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Abstract

Background and Objective: Justicia gendarussa (family Acanthaceae) is regarded as a medicinal plant valued for its beneficial
pharmacological activities. A polybag experiment has been conducted at Bogor (Indonesia) to determine the effects on growth,
photosynthetic and yield of various NPK ratios and manure fertilizer applicationin J. gendarussa. Materials and Methods: Six treatments
(control: 50 g/plant manure, NPK (1.1 g/plant N:0.7 g/plant P,Os and 0.6 g/plant K), 50+50%/plant (manure+NPK), 10+50%/plant
(manure+NPK) and 50+10%/plant (manure+NPK) were performed in a randomized complete block design. Data of individual plants were
extracted from various treatments: plant height, number of leaves, number of branches, chlorophyll content, photosynthetic parameters,
yield and sugar content were collected. Results: The plant treated with 10+50%/plant (manure+NPK) demonstrated a statistically
significant increase in plant height, number of leaves and number of branches with the value of 59.00 cm, 85.00 per plantand
9.50 per plant, respectively. Chlorophyll a (0.538 mg g=' FW), chlorophyll b (0.192 mg g~' FW) and total chlorophyll (0.730 mg g=! FW)
were significantly improved by the treatment of NPK fertilizer. The application of manure and NPK at (50+50%) and (50+10%) was
significantly increased stomatal conductance and transpiration rate, respectively. Leaves yield (9 g/plant DW) was improved by the
application of 10+50%/plant (manure+NPK) fertilizer. The highest sugar content was obtained from J. gendarussa growth with
50+50%/plant (manure+NPK) followed by 10+50% plant (manure+NPK) fertilizer. Conclusion: The J. gendarussa plants could benefit
from combined manure and NPKfertilizer application in growth, stomatal conductance, intercellular CO, concentration, transpiration rate,
leaves yield and sugar content.

Key words: Agronomy performance, Justicia gendarussaburm. F., manure, NPK, photosynthetic

Citation: Rahmah, N.N., M. Rafi, M. Syukur and W. Nurcholis, 2021. Influence of combined NPK and manure on improving growth, photosynthetic
characteristic and yield of Justicia gendarussaburm. F. Pak. J. Biol. Sci., 24: 1162-1168.

Corresponding Author:  Waras Nurcholis, Department of Biochemistry, IPB University, Bogor, Indonesia

Copyright: © 2021 Nadhiya Nurfitra Rahmah et a/. This is an open access article distributed under the terms of the creative commons attribution License,
which permits unrestricted use, distribution and reproduction in any medium, provided the original author and source are credited.

Competing Interest: The authors have declared that no competing interest exists.

Data Availability: All relevant data are within the paper and its supporting information files.


http://crossmark.crossref.org/dialog/?doi=10.3923/pjbs.2021.1162.1168&domain=pdf&date_stamp=2021-10-15

Pak. J. Biol. 5ci, 24 (17): 1162-1168, 2021

INTRODUCTION

Justicia gendarussa Burm. f., also known as gendarussa
in Indonesia, is a small shrub-like medicinal plant from the
Acanthaceae family that grows to a height of 0.6-1.2 m and
is prevalent in Southeast and South Asia's lowlands up to
1500 m above sea level'. The J gendarussa has shown a
significant amount of pharmacological properties, including
anti-HIV23, anti-hypertensive?, anti-inflammation®, antioxidant®
and antimicrobe’. The leaves are a part of the J. gendarussa
plant widely used as traditional medicine®. The leaves contain
secondary metabolites with pharmacological properties such
asapigenin glycosides?, alkaloids® and lignan justiprocumin B2,
The increased biomass of leaves in these plants is essential in
meeting the needs of the herbal medicine industry for raw
materials.

The photosynthetic performance of a plant is one of the
factors thataffectits growth©, Starch isametabolite produced
during photosynthesis and stored in the leaves temporarily''.
Additionally, starch is distributed to all parts of the body that
require it or converted into other compounds, including
secondary metabolites that are effective as herbs in this
case'?’3. The J gendarussa plants grow naturally in their
natural environment but increasing growth optimally can be
increased by applying organic and inorganic fertilizers'.
Fertilizers can supply vital plant nutrients, allowing for optimal
growth performance'™. The literature demonstrates that
organic fertilizers or a combination of organic and inorganic
fertilizers have been found to have a significant impact on
global food production®™. These fertilizer blends have
become ingrained in a large number of global
agricultural systems's. Plants such as Actinidia chinesis'’’ and
Moringa oleifera'* have been shown to increase growth by
applying a combination of organic and inorganic fertilizers.
There is currently, regrettably, no research into the impact on
growth, photosynthetic and yield of /. gendarussa plants by
organic manure and the combined application of organic
manure and inorganic fertilizer. /. gendarussa plants are
currently being used directly by farmers from their natural
habitat without good standard cultivation procedures, so
the quality of the raw materials cannot be standardized'.
Therefore, the purpose of this study was to assess the effect of
applying organic and inorganic fertilizers singly or in
combination on growth, photosynthetic character, yield and
sugar content in J gendarussa leaves.

MATERIALS AND METHODS

Locationand treatments: The research was carried out from
March-July, 2020 at the Tropical Biopharmaca Research

Center, IPB University, Dramaga Campus, Bogor, West Java,
Indonesia, which is located between 6°32'25.47" N and
106°42'53.22" E. The J. gendarussa were grown from stem
cuttings taken from a parent plant at the Tropical
Biopharmaca Research Center. The stem cuttings were raised
in a polybag (15X 15 cm) for 2 months in 50% shade using
media with a soil: Manure: Husk ratio of 1:1:1. In addition,
the plants were transferred into a 20X30 c¢m polybag
treatment filled with a soil medium of 5 kg. The
experiment consisted of 6 treatments: (T,) Control: No
manure or NPK fertilizer, (T,) Manure: 50 g/plant manure, (T;)
NPK: 1.1 g/plant N, 0.7 g/plant P,O; and 0.6 g/plant K; (T,)
manure+NPK: 50+50%/plant, (Ts) manure+NPK: 10+50%/plant
and (Tg) manure+NPK: 50+10%/plant. The recommended
rate of manure used for /. gendarussa is 20 t ha™" and
recommended rate of NPK used for J gendarussa is
200:100:150 kg ha=". Therefore, for manure fertilizer, the rate
was 10 and 50% of 20 t ha~" and for NPK, it was 10 and 50%
of 200, 100 and 150 kg ha='. The experiment used a three-
replicate randomized complete block design.

Growth measurements: Growth parameters measured
included plant height, number of leaves and number of
branches on plants aged 10 weeks after planting. Plant
height measurements were carried out from the base of the
stem to the tip of the highest plant leaf. The total number of
leaves was determined by counting all leaves except the buds.
The number of branches is measured by counting the number
of existing branches.

Analysis of leaf chlorophyll content: The method described
by Khaleghi et a/'® was adapted to the analysis of leaf
chlorophyll content. Fresh leaves have been cleaned to
remove contaminants and chlorophyll was extracted using
dimethyl sulfoxide (DMSO), with three replicates for each
plant treatment. Briefly, fresh leaves samples (0.1 g) in the
tube with DMSO (7 mL) were incubated at 65°C for
25 min. The absorbance of blank (DMSO) and DMSO-
chlorophyll extraction were measured using a T60 UV-Vis
spectrophotometer at 645 and 663 nm. Finally, chlorophyll
(a, b and total) was determined using Eq. 1, 2 and 3%,

12.7(A663)2.69(A645)x V

1
1000 x W (M)

Chlorophyll a (mgg™) =

22.9(A645)4.68( A663)x V

1000 x W @)

Chlorophyll b (mgg™) =
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20.2(A645)+8.02(A663)x V
1000x W

Chlorophyll total (mgg™) = (3)

where, A645 and A663 are the absorbances of the
chlorophyll sample at wavelengths 645 and 663 nm,
V:Volume of solvent and W: Weight of the sample.

Photosynthetic analysis: Four months after planting,
photosynthesis was determined on plant leaves using a
Li-6400XT portable photosynthesis system (LI-COR Inc.
Lincoln, NE, USA). The photosynthetic rate (P,), stomatal
conductance (G,), intercellular CO, concentration (C) and
transpiration rate (T,) were all recorded.

Leaves yield measurement: The leaves of the plants were
harvested 4 months after planting. Harvesting is accomplished
by pruning up to 15 cm above the soil surface. Following
that, the samples were washed, separated fromimpurities
and dried for 2 days at 45°C in an oven. Leaf yield was
determined by the number of grams of dry leaves per
plant.

Sugar content: The sugar content was determined using the
phenol reagent method®. Briefly, dry leaves (0.1 g) was mixed
with 1 mL of 80% alcohol and then the mixtures were
centrifuged for 15 min. One mL extract of the sample was
added with T mL of 5% phenol and 5 mL of H,50,. Absorbance
was measured using a T60 UV-Vis spectrophotometer at
480 nm. Sugar content was determined using a glucose
solution standard curve.

Data analysis: SPSS version 25 (IBM Corp USA) was used to
analyze all collected data using one-way analysis of variance
(ANOVA). To compare means, the Tukey HSD test was used.
The result was found to be statistically significant when
p<0.05.

RESULTS and DISCUSSION

Growth: The plant height, number of leaves and number of
branchesin J. gendarussa plants varied according to fertilizer
treatment in Table 1. The plant height ranged from 46.94 cm
in the T, to 59.00 cm in the T treatment and was
significantly higher in Ts than in the T, treatment. There was
no significant variation in the number of leaves/plant between
treatments. The maximum number of leaves/plant was

recorded in the T, treatment, followed by T,, T;, T5, T, and T,
treatments. The number of branches per plantinthe T;, T, T;,
T and T, treatments was significantly higher than in the T,
treatment. These results indicated that the Ts treatment,
which receiving manure and NPK at the rate of 10+50%,
showed higher growth parameters in the J. gendarussa
plant.

Numerous growth parameters are decreased in a wide
variety of herbaceous plants when nutrients are deficient222,
Fertilizer application has been shown to increase growth
parameters such as plant height, number of leaves, number of
branches and others?®2?*. The current study presented that the
combined application of manure and NPK (10+50%) (Ts)
displayed a maximum in the growth parameters studied.
When organic and inorganic fertilizers are combined, certain
plants exhibit a range of growth responses. The study with
Actinidia chinensis demonstrates that application combined
organic and NPK fertilizers do not increase plant growth than
when NPK fertilizer'. In tomatoes, when chemical and
compost fertilizers were combined (30+70%), the growth
parameters increased significantly more than when only
chemical fertilizer was used?. The positive response of plant
growth in the mixed (organic and inorganic) fertilizer could be
the increased nutrient level and/or the better quality of
organic treatments?®.

Chlorophyll content: The amount of chlorophyllin the leaves
was affected by the fertilizer treatment in Table 2. NPK (T5)
applied resulted in a significantly higher chlorophyll a,
chlorophyll b and chlorophyll total with the value of 0.538,
0.192 and 0.730 mg g~' FW, respectively. All treatments
demonstrated that the chlorophyll content in the leaves of
the J gendarussa plant was higher than the chlorophyll b
content. Similarly, Pal¥” reported that the chlorophyll content
in the /. gendarussa plant was three times higher than the
chlorophyll b content, with a ratio of 3:1.

All fertilizer treatments of combination manure and NPK
showed not significantly different with NPK treatment except
combination manure and NPK (50+10%) (T,) fertilizer.
Numerous studies have demonstrated that increased
nutrient availability has a positive effect on the chlorophyll
content of the leaves'%. In this study, a positive effect was
also observed, particularly in the NPK (T;) and manure (T,)
treatments. Recent research has revealed no information on
the effect of manure and NPK application, or their
combination application, on the chlorophyll content of the
J. gendarussa plant's leaves.

1164



Pak. J. Biol. 5ci, 24 (17): 1162-1168, 2021

Table1: Characteristics of plant growth in all types of fertilization

Treatments Plant height (cm) Number of leaves/plant Number of branches/plant
Control (T,) 50.94£2.79% 76.28+5.572 7.67£0.59%
Manure (M) (T,) 46.94+2.70° 76.281+6.782 578%1.11°
NPK (T;) 58.56+2.40° 75.831+6.142 7.72£0.54%®
50% M+50% NPK (T,) 53.83+2.57%® 60.72£5.122 6.721+0.50*
10% M+50% NPK (Ts) 59.00+2.972 85.00£9.76° 9.50£1.10°
50% M+10% NPK (T,) 54.41+2.54% 71.181+6.65% 7.181+0.98*

Indicated value is the Mean=*SE, n = 3: A significant difference in level p = 0.05 as determined by the Tukey HSD test are indicated by different letters in the same

column

Table 2: Chlorophyll content in all fertilization treatments

Treatments Chlorophyll a (mg g~' FW) Chlorophyll b (mg g=' FW) Total chlorophyll (mg g=' FW)
Control (T,) 0.491%0.015%® 0.187£0.003* 0.678+0.017%
Manure (M) (T,) 0.505+0.019% 0.189£0.0042 0.694+0.023%*
NPK (T3) 0.538%+0.010° 0.192%0.0022 0.730%+0.011°
50% M+50% NPK (T,) 0.472£0.017% 0.172£0.005 0.643+0.022%
10% M+50% NPK (Ts) 0.486+0.025%® 0.179%0.006a" 0.665%0.031%®
50% M+10% NPK (T¢) 0.443+0.022° 0.169£0.005 0.612+0.027°

Indicated value is the Mean=£SE, n = 3: A significant difference in level p = 0.05 as determined by the Tukey HSD test are indicated by different letters in the same

column

Table 3: Photosynthetic characters of leaves in all fertilization treatments

Treatments P, (mmol m=2sec™)

G, (mol m~2sec™)

C; (mmol mol~")

T, (mmol m=2sec™)

Control (T;) 26.07+£0.91°
Manure (M) (T,) 25.77£1.212
NPK (T5) 26.25+£0.892
50% M+50% NPK (T,) 25.12%1.05°
10% M+50% NPK (T) 25.66+0.08%
50% M+10% NPK (T¢) 25.22+1.102

0.30£0.04® 230.94+17.86° 6.61£0.46®
0.251+0.02° 205.46+16.41° 5.531+0.36°
0.33£0.07* 231.23+32.23° 6.85+£0.86®
0.37£0.08° 245.02+30.922 7.87£1.79°
0.28£0.05* 217.79+23.04° 6.21£0.65%®
0.3410.05% 249.77+26.63° 8.07£1.59

Indicated value is the Mean=®SE, n = 3: A significant difference in level p = 0.05 as determined by the Tukey HSD test are indicated by different letters in the same
column, P,: Photosynthetic rate, G,: Stomatal conductance, C;: Intercellular CO, concentration, T,: Transpiration rate

Photosynthetic characteristics: Photosynthetic characters of
the J gendarussa plant's leaves were presented in Table 3.
The leaf photosynthetic rate (P,)) in all fertilization treatments
evaluated in this study showed no significant difference
at p<0.05. The leaf photosynthetic rate (P,) ranged
between 25.12 (T, treatment) and 26.25 mmol m=2 sec™' (T,
treatment). Higher the leaf stomatal conductance (G,) was
significantly  recorded in applied of manure and NPK
(50+50%) (T,) treatment followed with T;, T;, Ty, Ts and T,
treatments. Manure applied in combination with NPK
(50+10%) (T,) showed higher intercellular CO, concentration
(249.77 mmol mol=") but no significant than control and other
treatments. The maximum transpiration rate of leaves was
significantly ~ found in applied manure and NPK in
combination (50+10%) (T,) and (50+50%) (T,) treatments with
values of 8.07 and 7.87 mmol m~2 sec”’, respectively. These
findings showed that T, treatment has positive effects on the
J. gendarussa leaves photosynthetic properties. There has
been no study published to date that examines the
effect of fertilization on the photosynthetic characteristics of
J. gendarussa plants. In comparison, while NPK fertilizer was

used to promote plant growth, Actinidia chinensis grown
with NPK fertilizer was shown to have a significantly higher
leaf photosynthetic rate as reported in a work published by
Zhang et al”. Furthermore, Wei et a/?°, discovered that the
best photosynthesis rate, stomatal conductance and
intercellular CO, concentration in sweet potatoes were
achieved when organic fertilizer was combined with NPK.

Leavesyield and sugar content: The leaves yield results of the
current study revealed that there was no statistically
significant difference between the fertilizer treatments in
J. gendarussa plants in Table 4. The combined application of
manure and NPK (10+50%) (Ts) and NPK (T;) treatments, with
values of 9.00 and 8.33 g/plant DW, respectively, resulted in
higher leaves yield than the control (7.00 g/plant DW).
Organic fertilizer and organic combination with chemical
fertilizer have been reported to significantly increase the
output of many plants compared to chemical fertilizer'”?>.
Many previous studies suggest that an improvement in yield
could benefit from a higher content of organic materials in
organic treatments3-32,
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Table 4: Yield (leaves dry weight) and sugar content in all fertilization treatments

Treatments Yield (g/plant DW) Sugar content (mg g~' DW)
Control (T,) 7.00£0.86° 344.80+18.66°
Manure (M) (T,) 5.61+1.012 328.35%29.19*
NPK (T;) 833%1.74° 363.22+69.06
50% M+50% NPK (T,) 6.22+2.142 445.02+86.412
10% M+50% NPK (Ts) 9.00£3.15° 409.93£65.23°
50% M+10% NPK (T,) 6.78+1.55° 405.99+56.032

Indicated value is the Mean=*SE, n = 3: A significant difference in level p = 0.05 as determined by the Tukey HSD test are indicated by different letters in the same

column

The fertilization treatments did not have a significant effect on
the sugar content of /. gendarussa leaves (Table 4). Applied

the manure and NPK combination at the rate of (50+50%) (T,), 1.

(10+50%) (Ts) and (50+10%) (T¢), with values of 445.02,409.93
and 405.99 mg g~' DW, respectively, showed higher sugar
content than the control treatment. These results indicated
that the manure and NPK combination can increase the sugar
content of J. gendarussa plants. Our result was higher than
that of Pal?, which reported an average sugar content of

307 mg g7'in J. gendarussa plants that were not fertilized 3

treatment. Plants produce sugars due to primary metabolites
produced during the photosynthesis process, which can

produce secondary metabolites®. The /. gendarussa isa 4.

medicinal plant whose quality as a raw material for herbal
medicines is determined by its secondary metabolite
content?. Thus, a combination of manure and NPK from this
study may be a viable option forimproving the quality of
J. gendarussa raw materials used in herbal medicines.

CONCLUSION

The current study demonstrates several distinct

benefits of combining manure and NPK fertilizers. The use 6.

of NPK fertilizer has been shown to significantly increase
chlorophyll content. Combined manure and NPK fertilizer
application could promote the growth, stomatal conductance,
intercellular CO, concentration, transpiration rate, leaves yield
and sugar content of /. gendarussa plants.

SIGNIFICANCE STATEMENT

This study discovered the combined NPK and manure
fertilizer that improving the growth, photosynthetic
characteristic, leaves yield and sugar content of the
J. gendarussa plant. There are no known reports of scientific

studies on this topic as of yet. The results will provide valuable 9,

information for future studies and use for commercial
purposes in industrial herbs of J. gendarussa plants.

1166

REFERENCES

Wahyuni, DK, A. Huda, S. Faizah, H. Purnobasuki and
B.P.E. Wardojo, 2020. Effects of light, sucrose concentration
and repetitive subculture on callus growth and medically
important production in Justicia gendarussa BurmJf.
Biotechnol. Rep., Vol. 27. 10.1016/j.btre.2020.e00473.
Zhang, H.J., E. Rumschlag-Booms, Y.F. Guan, K.L. Liu and
D.Y. Wang et a/, 2017. Anti-HIV diphyllin glycosides from
Justicia gendarussa. Phytochemistry, 136: 94-100.

Widodo, A., P.Widiyantiand B. Prajogo, 2018. Antiviral activity
of Justicia gendarussa Burm.f. leaves against HIV-Infected
MT-4 cells. Afr. J. Infect. Dis., 12: 36-43.

Sulistyowati, E., R.L. Jan, S.F. Liou, Y.F. Chen, B.N. Wu, J.H. Hsu
and J.L. Yeh, 2020. Vasculoprotective effects of Centella
aslatica, Justicia gendarussa and Imperata cylindrica
decoction via the NOXs-ROS-NF-kB pathway in
spontaneously hypertensive rats. J. Trad. Compl. Med.,
10:378-388.

Kumar, K.S., V. Vijayan, S. Bhaskar, K. Krishnan, V. Shalini and
A. Helen, 2012. Anti-inflammatory potential of an ethyl
acetate fraction isolated from justicia gendarussa roots
through inhibition of iINOS and COX-2 expression via NF-kB
pathway. Cell. Immunol., 272: 283-289.

Cassola, F., MH.R. da Silva, AAA. Borghi, M.G. Lusa,
A.CHF. Sawaya, V.L. Garcia and J.LS. Mayer, 2019.
Morphoanatomical characteristics, chemical profiles and
antioxidant activity of three species of Justicia L.
(Acanthaceae) under different growth conditions. Ind.
Crops Prod., 131: 257-265.

Sikder, M.A.A., AK.M.N. Hossian, A.B. Siddique, M. Ahmed,
M.A. Kaisar and M.A. Rashid, 2011. /n vitro antimicrobial
screening of four reputed Bangladeshi medicinal plants.
Pharmacogn. J., 3: 72-76.

Mir, AM., MW. Ashraf, H. Himani and B.A. Mir, 2020.
Antimicrobial, antifungaland HRBC membrane hemolysis and
membrane stabilization properties of various extracts of
Justicia gendarussa. Trop. J. Nat. Prod. Res., 4: 687-690.
Kiren, Y., J. Deguchi, Y. Hirasawa, H. Morita and B. Prajogo,
2014. Justidrusamides A-D, new 2-aminobenzyl alcohol
derivatives from Justicia gendarussa.J).Nat.Med., 68:754-758.



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

Pak. J. Biol. 5ci, 24 (17): 1162-1168, 2021

Miao, Y., Q. Bi, H. Qin, X. Zhang and N. Tan, 2020. Moderate
drought followed by re-watering initiates beneficial
changes in the photosynthesis, biomass production and
rubiaceae-type cyclopeptides (RAs) accumulation of rubia
yunnanensis. Ind. Crops Prod., Vol. 148. 10.1016/j.indcrop.
2020.112284.

Hashida, Y., T. Hirose, M. Okamura, K.I. Hibara, R. Ohsugi and
N. Aoki, 2016. A reduction of sucrose phosphate synthase
(SPS) activity affects sucrose/starch ratio in leaves but
does not inhibit normal plant growth in rice. Plant Sci,
253:40-49.

Kumar, R., R. Joshi, M. Kumari, R. Thakur, D. Kumar and
S. Kumar, 2020. Elevated CO, and temperature influence
key proteins and metabolites associated with
photosynthesis, antioxidant and carbon metabolism in
Picrorhiza kurroa. J. Proteomics, Vol. 219. 10.1016/j.jprot.
2020.103755.

Li, P, H. Li, Y. Zong, F.Y. Li, Y. Han and X. Hao, 2017.
Photosynthesis and metabolite responses of /satis indigotica
fortune to elevated [CO, ]. Crop J., 5: 345-353.

Sarwar, M., JK. Patra, A. Ali, M. Magbool and M.l. Arshad,
2019. Effect of compost and NPK fertilizer on
improving biochemical and antioxidant properties of
Moringa oleifera. South African J. Bot, 10.1016/j.sajb.
2019.01.009.

Hernandez, T., C. Chocano, J.L. Moreno and C. Garcia, 2014.
Towards a more sustainable fertilization: Combined use of
compost and inorganic fertilization for tomato cultivation.
Agric. Ecosyst. Environ., 196: 178-184.

Romanenkov, V., M. Belichenko, A. Petrova, T.Raskatova,
G. Jahn and P. Krasilnikov, 2019. Soil organic carbon
dynamics in long-term experiments with mineral and
organic fertilizers in Russia. Geoderma Regional,
Vol. 17.10.1016/j.geodrs.2019.e0022.1.

Zhang, M., D. Sun, Z. Niu, J. Yan, X. Zhou and X. Kang, 2020.
Effects of combined organic/inorganic fertilizer application
on growth, photosynthetic characteristics, yield and fruit
quality of Actinidia chinesis cv 'hongyang’. Global Ecol.
Conserv., Vol. 22.10.1016/j.gecco.2020.e00997.

Khaleghi, E., K. Arzani, N. Moallemi, M. Barzegar, 2012.
Evaluation of chlorophyll content and chlorophyll
fluorescence parameters and relationships between
chlorophyll a, b and chlorophyll content index under water
stress in Olea europaea cv. Dezful World Acad. Sci. Eng.
Technol., 6: 636-639.

Gu, D.D., W.Z. Wang, J.D. Hu,X.M. Zhang, J.B. Wang
and B.S. Wang, 2016. Nondestructive determination of
total chlorophyll  content in  maize using three-
wavelength diffuse reflectance. J. Applied Spectrosc.,
83:541-547.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

1167

Felz, S., P. Vermeulen, M.C.M. van Loosdrecht and Y.M. Lin,
2019. Chemical characterization methods for the analysis of
structural extracellular polymeric substances (EPS). Water
Res., 157:201-208.

Ahmadi, F., A. Samadiand A.Rahimi, 2020. Improving growth
properties and phytochemical compounds of Echinacea
purpurea (L) medicinal plant using novel nitrogen slow
release fertilizer under greenhouse conditions. Sci. Rep.,
Vol. 10. 10.1038/541598-020-70949-4.

Kropat, J., A. Hong-Hermesdorf, D. Casero, P. Ent and
M. Castruita et al, 2011. A revised mineral nutrient
supplement increases biomass and growth rate in
Chlamydomonas reinhardtii. Plant J., 66: 770-780.

Xu, F., C. Chu and Z. Xu, 2020. Effects of different fertilizer
formulas on the growth of loquat rootstocks and stem
lignification. Sci. Rep., Vol.10.10.1038/541598-019-57270-5.
Khalid, K.A., 2012. Effect of NP and foliar spray on growth and
chemical compositions of some medicinal apiaceae plants
grow in arid regions in Egypt. J. Soil Sci. Plant Nutr,,
12: 581-596.

Hasnain, M., J. Chen, N. Ahmed, S. Memon, L. Wang,
Y. Wang and P. Wang, 2020. The effects of fertilizer
type and application time on soil properties, plant
traits, yield and quality of tomato. Sustainability,
Vol. 12.10.3390/s5u12219065.

Brunetti, G., A. Traversa, F.D. Mastro and C. Cocozza, 2019.
Short term effects of synergistic inorganic and organic
fertilization on soil properties and yield and quality of plum
tomato. Sci. Horti., 252: 342-347.

Pal, K. and CH. Rahaman, 2015. Phytochemical and
antioxidant studies of Justicia gendarussa Burm. F. an
ethnomedicinal plant. Int. J. Pharm. Sci. Rev., 6: 3454-3462.

Aremu, A.O, N.A. Masondo and JV. Staden, 2014
Physiological and phytochemical responses of three nutrient-
stressed bulbous plants subjected to vermicompost leachate
treatment. Acta Physiol. Plant., 36: 721-731.

Meng, W., Z. AiJun, L.H. Min ZY. Ping, T.Z. Hou, C.X. Guang
andL.Y.Hong, 2017. Effects of different fertilization modes on
photosynthetic characteristics and yield of sweet potato.
Acta Agric. Jiangxi. 29: 47-50.

Abou-Sreea, A.l.B, M.M. Rady, M.H.H. Roby, S.M.A. Ahmed,
A. Majrashi and EF. Ali, 2021. Cattle manure and
bio-nourishing royal jelly as alternatives to chemical
fertilizers: potential for sustainable production of organic
Hibiscus sabdariffa L. J. Applied Res. Medic. Aromat. Plants,
Vol. 25.10.1016/j.jarmap.2021.100334.

Aghaei, K, A.G. Pirbalouti, A. Mousavi, H.N. Badi and
A. Mehnatkesh, 2019. Effects of foliar spraying of
I-phenylalanine and application of bio-fertilizers on growth,
yield, and essential oil of hyssop [Hyssopus officinalis L.
Subsp. Angustifolius (Bieb.)]. Biocatalysis Agric. Biotechnol.,
Vol.21.10.1016/j.bcab.2019.101318.



Pak. J. Biol. 5ci, 24 (17): 1162-1168, 2021

32. Yang, W, C. Li, S. Wang, B. Zhou, Y. Mao, C. Rensing and 34. Kumar, KS., V. Sabu, G. Sindhu, A.A. Rauf and A. Helen, 2018.

S. Xing, 2021. Influence of biochar and biochar-based Isolation, identification and characterization of apigenin
fertilizer on vyield, quality of tea and microbial community from Justicia gendarussa and its anti-inflammatory activity.
in an acid tea orchard soil. Appl. Soil Ecol., Vol. 166. 10.1016/j. Int. Immunopharmacol., 59: 157-167.

apsoil.2021.104005.

33. Mahajan, M., R. Kuiry and P.K. Pal, 2020. Understanding the
consequence of environmental stress for accumulation of
secondary metabolites in medicinal and aromatic plants.
J. Applied Res. Medic. Aromat. Plants, Vol. 18. 10.1016/j.
jarmap.2020.100255.

1168



