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ABSTRACT

Nitrogen (N) is one of the key elements for all living organisms and an indispensable constituent of
many important macromolecules. Use of N containing fertilizers has dramatically increased over the years for
increasing the crop productivity. However, the use efficiency of applied N is only 30-40%, and the rest is lost
into the environment, causing severe environmental and health problems. Green leafy vegetables, especially
lettuce, accumulate high nitrate content that adversely affects human health. Therefore, lettuce production with
low nitrate content under the N fertilization is vital important, not only for health benefit but also for maintenance
of environmental sustainability. Sulfur is the tenth most plentiful element in the universe, the nutrient that the
plants overlook. Since, sulfate assimilation has metabolic coupling with nitrate assimilation, supplementation of
sulfur (S) along with N fertilization has been recommended in many studies in various crops for improving the
use efficient of N. In consideration of the need, a field experiment was carried out with combinations of N and S
and split doses of N application to identify the most appropriate fertilizer (N and S) application rates in order to
enhance lettuce productivity and to reduce nitrate accumulation. Two varieties of lettuce (Lactuca sativa), ‘Pusa
Kiran’ (V1) and ‘Pusa Chaulai’ (V2) were chosen for the study. Six fertilizer treatments SoNo (control), SoN2
(SON25+20), SoN3 (SoN45+25+20), SiNo (S4oNo), SiN2 (S4oN25+2o) and SiNs3 (S4oN45+25+20) were conducted in a
randomized block design with three replicates. Growth, nitrate assimilation and leaf nitrate content were
assessed and compared at various stages of growth and development in both the varieties. The results
suggested that the application of the combined doses of S and N (SiNs) in which N is applied in three split
doses (SaoNas+25+20) resulted in the maximum growth of the lettuce and accumulation of the least level of nitrate
in leaves. Irrespective of the treatments, V1 accumulated more nitrate in leaves than V; at all the phenological
stages. Differential growth and leaf nitrate accumulation of lettuce varieties by the effect of supplementation of
the N with S fertilization are evident with the change in the activities of the enzymes of nitrate assimilation. With
this knowledge, a more economical and environmentally responsible approach to nitrogen management should
be able to be developed for increased lettuce yield with lower nitrate levels.
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INTRODUCTION of N fertilizers raises food production that

significantly raises production to meet demand of

The growth and development of plants
are significantly influenced by mineral elements.
Six of the seventeen necessary elements must
be present in significant amounts. For the last 50
years, fertilizers that supply mineral nutrients,
particularly N, P, and K—have been regarded as
crucial inputs in the agriculture sector for crop
productivity. Among these mineral elements,
nitrogen holds a special place because it is a
crucial part of numerous genetic, structural and
metabolic compounds found in plant cells. The
contribution of the N fertilizer in raising crop
productivity is remarkable as is evident from the
approximately 20-fold increase in the global use
of N fertilizer in the last 50 years (FAO, 2019).
With this huge global N cycling, the human input

raising population (Godfray et al., 2010). This
advancement, however, invited major ecological
threat of disturbing N balance as the crops
actually take up and assimilate 30-40% of N
input, rest 70% of applied N is lost to the aquatic
bodies, soil and atmosphere (Raun et al., 1999).
More of fertilizer N input significantly raises cost
of production too (Rothstein, 2007). Excess N is
lost in the atmosphere in the form of nitrous
oxide through nitrification and denitrification
processes. Though, this loss has small
economic significance to the most of farmers, its
loss is globally important because the nitrous
oxide has 300 times more global warming effect
than CO: (Griffis et al., 2017). Some of the
applied nitrogen is lost through leaching to
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ground water in the form of nitrate, if it is not
absorbed by plant roots (Tamme et al., 2009).
Leached nitrate contaminates the ground water
severely. Plants cannot assimilate whole of the
nitrate that is taken up from soil because a part
of it either remain non-assimilated or transport to
the vacuole. Consumption of high nitrate either
in the ground water or crop has serious negative
effects on human health (lkemoto et al., 2002).
Nitrogen is taken by the plants in the form of
NOz and as NHs* (Leleu and Vuylsteker, 2004)
which comes from biological N fixation through
microorganism (as NHs"), natural N fixation (as
NO3) and major part from industrial N fixation in
form of fertilizers (Marschner, 1995). Nitrate is
usually the major form of inorganic nitrogen
available to higher plants. It is taken up by the
roots and moved to the shoot by the xylem for
reduction and vacuolar storage, or it is reduced
and stored in the vacuole. The enzymes nitrate
reductase (NR) and nitrite reductase (NiR) work
in tandem to reduce nitrate to ammonium
(NH4+). The NHs" is then incorporated into
amino acids via the glutamine synthetase (GS)
and glutamate synthase (GOGAT) cycle (Lea
and Miflin, 2003). Improved yield as a result of
increased nitrogenous fertilizer usage suggests
that availability of nitrate is often a limiting factor
in plant growth, however physiological studies
suggest that it leads to an accumulation of
nitrate in the plants, mainly in leafy vegetables,
fodder and forage crops. The high level of nitrate
in these plants is highly undesirable as it has
serious implications on human and animal
health. The most commonly reported toxic effect
of nitrate consumption is methaemoglobinaemia
in human beings. Meeting the needs for food,
fibore and forage in a way that is economically
and environmentally sustainable presents a
challenge as efforts to boost productivity through
more efficient use of resources. Efficiency of
nitrogen use can be improved to some extent by
supplementation of other nutrients that are not
generally added for crop production.

According to a number of studies, the full
potential of nitrogen fertilizer could not be
realized in situations where sulfur (S) was
deficient (Ahmad and Abdin 2000, Prosser et al.,
2001, Rathore et al., 2015,). This is due to the
fact that sulfur and nitrogen are found in all
proteins, and it is expected that some metabolic
coordination is necessary to ensure that the
fluxes of S and N through their transport and

assimilatory pathways fulfil the requirements for
amino acids required for the synthesis of protein.
It has been said that sulfur is the most
overlooked plant nutrient, even though it is the
tenth most abundant element in the universe and
the fourth major nutrient (Scherer, 2010).
Despite the fact that the S content of plants is
comparable to that of phosphorous, there hasn't
been a similar focus on applying S as fertilizers
Consequently, reports of a widespread S
deficiency in the agricultural field have appeared.
Previously confined to small areas, sulfur
deficiency has now spread to larger ones
(Messick and de, 2001). The estimated total
removal of S through various sources is 1.3
million tonnes/year at the present level of
production, while estimated additions of sulfur
through various sources is 0.80 million
tonnes/year in India. Thus, the gap between
addition and removal of sulfur is 0.5 million
tonnes/year. As a result, more than 41% of the
Indian soil has been reported to have deficiency
of sulphur (Singh MV, 2001). There are reports
showing that S deficiency causes variations in
the concentration of N in plant tissue (Agrawal
and Mishra, 1994). Accumulation of organic and
inorganic nitrogenous compounds under S-
deficient conditions has been reported (Hesse et
al., 2004). Amino-N concentration increased
considerably in sugar beet with very low S
supply (Hoffmann et al., 20004). Similar results
in S-starved sugar beet were also elucidated by
Bell et al.,, (1995), Hocking, (1995). It is
suggested that the insufficiency of one or both of
the two nutrients must affect a regulation that
governs the assimilation of N and S.

Fertilizer application must be rationalized
in order to make agriculture sustainable, as this
can reduce the adverse effects of farming on the
environment. The management of agricultural
systems requires the assurance of both
environmental quality and vyield. The highest
concentrations of nitrate are found in green leafy
vegetables (Prasad et al., 2004), and lettuce is
categorized as having an extremely high nitrate
content (Santamaria, 2006). Cultivating food
crops with low nitrate content is crucial because
ingesting large amounts of nitrate may
exacerbate human pathologies (Mensinga et al.,
2003). The present study was, therefore,
conducted to develop nitrogen fertilizer
management protocol to improve the productivity
of the lettuce with low nitrate content through the
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supplementation of sulfur with nitrogen fertilizer,
and application of N in split doses. Since nitrate
assimilation and accumulation is not a simple
matter but a complicated system involving many
physiological processes, physiological
investigations were carried out to ensure that the
changes in the nitrate content of the produce are
the result of change in the N and S assimilatory
processes of the lettuce.

MATERIALS AND METHODS

Experimental Treatments and
Sampling

The experimental field of Aligarh Muslim
University, situated at 27° 52’ N latitude, 78° 51’
E longitude, and 187.45 m altitude in Aligarh,
India, was the site of the field experiments. The
climatic conditions were semiarid and the soil
was sandy loam. The seeds of the Lactuca
sativa varieties ‘Pusa Kiran’ (Vi) and ‘Pusa
Chaulai’ (V2) were sown at the rate of 6 kg ha™
in (2 m x 2m) plots in a randomized block
design. Three replications of each treatment
were followed for the study. At the time of
sowing the plots were given 40 kg ha™ each of
phosphorous (P) and potassium (K) in the form
triple super phosphate and muriate of potash,
respectively. Sulfur in the form of calcium sulfate
was applied to the field at the rate of 40 kg ha™
in a single basal dose (S;). Nitrogen as urea was
applied at the rate of 90 kg ha™ in two (N,) or
three (Ns) splits. Six treatments were designed,
ViZ., SoNo (control), SoN> (SoN45+45), SoNs
(SoNas+25+20), SiNo (Sa0No), SiN2 (SaoNss+45) and
SiNz (SaoNas+25420). S and N was given in three
doses: the first at basal (time of sowing), the
second at 20 DAS, and the third at 40 DAS. For
the duration of the growth period, four irrigations
were performed at various intervals. To keep
weeds out of the crops, regular weeding
operations were conducted. The seedlings were
reduced in size to maintain a 25 cm intra-row
spacing after two weeks of sowing. Days 20, 35,
50, 65, 80, and 95 after sowing (DAS) were
sampled. Three plants from each pot were
randomly chosen for the study. The plants were
cut at the root shoot junction and weighed
immediately after collection. To measure the
activities of determine the activities of nitrite
reductase (NiR), nitrate reductase (NR),
glutamine synthetase (GS) and glutamate

Design,

synthase (GOGAT). Nitrate and free amino acids
concentration were measured in the leaves.
Determination of Activities Nitrate
Assimilatory Enzymes

The activity of nitrate reductase (NR) was
analysed through the earlier described
procedure by Klepper et al. (1971), Nair and
Abrol (1977). The NR activity was expressed as
umol NOsz produced gt FW h. For analysing
the nitrite reductase (NiR) activity, crude extract
was prepared and enzyme assay was performed
by the previously elucidated methods by Gupta
and Beevers, (1984), Ida and Morita (1973). The
NiR enzyme activity was expressed as pmol
NO, produced g! DW h'. The glutamine
synthetase (GS) enzyme was extracted, and its
activity was measured using an earlier technique
(Rhodes et al., 1975, McNally et al., 1983). The
GS enzyme activity was expressed as pmol y-
GHA produced g! DW min?. For glutamate
synthase (GOGAT) enzyme activity extraction
was performed and the enzyme activity was
assayed by previously established techniques by
McNally et al. (1983), Rhodes et al. (1975). The
GOGAT enzyme activity was expressed as nmol
NADH oxidized mg™ protein min?,

Estimation of Concentration of Nitrate and
Free Amino Acids

Method of Grover et al. (1978) was used
to estimate the nitrate content of leaves. The
value was given as pmol g* DW. The ninhydrin
method was used to estimate the total free
amino acid (Moore and Stein, 1948). The value
was given in mg kg™.

Statistical Analysis

The data were analyzed statistically to
find out the significance difference of sulfur
supplementation along with nitrogen fertilization
on the growth and other biochemical parameters
of lettuce. The mean values of three replicates of
all the parameters were calculated and analysis
of variance was performed by the ‘F’ (variance
ratio) test (Gomez and Gomez, 1984).

RESULTS
Fresh Weight per Plant

Fresh weight of both the varieties was
significantly increased by the supplementation of
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S with N, when compared with the treatments
containing no S. Maximum fresh weight was
observed when N was applied in three split
doses with S (SiNgs), followed by SiN2 (N applied
in two split doses). Maximum response to the S
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supplementation and split doses of N was found

with V2, when compared with V1. Irrespective of

the treatments, maximum fresh weight was
reported at 80 DAS (Figure 1).
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Figure 1: Fresh weight of L. sativa cv. Pusa Kiran (V1) and Pusa Chaulai (V2) at different phenological stages as influenced
by the supplementation of sulfur with nitrogen fertilization and split application of N fertilizer. Values are mean of three

replicates. The bars represent SE (n=3)

Nitrate Content

Irrespective  of treatments, nitrate
accumulation in the leaves of V1 was higher
than V2 at all the stages of growth and
development. Nitrate content in the leaves of the
plants grown with N alone (SoN3>SgN2) was
higher as compared to the plants grown in the
presence of both S and N (SiNs>S:N,) (Figure
2). The result implies a reduced capacity of SoNs

been associated with S deficiency which leads to
the accumulation of N content in several species
(Reuveny et al., 1980). The treatment SiNs;
resulted in a drastic reduction in the leaf nitrate
content which was followed by SiN; in both V;
and V». In the presence of sulfur alone (SiNo)
and the treatment without S or N (SoNo),
dramatically low content of N was observed.
Leaves accumulated N until the end of flowering
in the plants treated with both S and N.
However, no such observation was made for the
plants grown with N alone.

and SoN; plants for nitrate reduction. The
incapacity of a plant in nitrate reduction has
Z 800 T —gN; — SN, SoN;
= SN, SN, SiNs
'an _
= 600
g
§ 400
§ /_\
2
g 200 1 /\\\
0 : : : : : :
35 5 )5 5
20 3] 7(}_)AS()7 80 95
F

800 -~ SoNy —— SN SolNj3
SiNg SN2 S1Ns
600 + V2
100 4+ —
200 + m
M
01— : = ; : :
200 35 50,05 80 95

gure 2: Nitrate content in the leaves of L. sativa cv. Pusa Kiran (V1) and Pusa Chaulai (V2) at various phenological stages

as influenced by the supplementation of sulfur with nitrogen fertilization and split application of N fertilizer. Values are mean

of three replicates. The bars represent SE (n=3)
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Free Amino Acid Content

Irrespective of the treatments, V1 has
higher level of free amino acids than V2 at all the
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phonological stages. The contents of free amino
acids (FAA) in the leaves of the Vi and V-
varieties of lettuce were maximum at 35 DAS in

SoN2 and SogNs  treatments, and thereafter, it
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Figure 3: Free amino acid content in the leaves of L. sativa cv. Pusa Kiran (V1) and Pusa Chaulai (V2) at various
phenological stages as influenced by the supplementation of sulfur with nitrogen fertilization and split
application of N fertilizer. Values are mean of three replicates. The bars represent SE (n=3)

remained at the same level throughout the
phonological stages of the plants. Interestingly,
maximum nitrate content with SiN, and SiNs
treatments was found at 20 DAS, and there was
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sharp significant decline thereafter. Treatment
containing S alone showed no considerable
reduction in the free amino acids content (Figure
3).
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Figure 4: Nitrate reductase activity in the leaves of L. sativa cv. Pusa Kiran (V1) and Pusa Chaulai (V2) at
various phenological stages as influenced by the supplementation of sulfur with nitrogen fertilization and split
application of N fertilizer. Values are mean of three replicates. The bars represent SE (n=3)

Nitrate Reductase Activity

Irrespective of treatments, the nitrate
reductase (NR) activity was higher in V2 than
V1. The Pusa Chaulai (V2) variety of the lettuce
responded better than V1 to the supplementation
of S with N. In all the treatments, the highest NR
activity was reported at 35 DAS. The NR activity
in the leaves of the L. sativa cultivars was
maximum with the treatment SiNs (SaoNas+25+20),

followed by SiN> (S4oN25+20) (Figure 4) The NR
activity of SoNs (SoNass+25+20) and SoN2 (SoN2s+20)
treated plants was lesser than that of the SiNs
and SiN. treatments. The SoNo (control) and
SiNo (Sa0No) treated plants also showed
minimum NR activity. The highest NR activity of
SiNs; indicated that the NR activity was
dependent on an adequate supply of both N and
S. The SoNs (SoN45+25+2o) and SoN: (SoN25+20)
treated plants had lower NR activity as



Effect of nitrogen on growth and assimilation of lettuce varieties

719

8 T SI:INI:I SI:IN?_ SI:INS
j:\ —_ S]_Nuju S]_N')-_ S]_Ns
Ez6 4
2z
v A2
27
k] lbf 4
=0
@ Z
73
TE°
Z —

0

20 35 50 65 80 95
DAS

]

_— SI:INI:I SIZIN?_
_I S]_NI:I - S]_N"‘-_

Figure 5: Nitrite reductase activity in the leaves of L. sativa cv. Pusa Kiran (V1) and Pusa Chaulai (V2) at various
phenological stages as influenced by the supplementation of sulfur with nitrogen fertilization and split
application of N fertilizer. Values are mean of three replicates. The bars represent SE (n=3)

compared to SiN3 and SiNj, preferably due to
the lack of S. In the SiNptreated plants, the NR
activity remained very low due to the lack of N.
The obtained result conformed to the findings of
adequate amount of S requirements for NR
synthesis (Pal et al., 1976).

Nitrite Reductase Activity

The nitrite reductase (NiR) activity was
higher in V2 than V1, irrespective of the
treatments. Maximum NiR activity was observed
at 35 DAS. The NiR activity was the highest in
the both the varieties treated with SiN3;and SoNj,
when compared with the other treatments. No
significant difference in the NiR activity of SiNs
and SoNs treated plants was found, indicating
that high N application irrespective of S, showed
high nitrite reductase activity (Figure 5).
Similarly, SiN> and SoN: treated plants showed
lesser NiR activity than SiNsz;and SoN3. However,
no significant difference was observed in the
nitrite reductase activity of S1N» and SoN- treated
plants. The lowest nitrite reductase activity was
observed in SgNo plants and S:Ng plants. The
results showed the dependence of NiR solely on
N in both Vi and Vzas previously reported (Kaur
et al ., 2018) .

Glutamine Synthase Activity

The V2 has higher GS activity than V1
irrespective of the treatment. The highest GS

activity was reported at 20 DAS at all the
treatments, except SiN; and SiNs; where the
activity of the GS was maximum at 35 DAS.
Supplementation of S with N resulted in the
significantly higher GS activity in both varieties,
when compared with the treatments containing
no S (SoN2, SoN3z). Application of N in three split
doses resulted in the higher GS activity than two
split doses of N (Figure 6). Interestingly, no
significant difference in the GS activity of both
varieties was observed at other treatments
containing N alone (SoN2, SoN3) or S alone
(S'No) at all the phonological stages. The result
showed that a balanced supply of both N and S
is required for higher GS activity and the lack of
either N or S has a pronounced negative effect
on the activity of the GS. Previous studies
showed similar reports of decline in GS activity
in S-starved plants due to the accumulation of
amino acids which inhibit the activity of GS as a
result of feedback inhibition (Redinbaugh et al.,
1993).

Glutamate Synthase Activity

The glutamate synthase (GOGAT) activity was
higher in V2 than V1 at all the phonological
stages of the plant. Maximum GOGAT activity
was reported at 35 DAS. The trend of decline in
GOGAT activity after 35 DAS was the same in
both the varieties, irrespective of the treatments.
The maximum increase in the GOGAT activity
was seen by the application of SiNz and SoNs
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Figure 6: Glutamine synthase activity in the leaves of L. sativa cv. Pusa Kiran (V1) and Pusa Chaulai (V2) at
various phenological stages as influenced by the supplementation of sulfur with nitrogen fertilization and split
application of N fertilizer. Values are mean of three replicates. The bars represent SE (n=3)

treatments, followed by SiN» and SoN2
treatments, and SoNo and SiNo (Figure 7).
Interestingly, there was no significant difference
between the GOGAT activity of the plants (V1,
V2) treated with SiN3 and SNz Similar
observation was found with SiN» and SN2
treatments and SoNo and Si1No treatments.

DISCUSSION

Nitrogen and sulfur play an essential role
in the process of protein synthesis. Nitrate is the
predominant form of nitrogen that plants take up
from the soil; however, dissolved amino acid or
ammonia can also carry nitrogen from the root to
the shoot. The nitrogen assimilation in plants
takes place through the activities of various
enzymes. First, nitrate reductase in the cytosol
reduces the absorbed nitrate to nitrite, which is
then further reduced to ammonium by nitrite
reductase in the cell's chloroplasts by Tischner
et al., (2007), Hanke et al., (2004). The
generated ammonia is then incorporated into
amino acids through the GS-GOGAT pathway
(Masclaux-Daubresse et al., 2006). Glutamine
synthetase uses glutamate as a substrate and
incorporates the ammonia as the amide group of
glutamines. The GOGAT then produces two
glutamates by transferring the amide group to a
2-oxoglutarate  molecule and leads the
transamination reactions for the production of all
the other proteinaceous amino acids [40].
Further, in the sulfur assimilation pathway the
sulfur transporters take up the available sulphur
(McGrath and Zhao, 1996) which is first

activated by the ATP sulfurylase to form
adenosine-5-phosphosulfate which further leads
to a series of steps wherein O-acetylserine
(thiol)lyase (OAS) produces cysteine which
together with the amino acids obtained from N
assimilation pathways is utilized by the plants for
protein synthesis (Lee et al., 2011).

The current research exhibited that the
split application of N along with supplementation
of S (S4oN45+25+20) fertilizers resulted in the
reduction of the nitrate accumulation in Lactuca
sativa cultivars ‘Pusa Kiran’ (Vi) and ‘Pusa
Chaulai® (V2). The cultivar V> showed lower
accumulation of nitrate as compared to V.
However, the nitrate content in both the cultivars
showed high nitrate accumulation in the
presence of N alone as compared to the
treatment comprised of both N and S (S:N. and
SiNz) (Figure 2). Substantial amount of nitrate
accumulation  especially in  the family
Brassicaceae was earlier reported under limiting
conditions of S nutrition by McGrath and Zhao
(1996) and Koralewska et al. (2009). Figure 2
directs towards the fact that a close link exists
between the nitrogen and sulfur metabolism by
Fazili et al. (2008) and Khan et al. (2015). In
plants, a regulatory interaction between the
assimilatory S and N reduction has been
recorded in different studies by Rennenberg et
al. (1979), Haller et al. (1986), Ahmad and Abdin
(2000), Koprivova et al. (2000) and Baishya et
al. (2015). A possible reason for the nitrate
accumulation in the absence of S could be the
accumulation of free amino acids in the plants
due to the inhibited activity of NR and GS-
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Figure 7: Glutamate Synthase activity in the leaves of L. sativa cv. Pusa Kiran (V1) and Pusa Chaulai (V2) at
various phenological stages as influenced by the supplementation of sulfur with nitrogen fertilization and split
application of N fertilizer. Values are mean of three replicates. The bars represent SE (n=3)

GOGAT cycle as a result of feedback inhibition.
In conformity to the fact, the figure 3
demonstrated the lower free amino acid content
at the S;:N2 and SiNs; treatments, and higher free
amino acid accumulation at the SgN> and SoN3
treatments. High accumulation of free amino
acids suggests the inefficiency of the crop to
incorporate the amino acids into protein which
implies high nitrate accumulation as a result of
inhibited NR activity. A previously reported study
conducted on cultured maize cells grown under
S-deficit conditions showed an increased pool
size of glutamine (Amancio et al., 1997).

It has also been reported that in sulfur
deprived tobacco, glutamine and asparagines
accumulation in the leaves negatively regulated
the NR activity (Migge et al., 2000). Both sulfur
and nitrogen are required by the plant to support
the process of protein synthesis. As
demonstrated in figure 4, the S was found to
regulate the activity of the NR. High NR activity
was found in the S:N> and SiNs treatments as
compared to the treatments without S (Figure 4).
A positive effect of S in the NR regulation was
found earlier in maize seedlings (Kredich, 1971)
and tobacco cells (Pal et al., 1976). Increased
OAS content was reported under S-deficit
conditions and it was concluded that OAS
accumulation reduced the NR activity which
reduced the process of nitrate assimilation for
maintaining the constant concentration levels of
organic and S compounds [38]. Further, as seen
from the results, the GS activity is low in the

absence of either N or S, or both N and S
(Figure 6). But higher GS activity was reported
when the plant received both N and S supply.
The possible reason for the retarding activity of
GS at the treatment containing no S/N could be
the feedback inhibition of GS caused by the
accumulation of free amino acids as reported in
different studies by Kaur et al. (2011),
Redinbaugh and Campbell (1993), Scheible et
al. (2004) and Ruffel et al. (2008). The activity of
NiR and GOGAT, however, did not show any
considerable changes in the absence of S
(Figure 5, 7). The current research also showed
that the activity of NiR, NR, GOGAT and GS
were high prior to the flowering period after
which their activities declined. It suggests that
the application of the fertilizers should be carried
out before the flowering period.

CONCLUSIONS

Based on the detailed study of the growth
and nitrate assimilatory capacity of two varieties
of the lettuce throughout the growth stages, it is
suggested that the supplementation of S with N
fertilizer and application of N in split doses
before the flowering period is optimum for the
improving the productivity and quality in terms of
reduction of nitrate accumulation of the L. sativa
varieties. The SaoNas+25+20 treatment was found to
be the best treatment for the better productivity
and low accumulation of nitrate for the cultivation
of lettuce varieties. Between the two varieties,
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Pusa Chaulai (V2) responded better than cv.
Pusa Kiran (Vi). The close link between the S
availability and N reduction explained the trend
in the enzymatic activities of the different
enzymes involved in N assimilation. In the
presence of sulphur, high NR and GS activity
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