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EFFECT OF GROWTH REGULANTS ON SOME METABOLITES OF
TURMERIC (CURCUMA LONGA LINN.) LEAVES UNDER SALINE
CONDITIONS

M.H. KHAN and P. KUMAR SINGH
Department of Life Sciences, Manipur University, Canchipur, Imphal-795 003, India.

An artificial pot-sand culture experiment of Turmeric (Curcuma longa Linn.) was undertaken with the
application of Indole Acetic Acid (TAA) and Phenol (P) under varied salinity stress conditions of sodium salts
like-Sodium chloride (NaCl) and Sodium sulphate (Na,S0O,). The response of the treatments on Turmeric was
observed by analysing various metabolites of leaf samples at 60, 90 and 120 days after transplantation. Among
the control conditions, the total available carbohydrates (T, AC) content was optimum at 60 days and depleted
thereafter. However, Protein (PR) and Amino Acid (AA) content were found tobe in an increasing trend from
60 to 120 days after transplantation. Among the treatments, T,;-IAA/Na,SO, is the best fabourable

combinations in salinity stress conditions.
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Introduction

Turmeric (Curacma longaLinn.) a parennial
herb belongs to the family Zingiberaceae, a
native of South East Asia. The rhizome is
used as a condiment, dyestuff and also in
medicines since time immemorial. The plant
is commonly cultivated in the hills and
plain areas of Manipur with progressive
inerease in terms of area and yield (Table
1), The cropis highly sensitive toill drained
and alkaline conditions. Saline soil
influences negatively, sprouting, growth
and yield of crop plants'. However, the
magnitude of salinity effect varies with the
plant species and types?.

The use of different ranges of NaCl enly
to increase the salinity levels, was done by
various scientists in various crops®*.
Application of sulphate salts of magnesium
and sodium affects the growth of some crops
under salt stress conditions®’. However, the
use of carbopatc and bicarbonate salts of
sodium also have an adverse effect on the
length and weight of shoot and root. The
application of IA A under different salt stress
favoured rhizome initiation and ultimately
increased crop yield’. :
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Phenols one of the secondary plant
metabolites have a significant effect on plant
growth when applied at physiological
conditions by acting as analogues of growth
hormones®, Phenols are known to facilitate
oxidation of IAA”® and lingification of cells"
Growth regulators have been reported to
increase the yield by making the plant
photosynthetically more effective!!. From the
adove facts, it is worth to be mentioned that,
with the increase of salinity, there is a
prograssive reduction in the growth and yield
of crops. The objective of the present work is
to investigate some metabolic parameters like
Proteins (PR), Amino Acids (AA) and Total
available Carbohydrates (TAC) in leaf
samples of turmerie in relation to growth
regulanis under different saline stress
conditions,

Materials and Methods

The experiments were conducted on turmeric
(Curcuma longaLinn), atnormal temperature
in close room getting diffuse sunlight.
Turmerie thizomes of the same age group and
uniform size with two fingers (buds) were
selected and were soaked in 100 ppm
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concentration of growth regulants viz., IAA -

and P for 24 hours separately in glass
containers. The two salts viz., NaCl and
Na,SO, were used to prepare different
salinity levels™. These salts were dissolved
separately in 1000 ml of rain water as per
their electric conductance (EC) - 0,4, 8,12
and 16 mmhos/cm for the present study
(Table 2).

The control and treated thizomes were
subjected to polythene bags of uniform size
(30 x 20 cm) separately at the rate of three
rhizomes per bag. Each bag was filled with
2.5 kg of dry sandy sbil collected from river
banks. The 'soils were treated with dilute
HCI for 12 hours and washed in rynning
water and dried. The pH of the soil was
maintained at 7. Prior to transplantation of
the seedlings, the soil were uniformly
fertilized with murate of potash and urea
(1:1). The average amount of fertilizer in
each pot was 19.60 gms'. For all the
experiments, rhizomes which were treated
with only rain water were considered as
control (T,). The rhizomes which were

treated with 100 ppm concentration of IAA and

- P separately were considered as treatments (T,

to T).

The rhizomes for control and treatments
were planted in polythene bags by using
randomized block design method'*'*. After
plantation, the control block of the experiment
was sprayed with rain water, whereas treatment
blocks were subjected to concentrations of
different salinity levels of NaCl and Na,SO,.
The rain water (250 cc) was added to the control
and treatment blocks at the gap of 15 days from
the date of sowing. However, the dozes of NaCl
and Na,SO, salinity levels were re-added to 60
days, 90 days and 120 from the date of sowing.
After completion of 45 days only one seedling
was maintained for every polythene bag to study
the metabolic parameters like PR, AA and TAC
in leaf samples of turmeric. Statistical analysis,
representation of experimental data and design
were also worked out', Leaf samples werg
analyzed for determination of PR by Lowry's
technique'é, AA estimation with the help of
Barnett and Naylor's method'” and TAC by
Loewus’s process'®.

Table 1. Estimated Area and Production of Turmeric for t}_!e Period from 1992-93 to 1996-97

1996-97

SI.  Name of Species 1992-93 1993-94 1994-95 1995-96
No. A P A P A P A P A P
1. Turmeric 183 22 200 24 208 25 233 23 250 3.0

Note : A = Area in hectare, P = Production in mt.

Source : Data Collected from Directorate of Agriculture, Government of Manipur

Table 2. Different Salinity Levels of NaCl and Nag804

QUANTITY OF SALT (G) PER LITER OF SOLUTION -

Salinity Level

(mmhos/cm) NaCl
0 0.000
4 0.994
8 2.047
12 3,159
16 4.325

) ﬁazso.i.

0.000
0.639
1313
1.987
2.840
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Table 3 (A). Effect of Growth Regulants on Protein (mg/g fresh wt) in Leaf Samples of Turmeric (Curcuma longa L.)

Trea-  Salinity Control Protein (mg/g fresh wt) mean
ments  Levels 60,90,120 DAP

(mmbhos/ . Growth Regulators - 100 ppm

cm) Indole Acetic Acid . Phenol
NaCL NazS04 NaCl NazS04

T 0 482 S35 564
Ty 0 94 712 762 594 72 762 568 657 698 56.8 657 69.8
Ts 4 516 557 586 S38 518 617 497 549 562 52.6 567 584
Ty 8 . 473 532 557 498 SS9 S72 448 506 516 474 546 539
Ts 12 394 428 473 425 442 495 362 403 445 438 423 467
Té 16 308 327 362 307 334 318 254 278 312 282 309 332
CDal% 60 DAP 90 DAP 120 DAP
CDat 5% 2.877 2.688 3.217
SE. ] +1.054 +0.984 +1.200

Table 3 (B). Effect of Growth Regulmts on Amino Acids (mg/g fresh wt) in Leaf Samples of Turmeric (Curcuma longa
L.) Under Saline Stress Conditions

Trea- Samity Control i Amino Acids (mg/g fresh wt) mean
ments  Levels 60,90,120 Days after Pplantation (DAP)
(mmhos/ . Growth Regulators - 100 ppm
cm) : Indole Acetic Acid Phenol
NaCL NazS04 NaCl NazS04
T 0 115 196 224
T2 1] 206 238 26.2 2.6 238 262 193 219 4.7 193 219 27
T3 4 178 196 235 183 198 247 166 183 229 17.6 20.7 252
Ts 8 16.t 186 28 17.2 192 232 153 17.5 212 162 184 4.1
Ts 12 14.7 158 204 157 173 213 134 143 19.7 143 16.7 2.1
Te 16 118 133 159 12.5 145 175 102 129 143 116 133 157
, 60DAP ' 90DAP b 120DAP
CDat 1% 0.880 12.115 : : 1539
CDhat 5% 0.814 11.214 1417
.SE. +0.298 +4.107 T 40522

Table 3 (C), Effect of Growth Regulants on total available Carbohydrates (mg/g fresh wt) in Leaf Samples of Turmeric
(Curcuma longa L.) Under Saline Stress Conditions

Trea:  Salinity Control Total Available Carbohydrates (mg/g fresh wt) mean
monta  Levels ¢ 60,90,120 Days after Pplantation (DAP)
(mmhos/ Growth Regulators - 100 ppm
cm) Indole Acetic Acid Phenol
NaCL N2z S04 NaCl _ NazSOy

T 0 405 389 355
T, 0 “ 3.5 346 318 375 346 318 354 328 297 354 328 207
i 4 362 329 300 374 332 303 347 300 284 352 319 301
Ts 8 354 312 287 369 324 208 312 286 269 328 209 218
Ts 12 48 284 252 352 306 263 300 252 248 304 268 257
Ts 16 87 W7 23 292 257 29 24 23 204 U5 25 206

T 60DAP 90DAP 120DAP
Datl% 2.676 1.917 1.188
CD at 5% 2476 1.774 1.100

SE. 10907 £0.650 0403



54 Khan and Singh

Results and Discussion

The response of the treatments on turmeric
was observed by analysing various metabolites
of leaf samples at 60, 90 and 120 days after
transplantation. The results were found to be
quiteinteresting (Table 3-A, Band C). Among
the control conditions, TAC content was
optimum at 60 days and depleted thereafter.
However, PR and AA contents were found in
an increasing trend from 60 to 120 days
transplantation. The decrease was more
deleterious at higher conductivities of both
the salt sodium as well as due to advancement
in the age of turmeric leaves. The metabolites
like PR, AA and TAC were found optimum in
T, under EC-4 mmhos/cm of NaCl and
Na,SO,. However, these parameters were ina
decreasing trend thereafter(T,-T).

Salinity stress has influenced in the
depletion of protein content of the crop. This
is in conformity with view of many
researchers!'®; The decrease in the protein
synthesis may be due to decreased availability
of AA and denaturation of enzymes involved
in the synthesis of PR and AA under saline
stress conditions. In the present investigation
the decrease in the PR content may be due to
its poor synthesis rather than hydrolysis,
because, the contents of AA also decreased
under saline stress conditions. The enhanced
protease activity with increasing concentration
of NaCl was supported by some earlier
workers?, The plants under saline conditions
were found to loose their capacity to regulate
the ratiobetween polycations and polyanions.
Polyanion with negative charge replace DNA
in protein synthesis and thus caused an
inhibitory effect on protein synthesis®.

The decrease of AA in the turmeric
leaves under saline conditions may be due to
their transport to other organs and to
incorporate in protein synthesis.
Accumulation of free proline in the leaves of

many plants as a result of water stress is

“known?®, but, only a few reports are available

on accumulation of proline under salinity
stress conditions*2¢, However, accumula-
tion of free proliné was not noticed in the
turmeric leaves under NaCl and Na,SO,
salinity at 100 ppm of IAA and P. The decline
trend in TAC of turmeric leaves with
increasing concentration of NaClandNa,SO,
salts at 100 ppm of IAA and P is because,
during development the metabolic activities
are high and carbohydrates are used as source
of energy, therefore, the level of carbohydrate
decreased with the advancement in the age of
crop. The translocation of TAC under salt
stress conditions from the leaves to sink may
beless. It wasreported adelayed translocation
of carbohydrates from cotyledons to
embryonic axis in pea under salt treatments?’
The statistical analysis of the
experimental data clearly reveals that various
salinity levels of NaCl and Na,SO, have
variable effect on the various metabolic
parameters of turmeric crops under IAA and
P at 100 ppm concentrations, Authors have
reported in their earlier works regarding the
salinity stress on morphological parameters
of turmeric?. They reported that IAA and P at
100 ppm concentrations have shown variable
influence on sprouting rate, root number, root
and shoot growth of turmeric at 0 mmhos/cm
salinity of NaCl and Na,SO,. It was also
observed that 16 mmhos/cm NaCl salinity
was most deleterious than 16 mmbhos/cm
salinity of Na,§O4 for foot number, root and
shoot-elongation. It may be due o delayed
sprouting®, In the present report also PR, AA
and TAC contents declined with the increase
concentrations of NaCl and Na,SO,, The PR,
AA and TAC values were found optimum in
T, under EC-4 mmhos/cm of both the salts of
sodium, and these parameters were depleted
thereafter (T,-T,). The growth regulants viz.,
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IAA and P at EC-0 mmhos/cm of NaCl and
Na,SO, have shown differential effecton PR,
AA and TAC.
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