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Abstract

Nasruddin, Harahap, E. M., Hanum, Ch. & Siregar, L. A. M. (2021). Fertilizing dosage on three patchouli varieties 
(Pogostemon cablin Benth.) to reduce the effects of drought stress. Bulg. J. Agric. Sci., 27 (4), 677–681

The research aims to obtain fertilizer dosage and patchouli tolerant varieties in an effort to reduce the effects of drought 
stress. Conducted in a plastic house using a split split plot design in the  randomized block designs with three factors and 
repeated twice, namely the factor of water supply (K) in the field capacity (fc) as the main plot, the variety factor (V) as the 
subplot and a fertilizer dose factor (P) as the sub-subplots. Parameters observed were plant height, root length, root wet weight, 
root dry weight, canopy wet weight, dry weight of the plant,  root canopy ratio, chlorophyll, and proline content. The results 
showed that the lower field capacity reduced plant height, chlorophyll content, increase root length, root wet weight and pro-
line content. Tapaktuan varieties have a good adaptation to drought stress. A dose of 128.8 kg N/ha + 25 kg P2O5/ha + 84 kg 
K2O/ha + 42 kg MgO/ha produces better plant growth and yield compared to other doses, while a dose of 311 kg N/ha + 35 kg 
P2O5/ha + 394 kg K2O/ha + 63 kg MgO/ha could reduce the impact of drought stress with lower proline levels.
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Introduction

Patchouli (Pogostemon cablin Benth.) is an essential oil 
producing plant that is cultivated on dry land. Aceh Prov-
ince is the number one producer of the highest quality and 
the main producer of Indonesian patchouli oil exports to the 
international market (Asnawi et al., 2018; Haryono, 2015)

Drought stress causes a decrease in crop production, 
one of them is patchouli which is very sensitive to the situa-
tion because it has shallow roots. Plants that are affected by 
drought stress will experience vegetative growth and yield 
disturbance, but will protect themselves by producing or-
ganic compounds, one of which is through the synthesis and 
proline accumulation (Verslues et al., 2006).

In order to overcome drought stress in patchouli cultiva-
tion, the application of drought tolerant patchouli varieties is 

one of the most efficient and inexpensive technology choic-
es. The Lhokseumawe, Tapaktuan and Sidikalang varieties 
are superior patchouli varieties in Indonesia that passes  high 
yields, but are still relatively vulnerable to drought stress 
(Nuryani, 2006). 

In addition to the availability of sufficient water, plant,s 
growth is greatly influenced by the availability of nutrients 
in the soil. Patchouli in its growth requires sufficient water 
and is very greedy for nutrients, especially nitrogen, phos-
phorus and potassium (Emmyzar & Ferry, 2004).  Appliation 
of the right dosage into patchouli is expected to stimulate 
vegetative growth (Wahyuni et al., 2011), stimulating root’s 
growth so as to reduce the effects of drought stress (Karlina 
& Koesriharti, 2018). Patchouli cultivation with superior va-
rieties and fertilizer effective dosage according to plant re-
quirements is expected to increase vegetative growth, so that 
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if there is a shortage of water, patchouli plants can reduce the 
impact of drought stress.

This study aims to obtain fertilizer dosage and toler-
ant patchouli varieties in an effort to reduce the effects of 
drought stress.

Materials and Methods

The study was conducted in a plastic house using a split-
split plot design  in the randomized block designs with two 
replications. The treatment that was tried was the  giving wa-
ter factor (K) in the field capacity (fc) as the main plot con-
sisting of, K1 = 100% fc, K2 = 75% fc, K3 = 50% fc and K4 = 
25% fc, the patchouli variety factor (V) as subplot consists of 
V1 = Lhokseumawe variety, V2 = Tapaktuan variety and V3 = 
Sidikalang variety and fertilizer dosage factor (P) as sub-sub 
plots, consisting of P1 = 128,8 kg N/ha + 25 kg P2O5/ha + 84 
kg K2O/ha + 42 kg MgO/ha, P2 = 233 kg N/ha + 196 kg P2O5 
/ha + 120 kg K2O/ha + 135 kg MgO/ha dan P3  = 311 kg N/ha 
+ 35 kg P2O5/ha + 394 kg K2O/ha + 63 kg MgO/ha.  

The materials  used are three varieties of Aceh patchouli 
type Pogostemon cablin Benth, manure, chemical fertilizer. 
The tools used are  tensiometer, optics; CCM 200 plus port-
able. There were 504 polybags sized 60 kg of soil planted 
with one patchouli plant and placed in 72 (seventy two) trial 
plots. The observational data were analyzed by ANOVA 
(LSD test of 5%).

Patchouli seed material from shoots up to 20 cm long was 
sowed in a small polybag mixed with soil and manure. Seed-
sthat have sprouted and leaves are planted into a large polybag 

sized  60 kg of soil arranged 60 x 40 cm apart an a randomized 
trial plots. Drought stress application is carried out at the age 
of one month after planted according to treatment. Plant treat-
ment includes watering, weeding and eradicating pests and 
diseases. Patchouli fertilizing is done one week before plant-
ing according to the treatment dosage. Soil’s water content 
was measured every morning using a tensiometer (soil mois-
ture tester) to determine when and the amount of water should 
be given to each trial plot. Proline content analysis was con-
ducted using Bates et al. (1973) method on the leaf segments 
2-3 number of shoots at the age of 180 days after transplanting 
(DAT). Chlorophyll measurements were carried out at 08.00-
10.00 by attaching leaves into the CCM 200+ portable Opti-
sciences sensor with cci (chlorophyll content index). Patchouli 
alcohol content was analyzed by gas chromatography-mass 
spectrometer (GC-MS).

The parameters observed were plant height, root length, 
root wet weight, root dry weight, crown wet weight, plant 
dry weight, root canopy ratio, chlorophyll and proline con-
tent.
Results and Discussions

Patchouli growth
Provision of water in the field capacity produces sig-

nificantly different plant height growth between treatment  
levels. The highest plant height at 75% fc is significantly dif-
ferent from 50% fc. Patchouli’s plant height decreased with 
reduced water content provided. The lower field capacity in-
hibits upper vegetative growth, but increases the root length 
and root wet weight growth at 25% fc, 26.38 cm and 3.34 g. 

Table 1. Patchouli parameter data due to water treatment (K) in the field capacity, patchouli varieties (V) and fertilizer 
dosage (P)

T PH,  
cm

RL,  
cm

WRW,  
g

RDW, 
g

CWW, 
g

PDW, 
g

RCR Chlo 
(CCI) 

K1 39.16 ab 24.52 a 2.51 ab 0.85 10.81 3.36 4.37 28.33 a
K2 41.52 a 23.44 ab 2.87 a 0.83 19.99 4.77 6.39 22.43 ab
K3 37.18 b 20.22 b 1.59 b 0.59 9.66 3.08 6.85 18.67 b
K4 40.03 a 26.38 a 3.34 a 0.85 15.56 3.51 6.49 17.60 b
V1 36.37 b 25.77 a 2.96 0.81 11.45 ab 3.60 4.60 b 22.21
V2 46.33 a 25.25 a 2.58 0.77 19.92 a 4.64 9.20 a 21.34
V3 35.71 b 19.91 b 2.32 0.76 9.15 b 2.71 4.27 b 21.72
P1 41.70 a 26.94 3.23 0.80 19.42 a 4.59 7.06 22.56
P2 40.65 a 21.35 1.96 0.82 11.55 ab 3.33 5.18 23.24
P3 36.06 b 22.64 2.68 0.72 9.56 b 3.13 5.83 19.49

Note: The numbers followed by the   same   letter   in the same column are not significantly different (LSD 0.05).  T= treatment,  PH  =  plant height,   
RL = root length, WRW = wet root weight, RDW = root dry weight, CWW = canopy wet weight, PDW = plant dry weight,  RCR =root canopy ratio,  
Chlo = chlorophyll
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Both parameters show significant differences with 50% fc. 
The amount of chlorophyll produced decreases with decreas-
ing of field capacity. The highest chlorophyll was obtained 
at 100% fc which was 28.33 cci and the lowest at 25% fc 
which was 17.60 cci. The treatment level of 100% fc shows 
a significant difference with 50% fc and 25% fc. Did not 
show significant differences in root dry weight and plant dry 
weight (Table 1).

Plant height and amount of chlorophyll is bigger  at 75% 
fc, while the root length and root weight are bigger at low 
water levels. The decrease in plant height and the amount 
of patchouli’s chlorophyll is affected by the low capacity of 
the soil so it interferes with cell division, inhibits nutrient 
absorption by patchouli plants. In this condition, the plant 
is more focused on extending its roots in order to obtain a 
lot of water sources in deeper soil layers (Hassanein, 2015; 
Wu et al., 2008), and inhibits shoot growth, thereby increas-
ing the plant root canopy ratio (Kirnak et al., 2001). An in-
crease in root length under drought stress conditions is also 
associated with an increase in the content of abic acid in the 
roots (Manivannan et al., 2007). Reduction of plant height is 
associated with disturbance in cell division, elongation and 
expansion under drought stress conditions (Hussain et al., 
2008; Manivannan et al., 2008; Sikuku et al., 2010).

Lower water content decreases the amount of chlorophyll 
patchouli plants. It shows that the lower of the water content, 
the lower the of  amount of chlorophyll. This was thought to 
be the caused by disruption of the formation of chlorophyll 
during drought stress. The lower the water content the lower 
the chlorophyll content (Anjum et al., 2003; Anower et al., 
2017). Drastic reduction in chlorophyll begins to appear at 
50% of the field capacity, thereby reducing crop yields. De-
creasing the amount of chlorophyll due to drought stress will 
reduce crop yields (Mafakheri et al., 2010).

Tapaktuan varieties produce a higher plant height at 
46.33 cm and  significantly different from the Lhokseumawe 
and Sidikalang varieties. The high adaptation of Tapaktuan 
varieties also occurred in the canopy wet weight parameter 
that was 19.92 g and the root canopy ratio was 9.20. The 
Lhokseumawe variety is more  superior to the root length 
parameter which is 25.77 cm, which is significantly different 
from the Sidikalang variety. There were no significant differ-
ences in the chlorophyll parameters due to the treatment of 
the varieties (Table 1).

Tapaktuan varieties produce higher plant height, canopy 
weight and root canopy ratio compared to the other two vari-
eties. Tapaktuan varieties genetically suspected have a good 
response to drought stress compared to Lhokseumawe and 
Sidikalang varieties. The response of varieties is influenced 
by genetic factors and the environment in which the plant 

grows, thus affecting the appearance of the plant both physi-
ologically and morphologically (Wahyuni et al., 2011). These 
results are the same as those obtained by Djazuli (2010) that 
Tapaktuan varieties have a better response to drought stress 
compared to Lhokseumawe and Sidikalang varieties.

Fertilizer dosage make a significant difference in plant 
height and plant canopy weight. The best fertilizer dosage is 
shown in P1 (128.8 kg N/ha + 25 kg P2O5/ha + 84 kg K2O/
ha + 42 kg MgO/ha), which is 41.70 cm for plant height and 
19.42 g of canopy wet weight which is significantly different 
from P3 (311 kg N/ha + 35 kg P2O5/ha + 394 kg K2O/ha + 63 
kg MgO/ha) dose. The  dose  of  fertilizer  given  was not 
significantly different from the other parameters (Table 1).

A fertilizer dose of 128.8 kg N/ha + 25 kg P2O5/ha + 84 
kg K2O/ha + 42 kg MgO/ha is a recommended dosage of 
patchouli cultivation in Indonesia capable of producing plant 
height and patchouli wet weight that is higher than other 
fertilizer dosage. This is because the nutrient content in the 
dosage is suitable and optimum for patchouli plant needs. 
Patchouli responds well to the application of fertilizers at op-
timum doses (Singh & Rao, 2008), to obtain optimal growth, 
fertilizers must be in accordance with plant needs (Sugiarti 
et al., 2004).

Prolin 
Interaction occurs between the level of water supply in 

the field capacity with patchouli varieties on the accumula-
tion of proline. The highest interaction was shown by Tapa-
ktuan (V2) varieties at 50% fc (K3) in the amount of 86.35 µ 
mol/g. At a field capacity of 25% (K4), Tapaktuan varieties 
were able to produce a greater accumulation of proline that 
is 50.61 µ mol/g which was very significantly different from 
the Lhokseumawe variety and Sidikalang variety (Table 2). 
This shows that the tapaktuan varieties have a good response 
to low water levels. This result is different from that obtained 
by Setiawan et al. (2012) who obtained the Lhokseumawe 
and Sidikalang varieties were more tolerant with higher pro-

Table 2. Interaction between administration of water (K) 
to field capacities and variety (V) to the content of proline 
(µ mol/g)

Treatment V1 V2 V3

K1 51.31 b (B) 47.60 d (C) 58.20 a (A)
K2 65.76 a (A) 65.38 b (B) 53.15 b (C)
K3 65.76 a (B) 86.35 a (A) 38.95 d (C)
K4 50.06 c (B) 50.61 c (A) 49.15 c (C)

Note: The numbers followed by the same lowercase letters in the same 
column and the same uppercase letters in the same row are not significant-
ly different (LSD 0.05)
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line levels compared to Tapaktuan varieties. The smaller the 
soil moisture content, the proline levels increase (Setiawan 
et al., 2013).

An interaction occurs between the level of water supply 
in the field capacity and the dose of fertilizer to the accu-
mulation of proline. The highest interaction was shown by 
the dose of P3 fertilizer at 50% (K3) field capacity, which 
was 85.96 µ mol/g. At a field capacity of 25% (K4), fertilizer 
dosage P2 (233 kg N/ha + 196 kg P2O5/ha + 120 kg K2O/ha + 
135 kg MgO/ha) accumulates a large amount of prolin which 
is 59.68 µmol/g and is very significantly different from P1 
(128.8 kg N/ha + 25 kg P2O5/ha + 84 kg K2O/ha +  42 kg 
MgO/ha)  and  P3 (311 kg N/ha + 35 kg P2O5/ha + 394 kg 
K2O/ha + 63 kg MgO/ha) (Table 3).

The application of high dose P3 (311 kg N/ha + 35 kg 
P2O5/ha + 394 kg K2O/ha + 63 kg MgO/ha) fertilizer could 
reduce the impact of drought stress on patchouli plants as 
evidenced by the lower accumulation of proline at 25% wa-
ter content in the amount of 41.24 µ mol / g followed by a 
P1 (128.8 kg N/ha + 25 kg P2O5/ha + 84 kg K2O/ha + 42 kg 
MgO/ha) dose of 48.91 µ mol/g and dose P2 (233 kg N/ha 
+ 196 kg P2O5/ha + 120 kg K2O/ha + 135 kg MgO/ha) of 
59.68 µ mol/g. Higher doses of fertilizer accumulate lower 
levels of proline. The low accumulation of proline occurs 
because fertilizers contribute to maintaining plant physiol-
ogy so it grows optimally growth (Alwi et al., 2018; Salehi 
et al., 2016).

Interactions between varieties and fertilizer dosages oc-
cur on the proline content. Application of high dose P3 (311 
kg N/ha + 35 kg P2O5/ha + 394 kg K2O/ha + 63 kg MgO/
ha) fertilizer results in a low proline content in Sidikalang 
(V3) variety of 44.22 µ mol / g. P3 (311 kg N/ha + 35 kg 
P2O5/ha + 394 kg K2O/ha + 63 kg MgO/ha) dose can reduce 
the impact of drought stress  which  is characterized by 
low accumulation of proline content in Sidikalang varieties 
(Table 4). 

It is suspected that the application of high-dose ferti-
lizer P3 (311 kg N/ha + 35 kg P2O5/ha + 394 kg K2O/ha + 63 
kg MgO/ha) stimulates the growth of patchouli plant roots 
which is faster and longer, so that the roots get water in 
deeper soil. Plants that experience rapid development and 
growth could reduce the effects of drought stress due to an 
increase in the absorption of nutrients and water by roots in 
deeper layers. Long roots can reach deeper water so that the 
maximum uptake of water by  plants (Blum, 2011; Djazuli, 
2010).

Conclusion

Provision of water in the field capacity decreases plant 
height growth, canopy wet weight, amount of chlorophyll, 
but increases root length, acetate wet weight and proline 
content. Tapaktuan varieties have better adaptability to 
drought stresses which are characterized by higher proline 
accumulation. P1 fertilizer dose (128.8 kg N/ha + 25 kg P2O5/
ha + 84 kg K2O/ha + 42 kg MgO/ha) results in better growth 
and yield of patchouli, while P3 (311 kg N/ha + 35 kg P2O5/
ha + 394 kg K2O/ha + 63 kg MgO/ha) can reduce the impact 
of drought stress on Sidikalang varieties.

References

Alwi, Y., Jamarun, N., Sy, A. R. & Zain, M. (2018). Effect of 
NPK fertilizer and water stress on growth and proline content 
of wild elephant grass (Pennisetum polystachion). Sch. J. Agric. 
Vet. Sci., 5(3), 124-129. 

Anjum, F., Yaseen, M., Rasul, E., Wahid, A. & Anjum, S. (2003). 
Water stress in barley (Hordeum vulgare L.). II. Effect on 
chemical composition and chlorophyll contents. Pak. J. Agric. 
Sci, 40, 45-49. 

Anower, M. R., Boe, A., Auger, D., Mott, I. W., Peel, M. D., Xu, 
L., Kanchupati, P. & Wu, Y. (2017). Comparative drought re-
sponse in eleven diverse alfalfa accessions. J. Agron. Crop Sci, 
203(1), 1-13. doi: 10.1111/jac.12156

Asnawi, T. M., Alam, P. N., Husin, H. & Zaki, M. (2018). The 
application of vacuum redistillation of patchouli oil to improve 
patchouli alcohol compound. Paper presented at the 2nd Inter-

Table 3. Interactions between water content (K) levels in 
field capacities and fertilizer dosage (P) to the content of 
proline (µ mol/g)

Treatment P1 P2 P3

K1 54.98 c (A) 51.65 c (B) 50.48 c (C)

K2 58.65 a (B) 72.50 a (A) 53.15 b (C)

K3 56.93 b (B) 48.16 d (C) 85.96 a (A)

K4 48.91 d (B) 59.68 b (A) 41.24 d (C)
Note: The numbers followed by the same lowercase letters in the same 
column and the same uppercase letters in the same row are not significant-
ly different (LSD 0.05)

Table 4. Interactions between varieties (V) and fertilizer 
dosage (P) to the proline content (µ mol/g)

Treatment P1 P2 P3

V1 50.77 c (C) 68.46 a (A) 55.45 b (B)

V2 54.20 b (C) 59.78 b (B) 73.47 a (A)

V3 59.63 a (A) 45.75 c (B) 44.22 c (C)
Note: The numbers followed by the same lowercase letters in the same 
column and the same uppercase letters in the same row are not significant-
ly different (LSD 0.05)



681Fertilizing dosage on three patchouli varieties (Pogostemon cablin Benth.) to reduce the effects...

national Conference on Oleo and Petrochemical Engineering, 
ICOOPChE 2017, Pekanbaru-Riau.

Blum, A. (2011). Plant breeding for water - limited environments: 
Springer Science + Business Media. Doi: http://www.springer.
com/978-1-4419-7490-7_2.

Djazuli, M. (2010). Effect of drought stress on growth and morph-
ophysiological characteristics of patchouli plants. Bul. Littro. , 
21(1), 8-17 (In). 

Emmyzar & Ferry, Y. (2004). Cultivation patterns to increase the 
productivity and quality of patchouli oil. Perkembangan Te-
knologi Tanaman Rempah dan Obat, XVI(2) (In). 

Haryono, W. (2015). Patchouli Oil Export News Indonesia. Jakar-
ta: Directorate General of National Export Development, Min-
istry of Trade Republic of Indonesia.

Hassanein, A. M. A. (2015). Effects of irrigation and method of 
fertilization on growth and flowering responses of potted Chry-
santhenum. J. Hort. Sci. Orna. Plants, 7(3), 80-86. 

Hussain, M., Malik, M. A. & Farooq, M. (2008). Improving 
drought tolerance by exogenous application of glycinebetaine 
and salicylic acid in sunflower. J. Agron. Crop Sci., 194, 193-
199. 

Karlina, N. P. & Koesriharti (2018). The effect of drought and ap-
plying NPK fertilizer to growth and yield of eggplant (Solanum 
melongena L.). J. Prod. Tan., 6(5), 823-829. 

Kirnak, H., Kaya, C., Tas, I. & Higgs, D. (2001). The influence 
of water deficit on vegetative growth, physiology, fruit yield 
and quality in eggplants. Bulg. J. Plant Physiol, 27(3-4), 34-46. 

Mafakheri, A., Siosemardeh, A., Bahramnejad, B., Struik, P. & 
Sohrabi, Y. (2010). Effect of drought stress on yield, proline 
and chlorophyll contents in three chickpea cultivars. Australian 
J. Crop Sci., 4(8), 580-585. 

Manivannan, P., Jaleel, C. A., Sankar, B., Kishorekumar, A., 
Somasundaram, R., Lakshmanan, G. M. & Panneerselvam, 
R. (2007). Growth, biochemical modifications and proline 
metabolism in Helianthus annuus L. as induced by drought 
stress. Coll. Surf. B Bioint., 59(2), 141-149. doi: 10.1016/j.col-
surfb.2007.05.002

Manivannan, P., Jaleel, C. A., Somasundaram, R. & Panneer-
selvam, R. (2008). Osmoregulation and antioxidant metab-
olism in drought-stressed Helianthus annuus under triadime-
fon drenching. C. R. Biol., 331(6), 418-425. doi: 10.1016/j.
crvi.2008.03.003

Nuryani, Y. (2006). Patchouli cultivation (Pogostemon cablin 

Benth.). Indonesian Spice and Medicinal Crops Research In-
stitute, Indonesian Center for Estate Crops Research and De-
velopment, Indonesian Agency for Agricultural Research and 
Development (In).

Salehi, A., Tasdighi, H. & Gholamhoseini, M. (2016). Evalua-
tion of proline, chlorophyll, soluble sugar content and uptake 
of nutrients in the German chamomile (Matricaria chamomilla 
L.) under drought stress and organic fertilizer treatments. Asian 
Pac. J. Trop. Biomed., 6(10), 886-891. 

Setiawan, Tohari & Shiddieq, D. (2012). Effect of drought stress 
on the accumulation of patchouli plant proline (Pogostemon ca-
blin Benth.). Ilmu. Pertanian, 15(2), 85-99 (In). 

Setiawan, Tohari & Shiddieq, D. (2013). Influence of stress lack 
of water on some physiological characteristics of patchouli 
plants (Pogostemon cablin Benth). J. Littri., 19(3), 108-116 
(In). 

Sikuku, P. A., Netondo, G. W., Musyimi, D. M. & Onyango, J. 
C. (2010). Effects of water deficit on days to maturity and yield 
of three nerica rainfed rice varieties. ARPN J.  Agri. Biol. Sci., 
5(3), 1-9. 

Singh, M. & Rao, R. S. G. (2008). Influence of sources and doses 
of N and K on herbage, oil yield and nutrient uptake of pa-
tchouli [Pogostemon cablin (Blanco) Benth.] in semi-arid trop-
ics Ind. Crops Prod., 29(1), 229-234. 

Sugiarti, U., Wardani, T. & Harnanti, A. S. (2004). The effect of 
urea and SP36 fertilizer on the growth and yield of pigeon va-
rieties. Paper presented at the Research Performance Supports 
Agribusiness of Legumes and Tubers, Indonesian Center for 
Food Crops Research and Development,  Bogor (In). 

Verslues, P. E., Agarwal, M. S., Agarwal, K., Zhu, J. & Zhu, 
J. K. (2006). Methods and concepts in quantifying resistance 
to drought, salt and freezing, abiotic stresses that affect plant 
water status. The Plant Journal, 45, 523-539. 

Wahyuni, F. Y., Soeparjono, S. & Usmadi (2011). The effect of 
dosage of nitrogen fertilizer on biomass production and essen-
tial oil of two varieties of patchouli (Pogostemon cablin Benth). 
Paper presented at the National Seminar on Strategies Reduc-
tion and Climate Change Adaptation in Agriculture Sector, Yo-
gyakarta (In).

Wu, F., Bao, W., Li, F. & Wu, N. (2008). Effects of drought stress 
and N supply on the growth biomass partitioning and water-use 
effeciency of Sophora davidii seedlings. Environ. Exp. Bot., 63, 
248-255. 

Received: January 29, 2020; Accepted: August 6, 2020; Published: August, 2021


