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Summary

There was a positive growth response by salt-tolerant (ICPL 227) and salt-sensitive (HY 3 C) pigeonpea
genotypes to a decreasing Na/Ca ratio under constant salinity. The relative growth differences between
tolerant and sensitive genotypes persisted at different Na/Ca ratios at 6 and 8dSm ! salinity levels. A de-
crease in the Na/Ca ratio under salinity enhanced K uptake and reduced Na uptake, thus increasing the
K/Na ratio. The K/Na ratio in shoots of the tolerant genotype was greater than in the sensitive genotype
at different Na/Ca ratios at both salinity levels. The tissue Cl levels increased with decreasing Na/Ca at
both salinity levels. This increase was greater in the sensitive than in the tolerant genotype. Thus relative
growth differences and differences in Na, K and Cl uptake between tolerant and sensitive genotypes per-
sisted across the range of Na/Ca ratios. This suggests that results of screening for genotypic differences at

one particular Na/Ca ratio would be applicable to other Na/Ca ratios.
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Introduction

Pigeonpea (Cajanus cajan [L.] Millsp.) is an important grain
legume of semi-arid regions where salinity problems can be
acute. Over 90% of the world s plgeonpea is produced i in
India, where salinity p gl

days after sowing; ECe = electrical conductivity; dS m~' = decisiemens per

ly accepted role of Ca in membrane stabilization and se-
lectivity in ion uptake, and also considering the reports that
presence of Ca in the medium can enhance salinity tolerance
of several crop species (Hyder and Greenway, 1965; Lahaye
and Epmm, 1971; Marcar, 1986), this investigation was

severe (Chauhan, 1987) An emmmd area equi [

d 10 ascertain the role of Cain salinity tolerance for
pea and its infl on ionic rel From our

33% of irrigated land world-wide is affected by saln'uty
(Carter, 1975). It is often argued that genetic improvement of
salinity tolerance for crop plants should npplcment recla-
mation and drainage as part of an

caslier studies on the evaluation of pigeonpea genotypes
(Subbarao, 1984), significant differences in their tolerance to
salinity were observed. Since salinity under field conditions
is a comp blem and the relative Na and Ca concentra-

wards economic wtilization of salt-affected soils.

In saline soils, Na and Ca are usually present in 2:110 6:1
molar ratios (Shannon, 1984), except in a few cases where
soil salinity is associated with alkalinity. In view of the wide-
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tions vary qutully, genotypes selected for saline conditions
should ideally be able to perform uniformly across a range of
Na/Ca concentrations. A tolerant (ICPL227) and a sensi-
tive (HY 3C) pigeonpea genotype were selected for this
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Table 1 Required amounts of NaCl and CaCl; 1n various Na/Ca
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used to obtain the Na/Ca ranio for treasment and electrica

required
conductwity (Table1l) Caloum was substrtuted for Na up to i
of 50% Na 50 s to mamntan the electrical conductivity

Calcaum (EC), osmotic and
potential, Cl concentrations constant within

i‘l""l"y concentration  NaCl+ CaCl No/Cs salinity level irrespective of the Na/Ca status of the treatment The

(mM) ( p nutnent solution was (mM) KH;PO, (0 23)
1 Control 036 KCI (052), Mg504 (0 25), CaCl; (037), MnSO4 (0 0015), ZnSO,
T 6dSm=' a 036 593+ 03 165 (000023), CuSO4 (000025), H;BO5 (0001), NasMoO, (0 00005)

b 100 580+ 100 58 and NaFcEDTA (004) For the control treatment, the nutnent

< 500 500+ 500 10 solution alone (ECe 0 33dS m = ') was used for flushing.

d 1000  400+1000 4 The exp was conducted as 2 rand: d comp

e 1500 30041500 2 dessgn with four repl 1n a greenhouse where the temp
OL8dSm~' a 03 793+ 036 220 was matntaned at 28/22 °C (day/night) and the relative humidity at

b 100 780+ 100 78 60-70% At the end of each day, the evapo-transpirational losser

< 500 700+ 500 14 were adjusted by adding deionuzed water after weighing the pots

d 1000 60041000 6 Every four days, pots were flushed with treatment solutions (250 ml

e 1500 50041500 3 pot™!) to avoid salt lation and d d to

f 2000 400+2000 2 spatial effects 1n the greenhouse Plants were grown to 50 DAS

study to determine their relative growth responses and 1on
uptake behavior across a range of Na/Ca concentrations at

At harvest, leaf area was measured with an automatic leaf area
meter (Deka T Devices Limited, England) Fallen leaves were col
lected and included for dry matter determination and chemical anal-
ysis For determination of Na, K and Ca, finely ground samples of
200~300mg were digested with 6mL of concentrated nitnc acid,

Iphuric acid, and perchloric acid (10 05 2) on a sand bath at

salinity levels found critical for the growth of pigeonp

Materials and Methods

The npes genotypes sclected for this study, ICPL 227 and
HY JC.Pvllﬁ x&‘uned fm: the Pigeonpea Breeding Unit, Legumes
Program, ICRISAT, India Pigeonpea seeds were surface sterilized
with 0 2% HgCl solution for 5min and then thoroughly washed
with water and soaked overnught The growth medium
consisted of sieved river sand, washed and soaked 1n acid solution
(pH 1 t0 2) for 24h, and then thoroughly washed with tap water,
dried, ud‘ﬁllud n 180mm d::‘ne; po:’y;:rupylem pots (25kg
sand pot~') it of either genotype were sown
perpgto"l‘he Enﬁ'mmh pot was covered with 50 of poly-
thene beads to minumize evaporation Seedlings were thinned to
four per pot at 10 DAS Plants were given deionized water up to 13
DAS Two salinucy levels, 6 and 8dSm~!, with different Na/Ca
ratios (Table 1) were imposed at 14 DAS by flushing each pot with
1L of treatment soluuon For preparing treatment solutions, 25%
srength modified Arnon and Hoagland solution supplemented
with 179 mM NHANO; and vanous levels of NaCl and CaCl; were

250°C for 6 to 8h (Piper, 1952) The digested plant samples were di
luted and analyzed for varous elements by atomuc absorption
trophotometry (Varian, Model 1200) Chloride content 1n the plant
samples was determined by Mohr’s volumetric method (Blaedel and
Meloche, 1960)

Results and Discussion

£ 1

Shoot dry matter sig; d with d g
Na/Ca ratio 1n the medium at 6 and 8dSm=" sahmty levels
(Fig 1) A similar trend was observed for leaf area and root
dry matter, although the data are not presented here The
positive growth response to Ca under saline conditions cor-
roborates previous studies on barley (Hyder and Greenway,
1965), Phaseolus vulgans (Lahaye and Epstein, 1971), Wim-
mera rye grass (Marcar, 1986) and sorghum (Grieve and
Maas, 1988) Although g’ow:h was 1mproved 1n both geno-
types, it remained sigmificantly higher 1n the tolerant geno-

8dSm!

1 Effet of No/Ca rano at 6 an

™I B N M 0 4 fgm"-hmyln&umdrym

0 15 2 of pgeonpes genotypes ICPL 227 anc
HY 3C. Data are means of four rephcations
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Fig.2: Effect of Na/Ca ratio at 6 and I
8dSm ™! salinity levels on leaf, stem and Ll
root Ca concentration of pigeonpea genoty- Na: 0 93 8 S0 4 30 M3 B 0 60 0 4
pes ICPL 227 and HY 3C. Data are means Ca: 036 036 1 s 10 18 036 I 5 10 1S 2

of two replications.

type ICPL 227 at all Na/Ca ratios at both salinity levels than
in the sensitive genotype HY 3C.

The tissue (shoot and root) Ca concentration was less than
that of the control in saline media when the external Ca con-
centration was maintained at 0.36 mM (Fig. 2). It increased
with decreasing Na/Ca ratio in the medium at both salinity
levels. This indicates that Ca uptake is affected under saline
conditions when the Na/Ca ratio is high (Gerard and Hino-
josa, 1973; Lynch and Liuchli, 1985; Cramer et al., 1987).
This decrease in leaf and root Ca level at high Na/Ca ratios
was significantly greater in the sensitive genotype than in the
tolerant one. Similar observations were made by Elzam and
Epstein (1969) in Agropyron elongatum and A. intermedium
where the differences in their tolerance for salinity (NaCl)
were associated with differences in their calcium uptake.

Shoot (leaf and stem) sodium concentrations decreased
with ing Na/Ca ratio at 6 and 8 dSm~"! salinity levels
Fig, 3). This could be a result of both decreasing Na concen-
rations in the medium and increasing Ca, the latter main-
aining membrane integrity (Lahaye and Epstein, 1971;
“ramer et al., 1987). The tolerant genotype ICPL 227 main-
ained lower tissue Na levels d to the sensiti

Concentration in growth medium (mM)

Shoot (leaf and stem) K concentrations increased with de-
creasing Na/Ca ratio in the medium at both salinity levels
and in both genotypes (Fig. 4), as reported for other species
(Jacobson et al., 1961; Rains and Epstein, 1967; Elzam and
Epstein, 1969; Cramer et al., 1985; Kent and Liuchli, 1985).
The K concentrations in leaf tissue were significantly higher
in the tolerant genotype than in the sensitive genotype in all
treatments, but such differences in stem tissue were only ap-
parent at lower Na/Ca ratios. Due to enhanced K uptake
and reduced Na uptake the tissue K/Na ratio increased with
decreasing Na/Ca ratio, This phenomenon can be attributed
either to reducing Na concentration in the medium or to an
effect of Ca in enhancing K/Na selectivity.

Tissue (leaf and stem) Cl concentration increased with de-
creasing Na/Ca ratio in the medium at both salinity levels
(Fig. 5), even shough Cl concentration in the medium within
a salinity level was constant across Na/Ca ratios. This in-
crease in shoot Cl concentration with decreasing Na/Ca
ratio was significantly higher in the sensitive genotype than
in the tolerant genotype. Although calcium enhances the
up:ull‘u of umeral migns, niu;?t‘e, bromide, chloride, and

vpe HY 3C at different Na/Ca ratios at both salinity levels.
he relative differences increased at lower Na/Ca ratios
spart from the lowest Na/Ca ratio at 6dSm-").

geno- P T (Hooymans, 1964), re-
ports of Cl enh under saline conditions have not

come to our The enh is probably a con-

q of cati balance: total cat-
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Fig.3: Effect of Na/Ca ratio at 6 and
8dSm "' salinity levels on leaf and stem Na

227 and HY 3C. Data are means of two re-
plications.

Fig.4: Effect of Na/Ca ratio at 6 and
8dSm ™" salinity levels on leaf and stem K
concentration of pigeonpea genotypes ICPL
227 and HY 3C. Data are means of two re-
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Concentration in growth medium (mM)

ion (Ca + Na + K) concentrations increase with decr«sing
Na/Ca ratio (Figs. 2-4) in a similar manner to the increase
in Cl concentration (Fig. 5). It is suspected that the enhance-
ment of Cl uptake negates the positive effects of decreasing
Na/Ca ratios in the medium in increasing K/Na ratio in the
shoot under saline conditions.

In conclusion, a ponuve growth of pi

S0 18 ;
plications.

concentrations in the medium and from the effect of Ca in
enhancing K/Na selectivity. However, gtowt.h rates may to
some extent the of Cl
uptake at lower Na/Ca ratios. The salt-tolerant genotype
ICPL 227 was better able to exclude Na and Cl from, and
munmn hsgher K/Na mxos in, the shoot compared to the

mypa to decreasing Nu/Ca nuo at constant ulmny
ble to high K/Na
nuasmplmshoon.mdnn'ﬁombothdmnngNu

genotype HY 3C. Relative growth differences
md.to-lugemmt.d:ﬁmmNn.Ldelupnkebe
tween tolerant and sensitive genotypes persisted across

range of Na/Ca ratios. 'l'humxdyutherdor:ofpneual
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two replications.

importance, since relative Na/Ca concentrations may vary
spatially across saline fields, and genotypes selected for saline
conditions should perform uniformly across a range of Na/
Ca levels,
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Summary

Fufteen cell suspension strains cultivated in vitro were screened for the highest cell wall hydroxyproline
content. Differences 1n hydroxyproline content were observed in different plant families as well as in dif-
ferent strains of a same family. The suspension of soybean Glycine max cv Mandarin showing the highest
hydroxyproline content was chosen as a source of prolyl 4-hydroxylase (EC 1 14 11.2.) for punification.
Kinetics of hydroxyprolme content and prolyl 4-hydroxylase specific actvity were similar, with a max-
mum at 14 days after El of cell by acid leads to an increase in
30% of activity

Triton X-100 was the most among four gents tested for
the soybean membrane-bound proly! &hydroxyl:sc from microsomal fractions This enzyme, unstable at
room temperature and at 4 °C even with the addition of enzyme co-factors (ascorbic acid and ferrous
10ns), can E: stored for several months at ~80°C.

Prolyl 4hydroxylase was purified from microsomal fi
Sephadex A-25 and poly L-proline-Seph affinaty col

Comparison of prolyl #hydroxylase activities irom different forms of soybean (cell suspensions, cell
suspensions elicited with arachidonic acid, calluses, whole plant) shows that activity 1s highest in the cell
suspensions.

P

£f, ) 4 bl

through ch phy on DEAE-

Key words: Carth, tinctorius, Catharanthus roseus, Choisya ternata, Dascus carota, Eschscholtzia cali-
fornica, Helsanthus annuus, Ochrosia elliptica, Papaver somniferum, Phaseolus vulgars, Glyane max, by
droxyproline, prolyl #-hydroxylase.

Introduction

Hydroxyproline 1s widely distributed in plants, where 1t 15
found in high levels in arabinogalactan proteins (Fincher et
al., 1983) and 1n the hydroxyproline-nich cell wall glycopro-
teins (Lamport, 1973).

Hydroxyproline-rich vnll giycopmemt may have a

| devel ts (Varner,

lm)umﬂnrmthuofeollgumnsmdn.orphytr:k
during on processes (Lis et al., 1981; Leach et

!m)A‘:wmmmmphmeeﬂ wall b ine has been

mm ceases etal, 1967) or is

mdund to cease al,, 1970). These chnn;u are also

ohavdmdumdpluu,whm&eymmdthede

fense mechanisms against pathogen attack (Toppan et al,
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1982), or 1n ehcitor-treated bean cell cultures (Dixon et al.,

1986).

Hydroxylwon of pmhne 15 2 post- mnslzuonal modifica-
tion yzed by prolyl 4 line: 2 oxo
glutarate dioxygenase EC 1.14, ll 2.).

Plant prolyl 4-hydroxylases have been studied less com-
puedwxr.h d:eanmu.l enzyme (Chrispeels, 1994),andabet-
ter k of the i of prolyl 4-hydroxy

mth:ddmmechmumumry As a first step to in-
vestigate this protein, we screened for the best source of this
enzyme to have a sufficient quantity for characterization.

Because the enzyme is normally present in low levels in
plants, suspension-cultured cell strains were screened for
their cdl wull hydmxypmhnc content, which we assumed to
lated with prolyl 4-hydroxylase activity.

P J
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