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Abstract

Spearmint cultivars MSS-5, Arka, and Neera grown in nutrient culture in controlled conditions differed in plant height,
number of tillers, internodal position, fresh mass, dry mass, leaf stem ratio, and chlorophyll contents. Initial transpiration
rate, stomatal conductivity, and CO, exchange rate showed better increase in MSS-5 genotype. Mn stress decreased oil

content whereas the content of oil constituent carvone increased in MSS-5 and Arka.
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Manganese is an essential microelement for plant growth
and photosynthesis (Bertrand 1987, Fales and Ohki 1982,
Ohki 1976, 1984, 1985), including medicinal and aro-
matic plants. Reduction in plant dry mass and net photo-
synthetic rate (Py) of spinach was reported for Mn defi-
ciency (Bottrill et al. 1970). The limitation of photosyn-
thesis has major influence on growth (Fales and Ohki
1982). The requirement for Mn in photosystem 2 (PS2)
O, evolution might corroborate this hypothesis (Packham
and Barber 1984, Yamamoto and Nishimura. 1983; but
see Nedunchezhian et al. 2000). Nevertheless, high dose
of Mn is toxic (Subrahmanyan and Rathore 2000). Also
metabolic processes other than photosynthesis, biochemi-
cal reactions, and physiological systems require Mn.
Deficiency of Mn causes chlorosis in plants. The fow
chlorophyll (Chl) content is either the result of few pho-
tosynthetically active chloroplasts or many disabled chlo-
roplasts (Homann 1967). Mn deficiency severely disor-
ganises normal arrangement of grana in spinach chloro-
plasts (Mercer et al. 1962). Information on the effect of
Mn deficiency on transpiration rate (£) is sparse. How-
ever, Terry and Ulrich (1974) reported that Mn deficiency
had no apparent effect on stomata opening. This would
indicate that £ would not likely be affected by Mn defi-
ciency.

The isoprenoid biosynthetic pathway produces several
important metabolites such as carotenoides, chlorophyll,
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gibberellic acid, and sterols that are essential for growth,
photosynthesis, and plant development. This pathway
also produces essential oil. Lower or higher concentra-
tions of Mn affect several metabolic pathways (Knotz er
al. 1977, Maudinas et al. 1977) and also the isoprenoid
biosynthesis (Wilkinson and Ohki 1988). Thus optimum
Mn requirment is essential for enzyme activities directly
involved in the synthesis of chloroplast pigments. The
present study explores the effect of Mn deficiency on
growth, photosynthetic characters, and essential oil con-
tent and constituents in cultivars of spearmint.

Uniform sized plantlets of spearmint cvs. MSS-5,
Arka, and Neera obtained from the farm nursery of the
Central Institute of Medicinal and Aromatic Plants,
Lucknow were planted in 10 000 cm® ceramic pots filled
with silica sand. The sand had previously been cleaned by
acid digestion in steam to purify and remove impurities of
Mn (Agarwala and Sharma 1961). After 2 weeks, rooted
suckers were transferred to 25 cm’ pots containing nutri-
ent solution. The salts used in solution culture were puri-
fied to remove impurities of Mn by dithizone (Hewitt
1966). Nutrient solution of Hoagland and Arnon (1950)
was used in the experiment, except Fe that was supplied
as Fe-EDTA. In the deficient medium Mn was omitted.
Three pots each (six plants per pot) of deficient (—~Mn)
and control (+Mn) treatments were maintained in glass-
house at temperature of 30-35 °C and irradiance of 800-
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"Table 1. Influence of Mn deficiency on growth attributes, chlorophyll (Chl) and protein contents, net photosynthetic (PN) and
transpxratlon (E) rates, stomatal conductance (g;), and oil contents in cultivars MSS-5, Arka, and Neera of Mentha spicata. 'p =5 %,

=1%.
MSS-5 Arka Neera CD
+Mn —Mn +Mn —Mn +Mn —Mn 5% 1%
Plant height [cm] 65 517 60 42" 47 41" 3.04 430
Number of tillers 16 1" 15 12" 12 8" 1.81 256
Fresh mass per plant [g] 52.50 42,517  47.13  42.947  40.46 1572 270 3.80
Dry mass per plant [g] 9.18 743" 824 71517 7.07 274" 047  0.67
Leaf stem ratio 0.70 0.85 0.74 1.41 0.95 1.28
Chl(a+b) [gkg'(fm)] 1.90  1.58 1.72 1.36° 1.92 176 031 0.44
Protein [g kg"(f.m.)] 320 2517 282 272 252 1797 018 026
Py [ng(COp m' 25 834 5797 8.08 6127 7.99 5247 136 1.93
- E[umol m? s ] 3435 31287 3353 3046 3185 28857 002 0.03
g [nmol m?s™'] 466.9 41657 4245 41477 4388 346.0" 003  0.04
0il [%] 130 083" .14 0707 1.29 051" 030 042
Carvone [%] 67.90  66.98 6642 72237 7119 61.117 297 421
Limonene [%] 1224 486" 13.86 1294”7 2.52 6.74" 0.03 0.04

1000 pmol m™ s™"). The nutrient medium was changed
weekly. Plant height, number of tillers, internode length,
fresh biomass, and dry biomass were recorded. From
these values leaf stem ratio (LSR) was calculated (Rad-
ford 1967). A known mass of third leaf tissue (fully ex-
panded) was extracted with 80 % acetone and Chl ab-
sorbance was recorded on a Spectronic 21D spectropho-
tometer (Milton Roy, USA) and calculated according to
Arnon (1949). Py of the 3" leaf was measured in a closed
system using a computerised portable photosynthesis
system (Li-6000, LiCOR, Lincoln, USA) (Srivastava and
Luthra 1991).

Protein content in fresh leaf tissue was determined by
the method of Lowry (1951). Total oil content of leaves
was estimated by hydro-distillation of 100 g fresh
chopped leaves in an apparatus of Clevenger (1928).
Carvone and limonene contents were determined by gas
chromatography (Perkin Elmer, model 3920 B). The
column was TCD stainless steel packed with 10 % car-
bowax coated on Chromosorb (120 mesh) WNAW. In-
jector and detector temperatures were mamtamed at
250 °C. The flow of H, gas was 467 mm’ s (Misra and
Sharma 1991).

All the spearmint cultivars studied were of similar
physiological stage and exhibited typical Mn deficiency
symptoms such as marginal chlorosis and necrosis of
leaves. The visual symptoms varied, with cv. MSS-5
being least susceptible and cv. Neera being most suscep-
tible. This was further substantiated by growth parame-
ters. There were significant differences in plant height,
number of tillers, fresh mass, dry mass, and leaf stem
ratio (Table 1). Mn deficiency significantly reduces
growth in other plants (Burke et al. 1990, Behera and
Behera 1993, Wissermeier and Horst 1991). This is be-
cause of Mn requirement in metabolic processes for plant
growth and development, limitation of metabolic synthe-
sis in secondary plant products, whose decreased activity

474

ultimately results in a limitation of growth (Wilkinson
1982). The Chl content decreased significantly under Mn
stress in all cultivars (Table 1). This decrease in Chl con-
tent under Mn deficiency is in accordance with the find-
ings of Behera and Behera (1994), Mercer and Graham
(1987), and Wilkinson and Ohki (1988). Mercer ef al.
(1982) reported that Mn deficiency severely disorganises
the normal arrangement of the grana in spinach chloro-
plasts.

There was highly significant decrease in Py in cv.
Neera than in other cultivars. Initial £ decreased from 8-
9% in all genotypes over control, while stomatal con-
ductance (gs) also significantly decreased (Table 1). Re-
duction in photosynthetic parameters under Mn defi-
ciency conditions is in agreement with findings in spin-
ach (Bottrill er al. 1970), soybean (Ohki 1976), wheat
(Ohki 1984, 1985), or sugar beet (Terry and Ulrich 1974).

Mn is utilised in many enzymic electron transport re-
actions (Packham and Barber 1984). Contradictory results
were reported for sorghum (Pandey 1989), beans (Garg et
al. 1986), and maize (Nenova and Stoyanov 1995). The
leaf protein content showed decline at Mn deficiency in
all genotypes with respect to control. Max1mum decrease
in protein content was in cv. Neera [1.79 g kg’ '(FW) over
control], while minimum decrease was observed in cv.
Arka (Table 1).

Oil content was reduced under Mn deficiency (Ta-
ble 1). Maximum oil content decrease was observed in
cv. Neera (60 % over control) and minimum in MSS-5
(36 % over control). Content of the oil constituent car-
vone was significantly greater in Arka, whereas limonene
content increased significantly in cv. Neera but it did not
increase in the other two cultivars.

Effects of nutrient stress on growth, metabolism, and
oil content were reported in aromatic crops such as M.
arvensis (Misra and Sharma 1991) and citronella (Misra
and Srivastava 1994). Cv. Neera was most susceptiable to



Mn deficiency, whereas cultivar MSS-5 was the least
susceptible and most efficient genotype. The significant
positive association (r=0.947, p=0.01) between bio-
mass yield and essential oil content in cv. MSS-5 indi-
cated the association of primary metabolism with secon-
dary metabolite accumulation. Similar results were found
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