Pak. 1. Agri. set. Vo' 39(1), 2002
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Accumulation  of various osmotica plays a crucial
This study was initiated to find out the role of some osmotica
various growth stages, The inorganic osmotica included

were soluble sugars (SS) and free proline (FP), There was a greater accumulation
On the other hand, a reverse trend of accumulation

Togo and OB-5, while Ghana white behaved otherwise.

FP and SN. The role of SP and SN as osmotica was further confirmed
SPI total P was greater for young leaf and root of Togo followed by OB-5, while that of SN/total
The establishment
revealed that SS and SP are the real contributors

of SN and FP appear to be the effect of ion toxicity,

parts,
leaf of these lines and young
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cell, while the accumulation

leaf of Ghana White,
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in various parts of differentially:]
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(SP), while organic ones
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from the ratio of SPI total P and SNI total N in various
N was greater for old
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to the maintenance

INTRODUCTION

It has been documented
effective  phenomenon,
amount  of metatiolio_
metabolites  is spent
physiological processes

tolerance is a cost
that a considerable
energy , in the form of certain
on the maintenance  of growth and
(Yeo, 1983), Salinity tolerant plants

that  salinity
which  implies

I h' .
or accum~ atl~g t e morgamc an
compounds  called osmotica m the saluble phase

(Mareum,  1999). These compounds are non-toxic and play at
crucial role m the ,hydration of cytoplasm and reduce the

toxicrty  of excesslve lons m this partment  of the cell:
(W nJones 1984 of Iqam et ,aq,, 585‘} ,

Theyosmonca may be morganic , or organic m nature, Lauchli '
(1986) reported that faccumullatlon ofcerftam fons may be Re
|
resu t of

d hesi
0 so. y synt  esizmg
organic

specn‘lc elect o excess o lons present m te
growth, medium.  In other pl~nts such lons may be
synthesized ~ ~o 'protect the sensttive cytopla~m  from t~e
e>§cess of tOXIC lons. IF genera{ the ai:cu,mulatlon/ ?}/ntheﬁis
0 so.me osmot~Ca Me U Mg -Ee pro me, nitrate, p o0s~ ate
~~871s contentious: (Lauchli, ~ 1986; Moftah and Michel,

| hi d . h b d I'd h
ntiS;stu y an attemp as een ma e to eUClate t e

synthesis,  accumulation and role of soluble sugar, free

prolirie, soluble nitrate and soluble phospr(tjate as osmonca
. . . ] .

under mcrease sa mrty con mon m rerennd 'y sat

tolerant pead millet lines at three growth stages using a

novel approach,
MATERIALS AND METHODS

Plant Matena |: T ree pear I mit%t (Penntse t

um amertcanum

L) lines selected for this study were screened  under
increased level of NaCl salinity at various growth stages.
and declared highly tolerant (Togo), moderately responsive

(OB-5) and highly sensitive (Ghana White),
values (Javed et al., 200 1), For the elucidation
soluble sugars (SS), free proline (FP), soluble nitrate (SN)
and soluble phosphate  (SP) as osmotica, these lines were
grown under no salinity (control), 10 and 15 dS m" level of
NaCl salinity, The accumulation of above mentioned

osmotica was studied at seedling, tillering and ‘grain filling

based on ECsgg
of the role of

leaves, and roots. The salt
rest of the growth details were '
similar to ~s d~scnbed elsewher~ by Javed et al. (200 I). For
the determination  of concentrations of SS, FP, SN and SP
the young (p~nultimate leaf), old (second green le~f from the
btaSe) and primary reots -were sampled at respective growth

%&?gbtion and

and I’OOt Samp ES (2 eac h)

wa. er m a blen er (HI‘ ach'l ma d%VA

Thi d _dt 5 T
IS vo ume \évascre uce 0~ m- usm roaorP/ vacuum

A fr t' (2 I)
evapora or a e samp e was use
for the esnmanon of each of the above mentioned  osrnotica.

stages in young and old

app~ication treatm~nt and

of Osmotica: ) Fresh leaf
were ex racted h o0 mI of

8906) Tor 5 ynmy tes.

Determination

e were  es Imate usmg Me anrone reagen " meto
\4 5,, I 1976) whllge th me h d te b, I
(199%) o ol e @ oty Aoty tio of FB The SN
was determined using the protocol of Kowalenko and Lowe
(1973) and SP was estimated using Bartens. reagent method
\4 ||d t, 1 1976) T tIP d t d f th

os | a ed 0 was_ e ermme rorn . e
nitric  agid: perchlorlc acid (3: 1 ratio)) digested samples
using  Barterrs reagent while total N was determine? by
micro-Kjeldahl method. The two way analysis of variance
was used to find out S|gn|f|cant differences  among lines,
t d th MSTAT C

rea 'men “aI p an pa ts an eII’ m'erac tIIon usmg_

omputer ftware. ain’ correlations  were also drawn
B rin ﬁo ren vartﬁebfes usmo %e same pac(i(age

Accumulation of Osmotica .
Seoluble ~ Sugars  (SS): Accumulatlon ot SS indicated
slgnifican~ (,P<?,0 I~ differences among the pe~rl millet Ines
under salinity. In different plant ~arts d:termmed at varlOUS
~tages ,of growth,. alon~  With Slgnificant  (P<0.0 )
mteracnons eXcept mteraction % growth  stages X. plant
parts (Table I). The tolerant line displayed the highest
accumulation  of soluble sugars in younger leaf under all
salinity levels and at various growth stages (Fig. 1), Togo
and OB-5 indicated similar trend of SS accumulation  at
different growth stages, while in Ghana White, the older leaf
accumulated  substantially . greater SS, even more than young
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leaf and the root. BO-5 displayed a trend similar to Toga,

is unsettled (Moftah: and Michel, 1987; Wahid et al.,1998).

but a significant varietal difference was evident for this Studies were extended to investigate the accumulation of
parameter certain ions in young and old leaves and root. Estimation of
Table 1. Statistics of some osmotic a in different parts of pearl millet lines at different growth stages under increased
satmity
NO)/ PO/
S.0.V df i?,l‘l;?cle Free proline Soluble PO/ Soluble N0y Totzil N Total P
= Analysis ofvariancelE-values)
2 e 136.0690.- 200.46%* 62.55" %
APvaste—H D) 1878%* 357 1A43%* ! /
EiRes ’C)\ . 2 YV 362 00** 72,93 79.34™ 586.71** 82.29™"
Sl {S) 2 117 A3 29.43""* 440.86""* 572.37™"- 3.28"* 54.58™*"-
s (0} 2 ROL72"™* 1204.66™ 1916.26™" 9800.47* 2010.73"™* 507760 "
e 1 2 74 4,30 1018~ 83407 7706 AT
ExS 4 14 31** 2.35ns 16.17"" 14.13"* 19.95%% 1837
CxS 4 8.19™* 20.60""* 70.17%* 92.95""* 88.00 " F 2594
HxCxS 3 135" 121ns 5.61™"* 18147 T8.7/8F I
HxD 4 0.75ns 4.89"* 12.26"™ 66.68""* 207.68* 896 ™
CxD 4 225.28"" 109.09™* 29.00 200.417% 731 232817
[IXCxD 8 8.63"* 4,287 1769 (X 2836 O 1
L_SxD 4 TL58* 897" 25" 29377 SToT i
TFIxSD 8 720" 0.80ns 2807 155 LT e
CxSxD 8 T3.00% 20.1T* 723" 58.83 #3:39 53:26
-r —[—26-80"~ * 046~ oo —— 4
FIXCxSxD 16 353 1,94 .70 26-80 $046——
Sgniticant  at . P<0.05; “*'.P<O.0OL ns, non-5|gn|f|cant(f>>0.05.
Free Proline (FP): Significant (P<O.OIl) differences were different organiq. and inorganic osmotica (Fig. I) revealed a

evident for the content of FP in different parts ana stages of
plant growth in response to increasing root zone salinity
(Table 1). Individual interactions for most of the factors and
overall interaction of these factors was also significant
(P<0O.0OIl). The highest accumulation of FP was manifested
by old leaf of Togo and OB-5 under all levels of salinity at
all growth stages (Fig. ). Ghana White (sensitive line)
indicated an increased accumulation of FP in younger leaves
and roots under salinity.

Soluble  Phosphate (SP): Data revealed significant
(P<0.0I) differencesfor  this parameter in various parts of
pearl millet lines at different growth stages under increased
salinity levels with significant (P<O.Ol) interactions for
various factors (Table ). Tolerant and medium responsive
lines exhibited greater accumulation of SP in all parts and at
various stages of growth under increased salinity, Toga and
DB-5 indicated a trend of salt induced accumulation of SP
in greater amount patticularly in the young leaf and root at
seedling and tillering stages, but indicated no specific trend
at grain filling stage (Fig. I). -
Soluble Nitrate (SN):  All the peail millet lines indicated
significant (P<O.Ol) differences for the accumulation of SN
at three stages of growth with  significant  (P<O.Ol)
interactions for these factors (Table 1). Soluble nitrate
accumulated in varying amount up to 10 dS M in different
parts of the Toga and OB-5. but a decreasing trend of this
osmoticum was noted at 15 dS m'l in young leaf and root.
On the contrary. - SN accumulation was greater in the young
leaf and root O Ghana White - (Fig. 1).

DISCUSSION

Accumulation of inorganic and organic osmotica plays a key
role in osmotic adjustment under saline or drought
conditions (Paleg and Aspinall, 1981; Munns, 1988). Among
non-toxic cytosolutes, low molecular weight sugars are
important (Wyn Jones, 1984), while the role of free proline

variable pattern of accumulation in three differentially salt
responding lines of pearl millet. Among them SS and SP
revealed an enhanced accumulation in the young leaf of the
tolerant line (Togo) followed by the medium responsive
(OB-5) at all growth stages. However, the level of
accumulation of SS and SP was substantially lower in parts
of the sensitive line (Ghana White). On the other hand, the
accumulation of SN and FP was the lowest in young leaf and
root of the tolerant line Togo, while the older leaf indicated
greater accumulation of both of them. The accumulation of
SS was observed specifically in the tolerant lines under
increased salinity, which confirms their osmoregulatory role
as reported for many other crops (Sacher and Staplese, 1985;
Munns,1988; Wahid et at, 1998). The content of FP was
the greatest in the old leaf and the lowest in the young leaf

~and the root. This revealed that, as far as peagl millet is

concerned, the production of FP is due to ion toxicity to the
tissue as has been reported for soybean (Moftah and Michel,
1987) and maize (Wahid et al., 1998).

Lauchli (1986) reported the accumulation of
phosphate and nitrate due to specific effects of ions. In this
study, both these  ions were investigated and their
osmoregulatory  role was determined in terms of their
content - in the soluble phase versus total tissue content (i.e.
SNI total Nand SPI total P) (Table 2). The data suggested
that there was higher nitrogen content in the older leaf of the
tolerant line and younger and older parts of Ghana White
(data for total N and total P not presented). whereas SP/total
P was greater inthe young leaf and root of tolerant (logo)
and moderately - responsive DB-5) lines. These findings
revealed that SP .acts as an osmoticurn and plays its
characteristic role in the salinity tolerance of millet,
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Table 2. Soluble PO, ®/total P SPIP) and Soluble NOwytotalN  (SN/N) ratio (XIOE% in three parts of three millet

. Salt levels Parts (SNIN_  ratio) Parts (SP/P' ratio)
l.ines Crowth stages (ds m") Young leaf Old leaf’ Root Youna_leaf Old leaf Root
Togo Seedling Control 23.09 24.87 7.33 12.15 8.15 3.87

10 25.01 24.21 5.63 12.73 9.26 3.57
15 2344 28.36 7.7 14.51 9.6 2.9
Tillering Control 20.91 3291 9.23 13,37 12,53 3.58
10 28.06 33.85 5,33 12.68 14.48 3.7
‘15 22,32 39.25 7.58 9.22 16.68 4.62
Grain filling Control 19.14 55.95 13,28 11,79 11,82 3.92
10 24.06 48.95 6.76 10.84 - 10.96 5.13
15 24.27 39.61 7.15 12,54 12,42 3.56
DB-5 Seedling Control 1904 21.29 10.21 11.47 10.71 5.06
10 18.67 21.98 7.1 8.99 8.77 4.64.
- 15 25.74 25.18 9.89 12,56 10.51 4.7
Tillering Control 24.52 20.42 6.74 11.47 11.25 241
10 23.66 30.29 7.03 9.12 10.44 3.51
15 2535 40.33 11,01 10.93 12.68 4.51
Grain filling Control 17.57 22.94 6.84 13.84 9.05 411
10 22.22 35.94 4.75 12.63 6.78 3.98
15 22.09 28.38 9.18 12.64 9.37 5,39
Ghana White Seedling Control 25.86 11,59 11.43 8.25 9.16 424
10 17.44 1145 10.12 9.73 7.79 4.95
15 14.11 11,79 123 11,18 7.76 7.15
Tillering Control 30.23 16.78 11,69 9.37 938 4.84
10 22.95 19,96 12.01 9.94 9.1 6.86
15 16.4 17.04 11,74 10.72 7.02 8.8
Grain filling Control 19.79 18.7 14.08 10.12 13.37 6.1
10 17.02 16,53 9.45 12.56 9.9 4.34
15 14.85 13.89 15.02 8.99 9.76 6.43
Table 3. Correlation coefficient (r) of Na+and CI with some osmotica of pearl millet lines under control and 15 dS m"
Lines Growth Elements. Correlation coefficient
Stages
Na+ cr Na+ er
Control 15ds m* Control 15dS m"
Togo Seedling FP +0.897ns +0.983ns +0.817ns +0.997*
Tillering SP +0.908ns +0.999* +0.848ns +0.948ns
SNIN +0.818ns +0.997* +0.818ns +0.999*
SP/P +0.343ns +0.983ns +0.34 Ins +0.999*
Grain TSS +0.603ns +0.999* +0.833ns +0.988ns
filling SN +0.998* +0.97Ins +0:946ns +0.999*
DB-5 Seedling FP +0.656ns +1.000%* +0.655ns +0.984ns
SN +0.938ns +0.984ns +0.937ns +1.000%*
Tillering TSS +0.998** +0.056ns +0.886ns -0.284ns
FP +0.961ns +0.885ns +0.997* +0.676ns
SN +0.994* +0.972ns +0.953ns +0.995ns
SP +0.999** +0.948ns +0.900ms +1,000%*
SNIN +0.828ns +0.953ns +0.542ns +0.999*
SP/P +0.928ns +0.999* +0.66903 +0.933ns
Grain TSS +0.997* +0.997* +0.90Ins +1.000**
filling SP +0.997* +0.998* +0.949ns +1.000%*
SP/P -0.728ns +0.997* +0.359ns +0.571 ns
Ghana Seedling FP +0.976ns +0.914ns +0.822ns +0.988ns
White SP +0.932ns +0.951ns +0. 726ns +0.999*
Tillering SN +0.11 Ins +0.942ns +0.997* +0.925ns
SP +0.283ns +0.718ns +0.970ns +0.999*
Grain SN -0.278ns +0.983ns +0.659ns +0.998*
tilling Sk -0.027ns +0.997* +0.827ns +0.98Ins
SP/P -0.233ns +0.997* +0. 693ns +0.975ns

Significant at *.1'<005:

** 1'<0.01:, ns. non-significant(P>0.05).

those means which are significantly correlated at any level of salinity.

The 'r'

values have been presented for only
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To substantiate the role of wvarious osmotica, some
correlations were worked out between Na+, CI' and various
osmotica, as well as SN/total Nand SP/total P (Table 3).

These findings revealed that as far as tolerant and medium
responsive lines are concerned, SS and SP had a major role
as osmotica. On the contrary, FP and SN had a little or no
role as osmotica in the salinity tolerance potential of pearl
millet.. A relationship of total N content with the SN and FP
appeared to be negative (Table 3). This led to the conclusion
that a tolerant line can effectively utilize nitrogen even at the
highest level of salinity which is a basic requirement for the
growth and dry matter production (Deitz and Harris, 1997).
However, enhanced content of these nitrogenous compounds
in the older leaves point to the fact that older leaf being
physiologically - less active and containing greater amount of
toxic ions (Na and CIj caused its accumulation in the
soluble phase. The other reason may be that the N-
compounds already present in these patts were hydrolysed
by catabolic actions of Na+ and CI and caused an
accumulation of SN in these leaves. To conclude, a greater
accumulation of SS and SP in the young leaf and root of
tolerant and moderately responsive lines showed their
osmoregulatory  role under NaCl stress. On the contrary,
accumulation of SN and FP is due to Na+ and CI toxicity.
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