066x" R’=0,7249
The N supplied in the nitrate form may explain the

positive interaction among the nutrients observe 1.2 o

between the treatments. K deficiency may increase t%
absorption of ammonia N, but can suppress the uptalg
translocation and assimilation of nitrate antg 827
simultaneously decrease the nitrate reductase activity §
leaves. Because they are monovalent cations and poss§ 0,6
similar ionic radius, it is suggested that there is competitic'g
between K and ammonia N for the absorption sites via tI*
transport system (Jarwes al 1987; Gueet al. 2007).

The leaf contents of Ca and Mg of the treatments wi
different N:K ratios were not different from those of the 0 ;
control treatment only when the ratio N:K 1:2.5 was use 0 1 2 3 1 5 6
At this ratio, the K concentration was 5.38 mmd] While Doses of K (mmol.L)
the concentration in the control was 1.61 mmioTable 2). Figure 1. Production of coffee cherriee)(as a function of K
This result is probably due to competition between thgyses in the nutrient solution.

Table 1.Height (H-cm), stem diameter (SD-cm), number of nodes of the plagiotropic index branch (NIB), number of pairs of
plagiotropic branches (PPB), number of nodes of the orthotropic branch (NNO), and cherry bean production (PROD - kg per plant)
in response to N:K ratios obtained with different doses of these nutrients (N6 - 6 rhisid\B - 3 mmol ! N) in nutrient solution

N:K ratio H SD NIB PPB NNO PROD
1:0.5 (N6) 81.23 * 15.19 * 10.80 11.16 15.21 0.422
1:1  (N6) 75.85 * 14.90 * 8.80 * 10.75* 14.17 0.567
1:1.5 (N6) 88.65 16.49 10.38 12.25 13.73 1.232*
1:2.5 (N6) 86.66 16.42 10.70 12.05 15.35 0.751
1:1.5(N3 Control) 91.51 17.81 10.86 12.06 15.09 0.556
CV (%) 34.75 37.20 35.88 52.94 29.29 57.18

* Means followed by * are significantly different from the control treatment, at 10% probability level by the Dunnett test.
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Only in the control treatment, the mean K contents The highest proportion of large-sized beans in the
were higher than those of N. In the other treatments, tireatment of N:K 1:0.5 may be related to the low
most abundant element was N, although the highest dgeeduction of cherry beans obtained in this treatment
of N did not result in increased production. These resulf8.422 kg/plant).
suggest that the most exported nutrient by the beans is N In general, most beans are retained on sieves 16 and
and the requirements for N and K to obtain good yieldk7; howeverwhen the plants are young, shaded or when
are equivalent. the fruit load is low fruits and beans are considerably

Cietto & Haag (1995) found N:K ratios of 1.41 andarger During the reproductive phase of thefeeftree,
1.12 for 3- and 5-yeanld coffee plants, respectively the fruits are the drain preferred over other plant organ in
and concluded that the requirement for N is great@hotoassimilate partitioning, and high loads compete for
than that for K. Nevest al. (2006) found mean N:K photoassimilates (Matiellet al,, 2002), agreeing with the
ratios in leaves of 2.36 and 1.51 at 31 and 55 monthsrefsults found in this studin which beans were retained
cultivation, respectively concluding that the onthe sieves 16, 17 and 18.
requirement for N is greater than that for K to obtain At 6 mmol L* N, the percentage of large beans was
good yield, although the greatest proportion of K waaffected by the K dose&.decreasing quadratic response
found in coffee beans, and of N in leaves. Silva (199%)ccurred, decreasing initially with the increasing K dose,
stated that the requirements of coffee for K areeaching the minimum point at 3.43 mmol &f K. The
equivalent to those for N. estimated dose for maximum bean production is 3.72 mmol
Lt K, showing the inverse relationship between
percentage of large beans and yield per plant.

Treatments with different N:K ratios did not affectthe  The percentage of small beans showed a quadratic
percentage of small beans (retained on sieVES) increase up to 2.95 mmoltlK (Figure 2). The response
compared with the control treatment, indicating that th@as complementary to that obtained for the percentage
N:K ratio and N content were not important for definingf large beans, as expected.
this characteristicTable 4) The treatment with N:K 1:0.5 The requirement of potassium increases with the age
differed significantly from the control, indicating a possiblexf the plant and is particularly intense when the plant
effect of the N:K ratio on the percentage of medium-size@aches maturity because of the additional quantities
beans (retained on sieves 16 and 17) and large-sized beg@sent in the beans, which remove large amounts of K
(retained on sieve 18 -Table 4). from the adjacent leaves. The importance of K in coffee

Bean size classification

Table 2.Macronutrient contents (g Rpin Coffea arabicdeaves under diérent N:K ratios (N6 - 6 mmolt£N; N3 - 3 mmol L* N)
in the nutrient solution between flowering and rapid expansion stage

N:K ratio N K Ca Mg
1:0.5 (N6) 335* 26.2* 46.7 * 8.9*
1:1 (N6) 31.9* 27.1* 44.1* 8.7*
1:1.5 (N6) 29.8* 28.8* 37.3* 7.7*
1:2.5 (N6) 31.2* 32.7* 31.4 7.5
1:1.5 (N3-Control) 18.5 21.4 23.8 6.7
CV(%) 9.4 7.1 17.7 7.8

* Means followed by * are significantly different from the control treatment, at 5% probability level by the Dunnett test.

Table 3.Macronutrient contents (g Rpin Coffea arabicabeans in response to the N:K ratio obtained wittediht doses of these
nutrients in nutrient solution

N:K ratio N K Ca Mg

1:0.5 (N6) 24.1* 16.8* 1.35 1.95*
1:1 (N6) 23.2* 18.1 1.15 1.95*
1:1.5 (N6) 22.7* 17.7 1.13 1.96 *
1:2.5 (N6) 19.6 18.2 0.99 1.95*
1:1.5 (N3-Control) 16.5 185 1.14 1.78
CV(%) 12.96 4.83 11.16 3.19

* Means followed by * are significantly different from the control treatment, at 5% probability level by the Dunnett test.
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Table 4.Percentage of cfife beans retained in sieves in response to the N:K ratio obtained feitbrttifloses of these nutrients in
the nutrient solution

0,

N:K ratio SIEVE(%)

SIE5™ 18 SIE > 17 SIE 18
1:0.5 (N6) 13.76 35.67 * 50.57 *
1:1  (N6) 12.71 49.42 37.87
1:1.5 (N6) 19.23 45.14 35.63
1:2.5 (N6) 17.88 53.76 28.36
1:1.5 (N3-Control) 14.58 48.92 36.50
CV(%) 15.01 12.9 19.39

"s Not significant by F test at 5% probability
* Means followed by * are significantly different from the control treatment, at 5% probability level by the Dunnett test.
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