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Nitrogen uptake and growth of two citrus rootstock seedlings in a sandy soil
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Abstract Understanding the fate of different forms of nilower from the CRF source as compared to those from
trogen (N) fertilizers applied to soils is an important stegoluble fertilizers.
in enhancing N use efficiency and minimizing N losses.
The growth and N uptake of two citrus rootstocks, Swin-
gle citrumelo (SC), and Cleopatra mandarin (CM), seeley words Urea - Coated fertilizers - Ammonium
lings were evaluated in a pot experiment using a Candldtrogen - Nitrate nitrogen - Nitrogen uptake
fine sand (hyperthermic, uncoated, Typic Quartzipsam-
ments) without N application or with 400 mg N Kgap-
plied as urea or controlled-release fertilizers (CRF; either
as Meister, Osmocote, or Poly-S). Meister and Osmocdaéroduction
are polyolefin resin-coated urea with longevity of N re-
lease for 270 days (at 26). Poly-S is a polymer and sul-Nutrition programs for a number of crops are currently
fur-coated urea with release duration considerably shorbeing reevaluated in an effort to maximize nitrogen (N)
than that of either Meister or Osmocote. The concentnase efficiency, and minimize nitrate (NJDcontamination
tions of 2 M KCI extractable nitrate nitrogen (N@I) and of groundwater. There is also some concern with respect
ammonium nitrogen (NEN) in the soil sampled 180 to the gaseous emission of N from fertilizers and its ef-
days and 300 days after planting were greater in the sf@tts on the environment (Mengel 1992). Losses from N
with SC than with CM rootstock seedlings. In most casefertilizers are dependent on its form and other manage-
the extractable Niiand NG concentrations were greatement factors (Mengel and Kirkby 1987).
for the Osmocote treatment compared to the other N During the last three decades, many coated fertilizers
sources. For the SC rootstock seedlings, dry weight wlagve been developed for agricultural and horticultural
greater with Meister or Poly-S compared with either Osrops. These products are generally referred to as con-
mocote or urea. At the end of the experiment, ranking tblled-release fertilizers (CRF) due to their unique charac-
the various N sources, with respect to total N uptake Igristics of nutrient release over an extended period. Nutri-
the seedlings, was: Meister = Osmocote > Poly-S > Ureat uptake efficiency is greater and leaching losses are
> no N for CM rootstock, and Meister = Poly-S = Osmolower for CRF products as compared to readily available
cote > Urea > no N for SC rootstock. The study demoffierms of fertilizers (Shoji and Gandeza 1992). During the
strated that for a given rate of N application the total Marly 1970s and 1980s a group of products, including urea
uptake by seedlings was greater for the CRF comparedféomaldehyde, isobutylidene diurea (IBDU), crotonylidene
urea treatment. This suggests that various N losses weigrea, and sulfur-coated urea (SCU), and sulfur-coated
ammonium nitrate were extensively studied for their re-
lease characteristics and longevity of nutrient availability
This study was made possible, in part, with funding from Floridajengel and Kirkby 1987). The availability of N from the
Citrus Production Research Advisory Council. Florida Agrlculturag\élove products was primarily influenced by their physico-
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chemical properties and by soil microbial activity. Gener-
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and longevity of release are controlled by thickness dgrin (CM; Citrus reticulataBlanco) and Swingle citrumelo (S@i-
well as multiple coating (Brown et al. 1966; Sharmfi“s paradisix Poncirus trifoliatg rootstocks were planted, one seed-
: - ’ per pot. Each treatment was replicated five times with a single

19.79)' The N release frF’m CRF is usually mdependent‘}@? as one replicate. The experiment was conducted in a partially tem-
soil pH, but increases with soil temperature (Sharma 19 4Rature-controlled greenhouse at/2&C (day/night). The pots were
Maeda 1990). weighed every day to determine moisture depletion, and watered at

During recent years, considerable progress has be8pp depletion of available soil moisture capacity. Soil samples (ap-
made in fertilizer production technology by adapting pol)p_roxmately 20 g per pot) were taken 180 days and 300 days after the

. . . . experiment began. Two grams moist soil was weighed into a 50-ml
mer coating to modify the rate and longevity of nut"'erﬁentrifuge tube, 20 ml of 2 M KCI was added, and the tubes were

release. CRF products could have some potential for us@ken for 30 min. The suspension was settled for 30 min and fil-
in agricultural and horticultural industries by minimizingered through a Whatman no. 42filter paper. The concentrations of

A
= i inati 2 (method A303-S020) and N{(method A303-S170) were mea-
NOj leaching losses and contamination of groundwat.su’red using a Rapid Flow Analyzer (RFA; Alpkem 1986, 1989). The

Alva and TU‘?ker (1993) rEporte.d a S|gn|f|cant_reduct|on I53(periment was terminated on the 300th day. Leaves, stems, and roots
NO3z-N leaching below the rooting depth of Pineapple obf each plant were separated, rinsed several times in distilled water,
ange trees (on Swingle citrumelo rootstock) grown in diied at 70C for 72 h, and dry weights were recorded. The concen-
Candler fine sand, which received CRF sources as coffgtion of N was measured using an elemental analyzer (CNS Analy-

. r, NA 1500, Fisons Instruments, Dearborn, Mich.), and total N con-
pared to dry soluble granular fertilizer. However, Marler ‘%fnts in different plant parts were calculated. Analysis of variance was

al. (1987) repc_>rted no diﬁerences_i_n gl’OV\(th of 1- and Zarried out to test the significance among the freatments using the
year-old Hamlin orange trees fertilized with CRF or dr$AS Program (1991), and mean N uptake or dry weight among dif-

soluble granular fertilizer. The objective of this study walgrent treatments were analyzed by least significant differences (LSD).
to evaluate the effects of commercially available CRF

sources on the growth and foliar N concentrations of two
citrus rootstock seedlings. Results and discussion

In the soil with SC seedlings, the concentrations of 2 M
Materials and methods KCI extractable N@GN and NH;-N were greater in the

CRF treatments compared to those in the urea treatment
A Candler fine sand (hyperthermic, uncoated, Typic QuartzipsaffFig. 1). The Osmocote-treated soil had the highest con-
ments) was sampled at a depth of 15-30 cm from a citrus grove neantrations of N@N and NI—[;-N among the CRF treat-
Lake Alfred, Polk County, Fla. The characteristics of soil used afents, and concentrations of ™ were 3- to 5-fold

shown in Table 1. The soil was air-dried, ground, passed through a 2- . .
mm sieve, and 2.5 kg soil was used per pot. CRFs used in this stté ater than that of NHN' The concentrations of soil

included Meister (Helena Chemical Co., Tampa, Fla.), Osmocote -N were lower in the pots with CM as compared to
Poly-S (Scotts, Marysville, Ohio). Meister and Osmocote are polyol&C seedlings. At both sampling dates for both rootstocks,
fin resin-coated urea granules with release duration of about 2{#fe soil concentrations of exchangeable ;N¥ were lower

days. Poly-S is a polymer and SCU with a very thin coating and a rgs :

lease duration shorter than that of Meister or Osmocote. The treglzdn those of N@N. A _parallel SFUdy’ I:JS|ng the Candler
ments included: no N (control) or 1 g N pdt(equivalent to 400 mg 11Nd sand amended with organic residues, also showed
N kg soil) as either urea or the CRF sources, i.e., Meister, Osm@imilar trends with regard to soil NiEN and NH;-N con-
cote, Poly-S. All pots received 100 mg P kgas KHPO, and centrations (Dou and Alva 1998). This is an indication of

500 mg K kg as a combination of SO, and KH,PO,. The N, P, ; ; ;
and K sources were mixed throughly with 2.5 kg dry soil and trang‘:ilpld transformation of NE‘ into NG5 due to favorable

ferred to the pots. Six-month-old uniform seedlings of Cleopatra ma?_\(-)iI conditigns (Mengel "?‘nd Kirl_(by 1987). The concentra-
tion of NHz-N in the soil was in the range of 5-50 mg

kg™ depending on the N product used and time of sam-
ling. The source of N in all the CRF products used in
is study was urea. The intermediate product of urea hy-

Table 1 Selected physico-chemical characteristics of the soil us
N Nitrogen, NO3-N nitrate nitrogen,NH;-N ammonium nitrogen

P phosphorusk potassiumCa calcium,Mg magnesium " drolysis is NH-N.

For both rootstock seedlings, the dry weights of total
pH (soil:water 1:1 ratio) 6.9 and respective plant parts (leaves and stems) were signifi-
Total N (Kjedahl-N) _3(%90"9 - cantly lower in unamended soil as compared to that in N-
NO3-N2 31 amended soils (Table 2). For the duration of this study, the
NH;-N?2 4.1 total and individual dry weights of CM seedlings were
Pt; 80.0 very similar when N was applied either as CRF or urea. In
CK:ab 5%8-8 the case of SC seedlings, however, leaf weight was signifi-
Mg® 520 cantly greater in the Meister treatment as compared to the

— % (wt. basis) — Other treatments. The reason for this difference between
Organic matter 13 the two rootstock seedlings is not clearly understood, and
gl'ﬁ‘y if field studies are necessary to evaluate the different re-

sponses of rootstock seedlings to sources of N.

The N concentrations in plant parts were significantly
&2 M KCl extraction at 1:10 (soil:extractant) greater in both types of rootstock seedlings grown in N-
® Mehlich 3 extraction (Mehlich 1984) amended soil as compared to unamended soil (Table 3).

Sand 94.4
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Table 2 Dry weight of citrus seedlings grown in a Candler fine
sand with no nitrogen (N) applied or N applied as urea or different
sources of controlled-release fertilizetsSD Least significant differ-

%0 NO,-N Swingle citrumelo

250

ence
200 Dry weight (g seedling)
Treatments Leaf Stem Root Total
- 150 NO,-N
= Swingle citrumelo
S No N applied 1.0 1.9 25 5.4
-~ 1o0f Urea 1.9 2.7 2.3 6.9
ﬁl Poly-S 2.2 3.4 3.0 8.6
w 50| Osmocote 2.1 3.0 2.7 8.0
= Meister 2.7 3.3 2.7 8.7
N LSD (P = 5%) 0.5 1.3 1.2 1.1
Z 0 )
@ 300 CleopatraI moelmdarm
. No N applie 2.7 34 4.2 10.3
-§ Cleopetra mandarin Urea PP 50 6.3 54 16.7
] . . . .
g 250 - Poly-S 4.7 6.5 4.0 15.2
£ e T 53 64 49 16
® 200p Poly-S LSD (P = 5%) 1.1 2.1 2.2 1.7
ot Osmocote
@) E== Meister
N
~ Table 3 Concentration of N in citrus seedling parts grown in a

Candler fine sand with no N applied or N applied either as urea or as
different sources of controlled-release fertilizers. For abbreviations,

see Table 2
mg g*
180 days 300 days Treatments Leaf Stem Root

Fig. 1 Concentrations of 2 M KCI extractable ammonium nitrogefVingle citrumelo
(NHZ-N) and nitrate nitrogenNO5-N) in soil samples taken 180 daysNO N applied 17 4 14
and 300 days after planting Swingle citrumelo and Cleopatra mant®2 31 19 32
darin seedlings in a Candler fine sand which received different fori Qly-S 36 22 33
of N. The concentrations of respective forms of nitrogen (N) in thySmocote 34 26 33
unamended soil were subtracted from those in N-amended soil. TAEISt®" 39 25 40
standard deviation of the mean is shown on the top of each histogrh (P=5%) 5 6 7

Cleopatra mandarin

No N applied 11 6 12
The N concentrations were largely similar in leaf and rodgrea 22 11 22
which were greater than that in stem for both types @g%; ote 3316 2311 3316
rootstock seedlings. In N-amended treatments, total N YRaister 35 25 31
take by CM was 2- to 3-fold greater than that by SC seedsp (P=5%) 5 3 5

lings (Table 4). This, in turn, resulted in lower residuat
soil N in most treatments with CM than with SC seedlings
(Fig. 1). The dry matter weight of seedlings CM was also
greater than that of SC seedlings (Table 2). mal since the pots were irrigated on a daily basis, and this
The total N content of the CM seedlings grown in soilvas favorable for optimal release from Poly-S. The N re-
amended with either Osmocote or Meister was signilease from resin-coated fertilizers (Meister, Osmocote) is
cantly greater than that of the seedlings grown in sailainly influenced by the soil microbial activity (Moore
amended with other N sources or in unamended soil (TES72). The N release from these products follows a first-
ble 4). Poly-S is a polymer and SCU, and its longevity afrder reaction. In the case of SC seedlings, the total N
N release is considerably shorter than that of Meister content was highest in the Meister treatment; the N uptake
Osmocote (Fujita et al. 1994). A leaching column studyas similar in the Poly-S and Osmocote treatment. A
also using the Candler fine sand showed faster releasenomber of soil factors, i.e., temperature, moisture, rhizo-
N from Poly-S compared to either Meister or Osmocotphere effect, and microbial activity, influence the release
(Paramasivam and Alva 1997). of urea from the coated fertilizer and the subsequent trans-
The N availability of Poly-S depends on the physicdormation of urea into Ni and NG forms (Mengel and
chemical conditions in the soil (Mengel and Kirkby 1987XKirkby 1987; Alva and Tucker 1993). Soil conditions
In the current experiment, the soil water content was optithich stimulate microbiological activity in the soil tend to
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Table 4 Total N content in two citrus rootstock seedlings grown in #arious N sources. The total N content was greater in the
C_andler fine sand with no N applied or N ap_plled either as urea or Qéedlings which received CRF sources Compared to those
different sources of controlled-release fertilizers. For abbrewatlorm, the urea or unamended treatments. For a given source

see Table 2 . . . .
of N, the residual soil N content was greater in the soil
mg N seedling with SC seedlings compared to that with CM seedlings,
: : _indicating the greater growth and N uptake by the latter
Swingle citrumelo Cleopatra manda””rootstock.
No N applied 65.3 100.5
Urea 183.8 298.1
Poly-S 253.0 406.2
Osmocote 238.5 499.3
Meister 295.8 498.9 References
LSD (P = 5%) 65.7 79.6

Alpkem (1986) RFA methodology for nitrate and nitrite nitrogen.
A303-S170. Alpkem Corp., Clackamas, Ore, pp 11

Alpkem (1989) RFA methodology for ammonia nitrogen. A303-S020.

Alpkem Corp., Clackamas, Ore, pp 7

enhance N release from resin-coated fertilizers. Shar ga AK, Tucker DPH (1993) Evaluation of a resin coated nitrogen

(1979) and MaEda (1990) reported that N release from OS-fertilizer for young citrus trees on a deep sand. Proc Fla State
mocote was independent of soil pH, but doubled when the Hortic Soc 106:4-8
temperature increased from *@to 20C. The release of Brown JJ, Luebes RE, Pratt PF (1966) Effect of temperature and coat-

; ; _ ing thickness on the release of urea from resin-coated granules.
N from Meister was affected by the coating of thermoplas Agron J 58:175-178

tip resin used m its production (Fuijita et al. 19_94)' The "$50u H, Alva AK (1998) Nitrogen availability to citrus seedlings from
sin-coated fertilizer has a longer release period than anyurea and from mineralization of citrus leaf or compost. J Plant
SCU (Fujita et al. 1994). This explains the increased Nutr 21 (in press)

growth and greater total N uptake by the seedlings grO\}?ﬁU H, Steffens D (1995) Recovery 0N labelled urea as affected

in the soil which received resin coated fertilizer as com- %nggtl'fgsif ammonium by clay minerals. Soil Sci Plant Nutr

pared to either Poly-S or urea. The lower N uptake and fdrguson 13, Davies FS, Matthews CH, Davis RM (1988) Controlled-
concentration in both rootstock seedlings in urea-amendedrelease fertilizers and growth of young ‘Hamlin’ orange trees.
soil could be attributed to greater losses of N due togNH Proc Fla State Hortic Soc 101:17-20

oAt oAt jita T, Maeda S, Shibara M, Takahashi CH (1994) Research and
volatilization. Losses due to volatilization can account fo development of coated fertilizer. Bullein Chisso Co.. Asahi

as much as 30% of the total N applied in urea fertilizer chemical Industry Co., and Chisso-Asahi Fertilizer Co., Japan
(Dou and Steffens 1995). Koo RCJ (1988) Use of controlled-release nitrogen for citrus in a
This study demonstrated a greater N uptake and seed-umid region. In: Goren R, Mendel K (eds) Proceedings of the

; ; _ ; _ Sixth International Citrus Congress, Tel Aviv. Balaban Philadel-
ling growth in CRF-amended soil as compared to urea phia/Rehovot, pp 633-640

amended soil (Tables 2, 3). Using Troyer citrange Seffeqa S (1990) Studies on coated fertilizers. PhD thesis, Faculty of
lings, Koo (1988) reported 77% and 29% N recovery from Biological Production, Hiroshima University, Hiroshima, Japan

IBDU and ammonium nitrate, respectively, and found thata:!er TE, Ferguson JJ, Davieg Fg (1387) Grtilwgh o;‘ younfg ‘l_?_am-
soil N content was greater when applying the former as i’ orange trees using standard and controlled-release fertilizers.
compared to the Iatgt]er source Alvgpzillndg Tucker (199;g>pep-r°C Fla State Hortic Soc 100:61-64 _—

. ’ - hlich A (1984) Mehlich 3 soil test extractant: a modification of
conducted a field study to evaluate the effect of various mehlich 2 extractant. Commun Soil Sci Plant Anal 15:1409-1416
CRF and soluble N sources on Pineapple orange treesMemgel K (1992) Nitrogen: agricultural productivity and environmen-
SC rootstock. They reported significantly a lower NN tal problems. In: Mengel K, Pilbeam DJ (eds) Nitrogen metabo-

: ; ; lism of plants. Proc Phytochem Soc Eur 33. Oxford University
concentration in the leachate below the rhizosphere of thepressv oxford, pp 1-15

trees which received CRF as compared to soluble \ngel K, Kirkby EA (1987) Principles of plant nutrition. Interna-
sources. In contrast, a study on non-bearing Hamlin or- tional Potash Institute, Bern, Switzerland
ange trees on sour orange rootstock showed no significhiepre WJ (1972) Physical chemistry. Prentice-Hall New York, pp

i ; 331-426
difference in tree growth and N uptake when CRF sourg _gramasivam P, Alva AK (1997) Nitrogen recovery from controlled-

or standard fertilizers were applied (Marler et, al. 1987, release fertilizers under intermittent leaching and dry cycles. Soil
Ferguson et al. 1988). These different conclusions drawnscj 162:447-453

from various experiments were a consequence of the vaAS Program (1991) Applied statistics and the SAS programming

ious release characteristics of the CRF products used_jn'anguage. SAS Institute Inc., Cary, NC
the different studies P Sharma GC (1979) Controlled-release fertilizers and horticultural
. N . . ., applications. Sci Hortic 11:107-129
In conclusion, this experiment demonstrated differentighoji S, Gandeza AT (1992) Controlled-release fertilizers with poly-

growth responses of two seedlings of citrus rootstock to olefin resin coating. Konno, Sendai



