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ABSTRACT

Slow-release and organic fertilizers are promisiligrnatives to conventional fertilizers, as batuce losses by
leaching, volatilization and problems of toxicityd#or salinity to plants. The objective of this Wavas to evaluate the
effect of different rates of the organic fertilizdumato-Macot& compared with the slow-release fertilizer Osmdtote
on the growth and nitrogen content in the dry matteRangpur lime. A field experiment was condudtea factorial
completely randomized design with an additionadtiment (4 x 4 +1). The first factor consisted afrffélumato-
Macot& rates (0, 1, 2, and 3%) applied to the substthge:second factor consisted of the same Humato-sfaco
concentrations, but applied as fortnightly foligrays; the additional treatment consisted of apitin of 5 kgn?
Osmocot® 18-05-09. Means of all growth characteristicsfplaeight, total dry matter, root/shoot ratio aedflarea)
and the potential quantum yield of photosystenFWEm) were higher when plants were fertilized vitile slow-
release fertilizer. The organic fertilizer appleddne did not meet the N requirement of Rangpue.lim
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RESUMO

Uso de fertilizante de liberac&o lenta e organicoacrescimento inicial
de limoeiro 'cravo'

O uso de fertilizantes de liberacdo lenta e o ddifantes organicos séo alternativas promissaras vez que
reduzem as perdas por lixiviagdo, volatilizacdeablpmas como toxidez ou salinidade as plantaeti@j-se, neste
trabalho, avaliar o efeito de diferentes dosesdgifante organico (Humato-Mac8%acomparando seu efeito com o
do fertilizante de liberacdo lenta (Osmo&dtesobre o crescimento vegetativo e o teor degémim na massa de
matéria seca de limoeiro ‘Cravo’. Foi adotado andeimento inteiramente casualizado, em arranjoidhteom um
tratamento adicional (4 x 4 +1), sendo o primeitorf composto por quatro concentracdes de Humatwidfa(0; 1;

2; e 3%) aplicadas no substrato. Para composi¢c&zglando fator, foram utilizadas as mesmas coragids de
Humato-Macot8, porém, via foliar, em pulverizagées quinzenaistafamento adicional consistiu na aplicacéo de 5,0
kg m® de Osmocot& da férmula 18-05-09. Todas as caracteristicasegeimento avaliadas (altura, massa de matéria
seca total, razdo raiz/parte aérea e area fddam), como o rendimento quantico potencial do fastessia Il (Fv/Fm),
tiveram valores médios maiores quando as plantamfadubadas com o fertilizante de liberacao lénttertilizante
organico aplicado isoladamente ndo supriu a net@sside N do limoeiro ‘Cravo’.
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INTRODUCTION chlorophyll content determined by spectrophotometry
gsing indirect meters (Shadchina & Dmitrieva, 1995;
Neilsenet al, 1995; Lopez-Cantarest al. 1994; Minotti

et al. 1994). These authors determined chlorophyll conten
seedling quality factors, as it reduces the time i wheat by the methF)d of Amon (19.49_) and foura.ch
rootstocks to reach the grafting point (Bernardl, can be used as a suitable characteristic for dieteion
2000). of N absorbed by plants.

Citrus containerized nursery production is
technology that is still being refined (Pereira &r@lho,
2006). The initial vigor of the rootstock is onethé

Moreover, seedling growth in polytubes can be Likewise, chlorophyll fluorescence has been used as

influenced by fertility of substrate, then suppletagon & diagnostic tool for plant stress, including riginal
with side dressing and/or foliar fertilization isually Stress, with the advantage of being non-destruetiee

required (Decarlos Netet al. 2002; Scivittaroet al, Of rapid determination (Pestagteal, 2001).
2004). When plants are exposed to light, under biotic or

Besides adequate fertilizer rates, split applinatio abiotic stress, decreases in/Fm rgt]o are ofte_n observed.
important, to avoid nutrient leaching, mainly N aad Falguetoet al. (2008) found a high correlation between

due to continuous irrigation and the small size of |0 p Fv/_Fmand N content in r'C? cultivars. o
containers (Pradet al, 2008) vmratio represents the efficiency of excitation

Studies on the effects of fertiization on growtttious  €NEr9Y capture by open PSII reaction center (P&80)
rootstocks have shown that nitrogen, required rigela S1€Con ransport to plastoguinone (RRMhe maximum

amounts and used in key metabolic processes itsplal‘?vel of fluorescence g indicates the full reduction of
is a critical element to the process. Becausesdfigh Plastoquinone A (QA), whereas s the variable
susceptibility to loss, nitrogen should be Supp“engorescence (=4~ Fo) and indicates the magnitude of

gradually to plants, in split applications of stduources the initial fluorescence rise fromoko Fm. In plants with a
(Decarlos Netet al, 2002). healthy photosynthetic apparatus, i.e., withoesstrthe

gf,/Fm ratio varies between 0.750 and 0.850 (Bolhar-

fertilizers that allow a gradual release of theiemwit during Nordenkamptet al, 1989), While_a Qgcrease in this _ratio
the seedling formation or organic fertilizers, lhea '€flects the presence of photoinhibitory damagthén
fulvic and humic acids, to reduce losses by legchimd PSil reaction centers (Bjorkman & Demming, 1987).
volatilization and avoid toxicity or salinity to gpits Therefore, the aim of this study was to evaluate th

(Khalaf&. Koo, 1983; Shaviv, 200 1; Girardi & Mour&o I:"ho,initial growth of seedlings of Rangpur lim@itrus limonia
2003). Slow-release fertilizers promote a moré-) Osbeck] as affected by substrate fertiizasiath either

homogeneousutrient distribution in the substrate. The?IOW release fertilizer (Osmocefeor organic fertilizer

also favor thesynchronization between nutrient(Humato'MaCOta@'

supply and thphysiological demand of the plant, as the

rate of nutrientelease is directly proportional to temperaturMATERlAL AND METHODS

with optimalalues close to 2IC, when plants are in full A field experiment was carried out at the citrushard
metabolicactivity (Oertli, 1980; Periret al, 1999). In of the Universidade Federal de Vicosa (UFV), frdd@2 to
addition, thesaon-conventional fertilizers will reduce21/08 2007. Seed lots of Rangpur lime were obtdinaal
the need foadditional fertilizations during the periodthe Citrus Collection of the Setor de Fruticultucd-V.

of seedlindormation (Compo, 2004). The experiment was arranged in a factorial conplete
The main disadvantage is their cost. Slow-releagg,qomized design with an additional treatment 44+1)
fertilizers are more expensive than soluble teeti§ and ;g four replicates with 12 seedlings per plot. filorial
require rate adjustment in different productioneys design consisted of four concentrations of orgfaniizer
to optimize input use and ensure the economic ptiodu (Humato-Macota) (0, 1, 2, and 3%) applied to the
of rootstocks. Reliable information on rates ang,pstrate at planting, and four concentrationd (@,
application modes for these products is still scardhe Zng 3%) applied as fortnightly foliar sprays after
literature, not meeting nursery growers needs (@i  germination. The additional treatment consisted of
Mourao Filho, 2003). application of 5 kg mOsmocote18-05-09.
Furthermore, monitoring of N nutritional statuscitnus Table 1 shows the chemical composition of the @gan
rootstocks requires information on non-destructiigrtiizer. The additional treatment consisted mligation
methods to help the N diagnosis (Decarlos Netal,  of 5 kgms of the slow-release fertilizer Osmoct8-05-

2002). Studies have shown that there is a positigg to Plantmax substrate (Moisture: 50%; waterihgld
correlation between plant growth characteristicklaaf

A promising and practical alternative is the use
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Table 1.Chemical composition of the organic fertilizer HatorMacota, isolated from California red worm castings, in img

Humic  Fulvic C N P K Ca Mg Fe Cu Fid Mn
acids acids
178.35 14383  3.088 204 5427 25 2505 1769 1685109 033  4.47

capacity: 150%; pH: 5.8 + 0.5; electrical conditgtiv.2 + RESULTS AND DISCUSSION

0.3 mS/cm) at sqwmg |n_(?.05 dpoly tubes. Application of the organic fertilizer to substrabed
The ‘?fga”'c f_ertlllzer Humato-Macaia at supplementation via foliar sprays had no signifiediiect
concentrations described above, was added to 106f ml,, seedling height, unless the concentrations of

water and applied to the substrate of each ptbedime  ferijlizerin the substrate were combined with concentration
of sowing. Foliar sprays were carried out at 1543060 f 296applied as foliar sprays. The highest seedling
and 75 days after germination. height(average 10 cm) was recorded for the treatment with
The experiment was evaluated 90 days aftgpw-release fertilizer (Table 2, Figure 1 A). Thessults
germination. Initially, seedling height was meadurad, agreewith reports by Mendoncat al. (2007), who

later, chlorophyll content was measured with a SBBB  observedigher vigor in passion fruit seedlings treated
chlorophyll meter (Minolta, Japan). For this evébmm  with slowrelease fertilizer.

we considered the average of four SPAD readingtheon

34, 4n, Bn and & leaves from the apex of the plant in each T_otal_ dry matter (.)f seeq_llngs was not m.ﬂ uenc_edHay
plot application of organic fertilizer, but was higherglants

The physiological status was evaluated using tﬁeé’u ized with slow-release fertiizer (Table Zye total dry

parameters of chlorophydl fluorescence (€ F, F/Fr) matter of plants treated with sIc_)w—reI_ease feelrh_had

. eans close to 0.80 g contrasting with 0.20 gamtpl
measured on the, &af from the apex, previously adapte&eated with organic fertilizer (Figure 1 B). Tteason for
to the dark for 30 minutes. One measurement wasiezt 9 9 )

pr . g a i I 1500 aoondAC, 124 =11 TS 2 vty of e by
UK). Finally, the values obtained individually, paant,

of nitrogen usually brings positive effects on tate of
were used to calculate an average per plot.

cgrbon assimilation, since this nutrient is on¢ghefmain
Then, plants were removed from the tubes, an

substrate was washed from the roots. After drjgayes 23;223;‘;??:(:2;;2 ?n t% g?;?;:u(ﬁaiifge@rg,@ 4a;lnd a
were cut off and the seedlings were separatechérial )

parts and root system at the base of the collarléves The sho_(_)t/root dry matter ratio was _2'40 fg_r_tbwsl
were brought to the laboratory, where leaf area Wr%ease fertiizer, whereas for the organic foiIll twas
determined by the destructive method, using the 206a hlgher.(l. .11), rggardless of the concentrationraode
Mete, expressed in cm of application (Figure 1 C).

After determination of leaf area, leaves and sisers According to Marschner (1995), the nitrogen content
dried in forced-air ovens to constant weight achaatter May influence the shoot/root ratio. Under low reutfi
was determined in grams (g). The same procedure \@4gilability, there is less growth of aerial paat&l roots
done for the roots. The dried material was ground i become long and unbranched. At adequate N levels,
Wiley mill to pass a 20-mesh sieve and samplesstared development and branching of the root system are
in paper bags. In these samples, total nitrogetenbn Normal. Under excess nutrient conditions, there is
was determined by Kijeldahl method after sulfurigestion €xcessive branching, but the root system is redaed
(H:SO: and H:207) of plant tissue (Malavoltat al, development of the aerial part is stimulated.
1997)at the Laboratorio de Nutricdo Mineral de Plantas / The shoot/root ratio is useful for studying theabek
UFV. between organs, which is influenced by changehldan t

Data were examined by analysis of variance aedvironment, since there is interdependence among
regression analysis, a 5% probability level, udimg organs, which can be altered by various factork asc
Sistema de Analises Estatisticas e Genéticas (SAHEShperature, water balance, nutrients and carbon.
software (UFV, 1997). The selection of the modeh& Changesn the morphology of the root system and its
regression analysis was based on the significartbe o volume, foexample, can affect the uptake of water and
F test at 5% probability level, the biological sfigance nutrientsespecially those with less mobility in the soil
and the coefficient of determination. Because there and thateach the roots by diffusion. Plants with well-
no significant differences between means of tlantrents developedoot systems usually have better conditions
that comprised the factorial, this group was caetic for theestablishment in the field (Bernaedial, 2000).

with the additional treatment.
Rev. Ceres, Vigcosa, v. 58, n.3, p. 359-365, maijQhl
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Table 2 Summary of analysis of variance (Mean squareplfont height (ALT), leaf area (AF), total dry neat{MST), dry
matterof aerial part (MSPA), root dry matter (MSR), rebtdot dry matter ratio (MS R/PA), initial fluoreace (Fo), potential
quantunyield of photosystem Il (&=, and chlorophyil content (SPAD) of Rangpur limediags fertilized with organic fertilizer and
slow-release fertilizer

ALI AF MST MSPA MOSR MS R7TPA

FV (cm) (cnf) ©) ©) ©) © & F/Fn SPAD
Substrate  0.486** 262  0001° 00008° 00002°  0008° 116508°  00095° 3.1ks
Foliar 0168°  1871° 0.001° 00008° 00003°  0008°  594.01°0.0028° 14.03°
Interaction 0.393** 1088  0000° 00002° 00001°  0015° 2808.35°  00037° 11.09°
CV % 6.96 19.67 1422 1671 13.56 14.7 22.98 8.7 .184
Contrast ~ 5.49* 21497  0.54% 042%  0.12%  -048*  5208" 008°  33.52*
DMS 124 4.75 01 0.06 0.04 041 265.84 017  10.25

** significant at 1 % probability level. n.s = narignificant

. A B
12.0 = 1.00
5 = 0.801
= 80D =)
S = 0.60-
% 6.0 o
£ [ = = ] ©
€ 4.0 £ 0.401
= &
o 50/ S 0.20% = =
S
0.0 ; : , . 2 0.00
0% 1% 2% 3% osmocote 0% 1% 2%
o
<
< 3.0 7 :
53— ; C 30.0 -
2.8
o —_ ]
= — yar= 1,12 T e Yar= 1,12
. ] S 20.0-
Q ©
*g 1.5:1 £ 15.01
- -
> 1.0 - - % 10.01
= 3 | | =
° 0.5 1 5.0 4 L]
o
= 0.0 y 0.0 : .
% 0% 1% 2% 3% osmocote 0% 1% 2% 3% osmocote

Figure 1. Plant height (A), total dry matter (B), root/shdog matter ratio (C), and leaf area (D) of Rangymadlings fertilized
with the slow-release fertilizer Osmocote® (to sbstrate) and the organic fertilizer Humato-M&dta the substrate and foliar
supplementation).

Another factor to be considered is that in citgogyth The SPAD readings were also not significantly
of roots and aerial parts occurs through altergatiglifferent among the treatments with the organiidifer,
cycles. Bevington & Castle (1985) determined timat, with means approximately 50% lower than those found
young plants, even when temperature and soil meistfor plants treated with the slow-release fertiliZEne
are not limiting factors, root growth is cyclicalternating lower SPAD readings in the treatments with the miega
with the growth of the aerial part. fertilizer, in comparison with the slow-releasetilieer

Leaf area was not affected by the use of the arga(fFigure 2A), indicate low nitrogen content in its
fertilizer, corresponding only to 22% of the treattnwith composition.

Osmocote ® (Figure 1D). Leaf area is an important Malavoltaet al. (1997) reported that the leaf
characteristic, because leaves are instrumentapinring chlorophyll content indicates the level of plantritian,
light energy and use it to convert the carbon atofnsrelative to N, and is not affected by its luxurysamption,
CGO, into organic carbon through photosynthesis. because the plant does not produce chlorophyll thare

Rev. Ceres, Vigcosa, v. 58, n.3, p. 359-365, maijQhl
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it needs. Decarlos Nett al. (2002) found that levels of photosystem I (=) waslower in plants fertilized
leaf chlorophyll content in the citrus rootstockangelo- with the organic fertilizeapproximately 0.650), while
Orlando, Rangpur, Volkamer, Cleopatra and Sunki hpldnts fertilized with the slow-release fertilizead a higher
significant positive correlations with height, stdimmeter, quantum yield (approximatély700) (Figure 2C).

leaf area, dry matter of aerial parts and roots,N@ =N

content in the aerial part.

provide fast and non-destructive estimates of aployll
content in leaves. These values correlated witbhgaih characteristics.

We did not find in the literature searched anystud

on the use of this organic fertilizer. The contfsthe
Vale & Prado (2009) showed that SPAD readingsganic fertilizer treatment groups with the adudisl
treatment, the slow-release fertilizer, was sicauifi for all

The

efficiency of

slow-release

content and can be used as a diagnosis for thitonalr fertilizersin citrus has been reported in other studies
status of this nutrient in the plant. This is beedoetween (Jackson &Davies, 1984; Obreza, 1990; Zekri & Koo,
50 and 70% of total N in leaf are associated witymes 1992).
in chloroplasts.
The results obtained with the SPAD index correlateelease fertilizer (Osmoce)ewere higher than in plants
with the visual nitrogen deficiency symptoms (datd fertilized with the organic fertilizer (Humato-Méaes)
shown) in the treatments with organic fertilizegardless (Figure 3), confirming the SPAD readings. Serraho
of the applied rates. There were no such symptortiei al. (2004) also reported increase in leaf N contehts o
treatments with the slow-release fertilizer. Beeau®Rkangpur rootstocks with the incorporation of slelease
nitrogen is required in high quantities and infeigeemajor  fertilizer. In the same way, Decarlos Neto (200@)wated
metabolic processes, the deficiency in these plaats the response of citrus rootstocks to different lwoé
be associated with low nitrogen content in the amsitipn  nitrogen applied to the substrate and found meahkNo

of the organic fertilizer. Valet al.(2009) found that 1840 content similar to our study.
Increasing concentrations (from O to 3%) of organic

mg dm-s of nitrogen increased the content and
accumulation of the nutrient in the dry matter, akihi fertilizer applied to the substrate, in combinatiath foliar
wasa higher value than that found in the composition 8UPPlementation, reduced total nitrogen (Figure 3).
the organic fertilizer (Table 1). Similar to the

chlorophyll content,
determined by thepotential
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Figure 2. Initial fluorescence (& (A), maximum fluorescence 4 (B), chlorophyll content (SPAD) (C), and potentiplantum
yield (R/F m) (D) of Rangpur seedlings fertilized with the sloglease fertilizer Osmocote® (to the substrate) e organic
fertilizer Humato-Macota® (to the substrate andaiosupplementation).
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Figure 3. Total nitrogen content (g.kgVS) in Rangpur seedlings fertilized with the slostease fertilizer Osmocote® (to the
substrate) and the organic fertilizer Humato-Magdta the substrate and foliar supplementation).

CONCLUSIONS

The organic fertilizer alone did not supply adeguat
nitrogen to Rangpur lime plants.

For all characteristics studied, the best vigoiciesl
of Rangpur lime seedlings were obtained with skelease
fertilizer.
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