HorTScience 35(4):647—650. 2000. exposed to the nutrient solution, which was
spread on the roots by means of a plastic tube

pH DOmInatES Leucadendron system. The solution was collected in the
bottom of the container and continuously
recirculated. The experimentincluded six treat-

‘Safari Sunset’ Growth ments (Table 1) with two pH levels (5.5 and

7.5), two P levels (0.23 and 0.65 mmot)L

Avner Silber?, Alexander Ackerman, Boris Mitchnick, and two NH:NO, ratios (60:40 and 25:75).
Ruth Ganmore-Neumann, and Jaacov Ben-Jaacov _The t“eatfgi_ms V‘{ﬁf? fhkooseln to ,fefgﬁCt
Institute of Soil & Water, and Environmental Sciences, Volcani Center, Biggrent conditions that take place in the

rhizosphere of.. ‘Safari Sunset’ because of
Box 6, Bet Dagan, Israel 50250 changing NPK levels or NENO, ratio (Silber

et al., 1998). Potassium concentration in the
nutrient solution of all the treatments was 1.3
mmol-LL. The solutions were prepared with

Abstract The objectives of the present research were to study the effects of pH, N0, commercial fertilizers [KNQ (NH,),SO,,
ratio, and P concentration in the nutrient solution on development dfeucadendrorR. Br.  NH,NO;, KCl, KH,PQ)J, and typical tap water,
‘Safari Sunset’ [L. salignumBergiusx L. laureolum (Lam.) Fourc.]. The experiment was as used in production greenhouses in Israel.
conducted in aero-hydroponic systems and involved six treatments in a nonfactorial The tap water contained (mmof): NO,-N—
design: two pH levels (5.5 and 7.5), two P levels (7 and 20 m@}Lland two NH,;NO, ratios 0.7, P-0.01, K-0.15, Ca-1.25, Mg-0.8, Na—
(60:40 and 25:75). The pH of the root environment was the most important factor 4.3, and Cl-3.9. Microelement concentrations
controlling growth. Root cells were longer in plants grown at pH 5.5 than at pH 7.5, but Were (imol-L™%): Fe-12.3, Mn-6.2, Zn-2.6,
width was not affected. Altering the NH:NO, ratio did not affect development regardless Cu-0.4, Mo-0.2 and B-23, all EDTA-based,
of pH. Increasing the P concentration from 7 to 20 mg-tsignificantly decreased root fresh  plus 36umol-L* Fe as EDDHA-Fe. The pH
weight at the low pH and slightly reduced shoot growth. Nitrogen, P, K, Zn, and Mn Was monitored daily and adjusted to the desired
concentrations were higher, while that of Fe was lower in plants grown atlow pH. Reducing PH level by adding 0.& H,SO, or NaOH. The
the NH,:NOj ratio did not affect N concentration but increased P and K concentrations in electrical conductivity was2 dS-m'*and was
the shoots. Increasing the P concentration significantly raised the P content of shoot andot changed significantly by addition of$0,

root tissues but reduced the content of Fe, Zn, and Mn. or NaOH. The solutions were renewed weekly,
and water lost was replaced daily. The experi-

. - . ] ) ] ment included five replicates arrayed in a
The Proteaceae family originated in Auselongation and root hair growth (Taiz, 1984completely randomized nonfactorial design.

tralia and South Africa, where most specieJang et al., 1992; White, 1990); and 2) Atthe end of the experiment the plants were
grow on leached, acidic soils, which are pooindirect effects through nutrient availability harvested and root and shoot fresh and dry
in available minerals. Growth reduction ancand ion uptake by plants (Marschner, 1995)yeights (after drying at 60C) were deter-
leaf necrosis or chlorosis are generally attribRhizosphere pH is affected by the cation anghined. Dry plant material was ground to pass a
uted to phosphorus toxicity (Buining andanion uptake ratio (Marschner, 1995) in theg-mesh sieve. Total N, P, and K in tissue were
Cresswell, 1993; Nichols et al., 1979). Hownutrient solution, and by microbial activity determined after digesting with,$0,-H,0,,
ever, little information is available on the(mainly nitrification and denitrification). Alter- ysing an autoanalyzer (Technicon Corp.,
nutritional requirement of plants of this familying the nitrogen source, e.g., the ])N\#D, ratio, Tarrytown, N.Y.) (for N and P) or a flame
(Parks et al., 1996). can also influence the pH in the rhizosphere.photometer (for K). Calcium, Mg, Fe, Zn, and
In the last decade, an effort has been made In a previous study, Silber et al. (1998)vn were determined by atomic absorption after
in Israel to cultivate Proteaceae speciefund that nutritional treatments affected thejigesting the dry tissue with HN®ICIO,
(proteas) for cut flowers (Ben-Jaacov, 1986growth ofL. ‘Safari Sunset’ planted in pots ~Scanning electron microscopy (SEM) was
Ben-Jaacov et al., 1989). Despite the suitabf#led with tuff. However, since N levels (at ysed to examine roots grown in nutrientsolution
climate, Israeli protea growers have encourfixed NH,:NOj,ratio) or the NiENO;, ratios (at (N1P1) at the two pH treatments. The samples
tered problems because of unfavorable sdiixed N level) affected the rhizosphere pH asvere fixed in 3% glutaraldehyde in O
characteristics, such as high pH and high fregell, distinguishing between the main treatcacodylate buffer, pH 7.0, and dehydrated in a
lime content. To avoid soil limitatiohs‘Safari  ment effects (NPK levels and N:IHIO3 ratio) raded acetone series upto 100%. Direcﬂy after
Sunset’, the main commercially cultivatedand that of pH changes was not feasible. Dithis step, the samples were critical-point-dried.
protea produced in Israel, is grown in tuff, derentiating between these two effects is onlyhey were mounted on SEM stubs and sputter-
volcanic pyroclastic material characterized byossible by using a system such as the aergyated with gold to a thickness of 0.1 mm. The
high porosity (0.6 L-t) and high saturated hydroponic system. samples were viewed and photographed with a
hydraulic conductivity (Wallach etal., 1992), ~ The objectives of this study were tojSM-T330A instrument (JEOL, Tokyo).
or is grafted on lime-resistant rootstocksletermine the effects of nutrient solution pH, patawere subjected to analysis of variance
(Ben-Jaacov et al., 1992). NH,:NO; ratio and P concentration on nutri-ysing the GLM procedure of SAS (SAS Inst.,
Growing plants on an artificial substrateent uptake and growth &f ‘Safari Sunset’, Cary, N.C.).
and using modern irrigation and fertilizationgrown in an aero-hydroponic system.
equipment can provide appropriate conditions
for plant growth, including control of the pH in i
theprhizogsphere. The pl—? in the root en?/iron- Materials and Methods Table 1. Nitrogen and P concentrations (mnmd)-L
ment can affect plant growth through two The experiment was conducted in a screen 29ded 1 the irrigation water.
major mechanisms: 1) a direct effect on cethouse (10% shade) in Bet Dagan, Isra€l35 ~ Treatment

Additional index wordd_eucadendronSafari Sunset’, micronutrients, NMO, ratio,
P-nutrition, root growth, morphology

31°N, 50 m altitude), irradiated by natural Nutrient

_— sunlight at a temperature range between 134 solution NH-N  NO;N P

Received for publication 18 Jan. 1999. Accepted fof 350 Two-month-old.. ‘Safari Sunset’ 55  N1P1 25 11 0.23
publication 25 Sept. 1999. The cost of publishin lant t lanted int -hvdro- N1P2 25 11 0.65
this paper was defrayed in part by the payment anis were transplanted Into an aero-nyaro N2P1 1'1 2'5 0'23
page charges. Under postal reguiations, this papBPNIC System (Feigin et al., 1984). Each plot N1P1 25 11 0.23
therefore must be hereby markedvertisement consisted of 12 plants placed in two separal N1P2 e i 0.65
solely to indicate this fact. polystyrene boxes mounted on a 140-L, cov- N2P1 1'1 2'5 0'23

To whom reprint requests should be addressed. ered container. Roots were continuously
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Results and Discussion (Table 2). In a previous study, increasing the Bt al. (1990) for species of Casuarinaceae.
. concentration in the irrigation solution to 0.65Root development of plants grown at pH 7.5

Yield and plant growthThe development mmol.L-* consistently improved growth of was restricted, resulting in inhibition of
of plants grown at pH 5.5 was normal, while af 'Safari Sunset’ in a tuff substrate (Silber etlevelopment of root hairs, poor branching,
pH 7.5itwas poor (Fig. 1). Both shootand rood|,, 1998). Those results do not contradict thand root death (Fig. 1).
weights (fresh and dry) were higher at thgyresent findings because P retention by the The effects of pH on the development of
lower pH (Table 2). Altering the N)NO,  solid phase in an aero-hydroponic system imot epidermal cells and root hairs were exam-
ratio did not affect growth at the two pH levelsyegligible whereas in tuff it is considerableined by SEM. Root cells (at 1 mm from the root
examined, in agreement with the findings of gsilber, 1991). Hence, P concentration in théip) were longer in plants grown at pH 5.5 than
previous study (Silber et al., 1998). Phosphahizosphere was markedly lower in a tuff subin those grown at pH 7.5 (30-40 and 20-30
rus concentration in the shoots was higher igtrate (0-0.2 mmol) than in the irrigation pm, respectively), but cell width (6-8m)
plants grown in the higher P nutrient solutiorsojution. was not affected by pH. The reductionLof
(Table 3). However, no symptoms of P toxic-  Root morphologyProteid roots are dense*Safari Sunset’ root growth at pH 7.5 could be
ity were observed. The highest P content igjusters of rootlets, typical of the Proteaceaattributed to the inhibition of cell elongation
shoots of plants fertilized with the high Pfamily (Lamont, 1972). Usually, the abun-without any effect on cell division, similar to
concentration was 0.32 mol-kgTable 3), dance of proteid roots is a sign of health ithe results reported for root growth of lupin
about half the level considered toxic for manyroteaceae plants (Lamont, 1986); howeveglupinus angustifoliu.) (Tang et al., 1992;
plants by Marschner (1995). However, inin the present study at sufficient concentrawhite, 1990). The mechanism by which high
creasing the P concentration in the nutriefons of nutritional elements, no proteoidpH impairs cell elongation and restricts root
solution to 0.65 mmol-t significantly re- roots developed, in agreement with the findhair formation is unknown. Cell wall acidifi-
duced root fresh weights at the low pH anghgs of Silber et al. (1998) fok. ‘Safari cation, which would cause loosening of cellu-
slightly affected shoot fresh and dry weighsunset’, Lamont (1972) fétakeaand Racette lose in the walls, could be a promoter of

optimal cell growth (Taiz, 1984).
Elemental concentrations in plant organs

Table 2. Effects of pH and nutrient content of solutions on fresh and dry weights (g/plant) of shoot and Fébtlamaged root system and the inhibition of

of ‘Safari Sunset’ plants. root hair growth in plants grown at pH 7.5
resulted in significant changes in element con-

H - = Fresh wt R = Dry wt R centrations in the shoots and roots (Table 3).
P rilalt'gnlent 6? 2°°t 5T ?Ot ﬁ 0°°t 0 7°°t Nitrogen P, K, Zn, and Mn concentrations
28 fa ' 7@ were higher in shoots of plants grown at low
5.5 N1P2 51.5ab 13.0 bc 10.4 15a .
pH (Table 3). The same trend was observed in
N2P1 58.6 a 20.3 ab 9.1 l4a
Mean 59.1 18.3 10.2 1.5 the roots for P and K bUt not fOf N. The pH
N1P1 34.3 be 79¢ 8.0 o0.8b effect on Fe concentration was inconsistent,
75 N1P2 238¢ 57c¢ 6.4 0.6 b and, since Fe uptake was little affected by pH
N2P1 34.5 bc 84c 8.0 0.8b  (810% 50 mg Fe/plant), we assumed that Fe
Mean 30.9 7.3 7.5 0.7 did not limitL. ‘Safari Sunset’ growth.
Mean N1P1 50.7 14.8 9.0 12 Potassium concentration in shoots and roots
Hgi ig-g 13-2 g-‘é 12 (Table 3) was very low compared with norms
L : ; : : reported for many other plants (Jones et al.,
SD-pH 11.6 4.2 1.9 0.3 . . -
- : - 1991), and was in agreement with the findings
F—pH 16 16 5.3 15 _
LSD-Tr< 20.1 7.3 3.4 0.6 of Parks et al. (1996) and Silber et al. (1998)
F—Tr 6.6" 8.1 NS 5.7 for several Proteaceous plants. The low-K

requirement of such plants may be attributed
to an adaptation to the low-K soils on which

they originated, as suggested previously by
Parks et al. (1996).

“Mean separation within columns bsp test,P < 0.05.

YLSD-pH and F-pH-F andsp tests between the two pHs.

*LSD-Tr and F-Tr-F andsp tests between treatments.

v Nonsignificant or significant @ < 0.05, 0.01, or 0.001, respectively.

Table 3. Effects of pH and nutrient content of solutions on element concentrations in shoot andeeca@éndronSafari Sunset’ plants.

Shoot Root
N P K Fe Zn Mn N P K
pH Treatment mol-kg dry mass mmol-kgdry mass mol-kg dry mass
N1P1 2.14a 0.19c 0.23 ab 1.9 abc 18a 4.7b 2.44 0.21b 0.22 ab
55 N1P2 1.78 b 0.32a 0.20b 1.1d 1.2b 36¢C 2.43 0.27 a 0.18 bc
N2P1 2.05a 0.24b 0.25a 1.15cd 18a 6.6a 2.09 0.29 a 0.26 a
Mean 1.99 0.25 0.23 1.5 1.6 5.0 2.31 0.26 0.22
N1P1 1.47c 0.09d 0.14 cd 1.6 bc 09b 1.9d 2.59 0.11c 0.12 cd
7.5 N1P2 1.20d 0.11d 0.12d 1.9ab 11b 15d 2.10 0.09c 0.09d
N2P1 129d 0.08d 0.17¢c 20a 18a 12e 3.08 0.77 ¢ 0.16 bc
Mean 1.32 0.95 0.14 1.8 1.3 1.5 2.57 0.10 0.12
Mean N1P1 1.80 0.14 0.19 1.7 1.4 3.3 2.52 0.16 0.17
N1P2 1.49 0.22 0.16 1.5 1.2 2.6 2.26 0.18 0.13
N2P2 1.67 0.16 0.21 1.8 1.8 3.9 2.27 0.2 0.21
LSD—pH 0.02 0.11 0.02 0.24 0.24 0.47 0.54 0.03 0.04
F—pH 126" 211" 65™ 8.3 8.5 211" NS 98™ 21"
LSD-Tr 0.04 0.19 0.03 0.38 0.38 0.54 0.93 0.06 0.06
F-Tr 43" 55™ 34" 6.1" 9.4™ 122~ NS 227 9.3"

“Mean separation within columns bsp test,P < 0.05.

YLSD-pH and F-pH-F andsp tests between the two pHs.

*LSD-Tr and F-Tr—F andsp tests between treatments.

v Nonsignificant or significant @ < 0.05, 0.01, or 0.001, respectively.
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At acid pH, lowering the NEINO, ratio
affected only the P and Mn concentrations
(Table 3). Reducing the NHNO, ratio usually
increases cation and reduces anion concentra-
tions because of anion—cation balance
(Marschner, 1995). Thus, the higher Mn
concentration in the shoots is consistent with
the above mechanism, but the higher P con-
centration (shoot and root) is not (Marschner,
1995; Mengel and Kirkby, 1987). The effects
of NH,:NO, ratio on elemental concentrations
at the basic pH were inconsistent (increasing
Fe and Zn while decreasing that of Mn), and
were probably secondary effects of injury of
the root system at basic pH.

The effects of varying the P concentration
in the nutrient solution on elemental concen-
trations in the plants were more significant for
plants grown at pH 5.5, probably because their
roots developed normally. Increasing the P
concentration in the nutrient solution signifi-
cantly raised the P content in shoot and root,
but reduced the concentrations of the Fe, Zn,
and Mn (Table 3). Micronutrient contents in
shoots were not in the deficient or toxic range,
according to Marschner (1995) or Jones et al.
(1991), and, therefore, we assumed that the
micronutrient supply did not limit plant growth.
Phosphorus concentratiortiriSafari Sunset’
plants increased because of increased P con-
centration in the nutrient solution, and not
because of the “Zn deficiency-enhanced P
uptake” mechanism, as proposed by Cakmak
and Marschner (1986) for cottoBgssypium
hirsutumL.). The extension of the term “P-
induced zinc deficiency” (Cakmak and
Marschner, 1986, 1987; Loneragan and Webb,
1993; Marschner and Cakmak, 1986) to Fe
and Mn is probably incorrect because of the
relatively high metal contentin shoots, even ifrig. 1. pH effect oheucadendrorSafari Sunset’ growth at N1P1 treatmeteft] plant growth at pH 5.5;
plants with high P content (Table 3). Growing ~ (fight) plant grown at pH 7.5.
the plants for alonger time might have increased
the differences between high- and low-P plants
and have permitted signs of metal deficienchair formation, or indirectly through mecha-Cakmak, I.and H. Marschner. 1986. Mechanism of
or “P toxicity” to become visible. nisms of nutrient availability, is not clear.  phosphorus-induced zinc deficiency in cotton.

The exact mechanism causing lower metaApparently, element solubility in an aero- |- Zincdeficiency-enhanced uptake rate of phos-
contents in the shoot of the high-P-fed plantsydroponic system is excellent and does not Phorus. Physiol. Plant. 68:483-490.
is not clear. No conditions for adsorption orestrict the uptake of elements. In fact, pregak”;]ak' 'r']a”d H. Marschner. li.87.' Mechanism of
precipitation of metal-P prevail in aero-cipitation of insoluble compounds of metal- ﬁl o(s:p;]a?]rus-m_duced zinc deficiency in cotton.

. s . . ges in physiological availabilty of
hydroponic systems at low pH. No “dilution P or metal oxides may occur on the external ,inc in plants. Physiol. Plant. 70:13—20.
effect” (Loneragan and Webb, 1993;surface of the roots grown in high pH, whichreigin, A., N. Zamir, N. Arbel, and A. Kilman.
Marschner, 1995) can be invoked, since shooéduces metal solubility. However, the fact 1984. A closed hydroponic system for experi-
and root dry weights were not significantlythat Fe, Zn, and Mn concentrations, even in ments with plants growing in circulating nutri-
affected by elevation of the P concentratioishoots of plants grown at pH 7.5, were within  ent solution, p. 215-223. In: Proc. 6th Intl.
(Table 2). The lower content of metals mayhe sufficiency range supports the hypothesis Congr. Sailless Culture. Lunteren.
have resulted from an inhibition of metalthat pH mainly affected physiological factors.Jones; J.B. Jr., B. Wolf, and H.A. Mills. 1991. Plant

absorption by the root system or a transloca- analysis handbook: A practical sampling,

. L Literature Cited preparation, analysis, and interpretation guide.
tion of metals to the shoots, or it might have Micro-Macro Publishing, Athens, Ga.

resulted from internalimmobilization becausesen-jaacov, J. 1986. Protea production in Israelamont, B.B. 1972. The effect of soil nutrients on

of the formation of metal-phosphate com-  Acta Hort. 195:101-110. the production of proteoid roots hiyakea

pounds, such as the formation of Zn-phytatgen-Jaacov, J., A. Ackerman, S. Gilad, R. Carmeli, species. Aust. J. Bot. 20:27—40.

in several crops reported by van Steveninck A. Barzilay, and Y. Schori. 1992. Grafting Lamont, B.B. 1986. The significance of proteid

et al. (1993). techniques and the use of rootstocks in roots in proteas. Acta Hort. 185:163-170.
Leucadendronand other Proteaceous plantsLoneragan, J.F. and M. Webb. 1993. Interactions
Acta Hort. 316:69-71. between zinc and other nutrients affecting the

Ben-Jaacov, J., A. Ackerman, S. Gilad, and Y. growth of plants, p. 119-134. In: A.D. Robson

. Schori. 1989. New approaches to the develop- (ed.). Zinc in soils and plants. Kluwer,
Th? PH of the root enVIrorjmen‘t was _the ment of Proteaceous plants as floricultural com-  Dordrecht, The Netherlands.

most important factor affecting. ‘Safari modities. Acta Hort. 253:193-199. Marschner, H. 1995. Mineral nutrition of higher

Sunset’ growth in the present study. Whethesuining, F. and G. Cresswell. 1993. Working party  plants. 2nd ed. Academic, San Diego.

pH affects plant development directly through  on nutrition Proteaceae. J. Intl. Protea AssrMarschner, H. and I. Cakmak. 1986. Mechanism of

physiological mechanisms thatinfluence root 26:21-27. phosphorus-induced zinc deficiency in cotton.

Conclusions
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Il. Evidence for impaired shoot control of phospho- availability in water culture. Can. J. Bot. Lupin (Lupinus angustifolius land peaRisum
rus uptake and translocation under zinc deficiency. 68:2564-2570. sativumL.) roots differ in their sensitivity to
Physiol. Plant. 68:491-496. Silber, A. 1991. Chemical properties and pH above 6.0. Plant Physiol. 6:715-719.
Mengel, K. and E.A. Kirkby. 1987. Principles of plant  surface reactions of pyroclastic materialsvan Steveninck, R.F., M.A. Barber, D.R. Fernando,
nutrition. 4th ed. Intl. Potash Inst., Bern, Switzer- from Mt. Peres, the Golan Heights (in  and M.E. van Steveninck. 1993. The binding of
land. Hebrew with English summary). PhD  zinc in root cells of crop plants by phytic acid,
Nichols, D.G., D.L. Jones, and D.V. Beardsell. 1979. Diss., Hebrew Univ. of Jerusalem, Israel.  p. 21-24. In N. J. Barrow (ed.). Proc. XlI Intl.
The effect of phosphorus on the growttGokvillea  Silber, A., R. Ganmore-Neumann, and J. Plant Nutr. Collog., Perth, Australia, Kluwer,
‘Poorinda Firebird’ in soil-less potting mixtures. Ben-Jaacov. 1998. Effects of nutrient Dordecht, The Netherlands.
Scientia Hort. 11:197-206. addition on growth and rhizosphere pHWallach, R., F.F. da Silva, and Y. Chen. 1992.
Parks, S.E., G.C. Cresswell, A. Haigh, F. Buining, and E. ofLeucadendroh. ‘Safari Sunset’. Plant Hydraulic characteristics of tuff (scoria) used
W.R. Barlow. 1996. Nutritional requirements of some  and Soil 199:205-211. as container medium. J. Amer. Soc. Hort. Sci.
Proteaceous plants, p. 210-215Natl. Wkshp. for Taiz, L.1984. Plant cell expansion: Regula-  117:415-421.
Australian Native Flowers, Perth. tion of cell wall mechanical properties. White, P. F. 1990. Soil and plant factors relating to
Racette, S., I. Louis, and J.G. Torry. 1990. Cluster root Annu. Rev. Plant Physiol 35:585-657. the poor growth ofLupinusspecies on fine
formation by Gymnostoma papuanurgCasuar- Tang,C.X.,N.E.Longnecker,C.J. Thomson, textured alkaline soils. A review. Aust. J. Agr.
inaceae) in relation to aeration and mineral nutrient H. Greenway, and A.D. Robson. 1992. Res. 41:871-890.
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