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Abstract Nitrogen uptake and N and C partitioning were evaluated in ‘Sharpblue’ southern highbush blueberries
fertilized with different N forms. Plants were grown in acid-washed silica sand and fertilized with a modified Hoagland’s
solution supplemented with 5.0 m N as NH,* or NO,". Nutrient solution pH was adjusted to 3.0 and 6.5 for the NQand
NH,*-treated plants, respectively. After 12 months of growth, plants were dual labeled witfCO, and 10% enriched"N-

N as either NaNQor (NH ,),SO, and harvested 12 hours after labeling. Fertilization with NQ-N increased leaf, stem, and
root dry weights compared to NH; fertilization. Total >N uptake did not differ between N fertilization treatments, thus
whole plant and root™N concentrations were greater in NH-fertilized vs. NO,-fertilized plants. Fertilization with NO -
-Nincreased C partitioning to new shoots compared to Nf#fertilized plants. However, C partitioning to other plant parts
was not affected by N form. Although NQ- uptake in blueberry appears to be restricted relative to Nk uptake, this
limitation does not inhibit vegetative growth. Additionally, there appears to be adequate available carbohydrate to
support concurrent vegetative growth and N assimilation, regardless of N form.

Blueberries, like most calcifuges, have adapted to acidic sa@ifsimilation patterns within the plant and/or differences in carbo-
that contain NEF as the predominant N form (Korcak, 1988)aydrate partitioning. Several studies indicate thaf NOuptake
Several studies indicate that leaf N concentration and vegetabydlueberry is limited compared to )N uptake (Merhaut and
growth increase in highbuslVdccinium corymbosurh.) and Darnell, 1995; Peterson et al., 1988; Sugiyama and Hirooka, 1993;
lowbush Y. angustifoliumAit.) blueberry and cranberry(mac- Sugiyama and Ishigaki, 1994), and this limitation has been associ-
rocarponAit.) when fertilized with NH*-N vs. NQ-N (Cain, ated with growth reduction in blueberries fertilized with N®.
1952; Greidanus et al., 1972; Peterson et al., 1988; Townsdntas not been clearly demonstrated, however, that the reduced:.
1967, 1970). In other studies, no differences in vegetative growtiowth sometimes observed in @ertilized blueberriesis due to
due to N form have been observed (Hammett and Ballinger, 19#8ijtations in NQ uptake.

Oertli, 1963; Takamizo and Sugiyama, 1991). The availability of carbohydrates to the site of N assimilation

Differences in growth may be due to differences in rhizosphemay have a marked effect on the extent of N uptake and/or
pH in addition to N form. In a factorial experiment of three N formassimilation and growth, since assimilation of both N forms
(NH,", NH,NO,, and NQ) and two pH levels (4.5 and 6.5), Roserequires C skeletons. In many herbaceous specigs;NNptake
et al. (1990) found that ‘Northblue’ halfhigh bluebeiy ¢orym- and reduction appear to be carbohydrate limited after a period of 3
bosumL. x V. angustifoliumAit.) produced significantly more darkness or during leaf development, when a significant decline in 2
vegetative growth when grown hydroponically at pH 4.5 vs. 6 &arbohydrate availability to the roots may occur. This limitation is
regardless of N form. At a given pH, vegetative growth was reosely correlated with rates of current carbohydrate flux from
affected by N form. In a similar study with hydroponically growshoots to roots, rather than the carbohydrate status of the root
cranberry, vegetative growth was significantly greater in plamtgectly (Rideout and Raper, 1994). Similarly, M uptake and
supplemented with Nf+N compared to NO-N, and in plants assimilation appears to be limited if there is insufficient current <
grown at pH 4.5 vs. pH 6.0. There was noqNform interaction. carbohydrate available to roots (Tolley-Henry and Raper, 1989).
However, Sugiyama and Hanawa (1992) observed an interactaduction in growth of N3-fertilized plants has been attributed
between N form and pH in the growth response of hydroponicatithe allocation of current C to support Nl assimilation rather
grown ‘Tifblue’ rabbiteye blueberni asheiReade). Shoot dry than root growth (Lewis et al., 1987).
weight was greater in NHfertilized plants vs. NQ-fertilized There are limited studies on effects of carbohydrate availability
plants at pH 3.0 and 4.0; however, there was no difference in stayolN uptake in perennial species. Weinbaum et al. (1978) reported
growth between N forms at pH 5.0. Although results from thefgt nonbearing prune tred2rgnus domestich.) exhibited high
experiments are not consistent, it is clear that pH can be a mBjor,-N uptake rates during rapid shoot development, suggesting
factor in determining effects of N form on growth. that carbohydrate availability for NON uptake may not be

Growth differences attributed to different N forms and/dimiting in woody perennials. However, NEN uptake in holly
rhizosphere pH regimes may be due to differences in N uptaftl®x crenataThumb.) was greatest between vegetative growth

flushes (Gilliam and Wright, 1978), suggesting that insufficient C
Received for publication 14 Sept. 1995. Accepted for publication 12 Feb. 19961S available to support both N UPtake and vegetatlve_ grqwth.
University of Florida journal series no. R-04974. The cost of publishing this papéPtake rates of Np#+-N and NQ-N as influenced by the availabil-
was defrayed in part by the payment of page charges. Under postal regulationdfshiof current C to roots, and the correlation with subsequent
paper therefore must be hereby markddertisemensgolely to indicate this fact. growth responses, have not been studied in blueberry.
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berries. Uptake and partitioning patterns of Nedd NH', aswell 3.0 for the NQ-N solution and 6.5 for the NHN solution using
as partitioning patterns of current C, were determined also ink@l or Ca(OH). Effluent pH was monitored after fertilization
attempt to relate differences in these processes to the obsemgatments, every other week by collecting the leachate in trays
growth responses. placed under the pots. Effluents were also analyzed fqf &itd
NO, content to verify that nitrification or reduction did not occur.
Materials and Methods Less than 0.02 mNO,” was recovered in the leachate from the
(NH,),SO, treatment. Additionally, there was no evidence ofNH
Plant material Rooted cuttings of ‘Sharpblue’ southern higheontamination in leachates from the NaN@atment.
bush blueberry were grown for two years in 12-L pots containing The pH regimes used in the present study were selected based
50% ‘Arrendondo fine sand’ and 50% perlite. During the 2-yean two preliminary studies (Merhaut, 1993). In the first of these
pretreatment period, plants were fertilized every other week witludies, nutrient solution pH was maintained at 5.5 for both
250 mg 20N-8.7P-16.6K containing 20% N as (\HPO,, 30% solutions. Effluent pH of the NQtreated plants increased con-
N as KNQ, and 50% N as urea. In March 1992, plants, which htduously with each fertilization, which was accompanied by
about 200 cm of shoot growth, were removed from the containieterveinal leaf chlorosis, suggesting Fe deficiency. Effluent pH of
and roots were cleaned of soil before repotting in 12-L pdte NH,*-treated plants decreased continuously with each fertiliza-
containing acid-washed 20/30-mesh silica sand. Plants were grtiom, reachmg values less than 3.0. In the second preliminary &
from March 1992 to March 1993 in a greenhouse where day/nigkperiment, initial nutrient solution pH for both treatments was =
temperatures were maintained at#30/18+ 4 °C. On 20 Sept., adjusted to 5.5 as before; however, the nutrient solution pH Was§
daylength was extended to 14 h by installing fluorescent andreased or decreased as the effluent pH decreased orincreased i
incandescent lamps, which produced a PPF ofib®fl-nr*s*at  the NH*-N and NQ-N fertilized plants, respectively. Therefore,
the top of the plant canopy. NO3- nutrient solution pH was decreased to 4.0 after 98 days of
Nutrient solution treatments. Plants were fertilized every othgnowth, in an attempt to prevent Fe deficiency symptoms. At the
day with 1 L of a modified Hoagland’s solution consisting cfame time, the NJi nutrient solution pH was increased to 6.5 to
(mmol): 5.0N, 1.4 P, 1.0K,0.5Ca, 1.0 Mg, 0.4 Na, 1.7 S, 1.0 @tevent rhizosphere pH below 3.0, which can resultin Ca, Mg, and
9.0x 10%Fe, 4.5¢ 1028 9.1x102Mn, 1.1x102Zn, 1.6x103Cu, K deficiency (Brady, 1990). However, slight chlorosis of young
and 2.1x 10°*Mo. The iron source was Fe-EDTA chelate. shoots still occurred in NOfertilized plants. Therefore, in the
Treatments consisted of fertilization with either NHerived present study, nutrient solution pH was adjusted to 3.0 and 6.5 for=
from (NH,),SO, or NO,” derived from NaNQ Therefore, there the NQ-N and NH-N treatments, respectively at the beginning
was an additional 2.6 mmol S supplied to the,Nt¢atments and of the experiment. No visual nutrient deficiency symptoms were
an additional 5.0 mmol Na supplied to theSNKElaatments at eachobserved in either treatment throughout the one year experlmenta
fertilization time. The initial nutrient solution pH was adjusted tperiod.
To characterize further the effects of the Nidnd NQ-
nutrient solutions on plant development, leaf t|ssue analyses wer
conducted. Mature leaves of the second vegetative flush were
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T collected, oven dried at 7€, and ground to 40 mesh (0.417 mm) §

7 - _‘i with a Wiley mill (Arthur H. Thomas Co., Philadelphia). A500-mg &

tissue sample was placed in a ceramic mortar and asheda 500 =

] for 4 h. Ashed samples were suspended in 50 mLHCI, and 8

filtered through no. 2 Whatman filter paper. Elemental concentra- =

sl tions of P, K, Ca, Mg, Fe, Mn, Cu, B, and Zn in solutions were *

guantified on an inductively coupled argon plasma spectropho- 3

tometer (ICAP-9000) (Thermo Jarrell-Ash Corp., Franklin, Mass.). ¢

Sulfur concentrations were determined by a Leco S analyzer (Leco;

Corp., St. Joseph, Mich.). <

5| Nitrogen and C partitioningAt the end of the treatment period, &

when the plants were midway through the fourth growth flush, they ¢

5 were dual labeled with 105 mg N as 1&%-enriched (NH),SO, 8

t or NaNQ, (Isotec Inc., Miamisburg, Ohio) aittCO,. Nitrogen 3

g 4 L was dissolved in 0.5 L deionized water and applled as a soil drench?
E at 10:00am, 3 h after sunrise. NéN-labeled solution leached out

of the pots at the time of labeling. Immediately followify-
labeling, plants were labeled wii€O,. Shoots of each plant were
enclosed in a 48 60-cm clear bag andCO, was generated by
3 reacting 1.30 MBg'C-NaHCQ,(s.a. 2.2 GBg-mmd) with 70uL
10% H,SQ, inside an eppendorftube within the bag. After 1 h, bags
were removed. PPF and temperature averagequ®&0 nr2-s*
and 21°C, respectively, during the 24C-labeling period. During
2 ' i e the 12-h period following®N and?*C labeling, air temperatures
0 50 100 150 200 250 300 350 400 increased from 22C at 10:00am to 30°C at 3:30pm, before
Time after treatment initiation (Davs decreasing to 2IC by 9:30,m. PPF averaged 800, ;440, and 124
Fig. 1. Change in effluent pH during the 336 days of (growyt,h )for ‘Sharpblu“mm.mz'sl at 9:30am, 1:00pm, and 6:00wm, respectively. After
blueberry plants fertilized with either NHor NO;. (meanst sg, n = 5,sebars 12 h, plants were harvested, and tOt_al stem length and leaf area
present only when larger than symbol). were measured. Plants were divided into roots, stems, leaves, and
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Table 1. Leaf nutrient concentrations of ‘Sharpblue’ blueberry plants fertilized wigh &MHNO,™.

Leaf nutrient concn

mg-g* dry wt Hg-g*dry wt
Ca Mg K S Na P Zn Cu Mn Fe B
NH,* 4.1 29 12.3 6.4 0.2 21 31 3 57 37 108
NO, 4.3 2.0 9.1 25 10.7 15 27 5 44 36 126
NS * * * * * NS * NS NS *

ns*Nonsignificant or significant & = 0.05 byt test.

new shoots (new stem and leaf tissue of the fourth flush), frozeikok, 1988; Korcak, 1986; Peterson et al., 1988; Spiers, 1978;
liquid N,, oven dried at 70C, and ground to 40 mesh (0.417 mm).983a; 1983b), with the exception of B, which was high, and Fe,
with a Wiley mill. Tissue N was determined by combusting arnvehich was low in leaf tissue of both treatments. Additionally, Na
oxidizing 3 mg subsamples and quantifying the evolvedrNa concentrations in the NGfertilized plants were high. Although
NA 1500 gas chromatograph (Carlo Erba, Strada Riboltana, Italg.concentrations were below the sufficiency range, there was no
The percentage &N was determined by mass spectrophotometdjfference in Fe concentration between N forms. Additionally, no
(Vaccume Generators 602E, England). visual symptoms of Fe deficiency, such as interveinal leaf chloro-
To determine total*C activity, 50 mg of dried tissue wassis (Eck, 1988), occurred. This suggests that Fe was physiologi-
extracted in boiling 80% ethanol for 2 min. Extracts were shakealy available for plant growth and development, and was not a =
for 20 min, centrifuged at 3580y for 10 min, the supernatantcontributing factor to the growth differences observed with differ-
decanted, and the pellet reextracted twice. The supernatants wetdl treatments. Leaf necrosis associated with excess Na was noI’:
combined and final volumes were measured."f@eactivity of a observed in the NDtreatments in the present study, even though 2 @
1-mL aliquot was determined by liquid scintillation spectroscomthers have reported leaf necrosis on blueberry plants when Nac
(LKB Instruments, Inc., Gaithersburg, Md.). The pellet was resu®ncentrations in mature leaves were above 5.0fudngweight
pended in 1 mL EO, solub|I|zed with 25QuL tissue solubilizer (Haby et al., 1986). Overall visual observations of shoot and root <
(TS-1; Research Products International Corp., Mount Prospelssue |nd|cated no apparent nutrient deficiency or toxicity symp- =
M), and incubated at 6C for 12 h. Following incubation, 38.  toms in either treatment. Together, these data indicate that properﬁ’
0.1% acetic acid was added and samples were refrigerated 12nutoent balances for both N treatments were maintained.
decrease chemiluminescence. Teactivity of a 0.5-mL aliquot  Leaf concentrations of Mg, K, S, and P were significantly
was determined. Tot&fC activity of a tissue was calculated bygreater in the NEI-N compared to the NON fertilized plants,
adding thé“C activity of the ethanol-soluble and pellet fractionsvhile Cu and B were lower (Table 1). Similar effects on Mg, K, and
Statistical analysisThe experimental design was a randomizesiconcentration have been found in studies in which thg &itd
complete-block design with ten plants providing five replicatiodO,” sources were (NJ1,SO,and NaNQ(Spiers, 1978; Townsend,
of two treatments. The block effect was included due to thi867). In other studies, where Ca(lOvas used as the NO3-
temperature gradient in the greenhouse. However, because thewece, concentrations of Mg and K were higher in,/NO
were no blockx treatment interactions, these data were noompared to NE-N fertilized plants (Peterson et al., 1988; Rosen
presented. All treatment effects were analyzed by ANOVA usieg al., 1990). These effects of \fHand NQ on Mg and K
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SAS (Cary, N.C.) with mean separation by Studeéast. concentration may be due to the competition of the counter ions
(i.e., Na or Ca) with other elements for uptake (Glass, 1989).
Results and Discussion Vegetative growth.eaf, stem, root, and total plant dry weights,

as well as total stem length, were significantly greater in thg NO

Treatment pH Effluent pH decreased in the NHertilized -N compared to the Nf4N fertilized plants (Table 2). The
plants during the first 140 days of growth, stabilizing at about 3iG¢reased growth of blueberry when fertilized with N® vs.
while effluent pH in the NO-fertilized plants increased, stabiliz-NH,™-N differs from other studies (Hammett and Ballinger, 1972;
ing at about 6.0 (Fig. 1). This gradual change in effluent pH@ertli, 1963; Rosen et al., 1990), where ND produced equal or
similar to changes observed in other studies (Hewitt, 1966ss vegetative growth than N fertilized plants. It appears
Townsend, 1967), and apparently reflects exchangéari¢tHOH  that blueberry can effectively utilize NEN, as long as rhizo-
for NH," and NQ, respectively, and/or cotransport of With sphere pH is within an appropriate range. Acidic conditions in the
NO,™ (McClure et al., 1990a, 1990b). rhizosphere may increase NQuptake due to increased H+/lO

Nutrient analysisElemental analysis of leaf tissue and visualymport (McClure et al., 1990a, 1990b). Such enhancement of
observations of leaves and roots indicated that concentrationslOf~ uptake at low rhizosphere pH would be consistent with the
most nutrients were within the normal range for blueberry growdbservation that blueberry growth is often independent of N form
(Table 1) (Austin and Gaines, 1984; Ballinger, 1962; Clark, 1988;acidic pH (Rosen et al., 1990).
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Table 2. Vegetative growth of ‘Sharpblue’ blueberry plants fertilized with MIHNO,".

Dry wt (g) Total leaf Total stem
Plant New shoot Leaf Stem Root area gm length (cm)
NH," 417.2 49.6 58.8 121.6 187.2 13988 1604.4
NO, 701.2 48.6 107.4 247.2 298.0 17892 2056.4
* NS * * * NS *

ns*Nonsignificant or significant & = 0.05 byt test.
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Table 3. Nitrogen concentration in the vegetative tissue of ‘Sharpbl{Merhaut and Darnell, 1995). The partitioning*®i-fertilizer-
blueberry plants fertilized with Nff or NO,™. derived N to the new shoots, leaves, stems, and roots was not

affected by N treatment. Of the totdl-fertilizer N taken up, 17%

and 26% was recovered in the shoots of theN&hd NQ-

Nitrogen concn (mg-gdry wt)

New shoots  Leaves Stems Rootsfertilized plants, respectively (Table 4).
NH," 18.0 14.6 7.7 8.2 The increased uptake rates in JHfertilized plants led to
NG, 16.8 12.4 4.3 7.2 increased concentration 8N-fertilizer-derived N in the whole
NS * * NS plant compared to the NOtreatments (Table 4). This was due
%*Nonsignificant or significant & = 0.05 byt test. primarily to a significantly higher N concentration in roots of

NH,* vs. NQ-fertilized plants. The concentration GN-fertil-

Nitrogen concentrations, uptake, and partitionidgeaf N izer-derived N in new shoots, leaves and stems was not affected by
concentration was significantly greater in the NMs. NQ- N form. The decreased N concentration in roots of Nétilized
fertilized plants, averaging 15 and 12 mg N/g dry weight, resp@tants may reflect decreased N@duction due to low nitrate
tively (Table 3). The N concentration in the N@ertilized leaf reductase activity (NRA) (Merhaut, 1993) and the subsequent
tissue is slightly lower than the average for other southern higgredback inhibition of N uptake.
bush blueberry cultivars (Clark, 1988). Nitrogen concentrations inAlthough these data indicate that N® uptake is restricted in
stems was also greater in NHN treatments, while N concentra-blueberry compared to NHN uptake, this restriction clearly does
tions in new shoots and roots were similar between the twat lead to inhibition of growth in NGfertilized plants. In fact,
treatments. Higher N concentrations have been observed in rgotsvth increased in NGfertilized plants compared to NH
(Hammett and Ballinger, 1972; Peterson et al., 1988), shof@dilized plants despite this restriction in [f@ptake.
(Takamizo and Sugiyama, 1991), or both roots and shoots (Rose@arbon partitioning The partitioning of*C-labeled photosyn-
et al., 1990; Townsend, 1969) of N\Hcompared to Ng}fertil— thates is expressed as the relative specific activity (RSA) (Brun and
ized pIants In general, the mcreased leaf N concentration doeBwits, 1984):
typically correlate with increased vegetative growth (Rosen et al.,
1990; Smith et al., 1990; Spiers, 1983a; Sugiyama and HanaR/ﬁA:(dpm of plant organ/total dpm of plant)/( dry weight of plant
1992). In rabbiteye blueberry, greater shoot growth occurred inorgan/total plant dry weight)
NH,* vs. NQ~ treatments when grown at pH 3.0 or 4.0, but equal
shoot growth between N treatments occurred when grown inThe RSA normalizes for differencest@ uptake and recovery
solution pH 6.0 (Sugiyama and Hanawa, 1992). These growtid allows estimation of the extent of C partitioning to a particular
responses could not be readily explained by tissue N concenptant organ relative to its mass. Significantly more current C was :
tions, which were consistently higher in NMs. NQ-treatments, partitioned to new shoots of NGfertilized plants compared to
regardless of solution pH. Similarly, Rosen et al. (1990) fouH, -fertilized plants (Table 5). Carbon partitioning to other
greater N concentrations in tissues of Nk$. NQ; -treated plants, organs was not affected by N treatment. The increased allocation
even though no differences in plant growth were observed betwet@ to new shoots of NGfertilized vs. NH* -fertilized plants may
the two N forms. These studies and the present experiment indibata reflection of NQ reduction occurring in the leaves, as is the
that increased leaf N concentrations do not necessarily corretatge in many herbaceous crops (Lewis et al., 1987). Wang ando
with increased vegetative growth. Korcak (1995) have detected NRA in mature Ieaves of northern 2

Total N accumulation derived frottN-fertilizer did not differ highbush and rabbiteye blueberries.
between N treatments during the 12-h uptake period, averaging 45he observation that the increased C demand by new shoots 01’3
and 43 mg N for NE- and NQ-fertilized plants, respectively NO,fertilized plants did not reduce C partitioning to other plant
(Table 4). This occurred despite the greater plant dry weight of ﬂwts suggests that the current C supply was sufficient for uptake
NO,~fertilized plants. Uptake rates over the 12-h period averagefthoth N forms. Although the effects of C availability on uptake
about 1Qug N/g plant dry weight per h for NHfertilized plants, of different N forms in woody perennials has received little
and about Gug N/g plant dry weight per h for NGfertilized attention, there are a few studies on the effects of C availability on <
plants. AIthough these rates are somewhat less than the uphiRe uptake. In mature prune trees (Weinbaum et al., 1978) and®
rates observed in blueberries fertilized previously withNBL, peachPrunus persica. cv. Maycrest) trees (Munoz et al 1993),
these findings support the earlier observation thafMHiptake NO,” uptake rates were actually higher during rapid shoot devel-
rates in blueberry were 2-fold greater than,N® uptake rates opment, suggesting that C availability was not limiting in these
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Table 4.*Nitrogen-enriched fertilizer nitrogen content and concentration in vegetative organs, and the percentage of total fertilizer N recovered i
the shoots of ‘Sharpblue’ blueberries fertilized with Nbr NQ,™. Plants were fertilized witlPN—enriched NH"or NO,”and harvested 12 h after
labeling.

Plant New shoots Leaves Stems Roots Shoot N/total N (%)
Nitrogen content (mg)

NH,* 44.9 3.3 0.5 4.0 36.9 17.4
NO, 425 51 0.6 5.0 31.9 26.5

NS NS NS NS NS NS

Nitrogen concngg-gtdry wt)

NH,* 125.0 67.0 20.0 39.0 203.0
NO, 78.0 107.0 17.0 30.0 108.0

* NS NS NS *

ns*Nonsignificant or significant & = 0.05 byt test.
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Table 5. Relative specific activity (RSA) of vegetative organs of ‘Sharpbluédrcak, R.F. 1988. Nutrition of blueberry and other calcifuges. Hort. Rev.
blueberry plants fertilized with Nfior NO;~. Plants were harvested 10:183-227.

12 h after labeling witH"’COz. Lewis, O.A.M., B. Fulton, and A.A.A. Zelewski. 1987. Differential distri-
bution of carbon in response to nitrate, ammonium, and nitrate + ammo-
RSA (% dpm/% dry wt) nium nutrition in wheat, p. 240-246. In: W.R. Ullrich, P.J. Aparico, P.J.
New shoots Leaves Stems Roots Syurett, and F. Castillo (eds.). Inorganic nitrogen metabolism. Springer
T Verlag, New York.
mg“_ ggg jég 8;3 832 McClure, P.R., L.V. Kochian, R.M. Spanswick, and J.E. Shaff. 1990a.
3 A ) ' : Evidence for cotransport of nitrate and protons with ion-selective micro-
NS NS NS electrodes. Plant Physiol. 93:290-294.
Ns*Nonsignificant or significant @ = 0.05 byt test. McClure, P.R., L.V. Kochian, R.M. Spanswick, and J.E. Shaff. 1990b.

Evidence for cotransport of nitrate and protons in maize roots. II. Measure-
crops. In contrast, the greatest N@ptake in ‘Helleri’ holly ~ ment of NQ and H fluxes with ion-selective microelectrodes. Plant
occurred between flushes of growth, rather than during the growftfysiol. 93:290-2904. _ _
of the vegetative flush (Gilliam and Wright, 1978). Howeveperhaut, D.J. 1993. Effects of nitrogen form on vegetative growth, and
plants in that study were small, rooted cuttings, and may ha rbon/nitrogen assimilation, metabolism, and partitioning in blueberry.

S .PhD diss., Univ. of Florida, Gainesville. (Diss. Abstr. 95-05801.
lacked sufficient carbohydrate sources to support both vegetafive, - "n’3 and R.L. Darnell, 1995. Amrr(lonium and nitrate accu?fnulation

growthand N uptake. Inthe present study, the 2-year-old bluebelify;ontainerized southern highbush blueberry plants. HortScience 30:1378—

plants apparently had sufficient carbohydrates available to supparg; .

both vegetative growth and N uptake. Munoz, N., J. Guerri, F. Legaz, and E. Primo-Millo. 1993. Seasonal uptake
Based on these observations, it appears that although southef#N-nitrate and distribution of absorbed nitrogen in peach trees. Plant

highbush blueberry plants are able to take up'NNHand NQ™-N Soil. 150:263-269. _

when pH is maintained in a range considered optimum for blgertli, J.J. 1963. Effect of form of nitrogen and pH on growth of blueberry

berry growth, the uptake of NON is limited relative to NEf-N _Plants. Agron. J. 55:305-307.

uptake. However, this limitation to NQuptake clearly does not Peterson, L.A., E.J. Stang, and M.N. Dana. 1988. Blueberry response t

. ; . : . NH,*-N and NQ-N. J. Amer. Soc. Hort. Sci. 113:9-12.
inhibit vegetative growth, provided that pH is maintained beIo&v 4 . :
6.0. Thus, the hypothesis that growth inhibition of N@rtilized ideout, J.W. and C.D. Raper, Jr. 1994. Diurnal changes in net uptake rat

o . . of nitrate are associated with changes in estimated export of carbohydrates*
blueberries is due directly to inadequate uptake of H@es not 1 qots. Intl. J. Plant Sci. 155:1739_179 P Y s

appear to be valid under the conditions of this study. It also appg&jsen, C.J., D.L. Allan, and J.J. Luby. 1990. Nitrogen form and solution pH
that, under conditions of this study, adequate current and/or totigfluence growth and nutrition of twdacciniumclones. J. Amer. Soc.
carbohydrates are available to support both vegetative growth aRdrt. Sci. 115:83-89.
N (as Nq or NH4+) assimilation in blueberry. Smith, R.L., H.A. Mills, C.S. Hoveland, and W.W. Hanna. 1990. Influence
of ammonium:nitrate ratios on the growth and nitrogen uptake of pearl
Literature Cited millet. J. Plant Nutr. 13:541-553.
Spiers, J.M. 1978. Effects of pH level and nitrogen source on elemental leaf
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Austin, M.E. and T.P. Gaines. 1984. An observation of nutrient levels in oléontent of ‘Tifblue’ rabbiteye blueberry. J. Amer. Soc. Hort. Sci. 103:705— 2
unfertilized rabbiteye blueberry plants. HortScience 19:417-418. 708. &
Ballinger, W.E. 1962. Studies of sulfate and chloride ion effects upgpiers, J.M. 1983a. Elemental leaf content and deficiency symptoms in &
Wolcott blueberry growth and composition. Proc. Amer. Soc. Hort. Scrabbiteye blueberries: 1. Nitrogen. J. Plant Nutr. 6:1059-1071. <
80:331-339. Spiers, J.M. 1983b. Influence of N, K, and Na concentration on growth and 8
Brady, N.C. 1990. The nature and properties of soils. 10th ed. Macmilldsaf element content of ‘Tifblue’ rabbiteye blueberry. HortScience 18:223— =
Publishing Co., New York. 224, =
Brun, W.A. and K.J. Betts. 1984. Source/sink relations of abscising @whiyama, N. and S. Hanawa. 1992. Growth responses of rabbiteye que%
nonabscising soybean flowers. Plant Physiol. 75:187-191. berry plants to N forms at constant pH in solution culture. J. Jpn. Soc. Hort. ¢
Cain, J.C. 1952. A comparison of ammonium and nitrate nitrogen fagci. 61:25-29. >
blueberries. Proc. Amer. Soc. Hort. Sci. 59:161-166. Sugiyama, N. and M. Hirooka. 1993. Uptake of ammonium-nitrogen by &
Clark, J.R. 1988. Comparison of elemental content of leaves form highbublueberry plants. J. Plant Nutr. 16:1975-1981. s
and rabbiteye blueberries. Ark. Farm Res. May—June:12. Sugiyama, N. and K. Ishigaki. 1994. Uptake of nitrate-nitrogen by blueberry =
Eck, P. 1988. Blueberry science. Rutgers Univ. Press, London. plants. J. Plant Nutr. 17:1975-1982. ®
Glass, A.D.M. 1989. Plant nutrition: An introduction to current conceptfakamizo, T. and N. Sugiyama. 1991. Growth responses to N forms in &
Jones and Bartlett Publishers, Boston. rabbiteye and highbush blueberries. J. Jpn. Soc. Hort. Sci. 60:41-45. §
n

Gilliam, C.H. and R.D. Wright. 1978. Timing of fertilizer application irTolley-Henry, L. and C.D. Raper, Jr. 1989. Cyclic variations in nitrogen
relation to growth flushes of ‘Helleri’ hollyllex crenataThunb.).  uptake rate of soybean plants: Ammonium as a nitrogen source. Plant.
HortScience 13:300-301. Physiol. 91:1345-1350.

Greidanus, T., L.A. Peterson, L.E. Schrader, and M.N. Dana. 1972. EsSemvnsend, L.R. 1967. Effect of ammonium nitrogen and nitrate nitrogen,
tiality of ammonium for cranberry nutrition. J. Amer. Soc. Hort. Sci.separately and in combination, on the growth of highbush blueberry. Can.
97:272-277. J. Plant Sci. 47:555-562.

Haby, V.A.,K.D. Patten, D.L. Cawthon, B.B. Krejsa, E.W. Neuendorff, J.Wownsend, L.R. 1969. Influence of form of nitrogen and pH on growth and
Davis, and S.C. Peters. 1986. Response of container-grown rabbiteyetrient levels in the leaves and roots of the lowbush blueberry. Can. J.
blueberry plants to irrigation water quality and soil type. J. Amer. SodRlant Sci. 49:333-338.

Hort. Sci. 322-337. Townsend, L.R. 1970. Effect of form of N and pH on nitrate reductase

Hammett, L.K. and W.E. Ballinger. 1972. A nutrient solution—sand culturectivity in lowbush blueberry leaves and roots. Can. J. Plant. Sci. 50:603—
system for studying the influence of N form on highbush blueberries05.

HortScience 7:498-499. Wang, S.Y. and R.F. Korcak. 1995. Effect of nutrient and cytokinins on

Hewitt, E.J. 1966. Sand and water culture methods used in the study of plaittate reductase activity in blueberry. J. Small Fruit and Viticult. (In press.)
nutrition. Commonwealth Agr. Bureaux, England. Weinbaum, S.A., M.L. Merwin, and T.T. Muraoka. 1978. Seasonal varia-

Korcak, R.F. 1986. Adaptability of blueberry species to various soil typesion in nitrate uptake efficiency distribution of absorbed nitrogen in non-
IIl. Leaf and soil analysis. J. Amer. Soc. Hort. Sci. 111:822—-828. bearing trees. J. Amer. Soc. Hort. Sci. 103:516-519.

J. AvER. Soc. Hort. Sci. 121(5):875-879. 1996. 879



