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Abstract

Urea is the most popular and widely used nitrogenous fertilizer. High soil urease activity rap-

idly hydrolyses applied urea to ammonia which contributes to soil nitrogen (N) losses and

reduces N use efficiency of crop plants. The ammonia losses can be minimized by the inhibi-

tion of soil urease activity which has been explored using various potential chemical inhibi-

tors. However, the soil urease activity inhibition potential of plant extracts is rarely explored

to date. In the present study, extracts of 35 plant materials were taken and evaluated against

jack bean urease. Eleven extracts, showing >50% jack bean urease inhibition, were

selected and further investigated in 13 soils collected from various districts of Punjab, Paki-

stan. Interestingly, except Capsicum annum, Melia azedarach, Citrus reticulata and Quer-

cus infectoria, the plant extracts showed urease inhibition activities in soils, the extent of

which was lower as compared to that observed in jack bean urease though. Maximum urea

hydrolysis inhibition (70%) was noted with Vachellia nilotica which was 40% more than that

of hydroquinone (50%) followed by that of Eucalyptus camaldulensis (24%). The extracts of

V. nilotica and E. camaldulensis were coated on urea and applied to soil in the next step. At

21st day, 239% and 116% more urea-N was recovered from soil treated with V. nilotica and

E. camaldulensis extracts coated urea, respectively, as compared to uncoated urea. Con-

clusively, these results indicated that the coating of V. nilotica and E. camaldulensis extracts

on urea prills prolonged urea persistence in soil owing to minimum urea hydrolysis, proba-

bly, the extracts of V. nilotica and E. camaldulensis showed their urease inhibition potential.

The results of this study provide a base line for the identification of new soil urease inhibitor

compounds from plant materials in future.

Introduction

Nitrogen (N) is an important macronutrient for plant growth and development primarily due

to its role in the biosynthesis of vital molecules such as chlorophyll, amino acids and nucleic

acid [1]. Owing to the multiple pathways of nitrogen losses in soils, nitrogen fertilizers are con-

sumed in higher quantities than other fertilizers to ensure sufficient nitrogen provision during

the vital growth stages of crop plants, During the year 2018–19, 107 Mt of nitrogen fertilizer

consumption was recorded with urea having 55% share alone [2]. Urea, which is a common

source of N hydrolyzed to ammonia and carbon dioxide in soil [3]. The uncatalyzed hydrolysis

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0258568 October 14, 2021 1 / 11

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Rana MA, Mahmood R, Ali S (2021) Soil

urease inhibition by various plant extracts. PLoS

ONE 16(10): e0258568. https://doi.org/10.1371/

journal.pone.0258568

Editor: Ahmad Naeem Shahzad, Bahauddin

Zakariya University, PAKISTAN

Received: May 17, 2021

Accepted: October 1, 2021

Published: October 14, 2021

Copyright: © 2021 Rana et al. 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.

Data Availability Statement: All relevant data are

within the manuscript.

Funding: M. Ajmal Rana received funding for his

Ph.D. from Higher Education Commission of

Pakistan (www.hec.gov.pk). The funders had no

role in study design, data collection and analysis,

decision to publish, or preparation of the

manuscript.

Competing interests: The authors have declared

that no competing interests exist.

https://orcid.org/0000-0002-5677-6428
https://orcid.org/0000-0002-5972-6223
https://orcid.org/0000-0001-6394-4058
https://doi.org/10.1371/journal.pone.0258568
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0258568&domain=pdf&date_stamp=2021-10-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0258568&domain=pdf&date_stamp=2021-10-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0258568&domain=pdf&date_stamp=2021-10-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0258568&domain=pdf&date_stamp=2021-10-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0258568&domain=pdf&date_stamp=2021-10-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0258568&domain=pdf&date_stamp=2021-10-14
https://doi.org/10.1371/journal.pone.0258568
https://doi.org/10.1371/journal.pone.0258568
http://creativecommons.org/licenses/by/4.0/
http://www.hec.gov.pk


of urea is accelerated by a factor of 8 × 107 due to soil urease activity [4]. This rapid increase in

urea hydrolysis is accompanied by a rise in soil pH at the site of hydrolysis [5], and liberation

of ammonia [6], which is the highest in low CEC, calcareous [7] and pasture soils [8]. High

concentration of free ammonia in soil may damage germinating seeds and young seedlings

and if volatilized to the atmosphere it may cause pollution [9]. Furthermore, ammonium accu-

mulation in soil particularly at high pH, may hinder nitrification process at the midway and

results in accumulation of toxic levels of nitrites [10].

According to an estimation, excessive soil urease activity in different soils can lost 20–33%

applied urea-N on an average which can reach up to 70% [11]. Moreover, ammonia volatiliza-

tion losses through urea application can reduce nitrogen use efficiency up to 50% in alkaline

calcareous soils of arid and semi-arid climate [12].

Studies involving preventing of rapid urea hydrolysis through soil urease inhibition aims to

increase nitrogen use efficiency of crop plants [13]. An increase in nitrogen use efficiency

means increases in agronomic and economic values of nitrogen fertilizer in terms of increasing

crop production and conserving energy as well as resources needed for its manufacturing. Sub-

sequently, minimal nitrogen losses through efficient fertilizer use can minimize environmental

pollution [14].

Ureases are nickel-dependent proteinaceous metalloenzymes widely distributed in bacteria,

fungi, algae, invertebrates and plants [15]. These are released in soil solution where they persist

along with remaining adsorbed to exchange sites [3]. There are various types of soil ureases

based on their origin and the compounds inhibiting their activities are also numerous [16].

Among known soil urease inhibitors, N-(n-Butyl)thiophosphoric triamide (NBPT) and hydro-

quinone are the most popular and potent compounds [17]. Many other compounds like aceto-

hydroxamic acid (AHA) [18], humic acid [19], 1,4-benzoquinone and inorganic metal salts

[16] have also been reported for their potential to reduce the activity of soil ureases. Natural

plant materials have been extensively investigated to explore their urease inhibition potential

but with an aim to get natural remedy against Helicobacter pylori infection in human stomach

[9,20,21]. However, a few natural materials like Acacia decurrens, seed kernel powder of Aza-
dirachta indica and bark of Acacia caven have also been reported to inhibit ureases in different

soils [22].

The use of reported urease inhibitors is limited to certain areas of the world owing to the

reasons like cost ineffectiveness, toxicity to crop plants, and variation in effectiveness with soil

type, climate and crop management [7]. Therefore, despite a long list of reported inhibitors,

need remains in place to search good candidates in the field that are environment friendly,

nontoxic to plants, chemically stable, effective in a variety of soils, consistent with urea and

cost effective.

This work has proposed a systematic screening for natural soil urease inhibitors starting

from the extraction of thirty-five plant materials. Twelve out of these thirty-five extracts have

been reported to demonstrate inhibitory activities against jack bean urease, but none has been

reported to show inhibition of soil urease activity to date. The study has also optimized the

dose of key selected plant extracts for urea coating by studying the impact of coated urea on

urea-N stay in soil.

Materials and methods

Selection of plant materials and their extraction

Leaves, stem bark, heart wood, fruits, fruit peel and bagasse of thirty-five plant materials were

selected based on their ease of availability and cost effectiveness (Table 1). Some of the plant

materials included in the study were agricultural wastes.
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Dried and powdered plant materials (10 g) were transferred to conical flasks containing 100

mL of acetone each, and shaked on reciprocal shaker at 200 rpm for 48 hours to obtain

extracts. The contents of the flasks were filtered using Whatman filter paper grade 1 and the fil-

trates were concentrated by solvent evaporation at 70˚C to about 3 mL volume that was diluted

to 100 mL with distilled water. The extracts were stored maximum up to three days at 4˚C if

not used immediately in urease inhibition assay.

Table 1. Potential of 35 plant extracts to inhibit jack bean urease.

No. Plants used for extraction Percent urease inhibition (mean ± SD)

Botanical name Common name Plant part extracted

1 Nicotiana tabacum Tobacco Leaves 66.14 ± 0.44

2 Quercus infectoria Allepo oak Fruit (galls) 66.60 ± 2.25

3 Moringa oleifera Moringa Leaves 39.38 ± 5.73

4 Brassica rapa Turnip Leaves 49.22 ± 5.43

5 Capsicum annuum Bell pepper Fruit 84.53 ± 0.46

6 Ficus benghalensis Banyan Leaves 24.11 ± 6.41

7 Vachellia nilotica Acacia Leaves 95.27 ± 0.19

8 Eucalyptus camaldulensis Eucalyptus Leaves 92.61 ± 0.44

9 Parthenium hysterophorus Carrot grass Leaves 40.65 ± 2.29

10 Camelia sinensis Black Tea Tea 88.25 ± 0.48

11 Camelia sinensis Green Tea Green tea 81.26 ± 0.89

12 Coffea arabica Coffee Beans 85.79 ± 0.62

13 Azadirachta indica Neem Leaves 28.65 ± 0.82

14 Melia azedarach Darek tree Leaves 89.86 ± 1.33

15 Prunus armeniaca Apricot Leaves 95.16 ± 0.10

16 Psidium guajava Guava Leaves 43.09 ± 1.07

17 Citrus reticulata Kinnow Fruit peel 52.81 ± 4.21

18 Citrus limetta Sweet lime Leaves 38.82 ± 0.70

19 Citrus limon Lemon Leaves 30.83 ± 3.11

20 Citrus sinensis Sweet orange Fruit peel 46.43 ± 2.98

21 Syzygium cumini Jambolan Leaves 33.10 ± 1.88

22 Musa acuminate Banana Fruit peel 0.59 ± 0.39

23 Saccharum officinarum Sugarcane Bagasse 9.25 ± 0.88

24 Allium cepa Onion Leaves 1.05 ± 0.09

25 Mentha arvensis Mint Leaves 34.90 ± 1.06

26 Calotropis gigantean Crown flower Leaves 19.29 ± 0.52

27 Bombax ceiba Red cotton tree Leaves 29.31 ± 0.48

28 Santalum album Sandal wood Heart wood 16.12 ± 0.54

29 Cinnamomum verum Cinnamon Stem bark 30.58 ± 0.68

30 Raphanus sativus var. longipinnatus Radish Leaves 25.20 ± 0.65

31 Olia europaea Olive Leaves 27.12 ± 1.37

32 Tribulus terrestris Land Caltrops Fruit 28.76 ± 0.51

33 Myristica fragrans Nutmeg Fruit 8.41 ± 1.01

34 Brassica oleracea var. botrytis Cauliflower Leaves 21.11 ± 0.97

35 Brassica oleracea var.capitata Cabbage Leaves 20.04 ± 0.50

Hydroquinone 500 ppm (positive control) 94.20 ± 1.48

Acetone 3% (negative control) none

https://doi.org/10.1371/journal.pone.0258568.t001
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Jack bean urease inhibition assay

Jack bean urease inhibition assay was carried out following Nabati et al. [23] with slight modi-

fications. The test reaction mixture was containing 200 μL of 25 mM urea prepared in 100 mM

phosphate buffer of pH 6.8, 100 μL of plant extract and 100 μL of urease solution containing 2

mg of jack bean urease (U7752 Sigma-Aldrich) in 1 mL of 100 mM phosphate buffer of pH

6.8. The mixture was incubated at 37˚C for 30 minutes followed by dilution to 1 mL by adding

600 μL of distilled water. The blank reaction mixture contained 100 μL of distilled water

instead of plant extracts. Hydroquinone (500 ppm) and acetone (3%) solutions were used as

positive and negative controls, respectively. All assays were replicated thrice.

After 30 minutes of incubation, ammonia nitrogen (NH3-N) in the assay mixtures was

determined by following the procedure of Nelson [24] with slight modification. In brief, 0.5

mL of aliquot was diluted to 5 mL with distilled water in a test tube followed by the addition of

0.25 mL of 6% EDTA, 1 mL of sodium salicylate—sodium nitroprusside reagent (7.82 g

sodium salicylate and 0.125 g sodium nitroprusside dissolved in distilled water to make total

volume 100 mL) and 0.5 mL of freshly prepared buffered hypochlorite (2.96 g sodium hydrox-

ide, 9.96 g sodium hydrogen phosphate heptahydrate and 10 mL sodium hypochlorite dis-

solved in distilled water to make a total volume of 100 mL). The mixture was incubated at

37˚C in water bath for 30 minutes. Green color intensity was measured at 667 nm by using

ultraviolet-visible spectrophotometer and NH3-N in the aliquot was estimated from the curve

of NH3-N standards. Urease inhibition by a plant extract was calculated by the following for-

mula [20].

I %ð Þ ¼ 1 �
T
C

� �

� 100

Where, I (%) is the percent urease inhibition, T and C are NH3-N concentrations in the test

and blank reaction mixtures, respectively.

Soil sampling and analysis

Thirteen soil samples were collected from Lahore, Sheikhupura, Gujranwala, Jhang, Narowal,

Okara, Khanewal, Sahiwal and Multan districts of Punjab, Pakistan. These soils have already

been classified to subgroup level by Soil Survey of Punjab, Pakistan. Textures of the soils were

estimated by hydrometer method [25]. Soil organic matter was estimated by Walkley and Black

method [26]. Cation exchange capacity of the soils was estimated by loading sodium ions to the

exchange sites followed by unloading and flame photometric estimation [27]. For Na, K, Ca and

Mg determinations, soils were extracted with ammonium acetate solution and concentrations

of these ions in extracts were determined by atomic absorption spectrophotometry [28]. Soil

urease activity was estimated by incubating soil with urea for 2 hours at 37˚C followed by

ammonium determination through modified Berthelot reaction [29] (Table 2).

Urea hydrolysis inhibition in soils

The eleven plant extracts which showed more than 50% inhibition of jack bean urease were

further investigated for urea hydrolysis inhibition in the thirteen soils. These soils belonged to

four soil orders i.e., aridisols, alfisols, entisols and inceptisols and twelve subgroups. The soils

were varied in organic matter from 0.20 to 1.02%, pH from 7.7 to 9.4, CEC from 5.6 to 14.9

meq 100 g-1 and urease activity from 36 to 673 μg urea-N hydrolyzed g-1 2h-1. Ammonium ace-

tate extractable K, Na, Ca, and Mg were varied from 0.07 to 0.27, 0.06 to 0.39, 1.30 to 5.51 and

0.41 to 1.56 mg g-1, respectively (Table 2).
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The reaction mixture comprised of 1 mL of plant extract, 1 mL of 25 mM urea solution and

1 g of soil. After 2 hours of incubation at 37˚C, assay mixture was diluted by adding 5 mL of

distilled water followed by centrifugation at 6000 rpm for 10 minutes. The supernatant was

used for ammonia determination as described earlier [29]. Each soil-extract assay was repli-

cated thrice and an assay mixture with a soil but without an extract was considered as blank

for that soil. Urea hydrolysis inhibition was determined by the same formula as discussed in

case of jack bean urease inhibition assay previously. Hydroquinone solution (500 ppm) was

used as reference urea hydrolysis inhibitor in soils.

Preparation of plant extracts-coated urea

In soil assays, maximum urea hydrolysis inhibition was noted with extract of Vachellia nilotica
followed by that of Eucalyptus camaldulensis. The extracts of these plants were further studied

by coating them on urea prills after extracting their 10, 20, 50 and 100 g of dried and powdered

leaves with double the amount of acetone separately following the same procedure as discussed

earlier. The coating of urea was done by pouring a concentrated extract (2 mL) over 100 g of

urea prills rotating in a rotary mixing container till uniform application of the extract over the

surface of the prills. The coated urea prills were then removed from the container and dried in

shade.

Effectiveness of plant extracts-coated urea for urea-N recovery from soil

Surface field soil of 0–15 cm depth (soil no. 1 in Table 2) was collected, sieved, and filled to

polythene lined earthen pots to a capacity of 600 g soil per pot. The experiment was conducted

in a completely randomized design (CRD) with and type of plant extract and dose of plant

extract coating urea as two experimental factors. Urea coated with extracts of 0, 10, 20, 50 and

100 g dried leaves of V. nilotica and E. camaldulensis was applied at 225 mg urea-N kg-1 soil in

triplicate. The pot soil was irrigated with tap water and moisture level was maintained to field

capacity. The pots were placed in an open corridor at natural temperature for 21 days. Varia-

tions in daily minimum and maximum temperatures are presented in Fig 1. After 7, 14 and 21

days of incubation, each pot soil was sampled for residual urea determination.

Table 2. Characteristics of thirteen soils used in urease inhibition assay using plant extracts.

Soil No. Sub-group Sand Silt Clay Organic matter Cation exchange capacity pH K Na Ca Mg Urease activity (μg N g-1 2h-1)

% meq 100 g-1 mg g-1

1 Ustic Torrrifluvents 21.0 58.5 20.5 0.58 6.3 7.8 0.09 0.06 1.76 0.54 100

2 Ustic Torrrifluvents 33.5 51.0 15.5 0.61 14.9 8.3 0.10 0.11 3.03 0.93 135

3 Fluventic Haplocambids 16.0 61.0 23.0 0.78 8.5 8.0 0.24 0.40 1.43 0.47 191

4 Typic Hapustalfs 33.5 46.0 20.5 0.70 7.7 8.2 0.14 0.12 2.67 0.84 141

5 Typic Haplosalids 45.0 40.0 15.0 0.84 13.3 8.7 0.07 0.06 2.41 0.75 175

6 Ustic Haplocambids 33.5 43.5 23.0 0.87 9.7 8.3 0.16 0.17 2.28 0.69 139

7 Typic Torrrifluvents 56.0 26.0 18.0 0.67 10.9 7.7 0.14 0.26 5.73 0.73 182

8 TypicTorripsamments 7.9 80.0 12.1 0.20 5.6 8.7 0.08 0.09 1.30 0.41 36

9 Typic Calciargids 7.5 67.0 25.5 0.90 11.3 8.6 0.17 0.17 2.67 1.12 161

10 Fluventic Eutrudepts 28.5 47.5 24.0 0.55 10.6 8.3 0.27 0.20 5.01 1.56 160

11 Ustic Calciargids 31.5 52.0 16.5 0.61 10.0 9.4 0.24 0.39 5.25 1.55 138

12 Typic Haplocambids 14.5 70.5 15.0 0.93 10.5 8.1 0.11 0.13 3.74 1.12 130

13 Fluventic Haplustepts 20.0 50.0 30.0 1.02 14.7 8.4 0.18 0.20 5.51 1.51 173

https://doi.org/10.1371/journal.pone.0258568.t002
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Urea from the soil (2 g dry matter) was extracted with 2 M KCl-PMA (KCl-phenyl mercuric

acetate) solution. A known volume of the extract was then incubated at 85˚C for 45 minutes

with a 5:2:100 mixture of diacetyle monoxyme (DAM) solution, thiosemicarbazide (TSC) solu-

tion and acid reagent in test tubes. After incubation the test tubes were immediately cooled in

running tap water and red color intensity of the contents was measured using spectrophotom-

eter at 527 nm [30].

Statistical analysis

The data of all the experiments were subjected to analysis of variance and means were com-

pared by Tukey’s HSD test. All the statistical analyses were performed by Statistix-8.1 software.

Results

Maximum inhibition of jack bean urease was noted with V. nilotica and Prunus armeniaca,

(both 95%), which was comparable to that of hydroquinone (94%), followed by that of E.

camaldulensis (92%) and Melia azedarach (89%) (Table 1). The extracts of Nicotiana tabacum,

Quercus infectoria, Capsicum annuum, Camellia sinensis (green tea), C. sinensis (black tea),

Coffea Arabica, Citrus reticulata also showed more than 50% inhibition of jack bean urease

(Table 1).

The eleven extracts which inhibited jack bean urease more than 50%, were further investi-

gated in thirteen soils characterized in Table 2. The extracts of C. annum, M. azedarach and C.

reticulata, increased urea hydrolysis instead of inhibition in all thirteen soils. Quercus infec-
toria extract increased urea hydrolysis in seven soils and inhibited it slightly up to 14% in other

six soils. The data of these four extracts which stimulated urea hydrolysis in most of the soils

were neither subjected to analysis of variance nor presented in this manuscript. Other seven

extracts inhibited soil urease without showing any variation in their inhibition potential

among the soils. Vachellia nilotica extract demonstrated maximum inhibition (70% on an

average) in all thirteen soils which was 40% more than that showed by hydroquinone (49.5%).

The extracts of E. camaldulensis, C. sinensis (green) and P. armeniaca followed V. nilotica and

Fig 1. Daily minimum and maximum air temperatures during pot trial of extract coated urea fertilizer.

https://doi.org/10.1371/journal.pone.0258568.g001
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showed urease hydrolysis inhibitions of 24%, 22% and 20%, respectively, on average. Nicotiana
tabacum showed 3.5% inhibition on average basis (Table 3).

Having identified their potential of urease activity inhibition with the extracts of V. nilotica
and E. camaldulensis, they were coated on urea prills and incubated with soil-1 for 21 days.

The impact of extract coated urea on urea-N recovery at 7th, 14th and 21st day of incubation

(DOI) is presented in Table 4. In comparison to uncoated urea, application of V. nilotica
extract coated urea significantly increased urea recovery at all three sampling times. Recovery

of urea, coated with extract of 10 g dry leaves per 100 g urea, was 16, 27 and 168% more than

Table 3. Urea hydrolysis inhibition in thirteen soils estimated in an In-vitro assay involving an incubation of soil with urea at 37˚C for two hours.

Soil Nicotiana
tabacum

Vachellia
nilotica

Eucalyptus
camaldulensis

Camelia sinensis
(black)

Camelia sinensis
(green)

Coffea
arabica

Prunus
armeniaca

Hydroquinone

1 3.0 t-v 70.7 a-d 23.9 j-n 15.6 k-v 24.2 j-n 2.4 v 23.6 j-o 51.0 e-h

2 3. t-v 67.0 a-f 24.7 j-n 20.4 j-v 21.9 j-s 3.6 s-v 21.7 j-t 51.7 e-h

3 4.0 r-v 82.1 a 22.7 j-r 38.5 h-j 23.2 j-o 6.3 n-v 24.4 j-n 49.0 f-h

4 4.0 r-v 66.6 a-f 24.4 j-n 11.0 k-v 21.5 j-t 7.4 m-v 21.4 j-t 54.0 b-h

5 2.6 uv 78.8 a 24.3 j-n 5.0 o-v 25.6 j-m 4.1 p-v 20.4 j-v 47.3 gh

6 3.9 r-v 68.3 a-e 24.2 j-n 8.9 l-v 17.8 k-v 6.0 n-v 14.9 k-v 47.0 gh

7 3.3 s-v 68.8 a-e 28.1 i-k 20.5 j-v 22.8 j-q 2.0 v 20.5 j-v 46.0 g-i

8 4.4 p-v 67.2 a-f 20.3 j-v 7.6 m-v 20.4 j-v 3.4 s-v 16.6 k-v 52.7 c-h

9 3.3 s-v 69.3 a-e 26.5 j-l 10.3 k-v 20.2 j-v 7.9 l-v 17.9 k-v 51.3 e-h

10 3.0 t-v 64.1 a-g 23.0 j-p 7.9 l-v 18.9 k-v 6.1 n-v 13.3 k-v 47.0 gh

11 3.0 t-v 72.7 ab 28.0 i-k 19.9 j-v 23.6 j-o 13.3 k-v 22.1 j-s 47.0 gh

12 3.9 r-v 71.4 a-c 23.8 j-o 19.4 k-v 24.4 j-n 6.7 n-v 21.3 j-u 52.0 d-h

13 4.0 r-v 67.2 a-f 23.6 j-o 19.1 k-v 21.4 j-t 8.4 l-v 22.1 j-s 47.3 gh

Mean 3.5 F 70.4 A 24.4 C 15.7 E 22.0 CD 6.0 F 20.0 D 49.5 B

�Means sharing common letter(s), lower case in the whole table except last row and upper case in the last row, do not differ significantly at p� 0.05.

https://doi.org/10.1371/journal.pone.0258568.t003

Table 4. Percent recovery of urea-N from soil incubated with urea coated with leaf extracts of Vachellia nilotica
and Eucalyptus camaldulensis.

Extract coated Extract dose (g dry leaves per 100 g urea)δ Urea-N recovery (%)

7th day 14th day 21st day

Control (uncoated urea) 79.9 d� 26.9 d 6.1 d

V. nilotica 10 93.1 b 34.3 b 16.4 bc

20 98.5 a 39.2 a 20.7 ab

50 98.6 a 39.8 a 21.7 a

100 98.7 a 39.8 a 21.6 a

E. camaldulensis 10 87.6 c 29.0 cd 13.2 c

20 88.0 c 30.7 c 14.9 c

50 90.6 bc 31.3 c 16.3 bc

100 91.0 bc 31.0 c 16.1 bc

Hydroquinone 82.1 d 31.2 c 21.5 a

HSD (p� 0.05) 5.06 2.58 5.18

δPlant leaves were dried and extracted with double amount of acetone, the volume of which was reduced to 2 mL by

vacuum evaporation and coated to 100 g urea.

�Means sharing common letter(s) in a column do not differ significantly as compared by Tukey’s HSD test at

p � 0.05.

https://doi.org/10.1371/journal.pone.0258568.t004
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that of uncoated urea at 7th, 14th and 21st DOI, respectively. Coating with extract of 20 g V.

nilotica leaves increased urea recovery to 23% at 7th, 45% at 14th and 239% at 21st DOI. Coating

of extracts taken from 50 and 100 g leaves did not further increase urea recovery in compari-

son to extract of 20 g leaves (Table 4).

Difference in urea-N recovery between uncoated and coated urea with extract of 10 g leaves

of E. camaldulensis was about 9% at 7th DOI which increased to 116% at 21st DOI. Increasing

weight of extracted leaves from 10 g up to 100 g did not significantly (p� 0.05) increased urea

recovery at any of the sampling times (Table 4).

Discussion

The extraction of plant materials, to study their urease inhibition potential, is carried out

mostly through water, methanol or acetone as extracting solvents [23,31]. In our study we pre-

ferred acetone, as an extracting solvent, over water or methanol, due to several reasons. Firstly,

in parallel extraction of a plant materials with water, methanol and acetone, acetone extracts

showed more urease inhibition as compared to the extracts from other two solvents [31]. Sec-

ondly, in our preliminary trials, the urease activity inhibition with acetone extracted plant

materials was more consistent with second and/or third time sampling of plant materials than

the extracts taken through water and methanol. It could be due to the possible extraction of

plant ureases along with inhibitory compounds from plant materials extracted with water and

methanol as plants varied in urease concentration that depends upon plant growth factors

[32,33]. Another possible reason of consistent urease activity inhibition potential of acetone

extracted plant materials could be the insolubility of ureases and other proteins in acetone

which ensures the extraction of inhibitory compounds only [34].

Twelve out of 35 investigated plant materials, in this study, are already reported to have

inhibition potential against jack bean urease. In our study, most of these materials did not per-

form the same way as reported in literature. According to literature 50% methanolic extracts

of Q. infectoria, Saccharum officinarum, Allium cepa, Mentha arvensis, Santalum album, Cin-
namomum verum, Olia europaea and Myristica fragrans inhibited activity of jack bean urease

by 98%, 35%, 53%, 93%, 59%, 84%, 72%, and 78% respectively [23]. However, in our study the

inhibitions due to these materials were far below their reported percentages (Table 1). None-

theless, the extracts of N. tabacum, V. nilotica, C. sinensis and Psidium guajava showed jack

bean urease inhibition comparable to or greater than that reported in literature [23,31]. These

contradictions might be due to owing to their spaciotemporal distribution and geographical

location [35], whereby different varieties of a same plant may have a different profile of metab-

olites [36]. Other factors like plant growth factors [37] stage of a plant at the time of material

collection [38], method of extraction, quantity of plant material extracted, and extract concen-

tration used in assays may also affect the chemical composition of extracts [23,31].

In comparison to jack bean urease, reduction in inhibition potential or failure of some

plant extracts in soils was, perhaps, due to the fact that soil ureases being a mixture of plant,

fungal and bacterial ureases are different from pure jack bean urease. As plant and fungal ure-

ases are monotrimers or hexamers of about 90 kDa subunits, while bacterial ureases are multi-

mers of two or three subunits complexes [39,40]. Furthermore, apart from their presence in

soil solution, soil ureases are also found on exchange sites which might have contributed in

urea hydrolysis reaction [3]. Additionally, soil contains several organic and inorganic mole-

cules which could have disturbed the overall electrolyte concentration of the assay solution

mixture and interfered with urease inhibition process in our study [41].

The screening through jack bean urease, in comparison to soil, is easier, free from interfer-

ences and gives precise results [42]. These factors support the use of jack bean urease during
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initial large-scale screening of new compounds and extracts for their urease inhibition poten-

tial, to identify the best performers to be investigated further in soils. In general, it can be

inferred from the better performance of all eleven extracts in jack bean urease assay than in

soil assay that a compound/extract which is not inhibitory to jack bean urease will not inhibit

soil ureases.

Conclusion

The results of the experiments provide a base line for the identification and extraction of new

urease inhibitor compounds from the effective plant extracts. Leaves of V. nilotica and E.

camaldulensis can be extracted with acetone to coat urea, particularly in the regions where

these species are in abundance. These coatings can delay urea hydrolysis minimum up to three

weeks to increase urea-N efficiency in alkaline soils. Further investigations regarding any pos-

sible allelopathic effects of extracts coatings on different crop plants are needed in future.
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