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Abstract: Under NaCl-salinity Na* and ClI- accumulation of shoot and root vary greatly among
glycophyte plants; this is mostly due to genetic diversity and has been utilized to distinguish
between plant responses to salinity. The current study aimed to evaluate the accumulation and
Na* and CI tissue partitioning and its effect on dry mass gain and K* accumulation in one-
month-old Prosopis juliflora, Leucaena leucocephala, Piptadenia macrocarpa and Mimosa hostilis
seedlings grown for 30 days, in sand watered with nutrient solution loading 100 mol m3 of
NaCl, in greenhouse. The Na* and CI- accumulation, but not partitioning between shoot and
root, depended on plant species. All the plants accumulated CI- over Na* both in shoot and root.
The K* content of plants did not significantly vary in shoot but decreased in root due to salinity.
The ability of these plants to avoid damaging the metabolism due to salinity may result, in part,
from a high shoot-K* to Na* ratio. Leucaena leucocephala had the higher decrease of total dry
matter (60%) and lower shoot-K* to Na* ratio (0.40), while Prosopis juliflora had lower decrease
of total dry matter (15%) and had K* to Na* ratio of shoot about 3 times more. Evidence is
presented supporting a role for increased K* to Na* ratios in adaptation of plants to osmotic and
ionic stresses.
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Crescimento, acumulacao e distribuicao de solutos
em espécies florestais sob estresse salino

Resumo: Em condi¢cées de estresse salino a acumulacdo de Na* e Cl, na parte aérea e nas
raizes, difere substancialmente entre plantas glicéfitas; este fato deve-se, principalmente, a
diversidade genética existente e tem sido utilizado como indicador da resposta das plantas a
salinidade. Este estudo objetivou avaliar a acumulacdo e a distribuicdo de Na* e CI, bem como
o efeito da salinidade sobre o ganho de massa seca e a distribuicdo de K*, na parte aérea e
raizes, em plantas jovens de Prosopis juliflora, Leucaena leucocephala, Piptadenia macrocarpa
e Mimosa hostilis, com um més de idade, cultivadas durante 30 dias em areia e irrigadas com
solugdo nutritiva contendo 100 mol m= NaCl, em casa de vegetacdo. A acumulacdo de Na* e CI-
, € nao a distribuicdo desses ions entre parte aérea e raizes, foi dependente da espécie de
planta. Em todas as espécies estudadas a acumulacdo de CI na parte aérea e nas raizes foi maior
que a de Na*. A excecdo da parte aérea, todas as plantas apresentaram reducédo significativa no
conteldo de K* nas raizes em resposta a salinidade. A habilidade dessas plantas em proteger o
metabolismo do efeito deletério da salinidade pode resultar, em parte, de uma alta relagcdo K*/
Na*. Desta forma, a Leucaena leucocephala apresentou a maior reducdo na producdo da massa
seca total (60%) e a menor relacdo K*/Na* na parte aérea (0,40) enquanto que a Prosopis juliflora
apresentou a menor reducdo na massa seca total (15%) e uma relacdo K*/Na* na parte aérea,
aproximadamente trés vezes maior. Esses resultados sugerem que maiores relacoes K*/Na*
desempenham um importante papel na adaptacdo da planta aos estresses i6nico e osmético.
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INTRODUCTION MATERIAL AND METHODS

The effects of salinity on plant growth have extensivelyPlant material and growth conditions
been a focus of research because of salt response of plants isSeeds ofProsopis juliflorg Piptadenia macrocarpa
a complex phenomenon that involves several physiologiclimosa hostilisand Leucaena leucocephalaere collected
and biochemical changes (Hasegawa et al., 2000; Ghoulamfetm plants grown under field conditions in semi-arid region of
al., 2002). lonic imbalance occurs in the cell due to excessiwortheastern of Brazil. The seeds were surface sterilized for 15
accumulation of Naand Ci and reduces the uptake of othermin in 5% NaOCI and rinsed for 10 min. with running distilled
mineral nutrients such as'lind NQ, (Viégas et al., 1999). It water then sown in sand irrigated daily with 1.0 m8l@aSQ
has been suggested that'ldad Ci accumulation in root over (Silveira etal., 2001). After emergence, 15-day-old homogeneous
shoot could be useful as indicator of salinity tolerance of plantseedlings of each species were transplanted to plastic pots (20
(Silveira et al., 2001). The best manifestation of this is exemplifiedm in long x 30 cm high) filled with 0.5 ¢rof sand. The pots
by those cases in which gain in dry mass were associated witlere kept in well-ventilated greenhouse during the experimental
decreased accumulation of Nand Clin shoot of some woody period. Each pot was irrigated daily with ¥ strength Hoagland
plants in the early seedling phase (Teleinskk & Grunberg, 199&; Arnon (1950) nutrient solution. When seedlings were one-
Souzaetal., 2002; Fausto et al., 2002). month-old, irrigation was carried out daily with half strength
The exclusion of Nafrom shoot and its preferential nutrient solution loading 100 mol#fwf NaCl during 30 days.
accumulation in root has been observed in ‘cumaru’ (Souza Btants irrigated with nutrient solution free of NaCl were taken
al., 2002), ‘algaroba’ (Fausto et al., 2002), ‘umbu’ (Paulo et algs control. The pots were irrigated twice a day until leaching
2002) and cashew (Viégas et al., 1999). In the later case, Ndarted to avoid salt accumulation. The pH of nutrient solution
exclusion occurs from young to either old leaves or root butas kept in 5.50.2 range with HCI or NaOH. The study was
only in the earlier stages of salinity stress. According to Viégasarried out without shelter in semi-arid region of Brazil during
et al. (1999), this process is disrupted in cashew plants due3eptember/October months. The air temperature and relative
displacement of root-Caby Na, resulting in a change of humidity in the greenhouse were in the range of 26 to 33 °C and
plasma membrane permeability (Lin et al., 1997). This coul85 to 50%, respectively. The maximal intensity of radiance at
induce increase in net uptake of*Nalowing down hill influx  plant canopy was of 1,500mol of photons m. s®. After
of CI into cell of plant tissues (Skerrtt & Tyerman, 1992).treatment period, the plants were separated into root and shoot.
Because of this Naand Cl uptake has been suggested to be &he roots were washed with distilled water, then both plant
process highly coordinated (Viégas et al., 1999). parts were dried at 90 °C and properly stored for further analysis
The C&* displacement by Naat plasma membrane may of Na', K* and Cl.
constitute a primary response to salinity stress. Under this The experiment was conducted in a 2 x 4 factorial completely
condition K/Na" selectivity may substantially be altered randomized design corresponding to NaCl levels and plant
(Serrano & Rodriguez-Navarro, 2001). It has been suggestsgecies, respectively, and had six replicates per treatment, each
that the interaction betweert Knd N& might represent a key replicate consisting of one plant per pot.
factor in determining the salinity tolerance of plants
(Buschmann et al., 2000). At the whole plant level, itis generallja*, K* and C determination
accepted that increased/Ka* selectivity during uptake and Dried plant tissue was powdered and subjected to wet
reduced Natranslocation from the root to the shoot contributedigestion with (4:1) HNQ: HCIO, (v/v) according to Chapman
to the salt tolerance of glycophytes (Rascio et al., 2001). RecehtPratt (1961). The resulting solutions were properly diluted
research with mutants dfrabidopsishas shown that the and analyzed for Kand N& by flame photometer. Clvas
integrity of the K uptake system plays a role to salt tolerancextracted from the dried tissue with water and determined by
(Zhu et al., 1998). Higher level of lih leaf tissue is associated titration against standard AgN@Malavolta et al., 1989).
with salt tolerance in cowpea (Silveira et al., 2001). The role of
K* is vital for osmorregulation and protein synthesisData analysis
maintaining cell turgor and stimulating photosynthesis The effects of treatments on plant dry mass accumulation
(Buschmann et al., 2000). and ion content were performed by ANOVA system. The
Although increase in soil salinity is one of the majortreatment means were compared by LSD (least significant
problems confronting agriculture in the semi-arid region oflifference) at the 0.05 confidence level using Tukey test.
Brazil, research result are scarce and has no or limitestandard errors (SE) are reported in the figures. ANOVA results
information about salinity responses of tree-plants existing iwere calculated with the SIGSTAT package.
that region. Thus, the purpose of this work was to study the

accumulation and Naand Ci partitioning and the effect of RESULTS AND DISCUSSION
salinity on dry mass gain and'kKccumulation in the early
seedling phase dfeucaena leucocepha({8enth.),Prosopis Seedlings of four forest specieBrpsopis juliflorag

juliflora (Benth.), Mimosa hostilis(Benth.) andPiptadenia Piptadenia macrocarpaMimosa hostilisand Leucaena
macrocarpaBenth.), common names “leucena”, “algaroba”,leucocephalawere grown in 100 mol thof NaCl and were
“jurema” and “angico”, respectively. evaluated for the early responses to salinity. Salinity provoked
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slight yellowing on leaves already from thé"Hay of treatment contrary toMimosa hostilisand Leucaena leucocephala
in Mimosa hostilisand Leucaena leucocephald@he salt (Figure 1A). Total DM ofMimosa hostilisand Leucaena
symptom was aggravated with increasing exposure time tducocephalahad a decrease of 42 and 60%, respectively,
salinity; the leaves of these two plants exhibited severe necrotempared to respective controRrosopis juliflora and
and chlorotic symptoms. In addition, there was significanteucaena leucocephalaad the more contrasting results in
interaction P < 0.05) between salinity (S) and plant species (Ejerms of dry mass partitioninBrosopis juliflorahad a decrease
factors for all studied parameters given below, and this is largejiy DM of 14 and 5 % in shoot and root, respectively, compared
expected due to great genetic diversity of the investigate@ controls. Instead, salinity accounted for a decrease in DM
plants. Particularly, information was sought on the role of thesg shoot and root ofeucaena leucocephalay 61 and 52%,
interactions concerning the earlier responses of the plants i&spectively (Figure 1B, 1C).
salinity. _ ~ The accumulation and CNa" and K partitioning both in

Dry matter (DM) accumulation of NaCl grown plants istissyes and organs are important physiological processes
summarized in Figure 1. The DM gain remarkably differed amon@ading to salt tolerance (Schachtman & Liu, 1999; Serrano &
plants; for instance, NaCl did not significant®> 0.05) affect Rodriguez-Navarro, 2001). Among the studied species,
total DM of Prosopis julifloraand Piptadenia macrocarpa | eycaena leucocephalaas observed to accumulate higher

amounts of Naand Clin shoot. Naaccumulated in shoot of

A. Leucaena leucocephaleeached an amount about 2.6-
3 fold higher than the other species (Figure 2A). This indicates
a a for excessive low-affinity Nauptake, which is toxic to
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Figure 1. Total (A), shoot (B) and root (C) plant dry mass (DMJigure 2. Na(A), CI (B) and K (C) accumulated in shoot and
of Prosopis juliflora (Pj), Piptadenia macrocarpgPm), root of Prosopis juliflora(Pj), Piptadenia macrocarpém),
Mimosa hostiligMh) andLeucaena leucocephalil) grown Mimosa hostiligMh) andLeucaena leucocephalhl) grown

either in absence or presence of 100 mébfiNaCl. Means either in absence or presence of 100 mébifiNaCl. Means
followed by the same capital (NaCl) or tiny (Control) letter are followed by the same capital (NaCl) or tiny (Control) letter are
not significantly different aP > 0.05 (Tukey test). DM, not significantly different aP > 0.05 (Tukey test). DM,
indicates dry mass; +, significant difference between NaCl indicates dry mass; +, significant difference between NacCl
and control P < 0.05). Upper bars giveSD and control P < 0.05). Upper bars giveSD
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the growth of glycophytic plants (Buschman et al., 2000). INa" shoot to root ratiobserved folLeucaena leucocephala
addition, Leucaena leucocephalsad the highest content of show the roots of this plant were comparatively less able to
CI- in shoot compared to the other species (Figure 2B). Thigrevent harmful Nafrom reaching the leaves (Figure 3B).
may inhibit some enzymes mostly those involved with N© In the present study the higher sensitivity to salinitfliofiosa
NH*, reduction (Viégas & Silveira, 1999). The results fromhostilisandLeucaena leucocephali terms of total dry nteer
Figures 2A, 2B show still th&rosopis julifloraandPiptadenia  gain, could be due partly to the highest contents 6&Na Clin
macrocarpahad the lower contents of Nand Cl in shoot. shoot and root of these plants (Figures 1A, 2A e B). Itis interesting
Reports have suggested that interaction between interri@lshow a preferential accumulation of@ler Na both in shoot
K* and Namight represent a key factor in determining theand root of the four studied species (Figures 2A e B). This is likely
salinity tolerance of plants (Rascio et al., 2001; Silveira et aldue to increased uptake and furthermore &umulation,
2001). In the current study, the shodtekintent of plants have Possible depolarizing the A@ across plasma membrane which,
not been significantlyg>0.05) changed due to salin{fjigure  according to Skerrtt & Tyerman (1992), allows thab€ltaken up
2C). In additionProsopis juliflorahad the higher content of Passively through an anion channel.
K* in shoot compared to the other ones. On the contrary, [thasbeen established for plant root a dual uptake system of
increasing in accumulation of salt ions in tissue, particularlfk* With either high or low affinity for K that adjust with
Nar, due to salinity, significantly affected the Kontent in _enwron_mental st_|mulus (Niu et al., 1995; Maathuis et al. 1996). It
root of the plants (Figure 2A, B, C). There are physiological® Possible, as it was seen for NaCl-stresSadcharomyces
evidences suggesting thatNampetes with Kfor intracellu- cerevisiaecells (Serrano & Rodriguez-Navarro, 2001), that in

lar influx since both cations share common transporter protep|2nts with high Kto N& ratios the K uptake system changes
(Hasegawa et al., 2000). to a state in which there is an increased affinity fothereby

Prosopis juliflorahad shoot Kto N& ratio of 1.16 while eff?gtively reducing Nainflux. Thus, a lower accumulation of
Leucaena leucocephalaad of 0.40 (Figure 3A). Bottacin et Na_ in shoot oTProsopls Jul|flora_a_ndP|pteden|a macrocarpa
al. (1984), encountered o Na ratios in shoot of 1.46 for the points toward !ncreased*ISelec_nwty of thell_{uptake system.
tolerant and of 0.64 for the salt susceptible genotypes: thesg€ contrary is expected fddimosa hostilisand Leucaena
authors concluded that salt tolerance to be characterized ocephala Ind_eed, presumably genotypes that are most
the ability of plants to maintain‘Kto N& ratios of shoot erant to salinity tightly regulate ion uptake across plasma

adjusted to Kmetabolic requirements. Thus, the salt tolerancg]embr"’me at rates compatible to capacity for vacuolar

. . - . : ompartmentalization and growth at sizeable rates (Yeo &
of plants is due partly j[o |t_s ability to avoid accu_mulat|on Oflc:Iowers, 1983; Flowers & Hajibagheri, 2001). In addition, transport
harmful Na and/or maintain adequate levels of iK shoot

; rocess at the plasma membrane and tonoplast that regulates

(Lacerda et al., 2001). In the most general terms, the hlgh%’h influx and efflux, particularly those involved in the control of

A. uptake and Navacuolar compartmentalization, are of great

2 significance for salinity metabolic adjustment (Maathuis et al.,

1996). Thus, maintenance of ion homeostasis compatible to

A sustained growth may result from inside negative membrane
potential which, according to Binzel et al. (1988), creates a

B substantial thermodynamic barrier to thed@ivnhill influx even

at relatively high external concentrations of this ion.

In the current study decrease in accumulation of dry matter
of shoot of NaCl treated plants was greater than the root (Figure
1B, 1C). This is expected and has been found for a number of
glycophytes species (Munns & Termaat, 1986; Chessemann,
w 1988; Viégas et al., 2001), and it is expected to be due partly to

K*/ Na*
H
I9)

B. decreasing photosynthetic rates and due partly to increasing
3 A the export of carbohydrate from shoot to root (Silveira et al.,
s A 2001).
Z T
8 2- CONCLUSIONS
-~ B
S c 1. In terms of dry matter gaiRrosopis julifloraand
& 14 D Piptadenia macrocarpaesponded best to salinity than
2 Mimosa hostilis and Leucaena leucocephaéedlings.
® ﬂ 2. The higher reduction in dry matter imosa hostilis
0 T and Leucaena leucocephalaay result from a higher
Pj Pm Mh LI accumulation in shoot of Nand Ci and from a lower shoot-
Figure 3. K to Na ratios of shoot (A) and Nahoot to root K+ to N& ratio.
ratios (B) ofProsopis juliflora(Pj), Piptadenia macrocarpa 3. The pattern of Naand Cl partitioning between shoot

(Pm),Mimosa hostiligMh) andLeucaena leucocephafdl)  and root was similar for all the plants.

grown in 100 mol ni of NaCl. Means followed by the same 4. In the early seedling phaserosopis julifloraand
letter are not significantly different Bt> 0.05 (Tukey test). Piptadenia macrocarpapecies seem to have a mechanism to
DM, indicates dry mass. Upper bars givED avoid over accumulation of Nand Cl.
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