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Abstract: Lemongrass is a perennial lawn crop. Generally known as serai makan in
Malaysia. It has various uses, from table consumption to essential oil and ornamental and
pharmaceutical products. However, the use of medicinal crops can be characterized by
several approaches such as harvesting period, climatic factors, moisture, light exposure, plant
parts, logistics, storehouse, drying process, and other post-harvest processes. One way to
enhance lemongrass herbage yield is by manipulating the N rate. Department of Agriculture
(DOA) Malaysia recommends using 400 kg/ha of NPK green 15:15:15 for 6-8 months, but
this is a generalized blanket recommendation and not nutrient-specific. Therefore, a study
was carried out on the effect of N and the harvesting period. The experimental design was a
Randomized Complete Block Design (RCBD) with factorial. Analysis suggests that SPAD
chlorophyll reading, slip number, and leaf blade number were significantly affected by N,
harvesting period and interaction between N and harvesting period. SPAD readings at 150
and 180 days after transplant (DAT) only show significant improvement at 300 Kg N/ha. For
slip numbers, the response at 210 DAT only showed significant improvement when at least
200 kg N/ha were applied, and the subsequent increment at 300 kg N/ha was at par. Leaves
blade number response was unique for each harvesting period. Nevertheless, leaf blade
numbers began to show a significant increment at 100 kg N/ha, and the increment of leaf
blades between 200 to 300 kg N/ha was non-significant for all harvesting periods. These
parameters exhibit significant positive linear responses towards N; some may have
significantly unique responses to their harvesting period. Herbage yield was significantly
affected by both N and the harvesting period, but there was no significant interaction between
them. Herbage yielded the highest significant reading when 300 kg N/ha was applied, while
the harvesting period contributed the highest significance at 240 DAT, while subsequent
increment at 270 DAT was non-significant. Present findings may suggest that further study
needs to be carried out to improve the current production manual, and consideration must be
given to soil type, location, and climate conditions.
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1. Introduction

Between 2017 and 2021, there has been an inconsistent fluctuating trend of
Cymbopogon citratus production in West Malaysia, as recorded by Department of
Agriculture (DOA) statistics. The Malaysian government has outlined production projections
through the National Agrifood Policy (NAP) of herbs and spices to reach 11 7000 metric tons
by 2020 (MOA, 2011). High-yielding C. citratus can be obtained through fertilizer rate
manipulation; hence, the optimum fertilizer rate for C. citratus must be established.

Nitrogen is the most essential nutrient for plants’ growth development, and it plays a
role in biochemical and physiological processes to produce better yield quality (Leghari et
al., 2016). It is compulsory to ensure crop yield enhancement and food quality (Ullah and
Moore, 2009). According to Clarkson and Marschner (1995), nitrogen is the most critical
modifier for crop production. C. citratus can achieve optimum growth with adequate nitrogen
without excess (Hawkesford et al., 2012).

According to Singh (2008), 100-150 Kg N/ha application contributed to optimum
growth for C. martini. Parameters such as clump mass, tiller number, height, branches and
slip diameter are significantly higher than control's. However, excess amounts of nitrogen
could be unfavourable. According to Joyce et al. (2015), C. Palmarosa showed yield
reduction when excess nitrogen was applied exceeding 160 kg N/ha. Another study by
Sasikala et al. (2016) points out that applying vermicompost with higher N concentrations
contributed to significantly higher heights, tillers, and herbage yields. Therefore, it is
essential to calibrate the optimum nitrogen rate for C. citratus production.

Furthermore, the use of medicinal plants can be characterized by several approaches
consisting of cultivation, harvest period, climatic factors, humidity, brightness, plant parts,
transportation, storage, drying process and extraction process (Callixto, 2000). Cymbopogon
citratus slip can be harvested for fresh consumption, whereas the leaves can be used for
essential oil production through hydrodistillation (Sahadevan, 1987).

The Department of Agriculture (DOA) recommends using 400 kg/ha NPK green
15:15:15 with a 6 to 8-month harvesting period. The application was to be applied through
equal splitting at one, third and fifth months after transplant. Hence, a study on C. citratus
nitrogen fertilizer application with multiple harvesting periods was investigated to
understand better the relationship between nitrogen rate and harvesting period on C. citratus.
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2. Materials and Methods

The experimental design used for this experiment was RCBD with factorial with three
replications (Ismail et al., 2014). Two factors investigated were nitrogen rate and harvesting
periods. Four nitrogen levels comprising 0, 100, 200, and 300 kg/ha. The nitrogen used in
this study was urea. Four applications were made at 30, 60, 90, and 120 days after transplant
(DAT) with equal splitting. Five harvesting periods were implemented: 150, 180, 210, 240,
and 270 days after transplant (DAT). A total of 60 experimental units were erected, each
consisting of 32 hills experimental units of 4 m x 4 m. For the SPAD meter reading, the slip
with the longest leaf blade was sampled from 4 hills per experimental unit (Gewaily et al.,
2018). Slip number and leave number parameters were measured from 4 hills selected
randomly from each experimental unit. For each experimental unit, 9 m? of area was
harvested to evaluate herbage yield. This study was conducted in Ladang 2, MARDI Kluang,
Johor, Malaysia. Means were subjected to Analysis of Variances (ANOVA). Duncan
Multiple Range Test (DMRT) was employed if there was any significant effect. Data analysis
was computed using statistical analysis software (SAS 9.4)

3. Results and Discussions

Analysis of Variance (ANOVA) results indicate that nitrogen rate (N), harvesting
period, and the interaction of nitrogen rate and harvesting period had a significant impact on
SPAD chlorophyll reading, slip number, leaf number, and leaf weight (Table 1). The
harvesting period was the only factor that significantly impacted plant height. Both
harvesting and N rate considerably impacted herbage yield.

Table 1. ANOVA mean square analysis for the effect of nitrogen rate and harvesting period on C. citratus
performance.

Parameter
Source of
variance SPAD  Slip number Leaf Hel.‘bage
number yield
Rep 2.63 0.84 4060.99 10084.11

Nitrogen (N)  25.34** 36.12** 8955.35**  275073.34**

Harvesting

. 5.11* 129.44** 16642.17**  350113.63**
period (Hvp)

N x Hvp 6.27* 6.94* 14.07** 28234.82
Grand mean 36.4 28.5 265 1128.8
C.V. (%) 3.73 8.43 4.78 20.72

Note: mean followed by * indicates a significant difference at 0.05; mean followed by ** indicate a
significant difference at 0.01
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3.1 SPAD Chlorophyll Reading.

The significant interaction between the N rate and harvesting period implied that each
has its unique response. At 150 DAT, the SPAD chlorophyll reading shows a significant
positive linear response (Figure 1). Specifically, the addition of N from 0 to 200 kg/ha at this
period increased the reading but exhibited minimum impact. A significant increment can be
observed only at 300 kg/ha of N. The difference would at least amount to 17.32%
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Figure 1. Effect of nitrogen rate on SPAD reading at 150 days after transplant (DAT). Data were analyzed from
3 replications with four hills per individual treatment plot. Mean followed by different alphabet indicate
significant differences (p<0.05)

For SPAD reading at 180 DAT, a similar significant positive linear response was
observed (Figure 2). The least significant reading, 35.3, came from 0 kg N/ha. The SPAD
measurement was raised to 36.2 by an increase to 100 kg N/ha, although this was not
significantly different from 0 kg N/ha. The difference was 2.55%. Subsequent N increment
to 200 kg N/ha significantly increased the SPAD reading to 36.2 and shares parity with 100
kg N/ha. 1.11% of a difference was measured. The maximum significant reading was
obtained with the final N increment of 300 kg N/ha, which was 39.9. The difference was
9.02% compared to 200 kg N/ha. The response for subsequent 210, 240 and 270 DAT shows
no significant difference.

Applying 300 kg N/ha at 150 DAT resulted in the greatest significant reading with a
value of 42.0 when considering the various responses of SPAD reading toward nitrogen rate
at various harvesting periods (Table 2). This may imply that 150 DAT is the ‘photosynthetic
maturity of C. citratus since it exhibits the highest chlorophyll reading in younger plants
compared to 180 DAT, and this is attributed to factors such as photosynthetic activity,
stomatal conductance and transpiration rate across plant growth period (Sestak, 1963).

The growth of plants’ photosynthetic organs depends mostly on chlorophyll since it
contains N (Bassi et al., 2018). Most C4 grasses convert 30% of their available leaf nitrogen
(N) into chlorophyll, and their concentration rises in the presence of abundant N. In contrast
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to older plants, younger plants should be considered more when they are "photosynthetically
mature,” which occurs after reaching their maximum chlorophyll content. This is because of
several factors, including photosynthetic activity, stomatal conductance, and transpiration
date throughout the plant growth period (Sestak, 1963).
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Figure 2. Effect of nitrogen rate on SPAD reading at 180 days after transplant (DAT). Data were analyzed from
3 replications with four hills per individual treatment plot. Mean followed by different alphabet indicate
significant differences (p<0.05)

3.2 Slip Number

Slip number was significantly impacted by the interaction between the N rate and
harvesting period, much as SPAD chlorophyll reading (Table 1). Despite the variation in
observation, 150, 180 and 270 DAT contributed to no significant impact. N rate has a lesser
or less impact during these particular harvesting periods.

However, at 210 DAT, the slip number has a substantial linear response to the N rate
(Figure 3). Slip number increases by 3.98% as the N rate is increased from 0 to 100 kg N/ha.
The difference between these two intervals, however, was not significant. The subsequent
increase from 100 to 200 kg N/ha significantly increased the slip number by 19.92%
compared to 100 kg N/ha. Finally, increasing the N rate to 300 kg N/ha resulted in a 0.31%
decrease in slip rate. There was no significant increment between these two intervals of 200
and 300 kg/ha.
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Figure 3. Effect of nitrogen rate on slip number at 180 days after transplant (DAT). Data were analyzed

from 3 replications with four hills per individual treatment plot. Mean followed by different alphabet indicate
significant differences (p<0.05)

At 240 DAT, the slip number showed the same significant positive linear response to
the N rate (Figure 4). The addition of N between 100 and 300 kg/ha was discovered to be
significantly higher than 0 kg/ha. Slip number increased by 17.23% between 0 and 100
kg/N/ha. Slip number increases by 4.47%, further rising from 100 to 200 kg N/ha. Finally,
increasing the N rate to 300 kg N/ha did not result in any increase. The slip numbers under
100, 200, and 300 kg N/ha exhibit no significant variation.
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Figure 4. Effect of nitrogen rate on slip number at 240 days after transplant (DAT).Data were analyzed from 3
replications with four hills per individual treatment plot. Mean followed by different alphabet indicate
significant differences (p<0.05)

At 5.5 months, or roughly 165 DAT, C. citatus clumps were still growing to create
new slips, producing 2-3 tillers, according to Tajidin et al. (2012). Each tiller then produced
an additional 4-5 leaves. According to the current investigation, there was no
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significant increase in the slip number toward the nitrogen rate between 150 and 180 DAT.
However, it was apparent that the number of slips harvested at 180 DAT was higher than
those harvested at 150 DAT. This may indicate that the morphological mechanism described
by Tajidin et al. (2012), rather than nitrogen, was the cause of the rise in slip number during
this particular period. Between 210 and 240 DAT, slip numbers recently began to respond to
the N rate significantly. Jimayu et al (2016) also discovered that slip number increases with
the harvesting period. Their study found an increment as early as 60 DAT, increasing until
105 DAT.

3.3 Leaves Number

Interaction between the N rate and harvesting period considerably impacts the number
of leaves. In other words, the leaves number reacted differentially to the N rate at each
harvesting period.

4000 2000 -
31500 3500 -
29143
5 270.13b
. 1435k __‘“' “' L 3000 1 aagac 248 6 bc
5 231 The I 1
{ 1500 1 3i80¢ i S -E 2500
- e W H
E s ¥= 0,186 + 208 E 2000 7 y=0.186x+ 2338
- %+ 20 86
3 1500 & = 095 3 1500 RE=059
1000 1000 -
50.0 500 |
an 00
o 50 100 150 200 750 10 150 0 50 100 150 200 250 300 350
Nitregenrate [k ha) Nitrogen rate (kg/ha)
1000 4000
3500
300 27914b 29823 189880 3038
2577 be 1s 0 1735 be R
L 000 | aa35c . e mITe g
£ 2500 4 X ss00 +—
E y=0.186x+ 2415 E . y=0.189x+ 3583
2 2000 R =009 ; 000 2ones
£ 1s00 s 1500
2 3
1000 100.0
50.0 50.0
0o ; ; ‘ , . i . o
0 50 100 150 200 250 300 350 ¢ 59 100 150 200 250 300 350
Nitrogen rate (kg/ha) Witrogen rate {kg/ha)

(©) (d)



AAFR] 2024, 5, 2; a0000505; https://doi.org/10.36877/aafrj. a0000505 8 of 12

4000 ~

350.0 -
289.83b 310.3a

300.0 2735bc
252.7c
250.0 4

y=0189x+ 253.2

2000 RF=0.99

1500 A

Leaves number

1000 A

500 A

0.0
a 50 100 150 200 250 300 350

Nitrogenrate (kg/ha)

(e)
Figure 5. Effect of nitrogen rate on leaves number (a) 150 DAT, (b) 180 DAT, (c) 210 DAT, (d) 240 DAT, (e)
270 DAT. Data were analyzed from 3 replications with four hills per individual treatment plot. Mean followed
by different alphabet indicate significant differences (p<0.05)

At 150 DAT, the number of leaves responded linearly. The number of leaves
increases by 4.08% with an increment in N rate from 0 to 100 kg N/ha (Figure 5a). The
increment still does not represent a significant difference at this point. The number of leaves
increases by 9.29% after the subsequent 200 kg N/ha, significantly higher than 0 kg N/ha.
Although leaves number increases from 100 to 200 kg N/ha, they display statistical parity.
The largest significant leaf number was contributed by the final N of 300 kg N/ha, with a
value of 268.3, 10.73% more than 200 kg/ha.

The leaves number responded linearly to the N rate at 180 DAT (Figure 5b). An
increase in N rate from 0 to 100 kg N/ha resulted in a 5.72% increase in leaves number (Table
2). The increase was, however, insignificant. After increasing N by 200 kg /ha, there was an
8.21% rise in leaves. This increase was far more significant than 0 kg N/ha, yet it was still
equal to 100 kg N/ha. The final increase to 300 kg N/ha results in an increase in leaves
number of 7.89%, which is much higher than 100 kg/ha but on par with 200 kg/ha.

A similar positive linear response may be seen in leaf number 210 DAT (Figure 5c).
Production of leaves increases by 5.96% when the N rate is increased from 0 to 100 kg N/ha.
At this specific period, the increase does not significantly differ. The production of leaves
increases by 8.3% with a subsequent increment in nitrogen rate to 200 kg N/ha, equal to 100
kg N/ha but noticeably more significant than 0 kg N/ha. The production of leaves increases
by 6.84%, with the final subsequent increase in N rate of 300 kg N/ha. This increment was
significantly greater than 0 and 100 kg N/ha but equal to 200 kg N/ha.

Leaves number at 240 DAT shows identical positive linear responses (Figure 5d). The
output of leaves number increases by up to 6.9% when the N rate is increased from 0 to 100
kg/ha. However, this increase was comparable to 0 kg N/ha. The number of leaves increased
by 7.59% with the subsequent N rate increment from 100 to 200 kg N/ha, which was much
greater than the initial N rate of 0 kg/ha but on par with 100 kg/ha. The output of leaves
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increased by 7.07%, with the final increment in N rate being 300 kg N/ha, which was
significantly greater than 100 kg N/ha but comparable to 200 kg N/ha.

A similar trend can be observed for leaf production at 270 DAT under multiple N
rates (Figure 5e). The number of leaves increases by 8.23% when the N rate is increased from
0 to 100 kg N/ha, although there is no recognizable difference between these two intervals.
Leaves number was further increased by 5.96% when the N rate was increased to 200 kg/ha;
this is significantly higher than those at 0 kg/ha but statistically equal to that at 100 kg/ha.
Leaves number kept increasing by 7.07% with the final N rate increment of 300 kg/ha, which
was significantly greater than 100 kg N/ha but on par with 200 kg N/ha.

3.4 Herbage Yield

Herbage yield is significantly influenced by nitrogen rate (kg N/ha) and harvesting
period, and both variables showed substantial linear responses (Figure 6). There is no
significant interaction between N rate and harvesting time on herbage yield. Herbage yield is
increased by 1.59% when the N rate is increased from 0 to 100 kg N/ha. Herbage yield
increased by 9.94% with a subsequent N rate addition of 200 kg N/ha, significantly more
significant than 0 and 100 kg N/ha. The final N rate increment to 300 kg /ha enhances herbage
yield by 12.08% compared to 200 kg N/ha. The increment between 200 to 300 kg N/ha
significantly increased herbage yield.
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Figure 6. Effect of nitrogen rate on herbage yield. Data were analyzed from 3 replications with four hills per
individual treatment plot. Mean followed by different alphabet indicate significant differences (p<0.05)
Besides nitrogen rate, harvesting time was discovered to impact herbage yield
considerably. Herbage output improved by 9.90% when harvesting was delayed from 150 to
180 DAT, which was noticeably significant (Figure 7). Herbage yield increased by 0.56%
with a further delay in harvesting to 210 DAT; however, this gain was not statistically
significant compared to 180 DAT. Since the increase in herbage productivity between these
two periods was so little, it was not noteworthy. Herbage yield increases by 18.11% with an
additional delay of 240 DAT, significantly greater than at 210, 180, and 150 DAT. Finally, a
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further delay in harvesting to 270 DAT enhances herbage yield by 5.43% and shows
statistical parity with 240 DAT.
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Figure 7. Effect of harvesting period harvesting period and herbage yield. Means with different alphabets
indicate significant differences. Data were analyzed from 3 replications with four hills per individual
treatment plot. Mean followed by the same letters indicate no significant difference (p>0.05)

According to Jimayu et al. (2016), the harvesting period and variety substantially
impacted the fresh herbage yield of C. citratus. The variety Lomisar-UA has a 105-day
growth cycle and produces the most considerable herbage yield. According to Marco et al.
(2006), C. winterianus Jowit's total dry matter (kg/ha) increases from 4 to 8 months, with the
sixth and eighth months exhibiting statistical parity. The present study points out statistical
parity between the seventh and eighth months.

3.4 Correlation Analysis Between SPAD, Leaves Number, Slip Number And Herbage Yield.

Analysis suggests that herbage yield has a significant positive association with leaves
and slip numbers (Table 2). This may imply that any drop slip number and leaves number
could significantly drop herbage yield and vice versa. However, the SPAD reading shows no
significant positive association with the rest of the parameters. SPAD may not be a valuable
tool for evaluating the performance of C. citratus.

Table 2. Correlation analysis

Leaves Slip Herbage
SPAD number number Yield
SPAD 1 0.21 0.2 -0.09
ns ns ns
Leaves number 1 O;il 0;28
Slip number 1 0;39
Herbage yield 1

Note: mean followed by * indicates a significant difference at 0.05; mean followed by ** indicate a
significant difference at 0.01
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4. Conclusions

In conclusion, almost all significantly affected parameters show linear responses
towards the nitrogen rate or harvesting period. The interaction between the harvesting period
and nitrogen rate significantly affected SPAD chlorophyll reading and slip number.
Uniquely, leaves and slip numbers share a positive association with herbage yield. This may
imply that any increment in these two parameters can potentially increase the overall
performance of herbage yield. Herbage yield was significant in terms of both nitrogen level
and harvesting period, but no significant interaction was established. This may indicate that
further study should be carried out to investigate the effect of nitrogen on other locations with
different soil fertility levels.
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