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Changes in the hormonal balance during seedling
growth under salt stress in pigeon pea (Ciujarus
cafan, L.).

Resumen. Se estudid la variacion del nivel de reguiadores
del erecimiento en los primeros estadios de crecimiento de
plantulas de C cajan. bajo concentraciones ispidnicas de Na
Cl y Na, S0, Ambas sales redujeron inicialmente et nivel de
los promotores del crecimients, con un sumento simuitines
en inhibidores del tipo ABA . Posteriormente se observé un
incrermento gradual en sustancias del tipo de fa giberalina y la
citoquinina y una reduccitn en sustancias del tipo ABA con
el crecimiento de las piantulas, ias cuales maostraron una recu-
peracion en los perfodos posteriores. Sin embargo, la inhibi-
cién se perpetud durante todo el estudiao. con un efecta més
marcade del Na, SO, gue del Na Ci

Salinity affect plant growth and influence several
facets of plant metabolism. Several reports indicate
changes in the levels of endogenous growth regulators

under stress conditions. Ramana (11) observed
measurable reduction in gibberellin activity under
saline conditions in groundnut, and a reduced cyto-
kinin activity in root exudate was observed when
plants were subjected to water delicits (4) or to salt
stress {5,9). Increased levels of ABA were reported to
accumulate under water stress (8) Most of the earlier
studies indicate that changes in hormonal balance
during saline conditions depend more on the {otal
concentration of soluble salts than on specific ions
{7). Nevertheless this by no means rules out the possi-
bility of a direct effect of salt on hormone levels (6).

The effect of salinity on plants varies depending
on the phase of development. There is a lack of gener-
al relationship between the relative salt effect on ger-
minztior and later phases of seedling growth. Studies
onr the influence of specific ions on the hormonal
balance during a period of growth are scanty. Hence
the present investigation is designed to study the
effect of isotonic concentrations of NaCl and
Nz, SO, salis on initial and subsequent changes in the
endogenous levels of growth regulators during carly
seedling growth in pipeon pea {Cajenus cajan 1),

Material and methods

Plan Material: Healthy sceds of pigeon pea
{Cajanus cajan 1) were surface sterilized with 0.1%
HgCly for 2-3 min and thoroughly washed with dis-
tilled water. Petridishes containing the seeds were
lined with filterpaper and were divided into three
sets. The first two sets were separately treated with
iso-tonic solutions of NaCl and Na, 80, (2.9 atmo-
spheric pressure) and the third set which served as
control, received distilled water. Five replicate
samples were maintained for each treatment. Fifty
germinated seeds were allowed to grow at 19 + 2°C
in cach petridish, The salt solutions were renewed
daily to prevent cevaporation losses and contaming-
tion. The endogenous levels of gibberellin and cyto-
kinin-like substances and ABA-like inhibitors and
growth patterns relating to fresh and dry weights and
root and shoot lengths were determined in zero-, 3-,
6-, and 9- day old seedlings.

Extraction and purification

Growth regulators were extracted and chromato-
graphed according to the method of Rudnicki and
Nowak (14}, Filty grams of plant material (whole of
seedling) were homogenized in 200 ml of 80% (v/v)
methanol. The water residuce was acidified to pH 2.5
and extracted with ethyl acetate. The combined ethyl
acetale extracts were washed with 4% {(w/v) sodium
bicarbonate. The bicarbonate phase was readjusted to
pH 2.5 and apgain extracted with cthyl acetate. The

Turrialba Volb. 34, No. 3, 1984, pp. 391-396



392 TURRIALBA: VOL. 34, NUM. 3, TRIMESTRE JULIO-SETIEMBRE 1984

ethyt acetate fraction was evaporated until diy and
dissolved in methanol Ten grams equivalent of this
final sample were line-loaded orn Whatman No |1
chromatography paper

The cytokinin containing aqueous phase was
evaporated to volume of 20 ml and passed through a
Dowex 50 W-X-4H (56-100 mesh) and eluted with 2N
aqueous ammonia  The ammonia was evaporated
under vacuun to a small volume and line-loaded on
Whatman No. | paper.

Chromatography and biossay

The dry residues of ethyl acetate and ammonia
fractions on the chromatographic paper were devel-
oped in a mixture of isopropanoliammonia:water
{(1¢:1:1 by vol) They were then airdried and cut
into 10 equal Ry zones and bioassayed for determina-
tion of growth regulators,

The biological activity of gibberellins was eval-
uated on the basis of cucumber hypocotyl elongation
bioassay (12). The presence of cytokinin activity was
determined with cucumber cotyledon greening
bicussay (3). Wheat coleoptile straight growth
bioassay was carried out for ABA-like inhibitors (13).

Results

As shown in Table 1. the linear growth and fresh
and dry weights of the seedlings decreased markedly
in both salt treatments, but the effect of Na, 50, was
slightly more pronounced than NaCl Shoot length
rather than the root length was more affected by sait
treatments. Relatively slow pace of growth and more
water accumulation was observed in treated plants
during the initial stages of growth

Changes in the growth regulators

In the control plants more gibberellin activity was
observed at Ry 0.2-0.3, 0.4-0.5,0.6-0.7 and 0.9-1.0 at
all the stages of plant growth, whereas treated plants
differed te some extent {Figure 1)}. Cytokinin-ike
substances showed maximum activity at Ry 0.3-0.4
and 0.7-0.8 in both contrel and treated plants {Figure
2). ABA-like inhibitor activity was intense at Ry
02-04, and 6.7-09 (Figure 3) in both conirol and
treated plants

Gibbereilin and cytokinin.like substances showed
considerable reduction in NaCl treated plants than
that of control ones, at all stages of growth Similar
and even more pronounced results were obtained
with Na, SO, treated plants. A substantial inerease in
the activity of ABA-like substances was observed in
both the treatments over the control. Here also
Na; 50, treated plants were showing a little more
inhibitory activity. Though the effect was similar, the
difference between the two salts was significant,

There was a linear increase in both gibberellins and
cytokinins {rom the third to the ninth day with an
increase in growth in both control and treated plants
(Figures 1 and 2), while ABA-like inhibitors showed
gradual reduction during this period in all the cases
(Figure 3} This trend was significant from the sixth
to the ninth day, where the seedlings showed a slight
recovery in the pliysical growth from the stress

Discussion

From the f{oregoing results it is inferred that
during salt stress the endogenocus levels of gibberellin
and cytokinin-like substances were acutely affected
with a concomitznt increase in ABA-like inhibitors.

Table 1. Effect of iso-osmotic concentrations of NaCl and Na, S0, on seedling growth of Cajanus cajan L. Values are mean + 8.0,

Seedling age in days

Observation Control NaCl Na, 80,

3 6 3 6 g 3 6 9
Shoot lengih 204 962 18 14 1.53 476 1092 1 46 4 {6 931
(cm) +0 146  E£0.802 # 0117 0546  H0 826 3127 20394 0681
Root iength 274 741 9 84 237 5.84 808 208 522 766
(cm) 0191  £0529 03584 0218 0620 *0612 124 20534 D711
Root/Shoot ratio 139 078 G54 149 1.24 074 143 1.28 {89
Fresh weight 1052 276 .6 3554 126 0 2433 3160 1350 2240 3051
(mg) +3 834 7426 19 086 2991 %8424 #9621 £4.023 26692  +8 73
Dy weight 213 581 Tt 17.6 36.0 622 163 324 60.3
{mg) 1001 F2012 k3, *1.926 *2.128  £3.109 1,762 22437 #2807
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Fig. 1. Changes in the sctivity of gibbuerelling in pigeon pea seediings, determined with cucumber hypovotyl ¢longation bioasszy. Histo-
grams represent (A Control, {B) NaCl treated and (C) Nu, 8O, treated The values are mean of three separafe bicassays ol 50 g

each

The varizgtions in growth, fresh and dry weights and in
the levels of endogenous growth regulators exerted by
NaCl and Na, SO, at the osmotic pressure of 2.9 atm
might indicate the onic effect of these salts besides
the osmotic effect, in which case Nz, SO, seems to be
more toxic than NaCl. The gradual and slight increase
of growth promoters and decrease in ABA-like inhi-
bitors of the treated plants with the progressive
growth, are in confirmity with the growth patterns
which showed a slow recovery of the plant from the
initial stress.

The presence of higher levels of cytokinin-like
substznces with reduced ABA-like inhibitor accumu-
fation in the control plants supports the view of
Zee-Even and Htai (15), that cytokinins effect ABA

inactivation by increasing bound ABA levels, finally
resulting in enhancement of plant growth. In the salt
treated plants, the decreased cytokinin levels and
increased ABA levels suggest the probability that
ABA accumulation may be responsible for lower
cytokinin activity during the stress, by inhibiting
either byosynthesis or activity of cytokinins (1,2).
The changes in gibberellin activity might well relate
to the presence of inhibitor content (10). The inacti-
vatien may be a result of inhibitor accumuiation
during stress, znd ABA is one of these inhibitors
under such conditions.

The accumulation of ABA-like inhibitors and low

levels of growth promoters in the carly seedling stage
and their progressive reversion in the latter stages
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Fig. 2 Activity of cytokinins in pigeon pes seedbings of control (A) NaCl treated {B) and Na, SO, treated {(C), determined with cu-
cumber cotyledon greening bioassay. The valtes are mean of three separate bioassays of 50 g each

show the sensitivity of the plant during germination.
This suggests a more complex mode of interaction
among growth hormones during stress condition. In
view of these results this phenomenon may be inter-
pieted as a reflecting feature of the repulatory mecha-
nism that facilitates the plants an adaptive response
to a decreased osmotic potential of the root medium
and a recovery thereafter in its progressive growth,

Summary

The fevels of endogenous growth regulators in
pigeon pea during early seedling growth under iso-
tonic concentrations of NaCl and Na,S0Q, were
studied. Both NaCl and Na, SO, initially reduced the
levels of growth promoters, with a simultaneous

increase in ABA-like inhibitors. But a subsequent
substances and a decrease in ABA-like inhibitors
was observed with the progressive growth of the
seedlings, which showed a slow recovery in the later
stages. However, the inhibition was significant in
stages. However, the inhibition was significant in
freated plants throughout the growth period, where
Na, S50, was found to be more effective than NaCl
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Fig. 3. Changes in the activity of ABA like inhibiters in pigeon pea seediings of controi {A) NaCl treated (8) and Na, SO, treated (C).
determined with wheat coleopiile strajght growth Diossay  The vaiues are mean of three separate bioassays ol 50 g cach

seeds  during  stratification.  Fruit Science

October 13, 1982
Rep. 1-3 1975,

K.V. RAMANA RAO*
S.V. PRASAD*
G. RAJESWARA RAO*

3. FLETCHER, R, A and McCULLAGH, D
Cytokinin induced chiorophyll formation in
cucamber cotyledons. Planta 101:88-90
1971,

* ; , — ; s
17300, Andhra Pradods, INDia Y TP 4. ITAL C.and VAADIA, Y. Kinetin like activity in
root exudate of water stressed sunflower
plants. Physiologia Plantarum 18:941-944.

Literatuse cited 1965
I, BACK, A, BITTNER, § and RICHMOND, A. E 5. ITAL €, RICHMOND, A and VAADIA. Y. The
The effect of abscisic acid on the me- role of root cytokinins during water and
tabolism of kinetin in detached leaves of salinity  sress. Israel Journal of Botany
Rumex pulcher. Journal of Experimental 17:187-193 1968

Botany. 23:744-750. 1972,
6. JENNINGS, . H. The effect of sadium chloride

2. BOROKOWSKA, B. and RUDNICKI, R M on higher plants  Biological Review
Changes in the levels of cytokinins in apple 51:453-483. 1976

{urrialba Vol. 34, No. 3, 1984, pp. 391-396



396 TURRIALBA: VOL. 34, NUM 3, TRIMESTRE JULIO-SETIEMBRE 1984

7. MASS, E. V. and NIEMAN, R H. Phisiology of
plant tolerance to salinity. American Society
of Agronomy Special Publication 277-299.
1978,

8 MIZRAHMI, Y, BLUMENFELD, A and
RICHMOND, A. E Abscisic acid and trans-
piration in leaves in relation to osmotic root
stress. Plant Physiology 46:169-171. 1970,

9 MIZRAHI, Y., BLUMENFELD, A. BITTNER, 8.
and RICHMOND, A E Abscisic scid and
cytokinin content in feaves in relztion to
salinity and relative humidity. Plant Physiol-
ogy 48:752-735 1971

t0. NARASIMHA, R 5. B. and SWAMY, P M
Gibberellins and germination inhibitors in
viable and non-viable seeds of peanut
{(Arachis hivpogea, L), Journal of Experi-
mental Botany 28(102):215-218 1977,

il. RAMANA, K V R 8alt induced and natural
chanrges in rmetabolism during seedling
growth of Raphanus sativus, L Doctoral
thesis, § V. University, Tirupati, India.
1968

12, REEVE, D. R. and CROZIER, A. Gibberellins
and plant growth. Ed. H. N Krishnaa-
moorthy, Wiley Western Ltd., New Delhi
1975,

13, RUDNICKI, R M. Studies on abscisic acid in
apple seeds. Planta 86:63-68. 1969.

I4 RUDNICKI, R M and NOWAK, I Studies on
the physiology of hyscinth bulbs (Hyacin-
thus orientalis, L.). VI. Hormonal activities
in hyacinth bulbs during flower formation
and dormancy release. Journal of Experi-
mentai Botany 27:303-313 1976,

15 ZEEV-EVEN, C and ITAI C. The role of
abseisic acid in senescense of detached
tobacco leaves Physiology Plantarum
34:97.100. 1975

Aluminio activo en suelos derivados de cenizas volcid-
nicas de Costa Rica y Guatemala.

Summary Active aluminum extracted with §$.2 M ammo-
nium oxatate, pH 30, and 4 M KOH of 51 samples of An-
depts of Costa Rica and Guatemala was gquantified and com-
pared. Acid-oxalate extractable alumimum varied from 002
to 5.45% white KQH-extractabie atumimum varied between
0.03 and 3 24%  The relationship between the two forms of
aluminum is expressed by the equation Y = G 06 + 0.4404X
where Y = KOH-Al 1% ) and X = acid oxalate Al {% ) with
and r =0 882

Recienternente, Blakemore (2) describio un méio-
do sencillo para determinar aluminio activo en suelos
derivados de cenizas volednicas. La relevancia de esta
{fruccion en la taxonomia de estos suelos estriba en
su contribucion u la retencion de fasforo (1), a tal
grado que ha sido considerade coma criterio de cla-
sificacion por el lcomand (3)

La presente comunicacién tiene como objetivo el
proporcionar mayor informacion scbre ta correlacion
entre dos métodos empleados para determinar alumi-
nio activo en suelos de Costa Rica y Guatemala.

Materiales v métodos

En este trabajo se analizan 51 muestras de horizon-
tes A, B y C de Andepts de Costa Ricz y Guatemala,
Las muestras, molidas en mortero hasta menos de 2
mm, representan Dystrandepts, Vitrandepis, Placan-
depts y Andaguepts y sus propiedades principales se
encuentran en el Cuadro 1.

Cuadro 1. Variacion de las caracteristicas quimicas de los
suelos de este estudio,

Promedio &

Variable Un error stindar Ambito

pH (H, O) 58% 38 48- 09
pH (K C1) 47+ 36 37— 53
Acidez Camb,, meg/106 g 03+ 03 tr- 30
K, meyg/160 1ox 11 ftr— 73
Nu, meg/100 ¢ 0.2E 01 tr- 06
Cu mey/100 g 30+ 25 0.1 - 94
My, meq/100 p 1l 09 0t~ 45
Al active, % 224 18 ir—- 54
¢ active., % Q8% 08 tr—- 2.8
Siactiva, % 07% 06 tr-—- 22
pH Na F 2 min 94+ 13 73— 119
pH Na - 60 min 1012 111 T 121
Area Suporlicial, m® /g 35.0+530 FO .- 2920
Limo + Arcilla, % 558251 64 - 981
Materia Orgdnica, % 9.2k 7% tr— 253
P Dsponible, ppm 106 £109 tr — 489
mRetentdo T8OXITO  251-— 994






