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ABSTRACT

Presently, Kalmegh (Andrographis paniculata (Burm. f.) Nees) is widely used as a
medicinal plant in Thailand to treat diseases such as sore throat, flu, fever, diarrhea, and cough.
Kalmegh production in some region is negatively affected by high radiation. However, the
information on the effect of shade on growth and yield of kalmegh is lacking. Therefore, the aims
of this study were to investigate the effect of shading on growth and yield of kalmegh. The four
experiments were conducted at the Faculty of Agricultural Technology, King Mongkut’s Institute
of Technology Ladkrabang, Bangkok, Thailand from December 2014 to June 2019.

The first experiment was carried out with the objectives to study the response of kalmegh
growth and yield to different shading levels. The study was conducted from December 2014 to
April 2015. A split plot in randomized complete block design with 3 replications was arranged.
Four local kalmegh varieties ( Phisanulok 5-4, Prachinburi, Ratchaburi and Phichit 4-4) and 5
shading levels (0% , 20% , 40% , 50% and 80% of shading) were as main plots and sub plots,
respectively. Data were collected on growth and yield of the crop. The results showed that we
were not found interaction between kalmegh varieties and shading levels. Prachinburi variety
gave the highest number of branches plant_l, leaf area index and leaf dry weight yield and
followed by Ratchaburi, Phichit 4-4 and Phisanulok 5-4 varieties, respectively. Shading affected
on growth and yield of kalmegh. In addition, significant differences were observed for all growth
characters between open light condition (0% shade) and shaded plants. For different shading

levels, leaf area index and leaf dry weight yield was the highest under 20% shading condition. It
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was concluded that kalmegh variety Prachinburi performed better in terms of highest growth and
yield grew under 20% shading condition.

In the second experiment, we studied the growth, yield and andrographolide content of
three local kalmegh (Andrographis paniculata (Burm. f.) Nees) responses to varying shade levels
under greenhouse conditions, from March to July 2018. Our experiment was laid out in a split
plot in randomized complete block design with three replications. Three local kalmegh varieties
(Prachinburi, Nakhon Prathom, and Saraburi) and four shading levels (0%, 25%, 50%, and 75%
shading) were applied to the test plots. Stem height, stem, leaf, and root dry weight, seed and leaf
dry weight yield and andrographolide content were recorded. The Prachinburi variety, followed
by Nakhon Prathom and Saraburi, showed the strongest growth under all shade conditions.
Different shading levels strongly influenced growth and kalmegh yield. The highest growth, stem,
leaf, root, total dry weight, seed, and leaf dry weight yield and andrographolide content were
registered at 25% shading levels followed by 0%, 50%, and 75% shading levels. We concluded
that 25% shading and the local Prachinburi variety kalmegh should be recommended.

The third experiment was undertaken, from January to May 2018, to investigate the
effects of shading at different growth stages on the growth, yield, and quality of kalmegh. The
design of this pot experiment was split plot in randomized complete block design with three
replications; three local kalmegh varieties (Prachinburi, Phisanulok 5-4, and Phichit 4-4) were the
main plots. The four sub plots were 20% shading at 3 stages of growth viz: 30, 60 and 90 days
after planting (DAP) till harvest and no shading which was the control. Several agronomic
characteristics of kalmegh such as plant height, dry weight of stem, leaf, and root, total dry weight
and leaf dry weight yield were recorded. The results indicated that Prachinbuti cultivar gave the
tallest plant and stem heights as well as the highest dry weight of leaf and root, total dry weight
and leaf dry weight yield, followed by Phisanulok 5-4 and Phichit 4-4. Shading at different stages
of growth clearly affected the growth and yield of kalmegh. No shading resulted in the least
growth and yield while shading at 90 DAP till harvest promoted some growth and yield that was
higher than no shading but lower than shading at 30 and 60 DAP till harvest. The maximum
values of growth and yield were observed under 20% shading at 30 DAP till harvest.

The fourth experiment was carried out during March to July 2019 to investigate the effect
of three local kalmegh varieties (Prachinburi, Phisanulok 5-4 and Phichit 4-4) and four 20%
shading at different growth periods such as 1) constant shading (shading at 30 days after planting

till harvest) 2) shading for 1 month at early growth period (at 30 DAP) 3) shading for 1 month at



flowering period (at 60 DAP) and 4) shading for 1 month at pod formation period (at 90 DAP)
and 5) open field (control). The experiment was arranged in split plot in randomized complete
block design with three replications. Shoot, root, total dry weight and leaf dry weight yield of
Prachinburi variety were the highest followed by Phisanulok 5-4 and Phichit 4-4. Growth and
yield of kalmegh affected by shading at different growth stages. The lowest shoot dry weight was
recorded for plant grown under full sunlight compared with shading for 1 month at different
growth stages. The highest shoot and leaf dry weight were obtained for plant grown under content
shading followed by plant grown under shading for 1 month at pod formation, flowering and
early growth period, respectively. It was observed that increase in long duration of shading such
as constant shading growth characteristics was the highest whereas the lowest was decrease in
short duration of shading such as shading for 1 month at the early growth stage. Kalmegh grown
under 20% shading at constant shading showed highest biomass production and andrographolide
content in leaf.

So, these results of 4 experiments suggested that an optimized crop management practice
should be adopted to ensure that kalmegh plant with Prachinburi cultivar be grown under 20-25

percent shading level and shading at 30 days after planting till harvest.
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Effects of shading at different growth stages on growth and yield of kalmegh

Taasfumyl aWus", uaz aued ¥HIAUMIAR"
Somanan Liphan'’ and Somyot Detpiratmongkol'

unAnge: nsAn T EGEumsiilnGeuasees Ancwalulaiinanems soniunalulad
nrzapInANEIALMUITAIANIZIIN f:wimﬁﬂuﬁﬂumu TABUARIAN W.A.2560 \NaANBVIEWA
TR INT RTINS FAL AR LA TR n gL e upTHaHARTE mMEAelas
ImenausuNImMAseILLIL Randomized complete block design #4M49u 4 41 &mases éur ns
WIRUATIIIMUA 4 ﬂ:ﬂ:n’m‘ﬁryl.ﬁuiﬂﬁumnaiwﬁu Tiur m:msﬂqumﬁmq 30, 60 uAT 90 TUNAY
Ugn qunnﬁ’qmnﬁmﬁﬂp uazbifinymmeeuas (AILIAN) HARINNITNAREY W1 NITATWLANTIENY
30 dumdalgn aunsviwdudes Awmzaalasiinmasiydulamdduuasaananimninudigs
-ﬁ'qn mumﬁqummﬂqumﬂmq 60 Az 90 Tuuadlign aunsziaiuien Ausdl Tunnsias
noaesilifimmaeuasilinsiign

ARIATY: NIINTNUAY, TanRRTyAuln, uauds, Wmzanalas

Abstract: The study was carried out at the greenhouse of Faculty of Agricultural Technology,
King Mongkut’s Institute of Technology Ladkrabang during June to October 2017 to investigate
the influence of shading at different growth stages on growth and yield of kalmegh. The
experiment was laid out randomized complete block design with 4 replications. Treatments were
four shading at different growth stages viz; shading at 30, 60 and 90 days after planting (DAP)
till harvest and without shading (control). The results showed that shading at 30 DAP till harvest
treatment gave the highest stem growth and dry weight yield of kalmegh followed by shading at
60 and 90 DAP till harvest, respectively whereas without shading (control) treatment gave the
lowest.

Keywords: Shading, Growth stages, Yield, Kalmegh

' pmdrmalulaiinuaaie anucmalulatinnness aotiunalulaiivszasuinddqunmnmaantai wasansal
NEMWUMTUAT 10520
Department of Plant Production Technology Faculty of Agricultural Technology, King Mongkut's Institute of Technology
Ladkrabang. Bangkok 10520
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2.01, 2.82 nfuAnkiu UAY 607.83 AT NITUFALAT
PR FENARINAR ManT L B Mz
ﬁmq 60 uax 90 quumﬂqmumﬁnqmmﬁm
Tanfhiwningnduudia, vmninluuie ez
u fAnwinfu 1.42, 2.52 nfurakiy uas 474.42
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ATNIUANAT WRT 1.00, 1.88 nFusakiu uay
360 30 AT NLIUFLRT ANAAL g meaielag
FailEFMmMua umuunmﬁuum Hmwin
Tuwdhe uasinaiily fissilgn wihrii 0.42, 1.02 nfy
ABMU UAT 157.17 AT NTURUAT

Table 1 Effects of shading at different growth stages on the stem and leaf dry weight (g plant™) leaf
area (cm®) of kalmegh at 120 days after planting.

Stem DW. Leaf DW. Leaf area (cm?)
Treatments ¥ ¢
(g plant™) (g plant’)
Shading at 30 DAP till harvest 2.01 A* 2.82A 607.83 A
Shading at 60 DAP till harvest 1.42B 2.52 AB 474.428B
Shading at 90 DAP till harvest 1.00C 1.88B 360.30 B
_Without shading 042D 1.02 C g oY Il
_Mean 1.21 2,06 399.93
LSD. (0.05) 0.40 073 120.80
CV. (%) 10.52 11.12 9.49
DW = dry weight; * = value within a column to followed by the different letters are significantly different by DMRT
p <0.05.

0.3044, 0.0869 uaz 0.1578 nFusiaiu 7098317
A m?wﬂaum'l.uunﬂw.,afmtﬁiﬁ'mq 60 uaz
0 quumﬂqmunﬂqmumm fdwningnudi,
Ywinaenuts  uastiwindnudisilFminiy

vdhwiinsnuds, dhuiinaanuds uszibwin
elnuvis

dhuthaenudie, dinsenudte uazinin
ik (nFusiady) mmﬂmvmﬂh? -fmq 120 u

udalgn (Table 2) delAFunimwauasiiszes
msmmmuimummqnu WUAIMTNIIUEN
'luunﬂ'mvmﬂ'iqmmq 30 awmﬂanﬁunr'm

0.2667, 0.0452 uax 0.1062 NFNFABAU UAY 0.2233,
0.0081 ua.. 0.0131 nFusBfU mummu duin
vnvma‘hm‘lu'lﬁmmmﬂqum uu’munﬂnuﬁq

Fuiden ﬂ'm.,mzrhmmuunﬂnuﬁq wmin

v Yhmineenudis ussiwnindnudilinsfign wii
panuia uaziwiindnuiia Senanniige wintu

0.0807, 0.0038 WAz 0.0088 nFumABH

Table 2 Effects of shading at different growth stages on the root, flower, and pod dry weight (g
plant”) of kalmegh at 120 days after planting.

Treatments Root DW. Flower DW. Pod DW.
(g plant”) (g plant™) (g plant”)
Shading at 30 DAP till harvest 0.3044 A* 0.0869 A 0.1578 A
Shading at 60 DAP till harvest 0.2667 AB 0.0452 B 0.1062 B
Shading at 90 DAP till harvest 0.2233 8B 0.0081 C 0.0131 C
Without shading 0.0807 C 0.0038 C 0.0088 C
Mean 0.2188 0.0360 0.0715
LSD. (0.05) 0.07 0.01 0.03
C.V. (%) 10.37 15.37 1537

DW = dry weight; * = value within a column to followed by the different letters are significantly different by DMRT
p < 0.05.
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Table 3 Effects of shading at different growth stages on dry weight yleld (g plant™) of kalmegh at

120 days after planting.
Treatments Dry weight yield. (g plant™)
Shading at 30 DAP till harvest 4.83 A*
Shading at 60 DAP till harvest 3.94 AB
Shading at 90 DAP till harvest 2.89B
Without shading 1.43C
Mean 3.27
LSD. (0.05) 1.1
C.V. (%) 10.70

* = value within a column followed by the different letters are significantly different by DMRT p <0.05.
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Abstract

Kalmegh (Andrographis paniculata (Burm. f.) Nees) is widely used as medicinal plant in
Thailand. However, the information on the effect of shade on growth and yield of Kalmegh is
lacking. Thus, the purpose of this study was to determine the effect of shading on the
vegetative growth and yield of Kalmegh. The study was conducted at Faculty of Agricultural
Technology, King Mongkut’ s Institute of Technology Ladkrabang, Bangkok. A split-plot in
randomized complete block design with 3 replications was arranged. Four local Kalmegh
varieties (Phitsanulok 5-4, Prachinburi, Ratchaburi and Phichit 4-4) and 5 shading levels (0%,
20%, 40%, 50% and 80% of shading) were as main plots and sub plots, respectively. Data were
collected on growth and yield of the crop. The results shown that we were not found interaction
between Kalmegh varieties and shading levels. Prachinburi variety gave the highest stem, leaf
and total dry weight and followed by Ratchaburi, Phichit 4-4 and Phitsanulok 5-4 varieties,
respectively. Shading affected on growth and yield of Kalmegh. In addition, significant
different were observed for all growth characters between open light condition (0% shade) and
shaded plants. For different shading levels, dry weight of stem, leaf and total dry weight and
dry weight yield were the highest under 20% shading condition. It was concluded that
Kalmegh is suitable for cultivation under 20% shading condition.

Keywords: Shading, Yield, Growth, Andrographis paniculata

1. Introduction
Kalmegh (Andrographis paniculata (Burm. f.) Nees, Acanthaceae) also called the andrographis
or “King of bitters” is native to the Asian subcontinent. The roots and leaves of this herb have
been used for centuries by the traditional medical practitioners of India, Thailand and China to
treat numinous ailments ranging from poor digestion and throat infections to haipatiels.
(Chopra et al, 1956, 1982 ; Palaniswamy, 2005)

Plant has an optimal intensity of light. This is the point at which the process of photosynthesis
is maximized and plant growth is at its greatest (Neri ef al., 2003). If the level of light is less,
growth is reduced. The point where an increase in light intensity will not increase
photosynthesis anymore is called light saturation. Light is generally recognized as the most
influential environment factor affecting the growth of plants (Li ef al., 2010). The objective of
this study therefore was to determine the optimal shading level for the production of the
highest growth and yield of Kalmegh.

2. Materials and Methods
Experimental site: This study was carried out during December, 2014 to April, 2015 at the
nursery house of Faculty of Agricultural Technology, King’s Mongkut Institute of Technology
Ladkrabang, Ladkrabang district, Bangkok province, Thailand. The research is located at
coordinated 13° 43” 36.21” N latitude and 100° 46’ 48.45” E longitude. The average altitude of
this area is 1.5 m. above mean sea level. The used soil in the experiment was Bangkok series
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and clay in texture. The soil was slightly acidic with pH 6.10. The mean annual rainfall for five
years from the year of 2010 to 2015 was 151.98 mm. The mean daily temperature is 30.95 °C.

Experimental design: For local commential Kalmegh varieties (Phitsanulok 5-4, Prachinburi,
Ratchaburi and Phichit 4-4) were evaluated in this study. The experimental design was a
split-plot with three replications, with Kalmegh varieties assigned to main-plots, and the five
treatments used included 0% (no shading / control), 20%, 40%, 50% and 80% shading
provided by black nets to sub-plots. They were placed in different lath houses, constructed
using wooden post and planks. Each lath house was 4 m long, 4 m wide and 2 m height. Each
lath house, except for the control, was covered with different density black shading net
according to the object.ves of the experiment. Stem cuttings were conducted from mother plant
of Kalmegh. Stem cutting were placed in shaded seedbed for root initiation. Fifteen days old
stem cuttings were planted in the experiment. One stem cutting was planted in each pot. The
pot was irrigated and intercultural operations like weeding were done as and when necessary.

Data collection and analysis: At harvest, 120 days after transplanting (DAT), all of plant from
each pot in each supplication and treatment for data collection. Data collected mcluded plant
height, leaf, stem, root, flower and pod and total dry weight. The leaf area (cm?) of harvested
leafy Kalmegh was measured using a leaf area meter (LI-3100 area meter, USA) and then leaf
area index (LAI) was determmed using the leaf area (upper side only) per unit area of land
below. It is expressed as m” leaf area per m” ground area. Collected data were analyzed using
ANOVA following the procedure for Split-plot design. Least significant different (LSD) values
were calculated at 0.05 probability level wherever the F-test was significant. Data analysis was
performed using WINDOWSTAT statistical software.

3. Results
3.1 Plant height
Plant height varied significantly among the varieties (Table 1). The variety Prachinburi gave
the highest plant height (57.08 cm), whereas the lowest plant height (33.82 cm) was obtained
from the variety Phitsanulok 5-4. Plant grown under with 80% shading had the highest plant
height (59.88 cm) among all the treatments, while the lowest plant height (28.97 cm) was
recorded among Kalmegh provided with 0% shading (Table 1). Shading reduced plant height in
Cyclamen (Villegas et al., 2006) Cermeno ef al. (2001) reported that, a moderate reduction of
radiation increased stem length in Chrysenethemums. Increase in growth characteristics of
sweet papper grown under black net screen house was attributed to better micro climate in
terms of reduction in temperature, relative humidity, wind speed and light intensity (Medany ef
al., 2009). Plant height observed in carnation plants under shading in this investigation could
also be attributed to improved microclimate.
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Table 1 Effects of different shadnglevels on plant height, stem and leaf dry weight and leaf

area index (LAI) of Kalmegh at 120 days after transplanting.
Plant heightt  Stem DW. LeafDW. LAl

Treatments o (g plant) (gL]:h.nrl)
Main plot (Cultivars)
Phitsanulok 5-4 33.82 2.85 1.61 028
Prachinbun 57.08 6.62 3.37 051
Ratchaburm 46.87 429 228 038
Phichit 44 4434 3.75 1.88 031
Sub plot (Shadinglevel (%))
0 (Control) 2897 562 3.13 045
20 3740 839 315 0.67
40 46.07 453 283 033
50 5531 2381 137 028
80 5088 0.53 033 0.13
Mean 4553 438 228 037
LSD (0.05) (Cultivars) 851 0.89 043 0.05
LSD (0.05) (Shadinglevel) 483 0.51 031 0.03
LSD (0.05) (Cultivars x Shadnglevel) Ns ns ns ns
C.V. (%) (Cultivars) T 20.94 2292 2129 1686
C.V. (%) (Shadinglevel) 12.77 14.12 16.49 10.17

LAI =leaf area index ; ns =No significant at the 0.05 probability level.

3.2 Stem dry weight

Stem dry weight varied significantly among the varieties (Table 2) The highest stem dry
weight (6.62 g plant”) and the lowest stem dry weight (2.85 g plant’ 'Y were recorded from the
variety Prachinburi and Phitsanulok 5-4, respectively. Kalmegh grown at 0% shading had
significantly (P<0.05) higher stem dry weight when compared to those shaded at 40%, 50%
and 80% levels (Table 2). Kalmegh at 20% shading had the highest stem dry welght (839¢g
plant™') while those shaded at 80% had the lowest stem dry weight (0.53 g plant’ %

3.3 Leaf dry weight

Leaf dry weight varied significantly among the varieties (Table 2). The highest leaf dry weight
(3.37 g plant™) was recorded in the variety Prachinburi. On the other hand the lowest leaf dry
weight (1.61 g plant”) was recorded in the variety Phitsanulok 5-4. There was significant
(P<0.05) difference in leaf dry weight between Kalmegh plant grown under the different
shading levels. Plants grown under 20% shading gave the highest leaf dry weight per plant
(3.75 g) while the lowest leaf dry weight per plant (0.33 g) was obtained from plants provided
with 80% shading (Table 2). Wiebel et al. (1994) stated that leaf area and leaf dry weight was
decreased with increase in shading condition.

3.4 Leaf area index

Leaf area index varied significantly among the varieties (Table 1). The variety Prachinburi
recorded highest leaf area index (0.51) followed by Ratchaburi (0.38), Phichit 4-4 (0.31) and
the lowest leaf area index (0.28) was recorded by the Phitsanulok 5-4. There was significant
(P<0.05) difference in leaf area index of Kalmegh plant grown at all the five different shading
levels (Table 1). In general, plant grown at 20% shading had the highest leaf area index (0.67)
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while those shaded at 80% had the lowest leaf area index (0.13) (Table 1). Jeong ef al. (2007)
reported that an increased in leaf area of begonia with increased shade levels. Leaf area in
sweet pepper (Medany er al., 2009), weeping fig (Ficus benjamina L.) and Croton (Codiaeum
variegatum 1..) (Scuderi et al., 2008) was found to decrease with increased shading levels.
Similarly, in this investigation, each increase in shading level above 20% results in
corresponding decrease in leaf area index of Kalmegh.

3.5 Flower and pod dry weight

Flower and pod dry weight varied significantly among the varieties (Table 2). The maximum
flower and pod dry weight (2.01 g plant™) and the minimum flower and pod dry weight (0.67 g
plant™") were obtained from variety Praclinburi and Phitsanulok 5-4, respectively. Shading the
Kalmegh plant at 0% results in significantly (P<0.05) higher flower and pod dry weight per
plant when compared to all the other shading levels (Table 2). The lowest flower and pod dry
weight (0.04 g plant™") was obtained from plants provided with 80% shading while the highest
(3.17 g plant™) was obtained from those provided with 20% shading.

3.6 Root dry weight and total dry weight

Significant variation was found in respect of root dry weight and total dry weight among the
varieties (Table 2). The highest (0.84 g and 12.85 g plant™) and the lowest (0.44 g and 5.58 g
plant”) were obtained from variety Prachinburi and Phitsanulok 5-4, respectively. The highest
root dry weight (0.86 g plant™) and total dry weight (15.64 g plant™) were obtained in plants
provided with 20% shading as compared to all the other shading levels (Table 2). Araki ef al.
(2014) reported that total dry weight per plant decreased with an increase in shade.

Table 2 Effectsof differentshadnglevels on flower and pod, root and total dry weight of
Kalmegh at 120 days after transplanting.

Flower and Root DW. Total DW.
Treatments Pod DW. (g plant™) (g plant™)
(g plant™)

Main plot (Cultivars)

Phitsanulok 54 0.67 044 558

Prachinburi 201 0.84 12.85

Ratchabun 152 0.52 862

Phichit 4-4 097 0.55 7.17
Sub plot (Shadinglevel (%))

0 (Control) 1.72 093 1196

20 3.17 0.86 1564

40 1.03 0.75 9.15

50 051 030 501

80 0.04 0.10 1.02
Mean 129 0.59 8.56
LSD (0.03) (Cultivars) 0.17 0.10 144
LSD (0.03) (Shadinglevel) 0.13 0.06 0.71
LSD (0.05) (Cultivars x Shadinglevel) ns ns ns
C.V. (%) (Cultivars) 1517 1933 18.92
C.V. (%) (Shadinglevel) 12.20 12.16 10.08

DW = dry weight ; ns = No significant at the 0.05 probability level.

3.7 Total dry weight yield and Leaf dry weight yield
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Significant variation was found in respect of total dry weight yleld and leaf dry weight yield
among the vanetles (Table 3). The highest (141.40 and 47.70 g m" %) and the lowest (63.22 and
22.80 g m™) were obtained from variety Prachinburi and Phitsanulok 5-4, respectively. There
was significant (P<0.05) difference in total dry weight between Kalmegh plant grown under the
different shading Ievels Plants grown under 20% shading gave the highest total dry weight per
plant (171.83 g m’ %) while the lowest total dry weight per plant (12.32 g m’ %) was obtained
from plants provided with 80% shading (Table 3). For leaf dry weight yield, the highest leaf
dry weight yield (53 08 g m™) was obtained from Kalmegh grown 20% shading, while the
lowest (4.72 g m ?) was obtained from plant shaded at 80% (Table 3). Increasing the shadmg
intensity results in a significant (P<0.05) decrease in yield of Kalmegh. These results are in
good agreement with the finding of Devkota and Ma (2010) also showed that increasing level
of shading could reduce growth and yield of plant.

Table 3 Effects of different shading levels on total dry weight yield and leaf dry weight
yield of Kalmegh at 120 days after transplanting,

Total DWY. Leaf DWY.
Treatments o
(gm™) (g m?)

Main plot (Cultivars)

Phitsanulok 5-4 6322 22.80

Prachinburi 14140 47.70

Ratchabur 9294 3224

Phichit 44 7968 2661
Sub plot (Shadnglevel (%))

0 (Control) 12390 4435

20 171.83 53.08

40 104.17 40.05

50 5932 19.49

80 1232 472
Mean 9430 3234
LSD (0.05) (Cultivars) 18.03 6.15
LSD (0.05) (Shadmnglevel) 892 443
LSD (0.05) (Cultivarsx Shadinglevel) ns ns
C.V. (%) (Cultivars) 21.40 2129
C.V. (%) (Shadnglevel) 11.38 16 49

DWY = dry weight yield ; ns = No significant at the 0.05 probability level

4. Conclusion
It is concluded that among the studied 4 Kalmegh varieties, Prachinburi was the best growth
and yield. The highest growth and leaf dry weight yield were obtained from Kalmegh provided
with 20% shading. Increased shading level above 20% significant reduced in stem growth and
dry weight yield. However, production of Kalmegh should, therefore be undertaken for
Prachinburi variety at 20% shading to obtain the best growth and leaf fresh and dry weight
yield.
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Influence of Different Shading Levels on Growth and Yield of
Kalmegh, Andrographis paniculata Burm. F. (Nees)

Somanan Liphan *', and Somyot Detpiratmongkol *

* Department of Plant Production Technology, Faculty of Agricultural Technology,
King Mongkut’ s Institute of Technology Ladkrabang, Bangkok, Thailand

Liphan S. and S. Detpiratmongkol (2017). Influence of different shading levels on growth and
yield of kalmegh Andrographis paniculata Burm. f. (Nees). International Journal of Agricultural
Technology 13(1): 79-89.

Kalmegh Andrographis paniculata Burm. F. (Nees) is widely used as medicinal plant in
Thailand to treat diseases such as sore throat, flu, fever, diarrhea and cough. Kalmegh
production in some region is negatively affected by high radiation. However, the information
on the effect of shade on growth and yield of Kalmegh is lacking. Thus, the objective of this
study was to evaluate the effect of different shading levels on growth and yield of Kalmegh.
The study was conducted during December, 2014 to April, 2015, at Faculty of Agricultural
Technology, King Mongkut’ s Institute of Technology Ladkrabang, Bangkok. A split-plot in
randomized complete block design with 3 replications was arranged. Four local Kalmegh
varieties (Phisanulok 5-4, Prachinburi, Ratchaburi and Phichit 4-4) and 5 shading levels (0%,
20%, 40%, 50% and 80% of shading) were as main plots and sub plots, respectively. Data were
collected on growth and yield of the crop. The results shown that we were not found interaction
between Kalmegh varieties and shading levels. Prachinburi variety gave the highest number of
branches plant”, number of leaves plant™, leaf area, shoot dry weight and leaf dry weight yield
and followed by Ratchaburi, Phichit 4-4 and Phisanulok 5-4 varieties, respectively. Shading
affected on growth and yield of Kalmegh. In addition, significant different were observed for
all growth characters between open light condition (0% shade) and shaded plants. For different
shading levels, leaves number plant”, leaf area, shoot dry weight and leaf dry weight yield were
the highest under 20% shading condition. It was concluded that Kalmegh variety Prachinburi
performed better in terms of highest growth and yield grown under 20% shading condition.

Keywords: Shading, Yield, Growth, Kalmegh, Andrographis paniculata

Introduction

Kalmegh is one of the most important medicinally important plant grown
worldwide. Kalmegh Andrographis paniculata Burm. f. (Nees) belongs to
family Acanthaceae was known as “King of bitters” (Kumar ef al., 2012) due to
its bitter taste and the weak odor is one of the important herbs classified as an
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annual and shrub plant in tropical Asian countries. Kalmegh is available
abundantly in India, Pakistan, Sri Lanka, East and West Indies, Mauritius,
China, Java, Thailand and Indonesia (Kumar er al., 2012). Kalmegh is known
as Fah Talai Jone in Thai Folklore, used in the treatment of various diseases of
the liver, colic, fevers, and as anthelminthic. The medic’nal herb Kalmegh,
grows as a wild plant in the open fields (Biffa, 2003; Jaganath and Teik, 2003;
Anonymous, 2008; Niranjan ef al., 2010; Akbar, 2011).

Light is the major factor to the life cycle of a plant because it is the
energy source that triggers the process of photosynthesis. All plants need
sunlight to make their food, and if the available sunlight is reduced the plant
have to change and adapt in various ways in order to acclimatize to a new
environment. Excessive light intensity resulted in photosynthesis inhibition as it
has a destructive effect on photosynthetic pigments (Kumar er al., 2012). The
plants grow well in shaded places such as undergrowth in the forest. Under
natural conditions, Kalmegh is found in both shaded and wide open areas. This
may be a lack of information on growth and physiology related to different
light intensities of Kalmegh (Saravanan et al., 2008). Growth and yield of crops
are close related to the amount of solar received during the growing period.
This study objective was therefore to investigate Kalmegh in growth and yield
response to different levels of shading.

Materials and methods

Experimental site: The research was carried out at the nursery house of
Faculty of Agricultural Technology, King’s Mongkut Institute of Technology
Ladkrabang, Ladkrabang district, Bangkok province, Thailand (13° 43° 36.21”
N latitude and 100° 46° 48.45” E longitude) with an elevation of 1.5 m. above
mean sea level during December 2014 to April 2015. The used soil in the
experiment was Bangkok series and clay in texture. The soil was slightly acidic
with pH 6.10. The mean annual rainfall for five years from the year of 2010 to
2015 was 151.98 mm. The mean daily temperature is 30.95 °C.

Experimental design: The experiment was arranged in a split-plot design
with three replications. The main plot was the four local commercial Kalmegh
varieties (Phisanulok 5-4, Prachinburi, Ratchaburi and Phichit 4-4) and the sub-
plot was the kind of five shading levels such as 0% (no shading / control), 20%,
40%, 50% and 80% shading provided by black net. In 0% shading treatment,
sunlight was allowed to fall over the Kalmegh plants without any barrier.
Kalmegh plants were placed in different lath houses, constructed using wooden
post and planks. Each lath house was 4 m long, 4 m wide and 2 m height. Each
lath house, except for the control, was covered with different density black
shading net according to the objectives of the experiment. Stem cuttings were
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conducted from mother plant of Kalmegh. Stem cutting was placed in shaded
seedbed for root initiation. Fifteen days old stem cuttings were planted in the
experiment. One stem cutting was planted in each pot. The pot was irrigated
and intercultural operations like weeding were done as and when necessary.
Irrigation was given to the plants after planting till harvest. Other cultural
practices were made as and when necessary.

Data collection and analysis: At harvest, 120 days after transplanting
(DAT), all of plant from each pot in each supplication and treatment for data
collection. Data collected included: number of branches, number of leaves,
number of pods and shoot dry weight. The leaf area (cm”) of harvested leafy
Kalmegh was measured using a leaf area meter (LI-3100 area meter, USA).
Chlorophyll content was measured using a chlorophyll meter (SPAD-502,
Minolta Co, Japan). For all treatments, the leaf of Kalmegh was inserted into
the leaf clip and SPAD value measured 5 times from different spots of a single
leaf and bract. Chlorophyll a and b in leaf were measured by 80% acetone.
Absorbance was taken at 645 and 663 nm using UV-VIS spectrophotometer
according to Witham et al. (1971). Crop growth rate on plant mass (CGR, g m™
day'l) during the monitoring period was calculated from the formula: CGR =

-;— x (‘;—‘:) where CGR = crop growth rate, p = ground area, dw = dry weight

production in t days, dt = number of days.

Collected data were analyzed by analysis of variance using ANOVA
following the procedure for Split-plot design. Least significant different (LSD)
values were calculated at 0.05 probability level wherever the F-test was
significant. Data analysis was performed using WINDOWSTAT statistical
software.

Results and Discussion

Number of branches

Number of branches plant” varied significantly among the varieties at
harvest (Table 1). The highest number of branches plant™ (25.33) was recorded
in the variety Prachinburi and the lowest number of branches plant™ (19.73)
was recorded from the variety Phisanulok 5-4. Kalmegh grown at 0% shading
had significantly (P<0.05) higher number of branches plant” when compared to
those shaded at 40%, 50% and 80% levels, respectively (Table 1). Kalmegh at
80% shading had the highest number of branches plant™ (27.00) while those
shaded at 80% had the lowest number of branches plant” (17.00).
Shivashankara er al. (2000) reported that 10-60% light curtailment produced
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higher internodal length, increase in number of branches, leaf number in betel
vine (Piper betle).

Table 1 Effects of different shadin% levels on no. of branches plant", no. of
leaves plant”, leaf area (cm®), no. of pods plant”, pod dry weight and
shoot dry weight (g p}ant'l) at 120 days after transplanting of 4 local

Kalmegh cultivars at harvest.
No. of No.of Leaf No.of Pod DW. Shoot
Treatments branches Leaves area pods (g plant DW.
plant’  plant' (cm? plant’ D) (g plant™)
Main plot (Cultivars)
Phisanulok 5-4 19.73 246 200.84 28.73 0.19 5.58
Prachinburi 25.33 338 36520  86.26 1.05 12.85
Ratchaburi 21.20 267 273.72 7220 0.85 8.62
Phichit 4-4 21.33 285 224.17 39.26 0.45 Tl
Sub plot (Shading
levels (%))
0 (Control) 23.83 363 31922 8233 0.93 11.34
20 27.00 469 47632 127.00 1.54 16.26
40 22.00 285 235.79 4425 0.49 9.15
50 19.66 212 203.57 24.83 0.20 5.01
80 17.00 91 95.01 4.67 0.02 1.02
Mean 21.90 284 26598 56.61 0.64 8.56
LSD (0.05) (Cultivars) 2.49 46.37 41.12 6.27 0.11 1.44
LSD (0.05) (Shading 1.11 3532 2258 4.74 0.10 0.72
levels)
LSD (0.05) (Cultivars ns ns ns ns ns ns
X Shading
levels)
C.V. (%) (Cultivars) 12.77 18.26 17.30 12.40 20.60 18.92
C.V. (%) (Shading 6.12 1494  10.21 10.08 22.34 10.19
levels)

ns = No significant at the 0.05 probability level ; DW = Dry weight.
Number of leaves

Number of leaves plant” varied significantly among the varieties at
harvest (Table 1). The maximum number of leaves plant™ (338) was obtained
from variety Prachinburi whereas the minimum leaves number plant" (246)
was obtained from variety Phisanulok 5-4. There was significant (P<0.05)
difference in number of leaves plant™” between Kalmegh plant grown under the
different shading level. Plant grown under 20% shading gave the highest
number of leaves plant” (469) while the lowest number of leaves plant™ (91)
was obtained from plants provided with 80% shading (Table 1). In Aster scaber
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and Lingularia fischeri, plant height, leaf number, length and width were
increased in 30-50% shading as against the open condition (Hong et al., 1996).

Leaf area

Leaf area varied significantly among the varieties at harvest (Table 1).
The variety Prachinburi gave the highest leaf area (365.20 cm?) followed by
Ratchaburi (273.72 cm?) Phichit 4-4 (224.17 cm?®) and the lowest leaf area
(200.84 cm®) was recorded by the Phisanulok 5-4. Shading the Kalmegh plant
at 0% results in significant (P<0.05) higher leaf area (319.22 cm”) when
compared to all the other shading levels (Table 1). The lowest leaf area (95.01
cm?) was obtained from the plant provided with 80% shading whereas the
highest (476.32 cm®) was obtained from those provided with 20% shading. On
the other hand Jeong er al. (2007) stated that an increased in leaf area of
begonia with increased shade levels. Leaf area in weeping fig (Ficus benjamina
L.) and Croton (Codiaeum variegatum L.) (Scuderi et al., 2008) and sweet
pepper (Medany et al., 2009) were found to increase leaf area with increased
shading levels (Scuderi et al., 2008). Similarly in this investigation, increase in
shading level above 20% results in corresponding decrease in number of leaves
plant” and leaf area of Kalmegh. Naidu and Swamy (1994) observed increase
in number and area of leaves in Pongamia pinnata plant grown in shade.

Number of pods and pod dry weight

Significant variation was found in respect of number of pods plant” and
pod dry weight among the varieties at harvest (Table 1). The highest (86.26
pods and 1.05 g plant™) and the lowest (28.73 pods and 0.19 g plant™) were
obtained from variety Prachinburi and Phisanulok 5-4, respectively. The
highest number of pods plant™ (127.00 pods) and pod dry weight (1.54 g plant“)
were obtained in plants provided with 20% shading as compared to all the other
shading levels (Table 1). However, shading reduced the number of pods per
plant for soybean as reported by Kurosaki and Yumoto (2003) and Kakiuchi
and Kobata (2004, 2006).

Shoot dry weight

Shoot dry weight varied significantly among the variety at harvest (Table
1). The variety Prachinburi recorded the highest shoot dry weight (12.85 g
plant™) followed by Ratchaburi (8.62 g plant™), Phichit 4-4 (7.17 g plant™) and
Phisanulok 5-4 (5.58 g plant™), respectively. There was significant (P<0.05)
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difference in shoot dry weight of Kalmegh plant grown under the five different
shading levels (Table 1). Kalmegh grown at 20% shading had the highest shoot
dry weight (16.26 g plant™) while those shaded at 80% had the lowest shoot dry
weight (1.02 g plant™). Kakiuchi and Kobata (2004, 2006) reported that total
dry weight per plant decreased with an increase in shade.

SPAD values

The results on the determination of chlorophyll values using the SPAD
meter (Table 2). Significant variation was found in respect of SPAD values
among the varieties. The highest (58.06) and the lowest (50.84) were obtained
from variety Prachinburi and Phisanulok 5-4, respectively. Minotta and
Pinzauti (1996) reported that the total chlorophyll content is depend on
physiological characteristic of species. Kalmegh plant grown under the
different shading levels (Table 2). Plant grown under at 80% shading had the -
highest SPAD values (67.24) followed by 50% shading (59.33), 40% shading
(55.66), 20% shading (50.13) and 0% shading (39.97), respectively. According
to previous studies, the findings of Lopez-Marin er al. (2012) and Zhu er al.
(2012) where 60% and 30% shading intensity resulted in the highest SPAD
values, respectively. However, our finding harmonizes with those reported by
Legarrea et al. (2010) and Jang et al. (2014) noting that higher shading
intensity resulted in higher SPAD values and higher chlorophyll concentration.
Shade-plants develop acclimation strategies, including larger and thinner leaves
which present even a three-fold increase in chlorophylls (Adamson ef al., 1991;
Taiz and Zeiger 2002). Nonetheless, the excess of light can cause greater
degradation and consequently, a reduction in the levels of total chlorophyll (De
Carvalho Gongalves et al., 2005).

Chlorophyll a and b content in leaf

Chlorophyll a and b content in leaf varied significantly among the
varieties at harvest (Table 2). The variety Prachinburi was recorded the highest
chlorophyll a and b content in leaf (0.14 and 0.38 mg / 100 g of leaf fresh
weight) and the lowest chlorophyll a and b content in leaf (0.05 and 0.16 mg /
100 g of leaf fresh weight) was recorded by Phisanulok 5-4. Chlorophyll
content in leaf increased progressively with the increase of shading level (Table
2). Plant grown under 80% shading gave the highest chlorophyll a and b
content in leaf (0.23 and 0.63 mg / 100 g of leaf fresh weight) followed by 50%,
40% and 20% shading, respectively whist the lowest chlorophyll a and b
content in leaf (0.02 and 0.07 mg / 100 g of leaf fresh weight) were obtained
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from plants grown under 0% shading. It has been postulated that shading
increased the quality of chlorophyll and thus increase the photosynthesis
efficiency of plant and ultimately the yield increase (E-Aidy ef al., 1983). In
Rumbhora adiantiformis, around 50 and 70% shading increased the contents of
chlorophyll a, b and total chlorophyll (Chen ez al., 1999). Thomes et al. (2005)
reported that high chlorophyll contents might also contribute to higher
photosynthetic rate and significant positive correlation between chlorophyll
content and photosynthesis rate.

Table 2 Effects of different shading levels on SPAD values, chlorophyll a
content and chlorophyll b content in leaf (mg / 100 g of leaf fresh
weight) at 120 days after transplanting of 4 local Kalmegh cultivars

at harvest.
SPAD values Chlorophylla  Chlorophyll b
content in leaf  content in leaf
Trentoocats (mg/100g  (mg/100g
of LFW) of LFW)

Main plot (Cultivars)

Phisanulok 5-4 50.84 0.05 0.16

Prachinburi 58.06 0.14 0.38

Ratchaburi 54.42 0.13 0.37

Phichit 4-4 54.40 0.12 0.33
Sub plot (Shading levels (%))

0 (Control) 39.97 0.02 0.07

20 50.13 0.04 0.15

40 55.66 0.09 0.27

50 59.33 0.15 0.41

80 67.24 0.23 0.63
Mean 54.46 0.11 0.31
LSD (0.05) (Cultivars) 4.62 0.02 0.05
LSD (0.05) (Shading levels) 3.74 0.01 0.03
LSD (0.05) (Cultivars x Shading ns ns ns
levels)
C.V. (%) (Cultivars) 9.51 20.37 19.64
C.V. (%) (Shading levels) 8.26 12.30 13.60

ns = No significant at the 0.05 probability level ; LFW = leaf fresh weight.
Crop growth rate

Crop growth rate determines the dry matter accumulation in a time and
land units in a plant community. The crop growth rate value varied significantly
among the varicties and shading lavels at 0-30, 30-60, 60-90 and 90-120 days
after transplanting (Table 3). Crop growth rate value in this study had an
ascending growth. The variety Prachinburi recorded the highest crop growth
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rate values (0.06, 0.62, 1.48 and 3.89 g m” day™) followed by Ratchaburi (0.05,
0.36, 1.15 and 2.49 g m™ day™), Phichit 4-4 (0.04, 0.29, 1.29 and 1.74 g m™
day™) and Phisanulok 5-4 (0.03, 0.12, 0.72 and 1.73 g m™ day™), respectively.
There was significant (P<0.05) difference in crop growth rate values of
Kalmegh plant grown under the five different shading levels (Table 3). Plant
grown under at 20% shading had the highest crop growth rate values (0.07, 0.81,
2.23 and 4.53 g m? day™) followed by 0%, 40% and 50% shading while those
shaded at 80% had the lowest crop growth rate values (0.03, 0.05, 0.14 and 0.24
gm? day™).

Table 3 Effects of different shading levels on crop growth rate values (g m”
day™) of 4 local Kalmegh cultivars at harvest.

Crop growth rate values (g m™ day”)

Treatments Ages (DAT) (days)
0-30 30-60 60-90 90-120
Main plot (Cultivars)
Phisanulok 5-4 0.03 0.12 0.72 1.73
Prachinburi 0.06 0.62 1.48 3.89
Ratchaburi 0.05 0.36 1.15 2.49
Phichit 4-4 0.04 0.29 1.29 1.74
Sub plot (Shading levels (%))
0 (Control) 0.06 0.45 1.63 3.20
20 0.07 0.81 223 4.53
40 0.05 0.25 1.17 2.83
50 0.04 0.17 0.63 1.51
80 0.03 0.05 0.14 0.24
Mean 0.05 0.35 1.16 2.46
LSD (0.05) (Cultivars) 0.06 0.07 021 0.54
LSD (0.05) (Shading levels) 0.02 0.03 0.17 0.31
LSD (0.05) (Cultivars x Shading ns ns ns ns
levels)
C.V. (%) (Cultivars) 15.12 23.30 20.70 24.84
C.V. (%) (Shading levels) 8.81 11.10 18.48 15.37

ns = No significant at the 0.05 probability level ; DAT = Day after transplanting.
Leaf fresh and dry weight yield

Significant variation was found in respect of leaf fresh and dry weight
yield among the varieties (Table 4). The highest (6.20 and 3.37 g plant™) and
the lowest (4.44 and 1.61 g plant') were obtained from variety Prachinburi and
Phisanulok 5-4, respectively. There was significant (P<0.05) difference in leaf
fresh and dry weight yield between Kalmegh plant grown under the different
shading levels. Plants grown under 20% shading gave the highest leaf fresh
weight yield per plant (6.60 g plant™) while the lowest leaf fresh weight yield
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per plant (3.16 g plant™) was obtained from plants provided with 80% shading
(Table 4). For dry leaf dry weight yield, the highest leaf dry weight yield (3.75
g plant™) was obtained from Kalmegh grown 20% shading, while the lowest
(0.33 g plant™) was obtained from plant shaded at 80% (Table 4). Increasing
the shading intensity results in a significant (P<0.05) decrease in yield of
Kalmegh. These results are in good agreement with the finding of Devkota and
Jha (2010) also showed that increasing level of shading could reduce growth
and yield of plant. On the other hand, Santiago-Santos and Cedeno-Maldonado
(1991) reported that the leaf mass of ngo gai produced under 63 or 73 % shade
was greater than that produced under full sun.

Table 4 Effects of different shading levels on leaf fresh and dry weight yield (g
plant™) of 4 local Kalmegh cultivars at harvest.

Leaf FWY. Leaf DWY.

Treatments (g plan ) @ plant™)
Main plot (Cultivars)

Phisanulok 5-4 4.44 1.61

Prachinburi 6.20 337

Ratchaburi 5.11 2.28

Phichit 4-4 4.71 1.88
Sub plot (Shading levels (%))

0 (Control) 6.11 3.13

20 6.60 3.75

40 5.49 2.83

50 420 1.37

80 3.16 0.33
Mean 5.11 2.28
LSD (0.05) (Cultivars) 0.92 0.43
LSD (0.05) (Shading levels) 0.76 0.31
LSD (0.05) (Cultivars x Shading levels) ns ns
C.V. (%) (Cultivars) 20.29 21.29
C.V. (%) (Shading levels) 18.03 16.49

ns = No significant at the 0.05 probability level ; FWY = fresh weight yield ; DWY = dry
weight yield.

Conclusion

It is concluded that among the studied 4 Kalmegh varieties, Prachinburi
was the best growth and yield. The highest growth and leaf dry weight yield
were obtained from Kalmegh provided with 20% shading. Increased shading
level above 20% significant reduced in stem growth and dry weight yield.
However, production of Kalmegh should, therefore be undertaken for
Prachinburi variety at 20% shading to obtain the best growth and leaf fresh and
dry weight yield.
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RESPONSE OF KALMEGH (Andrographis paniculata
(Burm. F.) Nees) TO SHADING AT DIFFERENT
GROWTH STAGES

Somanan Liphan® and S. Detpiratmongkol

Department of Plant Production Technology, Faculty of Agricultural Technology, King Mongkut’s
Institute of Technology Ladkrabang, Bangkok, Thailand, 10520

Abstract

Kalmegh (4ndrographis paniculata (Burm. F.) Nees) is a very useful medicinal herb widely used for treatments
of various human diseases and symptoms: fever, cold, laryngitis, diarrhea and inflammation. However, its
enhanced growth and yield as a response to shading at different growth stages have not been studied yet.
Therefore, in this study, an experiment was undertaken, from January to April 2018, to investigate the effects of
shading at different growth stages on the growth, yield and quality of kalmegh. The design of this pot
experiment was split plot with three replications; three local kalmegh cultivars—Prachinburi, Phichit 4-4 and
Phisanulok 5-4—were the main plots. The four sub-plots were 20% shading at 3 stages of growth viz: 30, 60
and 90 days after planting (DAP) till harvest and no shading which was the control. Several agronomic
characteristics of kalmegh such as plant height, stem, dry weight of leaf and root, total dry weight and leaf dry
weight yield were recorded. The results indicated that Prachinbuti cultivar gave the tallest plant and stem heights
as well as the highest dry weight of leaf and root, total dry weight and leaf dry weight yield, followed by
Phisanulok 5-4 and Phichit 4-4. Shading at different stages of growth clearly affected the growth and yield of
kalmegh. No shading resulted in the least growth and yield while shading at 90 DAP promoted some growth and
yield that was higher than no shading but lower than shading at 30 and 60 DAP. The maximum values of growth
and yield were observed under 20% shading at 30 DAP.

Key words : Yield, Andrographolide, Kalmegh, Shading

Introduction
of time will be low as well. Lack of light leads to

Medicinal plants are essential for human metabolism  disorder and decreases in

beings who utilize them for basic preventive and
curative health care. Kalmegh (Andrographis
paniculata (Burm. F.) Nees) is an important herb
for treatments of fever, diarrhea, dysentery, cough,
sore throat, bronchitis, arthralgia, haematometra,
hypertension and snake bite (Madav et al, 1995;
Matsuda et al., 1994). Kalmegh that is continuously
harvested from trees in the forest may become
depleted (Yusron and Januwati, 2004). However, it
is widely cultivated in India, Sri Lanka, Malaya
Peninsula, China and Thailand, but a proper
cultivation method is required. The need for
kalmegh plant as a raw material for traditional
medicine continues to increase, but the supply of
kalmegh harvested from farms is still unpredictable
(Purwanto ef al., 2011). Environmental conditions
such as shading strongly affect its growth (Kosma
et al., 2013). Solar radiation with a proper intensity,
quality and duration of exposure is an important
factor for its growth. When the received light
intensity is low, the amount of light received by the
surface area of each leaf within a specified period

“Author for correspondence : E-mail : somanan.liphan@
gmail.com

photosynthesis and carbohydrate synthesis rates.
Conversely, if the light intensity is too high, the
plant may suffer from high temperature stress and
drought stress (Parwanto ef al., 2011). Therefore,
the objective of this study was to determine the
effects of 20% shading at different growth stages
on the growth, yield and quality of harvested
kalmegh. This study was also meant to identify the
optimum period for shading, in terms of days after
planting till harvest, and inform farmers so as to
enhance their kalmegh production.

Materials and methods

A field experiment was conducted at an
experimental plot in the area of the Faculty of
Agricultural Technology, King Mongkut’s Institute
of Technology Ladkrabang, Bangkok, Thailand,
during January to April, 2018. Seeds of kalmegh
(Prachinburi, Phisanulok 5-4 and Phichit 4-4
varieties) were obtained from the Phichit
Agricultural Research and Development Center,
Pichit Province, Thailand. Three seeds were
dropped into a 1-cm deep hole in the soil in plastic
pots (30 cm in diameter). The pots were arranged in



the experimental plot according to a split plot
randomized complete block design with 3
replications. The main plot had all three varieties of
kalmegh placed in it with 20% shading. It was
divided into 4 sub-plots where each received 20%
shading only during one of the 4 different growth
stages of kalmegh. The sub-plot treatments
included the following: (1) shading for 30 days
after planting (DAP) till harvest, (2) shading for 60
DAP till harvest; (3) shading for 90 DAP till
harvest and (4) without shading. When the seeds
grew to 15 DAP, one plant from each pot was
selected and the others were pulled off from the
pot. At 30 DAP, 3 replicates of each of the 3
varieties for a total of 9 pots altogether were placed
in each of the four sub-plots. According to a
number of previous studies, plant growth, shoot dry
weight and leaf dry weight yield were the highest
under 20% shading condition (Liphan and
Detpiratmongkol, 2017). Therefore, in this study,
the shade treatments were imposed in the field with
black artificial shade nets that provided 20%
shading and the no shade control provided 100% of
the sun light without any shading. To keep the soil
moist, all of the pots received daily irrigation of
water equivalent to 5 mm of rainfall till harvest. All
of the pots were weeded manually for three rounds
at 15, 30 and 60 DAP.

At 120 DAP, all of the plants were washed
off the dirt clinging on them with water, pulled off
the pots and their heights were measured with a
meter scale. Next, they were separated into fresh
leaves, stems and roots for assessment of some of
their growth characteristics: stem length, number of
branches per plant, number of leaves per plant and
leaf area. The leaf area was measured with a
portable area meter, LI-COR Model LI-3000, USA.
Then, these parts were dried at 80 °C for 48 h and
weighed and calculated of stem dry weight per
plant, leaf dry weight per plant, root dry weight per
plant, total dry weight per plant, pod DW plant’,
seed dry weight yield (g m?) and leaf dry weight
yield.

Finally, the amounts of andrographolide
and total lactone in the dry shoot biomass were
determined by a method reported by Jain et al,
(2000) and Singh et al, (2011). An analysis of
variance was carried out on the obtained data, and
the LSD (p = 0.05) was calculated (Gomez and
Gomez, 1984).

Results and Discussion
Growth characteristics
Plant height
The plant heights at the time of harvest of

the three kalmegh varieties varied (Table 1). The
average plant height of Prachinburi variety was

significantly higher than those of Phisanulok 5-4
and Phichit 4-4, by 43.25% and 61.28%
respectively. Different periods of shading strongly
influenced plant height. The average height of
plants grown under shading at 30 DAP was higher
than that of plants grown under shading at 60 DAP
and 90 DAP, by 27.28% and 43.11% respectively.
The kalmegh plants grown unshaded (control) had
the lowest height. Increased treatment plant heights
can be attributed to the favorable shade condition
which might make the plants grow taller by
increasing their cell division and elongation
(Himbindu ef al., 2017; Saravanan et al., 2008). A
few previous studies reported that kalmegh grown
under shade were taller than those under no shade
(Saravanan ef al, 2008; Rosli ef al, 2018). In
addition, shaded kalmegh grew taller with a larger
canopy than those grown under no shade so that it
could capture more light. The kalmegh plants grew
taller because their stems elongated more in
response to the low red to far-red ratio light that
they were exposed to. Red to far-red ratio is the
ratio of light at 655-605 nm to light at 725-735
nm. Red light suppresses stems from elongating
while far-red light enhances elongation (Smith,
2000; Franklin and Whitelam, 2005). Shading
decreases this ratio and stimulates the cells of the
stems to make more phytohormones such as auxin,
cytokinin and gibberellin (Miiller and Leyse, 2011).
These phytohormones cause the stems to elongate
resulting in taller plants. This explains why the
height and canopy of shaded kalmegh in this study
were taller and more abundant. Several research
results suggest that plant height depends on stem
elongation (Liu ef al, 2016; Nagashima and
Hikosaka, 2011).

Number of branches plant!

Among three kalmegh varieties (Table 1),
the variety that yielded the highest number of
branches plant' was Prachinburi, followed by
Phisanulok 5-4 and Phichit 4-4 (Table 1). The
number of branches plant' was affected by the
different periods of shading. The maximum of
number of branches plant” was found in the plant
grown under shading at 30 DAP, followed by those
grown under shading at 60 DAP and 90 DAP in
this order. The minimum of number of branches
plant' was found in the plant grown under no
shading (control). The number of branches plant
might depend on the height of the plant which
favored formation of more lateral buds: a taller
plant yielded a higher number of branches plant.
This phenomenon was also reported by Singh et al.,
(2011) and Sunil Kumear et al., (2011).



Number of leaves plant™ and leaf area index

J Significant variations of the number of
leaves per plant and leaf area index among the
three local kalmegh varieties can be observed in
Table 1. The highest number of leaves per plant
and leaf area index was yielded by the Prachinburi
variety and the lowest was yielded by Phichit 4-4.
Shading at different growth stages significantly
affected the number of leaves per plant and leaf
area index compared to the control (no-shading
treatment). The numbers of leaves per plant shaded
at 30 DAP were 9.39%, 32.36% and 40.05%
greater than those shaded at 60, 90 DAP and no-
shading, respectively. The results of leaf area index
were similar to those of number of leaves plant™.

All of these results indicate that shading at
different growth stages treatments increased the
number of leaves per plant compared to no-
shading. The number of leaves per plant under a
shade were influenced by the light intensity and
exposure duration that the plant got. The plant that
received an appropriate light intensity for a proper
duration, especially intensity at 20% shading for a
period of 30 DAP till harvest, achieved a proper
balance between water transpiration from its leaves
and water and mineral absorption by its roots,
resulting in good photosynthesis and high
accumulation of carbohydrate; thus, its growth and
development was close to perfect. This result
agrees well with those reported by Sulandjari ef al.,
(2005) and Purwanto (2011). A previous study also
reported that the total leaf area per plant of shaded
kalmegh was the highest, whereas plants grown
under no shade produced the lowest total leaf area
per plant (Saravanan et al., 2008).

Stem dry weight

Stem dry weights were significantly
different among the three kalmegh varieties (Table
2). The stem dry weight of Prachinburi variety was
41.06%, 51.40% greater than those of Phisanulok
5-4 and Phichit 4-4, respectively. The stem dry
weight of the plant shaded at 30 DAP till harvest
was higher than those of the plants shaded at 60
and 90 DAP till harvest by 9.63% and 18.94%,
respectively. The lowest stem dry weight was from
the plant grown under no shade (control).

Leaf dry weight

The leaf dry weights differed among the
three kalmegh varieties (Table 2). In comparison,
the leaf dry weight of Prachinburi variety was the
highest, followed by those of Phisanulok 5-4 and
Phichit 4-4 in this order. A significant increase in
leaf dry weight was observed in the plant grown
under a longer shading period. The kalmegh grown
under shade at 30 DAP till harvest yielded the

highest leaf dry weight while the kalmegh grown
under no-shade (control) yielded the lowest leaf dry
weight.

Our result indicates that a longer period of
shading resulted in a remarkable increase in plant
height, number of branches plant’, stem dry weight
and leaf dry weight. This finding agrees well with
the findings from a study by Detpiratmongkol and
Liphan (2018) that a minimum continuous shading
level (20%) at an early growth stage till harvest not
only increased kalmegh plant height but also its
growth parameters such as number of branches
plant’, stem and leaf dry weights as well as seed
and leaf dry weight yield (Detpiratmongkol and
Liphan, 2018).

Root dry weight

Root dry weight varied significantly
among the varieties (Table 2). The highest root dry
weight was from Prachinburi variety. It was
37.50% and 53.13% greater than those of
Phisanulok 5-4 and Phichit 4-4. Shading had a
significant effect on the root dry weight of
kalmegh. The plant grown under shading at 30
DAP till harvest had the highest root dry weight,
followed by those grown under shading at 60 and
90 DAP till harvest in this order, whereas the plant
grown under no shade (control) had the lowest.
Previous tudies have reported that plants grown
under a shading condition were taller and had a
greater leaf, stem and root dry mass than those
grown under no shade (Pitono et al., 1996; Rosli et
al., 2018).

Pod dry weight

Pod dry weight varied among the three
kalmegh varieties (Table 2). The pod dry weight of
Prachinburi variety was 52.00%, 80.00% larger
than those of Phisanulok 5-4 and Phichit 4-4 in this
order. The pod dry weight of kalmegh grown under
shading at 30 DAP till harvest was the highest; it
was greater than those of kalmegh grown under
shading at 60 and 90 DAP till harvest by 6.25%
and 18.75%, in this order. The lowest pod dry
weight was from kalmegh grown under no shade.

Total dry weight

The trend in total dry weight was similar
for stem, leaf] root and pods (Table 2). The highest
total dry weight was from Prachinburi variety; it
was greater than those of Phisanulok 5-4 and Pichit
4-4 by 30.9% and 64.9%, in this order. The total
dry weights of kalmegh shaded at different growth
stages were greater than that of kalmegh grown
under no shade. Kalmegh grown under 30 DAP till
harvest gave the highest total dry weight; it was
14.29% and 20.96% higher than those yielded by



kalmegh grown under shading at 60 and 90 DAP
till harvest. Kalmegh grown under no shade gave
the lowest total dry weight.

Yield and andrographolide content
Seed dry weight yield

Similar to the results for pod dry weight
and total dry weight (Table 3), the highest seed dry
weight was from Prachinburi variety while the
lowest was from Phichit 4-4. The seed dry weight
yield was greatly affected by shading at different
growth stages. The highest seed dry weight yield
was from the shading condition of 30 DAT till
harvest, followed by shading at 60 and 90 DAP till
harvest in this order, whereas the lowest was from
kalmegh grown under no-shade condition.

Leaf dry weight yield

The results on leaf dry weight yield are
presented in Table 3. They indicate that the leaf dry
weight yield strongly depended on the kalmegh
variety. The maximum leaf dry weight yield was
observed in Prachinburi variety, followed by
Phisanulok 5-4 and Phichit 4-4. Shading at
different growth stages also strongly affected leaf
dry weight yield compared to the no-shading
condition. The highest leaf dry weight yield was
obtained with the kalmegh grown under a condition
of shading at 30 DAP till harvest, which was higher
than those grown under a 60 or 90 DAP till harvest
condition by 7.71% and 15.44% respectively.
Kalmegh grown under no-shading condition gave
the lowest leaf dry weight yield.

Andrographolide content (%)

The results of the determination of
andrographolide content are shown in Table 3.
Significant variations were found with respect to
andrographolide content among the kalmegh
varieties. The Prachinburi variety had a 15.48%
and 30.54% higher andrographolide content than
those of Phisanulok 5-4 and Phichit 4-4,
respectively. The andrographolide content in leaf
also varied with the condition of shading. The
highest andrographolide content was recorded for
the plant grown under the shading condition of 30
DAP till harvest, followed the conditions of 60 and
90 DAP till harvest in this order, whereas the
lowest content was observed in the plant grown
under a no-shading condition.

Some researchers have studied the
agronomic requirements for enhancing the growth
and quality of kalmegh (Ramesh et al, 2011;
Mishra and Jain, 2013). They found that yield
improvement and quality of crops correlated with
optimum level and duration of its exposure to light.

There has been a report that kalmegh responded
positively to light (Niranjan et al., 2010). In
addition, light strongly affected plant growth and
yield potential (Zhu et al, 2012). Kalmegh
responded to variations in light intensity and
exposure duration by changing their morphology
and developing its growth characteristics such as
taller height as well as higher leaf, stem and root
dry weights and yields (Kumar et al., 2009).

Shading reduces the active primary
radiation in photosynthesis, resulted in a decrease
net assimilation of light (Lambers and Poorter,
1992), an increase in stored photosynthetic
products in the storage organs such as root
(Schaffer, 1996), and a decrease in plant dry weight
(Purwanto ef al, 2011). The authors of this last
reference also reported that kalmegh needed
shading in the range of 25% to 50% for optimum
growth and andrographolide production. In this
study, the maximum growth and yield parameters
were observed under the condition of 20% shading
at 30 DAP till harvest. The timing of shading
clearly affected the growth and yield. The no-
shading condition caused the greatest growth and
yield reduction. Rosli et al,, (2018) reported that
the growth as well as the quantity and quality of
kalmegh grown under 40% shading at an early
growth stage of 60 days after transplanting were
enhanced.

Conclusion

It could be concluded that the Prachinburi
variety was the best variety compared to
Phisanulok 5-4 and Phichit 4-4. Shading at
different growth stages improved its growth and
yield. The best shading condition was 20% shading
at 30 days after planting till harvest which
improved its growth and yield the most.
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Table 1: Effects of different times of shading on plant height, number of branch plant', number of leaves
plant” and leaf areas of 3 local kalmegh cultivars at harvest (120 days after planting).
Plant height Number of Number of Leaf area index
Treatments (cm) branch plant” leaves plant’ (LAI)
(branch) (leaves)
Cultivars (A)
Prachinburi 56.41 A* 29.45 A 47.18 A 0.82 A
Phisanulok 5-4 32.04B 18.20 BC 39.81B 0.50 B
Phichit 4-4 21.84B 1522 B 28.65C 033 C
Times of shading (B)
30 DAP till harvest 58.10a 2520a 25.28a 0.64 a
60 DAP til harvest 4225b 22.48b 42.17 ab 0.56 b
90 DAP till harvest 33.05 be 20.26 b 38.21b 0.52 be
No shading (control) 2031 ¢ 18.55¢ 28.52¢ 048 c
LSD (A) (0.05) 5.14 4.73 5.32 0.09
LSD (B) (0.05) 5.70 2.40 5.09 0.07
LSD (AxB) (0.05) ns ns ns ns
C.V. (A) (%) 11.82 19.33 12.18 15.20
C.V. (B) (%) 14.98 11.22 13.34 12.73

ns = No significant at the 0.05 probability level; * = value within a column to followed by the different letters
are significantly different by DMRT p <0.05.

Table 2 : Effects of different times of shading on stem, leaves, root, pod dry weight and total dry weight of 3
local kalmegh cultivars at harvest (120 days after planting).
Stem DW. Leaves Root DW. Pod DW. Total DW.
Treatments (g plant™) DW. (g plant) (g plant®) | (g plant’)
(g plant™)
Cultivars (A)
Prachinburi 3.58 A* 284 A 032 A 025 A 5.30 A
Phisanulok 5-4 2.11B 205B 0.20 B 0.12B 3.66 B
Phichit 4-4 1.74 C 1.29C 0.15C 0.05C 1.86 C
Times of shading (B)
30 DAP till harvest 322a 242a 0.26 a 0.16a 434a
60 DAP till harvest 2.91 ab 2.10 ab 0.23 ab 0.15a 3.72b
90 DAP till harvest 2.61b 195b 0.21b 0.13 be 3.43 be
No shading (control) 1.14c 1.72 ¢ 0.17 ¢ 0.12¢ 293¢
LSD (A) (0.05) 0.32 0.28 0.02 0.01 0.49
LSD (B) (0.05) 0.35 0.25 0.03 0.01 0.36
LSD (AxB) (0.05) ns ns ns ns ns
C.V. (A) (%) 11.28 11.94 14.55 10.91 12.10
C.V. (B) (%) 14.30 12.39 15.16 13.43 10.20

ns = No significant at the 0.05 probability level; DW = dry weight; DAP = days after planting; * = value within
a column to followed by the different letters are significantly different by DMRT p < 0.05.




Table3: Effects of different times of shading on seed and leaf dry weight yield and andrographolide content

in leaf of 3 local kalmegh cultivars at harvest (120 days after planting).

Seed DWY. Leaf DWY. Andrographolide
Treatments (g m?) (g m?) content (%)

Cultivars (A)

Prachinburi 3.57 A* 40.44 A 239A

Phisanulok 5-4 2.11B 29.40 B 2.02B

Phichit 4-4 1.74C 18.29C 1.66 C
Times of shading (B)

30 DAP till harvest 3.22a 33.74a 233a

60 DAP till harvest 291 ab 31.14b 2.16 ab

90 DAP till harvest 2.61b 28.53 b 1.99b

No shading (control) l.14 ¢ 24.10¢c 1.60 ¢
LSD (A) (0.05) 0.32 3.66 0.24
LSD (B) (0.05) 0.35 2.97 0.24
LSD (AxB) (0.05) ns ns ns
C.V. (A) (%) 11.28 11.01 10.46
C.V. (B) (%) 14.30 10.21 11.98

ns = No significant at the 0.05 probability level; DWY = dry weigh yieldt; * = value within a column to
followed by the different letters are significantly different by DMRT p < 0.05.
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INFLUENCE OF SHADING LEVELS ON GROWTH,
YIELD AND ANDROGRAPHOLIDE CONTENT OF
KALMEGH

Somanan Liphan’ and S. Detpiratmongkol

Department of Plant Production Technology, Faculty of Agricultural Technology, King Mongkut’s
Institute of Technology Ladkrabang, Bangkok, Thailand, 10520

Abstract

* We studied the growth, yield and andrographolide content of three local kalmegh (Andrographis paniculata
(Burm. F.) Nees) responses to varying shade levels under green house conditions, from March to July 2018 in
Thailand. Our experiment was laid out in a split plot design with three replications. Three local kalmegh
varieties (Prachinburi, Nakhon Prathom and Saraburi) and four shading levels (0% , 25% , 50% and 75%
shading) were applied to the test plots. Stem height, stem, leaf and root dry weight and leaf number per plant,
seed and leaf dry weight yield and andrographolide content were recorded. The Prachinburi variety, followed by
Nakhon Prathom and Saraburi, showed the strongest growth under all shade conditions. Different shading levels
strongly influenced growth and kalmegh yield. The highest growth, stem, leaf, root, total dry weight, seed and
leaf dry weight yield and andrographolide content were registered at 25% shading levels followed by 0%, 50%
and 75% shading levels. We concluded that 25% shading and the local Prachinburi variety kalmegh should be

recommended.

Key words : Growth, Yield, Andrographolide, Kalmegh, Andrographis paniculata, Shading

Introduction

Andrographis paniculata (Burm. F.) Nees
commonly known as kalmegh belonging to family
Acanthaceae, is an important medicinal plant,
widely used in India and south-east Asian
countries, such as Thailand and Indonesia, for
treatment of malaria, liver disorder, hypertension,
bowel complaints, fever, snake bite, common cold
and variety of other ailments (Parasher et al., 2011;
Valdiani et al,, 2012)

Light is the main environmental factor
which determines crop development: all plants are
sensitive to it. Light plays an important role in
chlorophyll synthesis, enzyme activation, and
photosynthesis, thus governing plant growth and
development. Excessive light intensity inhibits
photosynthesis as it destroys photosynthetic
pigments (Kumar et al, 2012). Under natural
conditions, kalmegh may be found in both shaded
and wide open areas. Purwanto et al (2011)
reported that the shading level influenced growth
and yield of kalmegh. Shading at 25% led to the
best growth characteristics and yield, while the
highest andrographolide content was observed at
50% shading levels. In contrast, Gundadon et al.
(2015) found that kalmegh grown under full
sunlight did not differ from those under 50% shade
in height but produced more branches and leaves as

*Author for correspondence : E-mail : somanan.liphan@
gmail.com

on the main plant stem. Rosli et al. (2018)
compared two shade levels, 0%, and 40%, and
reported that 40% shaded plants grew taller with
greater total leaf area, specific leaf area ratio and
net assimilation rate than sun-grown plants. During
the growing period, growth and crop yield was
closely related to the amount of solar energy
received. However, this may be a lack of
information on growth and physiology related to
different light intensities of kalmegh (Saravanan et
al. 2008). Therefore, the aim of this experiment is
to evaluate the kalmegh in growth and yield
response to different shading levels. So, we
evaluated kalmegh growth and yield response to
different shading levels.

Materials and methods

Plants were grown in the glass house of
the Department of Plant Production Technology,
King Mongkut’s Institute of Technology
Ladkrabang, Bangkok, Thailand (13°44'33"N,
100°46'51"E) during March to July 2018.

Experimental design: The experiment was
arranged in a split plot design with three
replications. The main plot treatments use three
local kalmegh wvarieties (Prachinburi, Nakhon
Prathom, and Saraburi) while sub plot treatments
used four different shading levels (0%, 25%, 50%,
and 75% shading).



For placing the shading material, four 2 m
high posts were erected above the treatments and
then different shading material was stretched
between these posts so that it was hanging on the
sides, but not touching the ground to ensure
ventilation. Three local kalmegh cultivar such as
Prachinburi, Nakhon Prathom, and Saraburi were
planted in main-plots. Black perforated plastic
matting with 25, 50 and 75% transparency level
was used as shade material. For 0% shading, the
plant was fully exposed to sunlight.

Plant material and transplanting: The
seeds of three local kalmegh varieties were
obtained from Phichit Agricultural Research and
Development Center, Phichit Province, Thailand. It
was the place which was the largest collecting
germplasm, local and hybrid of kalmegh varieties.
One seed was sown (10 mm deep) in small plastic
bags and then 30-day old seedlings, 150 mm high,
were transplanted to plastic plots 300 mm in
diameter and 300 mm of deep soil, approximately
30 kg. The soil was Bangkok series and clay in
texture (Land development department, 2019) with
pH 6.10, ie slightly acidic. One seedling was
transplanted into each pot. The pot was irrigated
everyday after transplanting until harvest to keep
the soil moist. For fertilizer, the plant was given a
base dose, 35 kg ha' of Nitrogen fertilizer was
applied as urea (46% of N) at 300 kg (N) ha' of
which 50% was applied as a basal dose and 50% at
the 30 DAT. P [150 kg (P20s) ha'] and K [150 kg
(K20) ha'] were applied as ordinary
superphosphate (12% of P,Os and 12% of S) and
potassium sulfate (50% of K;0). All of P and K
fertilizers were applied at one day before
transplanting. Weeds were removed manually at
15, 30 and 60 DAT to minimize weed competition.
The kalmegh plants were sampled at 120 DAT to
measure their physical characteristics (stem length
per plant, stem, leaf, root dry weight per plant, total
dry weight, seed, and leaf dry weight yield). Dry
weight per plant was measured by drying the plants
at 80 °C for 48 h. Plant height was recorded by
measuring the length of the plant from the soil
surface to the top of the plant. The number of
branches per plant was counted each plant and the
average number of branches per plant was
calculated. Seed and leaf dry weight yield per pot
were noted and seed and leaf dry weight yield per
square meter were calculated. At 120 DAT, total
andrographolide was measured by HPLC following
the method of Saxena et al. (2000) and Rajani ef al.
(2000).

Statistical analysis: The experiment was
arranged in a split plot in a randomized complete
block design with three replications following
Snedecor and Cochran (1980). Analysis of variance
using the SPSS for Windows 14.0 software
package and means compared by the Least

Significant Difference (LSD) test at P=0.05 level of
significance.

Results and Discussion
Growth characteristics
Plant height

Plant height (cm) differed significantly
differed among the kalmegh varieties at harvest
(Table 1). Maximum plant height was recorded
from Prachinburi variety: it was 17% greater than
the Nakhon Prathom and 37% greater than the
Saraburi variety. There was significant (P<0.05)
difference in plant height between plants grown
under the different shading levels. Plants grown
under 75% shading were the highest and were 11%
higher compared to 50% shading and 26% higher
than 25% shading, while plants were grown under
full sun (0% shading) were the lowest. These
results agree with those of Saravanan et al. (2008).
Plant height varied significantly with light
intensity. It was reduced up to 32% under full light
(0% shading) compared to 25% light. The plants
were shorter with reduced internodal length and
more compact under full sun. Similarly, Boardman
(1977) and Purwanto (2011) also noted that plants
grown in the shade tended to be taller with a long
stem segment composed of thin-walled cells, larger
intercellular spaces and fewer transport tissue and
binding tissue. This can be attributed to the activity
of auxin. In the other words, kalmegh plants grew
well with shading levels of 25 to 75%.

Number of branches

The degree of branching or number of
branches per plant varied significantly among the
varieties at harvest (Table 1). The Prachinburi
variety showed higher branching than the others.
Branching was affected by shading level. The
highest branching degree was observed in plants
under 25% shading. The lowest branching was
observed with 75% shading.

Stem dry weight

Significant variation was found in stem
dry weight. The Prachinburi variety recorded the
highest stem dry weight followed by Nakhon
Prathom and then Saraburi varieties. Shade also
affected stem dry weight, with the highest stem dry
weight obtained at 25% shading and it decreased by
19% at 0% shading, by 27% at 50% and by 30% at
75% shading.




Leaf dry weight and number of leaves per plant

Significant variation was found in leaf dry
weight and number of leaves per plant at harvest
(Table 1). Again, the Prachinburi variety showed
the highest and Saraburi the lowest. Shading levels
led to significant (P<0.05) differences also, with
the highest values at 25% shading, followed by 0%
and 50% shading with the lowest at 75% shading.
Higher numbers of leaves per plant and leaf dry
weight observed at harvest was attributed to
increased growth (number of branches per plant)
which generated more leaves. Similar finding was
reported by Ashok et al. (2002) and Sanwal et al.
(2016). The production of plants with more number
of branches per plant by the formation of more
lateral buds. The results are in conformity with the
finding of Kumar et al. (2009) and Parashar ef al.
(2011) in kalmegh. In contrast to Saravanan ef al.
(2008) reported that total leaf area per plant was the
highest under full light conditions followed 25%
shading. Lowest leaf area was recorded in plants
grown under 70% shading.

Root dry weight

Root dry weight also varied with variety at
harvest (Table 1). This followed the trend observed
for the other parameters with Prachinburi variety
showing the highest root dry weight and the
Saraburi variety showing the lowest.

Pod dry weight

Pod dry weight differed among three
varieties (Table 2): the trend was the same as for
the other varieties with Prachinburi showing the
maximum. Pod dry weight was also attributed to
increased growth (number of branches per plant)
and was consistent with reports by Kumar et al.
(2009); Parashar et al. (2011).

Total dry weight

The trend for total dry weight followed the
same pattern, agreeing with the work of Araki ef al.
(2014). However, Omar et al. (2016) found that
shoot fresh weight and shoot dry weight disclosed
increased with the increase in shade level or
lowered total sun exposure, i.e. the minimum shoot
dry weight was obtained under full sunlight. Singh
et al. (2011) also reported that growth and dry
matter yield decreased with lower sun exposure.
This might be due to the fall of lower leaves, which
became yellow and dry due to shading. Saravanan
et al. (2008) also concluded that the total herbage
and andrographolide content were the highest under
full light conditions and that kalmegh is suitable for
open cultivation. Purwanto et al. (2011) confirmed
this. However, significant differences in total

biomass were not observed for plants grown under
70 and 50% light levels.

Plant yield and andrographolide content
Seed dry weight yield

Maximum seed dry weight (g m?) was
found in Prachinburi variety and was 27% greater
than Nakhon Prathom and 48% greater than
Saraburi. The same trend with shading level was
observed. ;

Leaf dry weight yield

Leaf dry weight yield (g m?) was again
highest in the Prachinburi variety and 15% lower
for Nakhon Prathom and 30% larger than Saraburi
with the same trend for shading level.

Andrographolide content

The Prachinburi variety produced more
andrographolide content than Nakhon Prathom and
Saraburi see Table 3. Andrographolide content
decreased significantly with increasing shading
levels. The highest andrographolide content (2.9%)
was recorded at the 25% shading level. It was
reduced by 60% at the 75% shading level.
Saravanan (2008) reported that the role of light in
biosynthesis of andrographolide and the
metabolism control was not yet understood. Shade
indirectly plays a role, by altering the basic
processes, like photosynthesis and respiration, and
thereby changing the flux of metabolites and
reducing power generated through the light reaction
which may in turn, modify synthesis and
accumulation of andrographolide. Similar findings
were reported by Purwanto er al. (2011), who
found that the kalmegh plant needed shading in the
25% to 50% range for optimum growth and
andrographolide production. Rosli et al. (2018)
reported that andrographolide content of shaded
plants was slightly higher than sun-grown plants.
Liphan and Detpiratmongkol (2017) reported a
maximum andrographolide content at 20% shading
level and a minimum at the 80% shading level.

Significant variations were found in
respect of growth and yield among the local
kalmegh cultivars. As three local kalmegh cultivars
(Nakhon Prathom, Prachinburi and Saraburi)
cultivars had significant in nine characteristics with
each other. Prachinburi had the tallest plants (300
mm), number of branches per plant (34.6) and
highest weights per plant: stem (53.9 g), leaf (25.9),
root dry weight (14.2 g), pod dry weight (5.1 g),
total dry weight (95.4 g), seed (48.3 g) and leaf dry
weight yield (365 g m?) followed by the Nakhon
Prathom and Saraburi varieties. These results
confirm other work (Detpiratmongkol ef al. 2016;
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Detpiratmongkol et al. 2017; Liphan and
Detpiratmongkol 2017). Sandeep et al. (2009) also
reported that genotypes have a significantly
different effect on plant height, stem, and leaf dry
matter, total dry matter and dry matter yield.

Plant growth is affected by many
environmental factors, such as insolation,
temperature, soil, fertilizer and so forth. Significant
differences in growth, yields, and andrographolide
content were observed with shading levels. The
maximum seed dry weight yield and total dry
weight were obtained for the crop under 25% shade
followed by the full sun (0% shade) and 50% shade
levels. The lowest was recorded at 75% shade
levels. We concluded that the optimum growth of
kalmegh required limited shading for better growth.
However, shade at more than 50% would decrease
plant growth due to the high reduction of
photosynthesis. As shown in Tables 1 and 2, the
stem, leaf, and root dry weight and total dry weight
and yield were the highest under 25% shading,
followed 0% and 50% shading levels and lowest
growth characters were recorded under 75%
shading levels. This previous work of Liphan and
Detpiratmongkol (2017) who were found that
shading affected on growth and yield of kalmegh.

Conclusion

Our study clearly indicated that the
highest plant height, stem leaf and root dry weight,
total dry weight, seed, and leaf dry weight yield
were obtained by the Prachinburi variety, followed
by Nakhon Prathom and Saraburi. For different
shading levels; shading had significant difference
for all the growth characters studies. The maximum
of stem, leaf and root dry weight, total dry weight
and dry weight yield were obtained with 25%
shading levels and the minimum was achieved with
75% shading level. Therefore, the use of the
Prachinburi variety and plants grown under 25%
shading levels were recommended.

Acknowledgements

We thank the National Research Council
of Thailand for financial assistance (Thesis Grant
for Doctoral Degree Student Fly 2019,
KMITLGRAD03/2562). We also thank the Faculty
of Agricultural Technology, King Mongkut’s
Institute of Technology Ladkrabang, Bangkok,
Thailand for research facilities. We are grateful to
Dr. Charan Ditchaiwong and Phichit Agricultural
Research and Development Center for providing
local kalmegh cultivars seeds that are used in this
experiment and Assoc. Prof. Dr. John Morris, the
KMITL Proofreader, for reviewing and giving
comments on the manuscript.

References

Araki, T., T. T. Oo and F. Kubota (2014). Effects
of shading on growth and photosynthetic
potential of green gram (Vigna radiata L.
Wilczek) cultivars. Environment Control
Biology, 52(4): 227-231.

Ashok, K., A. Amit, M. Sujatha, B. Murali and M.
S. Anand (2002). Effect of aging on
andrographolide content in Kalmegh.
Journal of Natural Remedies, 292: 179-
181. ,

Boardman, N. K. (1977). Comparative
photosynthesis of sun and shade plants.
Annual Review of Plant Physiology, 28:
355-377.

Detpiratmongkol, S., S. Liphan and 8.
Yoosukyingsataporn (2016). Effects of
plant spacing on growth and yield of
Kalmegh  (Andrographis  paniculata
(Burm.f,) Nees). Asia-Pacific Conference
on Engineering and Applied Science
(2016 APCEAS); 2016 August 25-27;
Tokyo, Japan, pp. 23-28.

Detpiratmongkol, S, S. Liphan, and S.
Yoosukyingsataporn (2017). Effects of
different planting dates on growth and
yield of kalmegh. International Journal of
Agricultural Technology, 13 (7.3): 2333-
2340.

Kumar, R. N., S. Chakraborty and J. I. N. Kumar
(2009). Effect of light stress on
peroxidase, succinate dehydrogenase and
total chlorophyll content in Andrographis
paniculata. Asian Journal of
Environmental Science, 4 (1): 34-38.

Kumar, R. N., S. Chakraborty and J. I. N. Kumar
(2012). Influence of light and
developmental stages on active principles
of Andrographis paniculata (Burm. f))
Wall. ex Nees. Indian Journal of Sciences
Research, 3(1): 91-95.

Gundadon, H., T. F. Ying, P. Ding and C. C. Yan
(2015). Relative light intensity and kitchen
waste compost effects on production of
Andrographis paniculata. International
Journal of Agriculture, Forestry and
Plantation, 1 (Sept.): 72-77.

Land development department [Internet]. Thai soil
series knowledge; [cited 2019 January 8].
Available from: http:/www.mcc.cmu.ac.
th/dinthai/soildetail.asp?SoilSeries=Bk.

Liphan, S. and S. Detpiratmongkol (2017).
Influence of different shading levels on
growth and yield of kalmegh
Andrographis paniculata Burm. f. (Nees).
International Journal of Agricultural
Technology, 13(1): 79-89.

Omar, M. A, M. A. Naqqgiuddin, S. Shohaimi, H.
Omar and A. Ismail (2016). Phytoplankton



diversity in relation to different weather
conditions in two urban made lakes.
Sustainability Agri Food Environmental
Research (SAFER), 4(1): 1-21.

Parashar, R., A. Upadhyay, J. Singh, S. K. Diwedi
and N. A. Khan (2011). Morpho-
physiological evaluation of Andrographis
paniculata at different growth stages.
World Journal of Agricultural Sciences,
7(2): 124-127.

Purwanto, E., S. Samanhudi and S.
Sudarmi (2011). Studies of shading levels
and nutrition sources on growth, yield and
andrographolide content of sambiloto
(Andrographis paniculata Ness). Agrivita,
33(3): 300-306.

Rajani, M., N. Neeta and M. N. Ravishankara
(2000). A rapid method for isolation of
andrographolide from  Andrographis
paniculata Nees. (Kalmegh).
Pharmaceutical Biology, 38(3): 204-209.

Rosli, K. A., S. A. Hassan, M. T. M. Mohamed, J.
Stanslas, R. Murdad, S. M. Sharif, . A. M.
Selamat and M. M. Lassim (2018).
Growth and morphological responses of
Andrographis paniculata to varying shade
and nitrogen fertilization. International
Journal of Biosciences, 12(1): 386-402.

Sandeep, S., P. M. Paarakh and U. Gawani (2009).
Antibacterial  activity of Jasminum
grandiflorum Linn leaves. Journal
of Pharmacy Research, 2: 1206-1207.

Saravanan, R., S. Krishti, N. A. Gajbhiye and S.
Maiti (2008). Influence of light intensity
on gas exchange, herbage yield and
andrographolide content in Andrographis
paniculata (Nees.). Indian Journal of
Horticulture, 65(2): 220-225.

Saxena, S., D. C. Jain, M. M. Gupta, R. Bhakuni,
O. M. Hari and R. P. Sharma (2000).

High-performance thin-layer
chromatographic analysis of
hepatoprotective  diterpenoids  from

Andrographis paniculata. Phytochemical
Analysis, 11(1): 34-36.

Sanwal, C. S., R. Kumar and S. D. Bhardwaj
(2016). Integration of Andrographis
paniculata as potential medicinal plant in
Chir Pine (Pinus roxburghii Sarg.)
Plantation of North-Western Himalaya.
Scientifica, 1-7.

Snedecor, G. W. and W. G. Cochran (1980).
Statistical Methods, 7th edn. Iowa State
University Press, Ames, Iowa, 507 p.

Singh, M., A. Singh, A. S. Tripathi, R. K. Verma,
M. M. Gupta, H. O. Mishra, H. P. Singh
and A. K. Singh (2011). Growth behavior,
biomass and diterpenoid lactones
production in Kalmegh (Andrographis
paniculata Nees.) strains at different
population densities. Agricultural Journal,
6(3): 115-118.

Valdiani, A., A. K. Mihdzar, S. G. Tan, D. Talei,
M. A. Puad and S. Nikzad (2012). Naine
Havandi  (Andrographis  paniculata)
present yesterday, absent today: A plenary
review on underutilized herb of Iran’s.
pharmaceutical plants. Mol. Biol. Rep,
39(5): 5409-5424.




Table 1: Plant height, branches number plant™, stem dry weight, leaf dry weight and number of leaves plant™
of three local kalmegh varieties at harvest (120 days after planting) affected by different shading

levels.
Plant height Branches Stem DW Leaf DW No. of
Apnty (cm)lgll number plant’ | (g plant”) (g plant™) | leaves plant”
Plant varieties (A)
Prachinburi 30.44 34.56 53.87 25.86 192.40
Nakhon Pathom 25.18 28.05 46.96 22.36 158.73
Saraburi 19.28 23.42 39.27 19.14 116.50
Shading levels (B)
0% 19.47 31.32 55.21 24.27 185.95
25% 22.76 36.82 65.00 27.48 243.16
50 % 27.08 25.48 39.75 20.73 125.89
75% 30.56 21.08 27.85 17.31 68.51
LSD (0.05) (A) 3.63 3.32 6.66 299 26.71
LSD (0.05) (B) 2.84 4.20 6.02 240 21.38
LSD (0.05) (AxB) ns ns ns ns ns
C.V. (A) (%) 12.84 10.22 12.59 11.78 15.12
C.V. (B) (%) 11.52 14.78 13.20 10.79 . 13.85

ns = No significant at the 0.05 probability level; DW = dry weight.

Table 2: Root, pod and total dry weight of three local kalmegh varieties at harvest (120 days after planting)
affected by different shading levels.

Pocationts Root DW Pod DW Total DW
(g plant™) (g plant™) (g plant™)
Plant varieties (A)
Prachinburi 14.21 5.06 95.36
Nakhon Pathom 11.59 4.43 81.13
Saraburi 9.17 2.97 66.38
Shading levels (B)
0% 11.58 4.08 84.72
25 % 14.51 5.09 95.10
50 % 10.70 3.95 73.22
5% 9.68 3.50 70.78
LSD (0.05) (A) 1.42 0.60 9.32
LSD (0.05) (B) 1.16 0.57 8.35
LSD (0.05) (AxB) ns ns ns
C.V. (A) (%) 10.77 12.80 16.31
C.V. (B) (%) 10.07 13.76 14.42

ns = No significant at the 0.05 probability level; DW = dry weight.




Table 3: Seed and leaf dry weight yield and andrographolide content in the leaf of three local kalmegh varieties
at harvest (120 days after planting) affected by different shading levels.

Seed DWY. Leaf DWY. Andrographolide
L caa (gm?) (gm?) content (%)
Cultivars (A)
Prachinburi 48.25 365.27 2.78
Nakhon Prathom 35.34 310.76 241
Saraburi 25.02 255.22 1.81
Shading levels (B)

0% 39.74 374.43 262
25% 48.67 449.47 2.93
50% 34.48 297.40 2.60
75% 21.92 120.37 1.18

LSD (0.05) (A) 5.96 53.88 0.03
LSD (0.05) (B) 5.64 81.81 0.32
LSD (0.05) (AxB) ns ns ns

C.V. (A) (%) 14.52 15.31 12.22
C.V. (B) (%) 15.74 26.61 13.76

ns = No significant at the 0.05 probability level; DWY = dry weight yield.
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