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ABSTRACT

A two-year field experiment was conducted during 2018–19 and 2019–20 at Krishi Vigyan Kendra, Sawai
Madhopur to evaluate the effect of irrigation scheduling and nitrogen fertilization on growth parameters of
Chandrasur (Lepidium sativum L.). The results revealed that three irrigations (25, 50 and 75 DAS) recorded
the highest plant height at 60, 90 DAS and at harvest (60.28 cm, 91.08 cm and 102.01 cm, respectively), which
was significantly superior to two irrigations (I2) and one irrigation (I1). Among nitrogen levels, the maxi-
mum plant height was observed with application of 80 kg N ha-¹, which was significantly higher than that
recorded with 60 kg N ha-¹. In terms of dry matter accumulation (g plant-¹) at 30, 60, 90 DAS and at harvest,
crop growth rate (g m-² day-¹), and relative growth rate (g g–¹ day-¹), the interaction effect of three irrigations
(25, 50 and 75 DAS) in combination with 80 kg N ha-¹ was found to be superior over two irrigations (25 and
50 DAS) with 60 kg N ha-¹. The findings indicate that appropriate irrigation scheduling combined with
optimum nitrogen fertilization significantly enhances growth performance and physiological efficiency of
Chandrasur.
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INTRODUCTION

The increasing global interest in plant-based
therapeutics has enhanced the relevance of me-
dicinal crops, among which Lepidium sativum (gar-
den cress) is particularly noteworthy. This species
is distinguished by its high nutritional value, con-
taining significant amounts of proteins, essential
fatty acids, minerals, and vitamins. In addition,
garden cress seeds and tissues are rich in diverse
phytochemicals, such as kaempferol glucuronide,
gallic acid, protocatechuic acid, p-coumaric acid,
caffeic acid, various terpenoids, and
glucosinolates. These bioactive constituents ex-
hibit a broad spectrum of biological activities, in-
cluding antioxidant, thermogenic, depurative,

ophthalmic, antiscorbutic, antianemic, diuretic,
tonic, laxative, galactagogue, aphrodisiac, rube-
facient, and emmenagogue properties. Collec-
tively, the nutrient profile and pharmacologically
active compounds underscore the medicinal sig-
nificance and functional food potential of L.
sativum. (Tufail et al., 2023). Garden cress (Lepidium
sativum L.), commonly referred to as sialoo or
asalia in Hindi and Chandrasoor in Sanskrit, is
an important medicinal species belonging to the
family Cruciferae (Brassicaceae).

Garden cress has gained substantial attention
in the domains of food and nutrition due to the
diverse uses of its various plant parts, including
the leaves, seeds, roots, and whole plant
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(Ramadan and Oraby, 2020). The increasing utili-
zation of these components is largely attributed
to their rich nutritional and therapeutic attributes.
The root has been reported to possess benefits in
conditions such as tenesmus and secondary syphi-
lis, while the aerial parts of the plant are tradi-
tionally employed in managing cough, bleeding
piles, and asthma, and are also used as fodder for
camels and horses (Ramadan and Oraby, 2020).

It has traditionally been used as a general
tonic for promoting growth in children, enhanc-
ing lactation in women, and alleviating chronic
bronchial asthma (Paranjape and Mehta, 2004). In
addition, garden cress has been identified as a
potential emerging oilseed crop with considerable
industrial relevance (Angelini et al., 1997). Tradi-
tionally, this crop has been cultivated across vari-
ous regions of India for many years owing to its
medicinal significance. It is commonly grown
under rainfed conditions and requires relatively
low water input; however, there is still a need to
standardize and refine its package of practices.
Irrigation is a critical factor influencing growth
and yield parameters, while nitrogen nutrition
also plays a vital role in enhancing yield and over-
all crop performance. Therefore, keeping these
points in view, the present study was undertaken
to optimize irrigation scheduling and nitrogen
levels for Chandrasur cultivation.

MATERIALS AND METHODS

The experiment was conducted at the research
farm of Krishi Vigyan Kendra, Sawai Madhopur,
Rajasthan, India, during two consecutive rabi sea-
sons of 2018–19 and 2019–20 (coordinates:
26.0689288° N latitude and 76.3673391° E longi-
tude). The soil of the experimental site was classi-
fied as sandy loam, with a pH of 9.0 and an elec-
trical conductivity of 0.30 dS m–¹. The organic car-
bon content was 0.30%, while the available nitro-
gen, phosphorus (P2O5), and potassium (K2O)
were 243, 20.2, and 247 kg ha–¹, respectively. The
field was nearly level with a slight slope and ex-
hibited a fine soil structure. The location falls un-
der a semi-arid climate, receiving an average an-
nual rainfall of about 873 mm, predominantly con-
centrated between July and September. The ex-
periment was conducted using a split-plot design
with four replications. Seeds of Chandrasur were

manually sown in rows spaced 30 cm apart. Each
plot measured 5.0 m × 3.0 m, covering an area of
15 m². The experimental layout consisted of main
and sub-irrigation channels with width of 1.5 m
and 1.0 m, respectively. Irrigation water was ap-
plied uniformly to a depth of 5 cm. Within-row
plant spacing was maintained at 10 cm. A full dose
of phosphorus and half the recommended nitro-
gen, according to the treatment specifications,
were applied as basal during land preparation,
while the remaining nitrogen was top-dressed
after the first irrigation at 25 days after sowing
(DAS). Yield-attributing traits were recorded from
ten randomly selected plants in each plot. The
crop was harvested manually. To maintain the
crop free from weed infestation, two manual
weedings along with hoeing were carried out at
30 and 45 days after sowing (DAS). Plant samples
(grain and stover) collected at harvest were ini-
tially sun-dried and subsequently oven-dried for
further analysis.

Crop growth rate (CGR) and relative growth
rate (RGR): The gwowth parameters, CGR and
RGR, for the intervals 30–60, 60–90 and 90– at
harvest DAS were calculated based on dry mat-
ter accumulation. The CGR was computed using
the formula proposed by Redford (1967):

RGR was calculated using the formula given
by Dhopte and Manuel (1989):

Where:
 W1= Total dry matter at time t1
 W1= Total dry matter at time t2
 t1= Time of first observation
 t1= Time of second observation
 p = Ground area occupied by the plant
The standard procedures described by Gomez

and Gomez (1984) were followed for the statisti-
cal analysis. Analysis of variance (ANOVA) ap-
propriate for a split plot design was applied to
test the significance of treatment effects. A pooled
analysis across both years was also performed to
determine the overall response and treatment
trends.
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RESULTS AND DISCUSSION

Effect on plant height

Table 1 describes the effect of irrigation and
nitrogen levels on plant height of Chandrasur.
Plant height was significantly affected by irriga-
tion schedules and nitrogen levels at all stages of
crop growth (30, 60, 90 DAS and at harvest) dur-
ing both years and in the pooled analysis. Among
irrigation treatments, three irrigations at 25, 50
and 75 DAS (I1) produced the tallest plants
throughout the crop period (60.28 cm at 60 DAS,
91.08 cm at 90 DAS and 102.01 cm at harvest), fol-
lowed by two irrigations (I2) and one irrigation
(I3), indicating that frequent irrigation enhanced
vegetative growth and crop vigor. Similarly, ni-
trogen application significantly increased plant
height with increasing dose, and 80 kg N ha–¹ (N1)
recorded the highest plant height at all growth
stages (18.90 cm at 30 DAS, 60.31 cm at 60 DAS,
94.09 cm at 90 DAS and 105.38 cm at harvest),
whereas the lowest values were observed under
20 kg N ha–¹ (N2). Analysis of variance showed
that the main effects of irrigation and nitrogen
were significant (P  0.05) in both seasons and in
the pooled analysis, whereas the irrigation × ni-
trogen interaction was non-significant in the in-
dividual years. However, in pooled data the irri-
gation × nitrogen interaction became significant,
indicating a combined influence of irrigation and
nitrogen when data were analyzed across years.
The effect of year and its interactions with irriga-
tion and nitrogen were non-significant, confirm-
ing consistency of treatment effects across seasons,
and thereby indicating that both irrigation sched-
uling and nitrogen management independently
and reliably improved plant height.

Effect on dry matter accumulation

As presented in Table 2, dry matter accumu-
lation was significantly influenced by irrigation
schedules and nitrogen levels at all growth stages
(30, 60, 90 DAS and at harvest) during both years
as well as in the pooled analysis. Among the irri-
gation treatments, three irrigations at 25, 50 and
75 DAS (I1) recorded the highest mean dry matter
accumulation, registering values of 36.01, 61.22,
72.38 and 74.55 g plant–¹ at 30, 60, 90 DAS and at
harvest, respectively. These values were signifi- Ta
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cantly superior to those obtained under two irriga-
tions (I2) and one irrigation (I3), indicating that in-
creased frequency of irrigation enhanced dry matter
production due to improved moisture availability
throughout the crop growth period. Under nitrogen
levels the highest DMA (g plant-1) at 30, 60, 90 & Har-
vest were found with 80 kg N ha-1 which was statisti-
cally at par with 60 kg N ha-1 during both the years
and in mean also. With respect to nitrogen levels, ap-
plication of 80 kg N ha–¹ (N1) resulted in the highest
dry matter accumulation at all stages of crop growth,
with mean values of 34.65, 58.91, 69.65 and 71.74 g
plant–¹ at 30, 60, 90 DAS and at harvest, respectively.
However, this treatment was found to be statistically
at par with 60 kg N ha–¹ (N2), while both were signifi-
cantly superior to lower nitrogen levels. This clearly
indicates that higher nitrogen availability promoted
biomass accumulation by supporting vigorous veg-
etative growth and enhanced photosynthetic activity.
These results are in close conformity with Nie et al.,
2024 and Zhai et al., 2022).

The analysis of variance revealed that the interac-
tion between irrigation regimes and nitrogen levels
was statistically significant during both individual
years as well as in the pooled mean analysis. This
showed that with increased level of irrigations and N
levels increase growth and productivity of
Chandrasur. These results are in close conformity with
Khan et al., 2023.

Effect on crop growth rate

Effect of Irrigation and nitrogen levels on CGR
crop growth rate was significant with application of
different level of irrigations and nitrogen levels. High-
est crop growth rate was found with three level of
irrigations (28.00 at 30-60 DAS, 12.40 at 60-90 DAS
and 2.41 at 90- at harvest) which was significantly
higher over two irrigations during both years and in
mean analysis. In terms of nitrogen levels increasing
trend of crop growth rate was also found with increas-
ing N levels and the highest was found with 80 kg N
ha-1 (26.95 at 30-60 DAS, 11.94 at 60-90 DAS and 2.32
at 90- at harvest) significantly higher over 60 kg N ha-

1.
The analysis of variance for crop growth rate

(CGR) during 30–60, 60–90 DAS and 90 DAS to har-
vest revealed a significant influence of irrigation and
nitrogen levels during both the experimental years as
well as in pooled analysis. The significant irrigationTa
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effect across all growth stages indicates that im-
proved soil moisture availability positively regu-
lated crop growth by maintaining higher leaf area
and assimilate production, which ultimately en-
hanced biomass accumulation. Adequate irriga-
tion at critical crop stages promotes better root
development and nutrient uptake, leading to sus-
tained physiological activity and improved dry
matter partitioning towards economic parts.

Nitrogen also exerted a highly significant ef-
fect on CGR at all stages of crop growth, reflect-
ing its fundamental role in chlorophyll synthesis,
protein formation and cell division. Higher nitro-
gen levels possibly enhanced photosynthetic effi-
ciency and canopy expansion, resulting in accel-
erated dry matter production. These results agree
with earlier findings that sufficient nitrogen avail-
ability increases vegetative growth rate and im-
proves biomass development by improving en-
zymatic activity and assimilate translocation.

The significant interaction between irrigation
and nitrogen as shown in Fig. 1 (I × N) observed
in pooled analysis further indicates that nitrogen
efficiency increases under adequate moisture con-
ditions. This confirms that nutrient response be-
comes more prominent when soil moisture is non-
limiting, as optimal water availability improves
nitrogen mobility in soil and its uptake by roots.
Overall, the combined application of frequent ir-
rigation along with higher nitrogen levels signifi-
cantly improved crop growth rate by enhancing
physiological efficiency and nutrient use. These
results underline the importance of integrated

water and nutrient management strategies to
maximize growth potential and productivity un-
der semi-arid conditions. These results are closely
associated with Singh et al., 2015, Khan et al., 2023,
Shirazi et al., 2014.

Table 3. Effect of irrigation and nitrogen levels on crop growth rate (g m-2 day-1)

Treatments 30-60 DAS 60-90 DAS 90 DAS - at Harvest
2018-19 2019-20 Mean 2018-19 2019-20 Mean 2018-19 2019-20 Mean

Irrigation levels
One (25 DAS) (I1) 21.69 22.40 22.05 9.61 9.92 9.76 1.87 1.93 1.90
Two (25 & 50 DAS) (I2) 23.84 24.62 24.23 10.56 10.90 10.73 2.05 2.12 2.09
Three (25, 50 & 75 DAS) (I3) 27.56 28.45 28.00 12.21 12.60 12.40 2.37 2.45 2.41

SEm± 0.67 0.69 0.48 0.30 0.31 0.21 0.06 0.06 0.04
CD (P=0.05) 2.32 2.39 1.48 1.03 1.06 0.66 0.20 0.21 0.13

Nitrogen levels
20kg N ha-1 (N1 ) 22.13 22.84 22.48 9.80 10.12 9.96 1.91 1.97 1.94
40 kg N ha-1 (N2) 23.48 24.24 23.86 10.40 10.74 10.57 2.02 2.09 2.06
60 kg N ha-1 (N3) 25.33 26.16 25.75 11.22 11.59 11.40 2.18 2.25 2.22
80 kg N ha-1 (N4) 26.52 27.38 26.95 11.75 12.13 11.94 2.28 2.36 2.32

SEm± 0.44 0.46 0.32 0.20 0.20 0.14 0.04 0.04 0.03
CD (P=0.05) 1.30 1.34 0.91 0.58 0.59 0.40 0.11 0.12 0.08

Fig. 1. Interactive effect of irrigation and nitrogen levels
on CGR in mean data of both years (2018-19 and
2019-20)

Effect on relative growth rate

As shown in Table 4 relative growth rate was
significantly influenced by irrigation regimes and
nitrogen levels during all growth intervals (30-60
DAS, 60-90 DAS and 90 DAS-at harvest) across
both the years and in pooled mean analysis.
Among irrigation treatments the highest mean
RGR at all growth stages recorded with three ir-
rigations applied at 25, 50 & 75 DAS with values
of 1.728, 1.793 and 1.803 g g-1 day-1) during 30-60
DAS, 60-90 DAS and 90 DAS-at harvest which was
significantly higher over two and one irrigations.
With respect to N level increasing trend of RGR
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were found with increasing N levels, application
of 80 Kg N ha-1 found highest RGR values of 1.712,
1.777 and 1.788 g g–¹ day–¹ during 30–60 DAS, 60–
90 DAS and 90 DAS to harvest, respectively, and
was statistically superior to all lower nitrogen lev-
els. Conversely, the minimum RGR was recorded
under 20 kg N ha–¹ (N) throughout the growth
period.

The interaction effect (as given in Fig. 2) of
irrigation and nitrogen during both the years and
in mean pooled analysis also found significant
which showed that combine effect of increases
irrigation with nitrogen application enhances
overall biomass accumulation. The RGR recorded
highest under three irrigation reflects the result
of cell elongation, enhance leaf expansion and
better translocation of assimilates under optimum
soil moisture conditions. Adequate irrigation
maintain plant water relationship which supports
turgor driven cell expansion and photosynthetic
activity which ultimately enhances growth rate
and biomass accumulation (Khan et al., 2023) Ni-
trogen plays a crucial role in chlorophyll synthe-
sis, enzyme activation and structural development
of plant tissues. Increased nitrogen availability
enhances photosynthetic capacity through greater
leaf area development and higher chlorophyll
concentration, resulting in increased dry matter
production and relative growth rate (Singh et al.,
2015). Similar enhancement in growth efficiency
with increasing nitrogen levels has also been re-
ported in wheat and maize, where optimum ni-

Table 4. Effect of irrigation and nitrogen levels on relative growth rate (g g-1day-1)

Treatments Relative growth rate (g g-1day-1)
30-60 DAS 60-90 DAS 90 DAS - at Harvest

2018-19 2019-20 Mean 2018-19 2019-20 Mean 2018-19 2019-20 Mean

Irrigation levels
One (25 DAS) (I1) 1.622 1.636 1.629 1.687 1.701 1.694 1.698 1.711 1.704
Two (25 & 50 DAS) (I2) 1.661 1.675 1.668 1.727 1.740 1.733 1.737 1.750 1.744
Three (25, 50 & 75 DAS) (I3) 1.721 1.735 1.728 1.786 1.800 1.793 1.797 1.810 1.803

SEm± 0.007 0.007 0.005 0.007 0.007 0.005 0.007 0.007 0.005
CD (P=0.05) 0.026 0.026 0.016 0.026 0.026 0.016 0.026 0.026 0.016

Nitrogen levels
20kg N ha-1 (N1 ) 1.629 1.643 1.636 1.694 1.708 1.701 1.705 1.718 1.712
40 kg N ha-1 (N2) 1.654 1.667 1.660 1.719 1.732 1.726 1.729 1.743 1.736
60 kg N ha-1 (N3) 1.685 1.698 1.692 1.750 1.763 1.757 1.760 1.774 1.767
80 kg N ha-1 (N4) 1.705 1.719 1.712 1.770 1.784 1.777 1.781 1.794 1.788

SEm± 0.008 0.008 0.006 0.008 0.008 0.006 0.008 0.008 0.006
CD (P=0.05) 0.024 0.024 0.017 0.024 0.024 0.017 0.024 0.024 0.017

trogen application significantly increased biom-
ass accumulation and physiological efficiency

Fig. 2. Interactive effect of irrigation and nitroge levels on
RGR in mean data of both years (2018-19 and 2019-
20)

Fig. 3. Pictorial view of treatment combination Thrice ir-
rigated at intervals of 25, 50, and 75 DAS with 20,
40, 60 and 80 kg N/ha
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(Fageria and Baligar, 2005; Kumar et al., 2013).

CONCLUSION

Based on irrigation levels and nitrogen levels
in agronomic parameters describes that with in-
creasing irrigation and nitrogen levels signifi-
cantly affect the crop growth, biomass accumula-
tion, dry matter and CGR and RGR during all
growth stages. Because optimum availability of
water with nitrogen enhances the crop growth
photosynthetic and enzymatic activity which is

responsible for higher crop growth rate. The in-
teractive effect of irrigation and nitrogen levels
were also found significant in CGR, RGR which
indicated that with optimum irrigation level com-
bination with nitrogen level enhances crop growth
and yield as shown in fig-3. In present study on
the basis of plant height, dry matter accumula-
tion, CGR, RGR, we can concluded that with ap-
plication of three irrigation in combination with
80 kg N ha-1 significantly enhances the crop
growth and yield.
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