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ABSTRACT 
 

Desmodium adscendens (Sw.) is a plant of the Fabaceae Family, a wild medicinal plant frequently 
found in industrial plantations, where it is exposed to pesticide residues. This makes species 
unsuitable for use as a raw material in pharmaceutical industry. To this end, domestication is one of 
best ways of cleaning up the species. During this process, the evaluation of a few physiological and 
biochemical compounds would be an indicator for the choice of planting material and the ecology 
species. Two types of plant material (seeds and stem) grown under three types of shade 
(accentuated, moderate, no shade) were tested. The leaves of various 90-day-old plants were used 
to determine physiological and biochemical parameters various. Results showed that chlorophyll a, 
carotenoids, polyphenols, total sugars, protein, proline and the activities of tyrosine ammonia-lyase, 
polyphenol oxidase and catalase were higher in leaves with moderate and no shading. However, 
under heavy shading, chlorophyll b content, phenylalanine ammonia lyase (PAL) and peroxidase 
enzyme activities were higher. Whatever shading type, the chl (a) content remained lower than that 
of chl (b). Also, total sugars, proline, ascorbate peroxidase and catalase were more abundant in the 
leaves of plants grown from stem. In contrast, phenolics, proteins and PPO are more abundant in 
leaves of seedlings. 
 

 
Keywords: Shading; pigment; physiological; biochemical; enzymatic; desmodium adscendens. 

 
1. INTRODUCTION 

 

In Africa, many plant species have so far 
remained on the bangs of scientific investigation 
due to a lack of awareness of their interests for 
mankind [1]. On the other hand, a large 
proportion of these species contribute strongly, 
indirectly and/or directly, to the well-being of 
mankind, and more particularly to many world's 
populations health [2,3]. According to the World 
Health Organization (WHO), around 65-80 % of 
world's population in developing countries, and 
particularly in Africa, depend essentially on 
traditional medicinal plants for their primary care 
due to poverty and lack of access to modern 
medicine [4,5]. Indeed, today, the plants 
therapeutic virtues are attracting renewed 
interest thanks to improvements in modern 
extractions techniques and advances in 
structural analysis methods [6]. These different 
techniques and methods have led to the 
discovery of many and new active ingredients of 
interest [7]. It is estimated that two-thirds of 
active ingredients in today's drugs are obtained 
either directly by hemi-synthesis or by natural 
active ingredient modification [8]. Among 
medicinal plants of interest, Desmodium 
adscendens (Sw.), a wild herbaceous biennial 
plant of Fabaceae family, native to equatorial 
zones of Africa and Latin America, remains 
among the little-known species. And yet, 
Desmodium adscendens (Sw.) enjoys 
undisputed therapeutic efficacy in health. 
According to this researcher, this species has 
become an essential reference in Europe for its 
involvement in liver pathologies, and in 

treatments for convulsions, epilepsy, diarrhea 
and genito-urinary infections [9]. In Côte d'Ivoire, 
the country of supply, Desmodium adscendens 
(Sw.) grows naturally in industrial (oil palm, 
rubber, cocoa, etc.) and village plantations, but 
also in certain lowlands where pesticides 
(herbicides, fungicides, insecticides, chemical 
fertilizers) are abused to improve agricultural 
yields. In addition to chemical threats, the 
species is also facing increased deforestation 
[10,11]. So, to produce healthily and safeguard 
this species to meet the medical industry growing 
demand, mastering cultivation through 
domestication has become a major challenge for 
mankind for any plant species [12]. This 
approach makes it possible to control all stages 
in the species production, in line with 
international standards [13]. Among these, the 
technique of cultivation under shade seems to be 
an ideal solution [14]. However, several studies 
have shown that alternating light on crops 
strongly influences plant evolution [15].  Thus, 
with a view to proposing a suitable technical 
itinerary for this species domestication, the 
present study aims to determine the impact of 
shade variation on the evolution of some 
biochemical and photosynthetic parameters of 
Desmodium adscendens (Sw.) in the 
domestication phase in Daloa (Côte d'Ivoire). 
 

2. MATERIALS AND METHODS 
 

 2.1 Study Site 
 

The experimental plots were set up at the 
experimental farm of Université Jean Lorougnon 
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Guédé in Daloa. Daloa, a town in west-central 
Côte d'Ivoire [16]. The Daloa region soils are 
predominantly ferralitic, suitable for agriculture 
and lend themselves to all crops types [17].  
 

2.2 Plant Material 
 
Plant material consisted of Desmodium 
adscendens (Sw.) seed and stem (Fig. 1) 
harvested from palm, cocoa and rubber 
plantations in the Assouba locality (Côte d'Ivoire). 
This area is one of the major ecological zones 
where Desmodium adscendens (Sw.) grows 
naturally and abundantly. 
 

2.3 Methods 
 
2.3.1 Setting up and trial running  
 
Setting up the trial involved first of all delimiting 
and cleaning the experimental plot, then 
designing the shade different types (accentuated 
shade, moderate shade and no shade). The 
shading system used is a kind of shed covered 
either entirely (roof and ¾ of the contour) with 
palm leaves and perforated black plastic 
(accentuated shading) or partially covered (only 
the roof) with palm leaves without plastic 

(moderate shading). Then, 5 L pots with 
perforated bottoms and filled with substrate (site 
soil) were used for the trial. Sowing was carried 
out at a rate of two seeds or two stem per pot. 
The stem used had an average length of 20 cm. 
The crop was watered regularly to keep the 
substrate slightly moist. 
 
2.3.2. Experimental design 
 
The experiment was carried out in a completely 
randomized block design with three replicates. 
Within each replication there are three blocks. 
Each block represents a treatment (accentuated 
shade, moderate shade and no shade). Blocks 
are spaced 10 m apart, with pots 0.5 m x 0.5 m 
apart. The same substrate (cultivation soil) was 
used in different blocks. 
 
2.3.3. Physiological and biochemical 

parameters determination 
  
Physiological and biochemical parameters were 
determined using fresh leaves from 90-day-old 
Desmodium adscendens (Sw.) plants. Leaves 
were harvested according to shade type and 
plant material, then stored at -80 °C for two days 
prior to manipulation.  

 

 
 

Fig. 1. Plant material, a : seeds ; b : stems 
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2.3.4 Extraction and assay of physiological 
and biochemical parameters  

 

Leaf pigments: Chlorophyll pigments and 
carotenoids extraction and assay were carried 
out according to method described by 
Lichtenthaler et al. [18]. A quantity of 0.1 g fresh 
leaves from each sample was carefully ground in 
the presence of 95 % acetone. A final volume of 
10 mL filtrate from each grind, stored in the dark 
at 4°C for 48 hours, was then obtained for assay. 
A 3 mL volume of filtrate was then taken for 
Spectrophotometer optical density (OD) readings 
at 663 nm and 647 nm for chlorophyll and 470 
nm for carotenoid. Leaf pigment content was 
determined using Mc KINNEY's formula : 
 

Chlorophyll a (μg/g FM) = 12,25*DO663 ˗ 
2,79*DO647 *(V/1000*m) 
Chlorophyll b (μg/g FM) = 21,5*DO647 ˗ 
5,10*DO663 *(V/1000*m) 
Total Chlorophyll (μg/g FM) = 7,15*DO663 + 
18,71*DO647*(V/1000*m) 
Carotenoïd (μg/g FM) = (1000*DO470 ˗ 
1,82*chl a – 8,02*chl b) /198 *(V/1000*m) 

 

• Phenolic compounds : Phenolic 
compounds were extracted using Kouakou 
[19] method. Leaves 
 

(500 mg) were ground in 10 mL methanol (96 %). 
The mixture was then incubated in dark for 10 h 
at 4 °C. After centrifugation at 5,000 rpm for 10 
min, the supernatant from each grind obtained 
was filtered through a 0.45 μm millipore 
membrane and constituted the crude phenolic 
extract. Phenolic compounds were determined 
according to Singh [20] method. To this end, 0.5 
mL of 5 M folin-ciocalteu reagent was added to 
distilled water (0.9 mL). To this was added 
phenolic extract (0.1 mL). Using a magnetic 
stirrer, the mixture was stirred at room 
temperature, then 1.5 mL of 17 % sodium 
carbonate and distilled water (6 mL) were added 
to the solution. The resulting solutions were 
incubated for 30 minutes in a water bath. The 
coloration intensity (proportional to polyphenol 
concentration) was read with a 
spectrophotometer at 765 nm. Total phenol 
content was determined using a calibration curve 
with different concentrations of a gallic acid stock 
solution (200 μg/mL). 

 

• Total sugars : Total sugars were extracted 
in the same way as phenolic compounds. 
 

Total sugars were determined using Dubois et al. 
[21] method. This method was modified and 

adapted to plant material. A solution of 
concentrated sulfuric acid (H2SO4) was used to 
break the osidic bonds between D-glucose and 
D-65 fructose, bringing into solution all the 
sugars present, which were then revealed by 
phenol. The reaction medium (0.2 mL 5 % phenol 
and 0.2 mL phenolic extract), made up to 1 mL 
with distilled water, was then made up to 1 mL 
with concentrated sulfuric acid (97 %). The final 
solution was incubated for 5 min in a water bath, 
then cooled in dark for 30 min. The coloration 
intensity produced by the reaction was measured 
with a spectrophotometer at a wavelength of 490 
nm against a control containing no sugars. 
Optical density was converted to total sugars and 
then expressed in μg.g-1 of fresh matter using a 
calibration line (0.01 to 0.1 mg.mL-1) constructed 
from a glucose solution (1mg.mL-1).  

 

• Proteins : Proteins were extracted and 
assayed according to Bradford et al. [22] 
method. 
 

Protein extraction was carried out cold (4 °C). To 
this end, 500 mg fresh leaves were ground in 
0.05 g polivinylpirrolidone (PVP) and 5 mL 0.1 M 
sodium phosphate buffer (pH 7.9). The resulting 
grindings were centrifuged at 10,000 rpm for 30 
min, and the supernatant obtained constituted 
the crude extract. Thus, 5.1 mL reaction medium 
(containing 0.1 mL crude extract and 5 mL 
Coomassie blue solution) was used. Coomassie 
blue solution was prepared as follows: 0.2 g 
Coomassie blue dissolved in 10 mL 95 % ethanol 
to which 20 mL orthophosphoric acid was added, 
then the final volume was adjusted to 200 mL 
with distilled water. The reaction mixture was 
incubated in an ice bath in the dark for 30 min. 
Protein content was read by spectrophotometer 
at 595 nm. In the control tube, the extract was 
replaced by phosphate buffer. Bovine Serum 
Albumin (BSA) solution (250 μg.mL-1) was used 
as the reference protein solution. The protein 
level was determined using the calibration curve, 
and expressed in micrograms per gram of fresh 
matter (μg.g-1 of fresh matter). 

 

• Proline : Extraction and determination of 
proline were carried out according to Dreir 
and Goring [23] method.  
 

Fresh leaves (100 mg) were ground in 3 mL of 
methanol 40 %, then placed in a water bath at 85 
°C for 30 min. After cooling in melting ice and 
centrifugation at 4,000 rpm for 10 min, 1 mL of 
supernatant was removed and 1 mL glacial 
acetic acid, 25 mg ninhydrin and 1 mL of mixture 
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(120 mL distilled water, 300 mL acetic acid 
(CH3COOH) and 80 mL phosphoric acid 
(H3PO4)) added. The mixture was homogenized 
by vortexing and boiled at 100 °C for 45 min, 
until the red color changed. After cooling, 5 mL 
toluene was added to solution, which was then 
stirred and left to stand for 30 min. A 3 mL 
volume of supernatant was collected for 
spectrophotometric reading of the optical density 
(OD) at 528 nm. Proline concentration (C) was 
calculated using the following formula : C (mM/g 
FM) = DO/Ɛ∗L 

  
 Ɛ = 0,9986 mM.L-1.cm-1 ; L : 
Spectrophotometer tube length (cm). 

 
2.3.5 Enzymatic proteins extraction, 

purification and assay 
  
A total of six enzyme proteins, grouped into three 
types according to function, were assayed. 
These were : Phenylalanine ammonia-lyase PAL 
and tyrosine ammonia-lyase TAL (phenolic 
biosynthesis enzymes) ; polyphenoloxidase PPO 
and peroxidase POD (phenolic degradation 
enzymes) ; catalase CAT and ascorbate 
peroxidase APX (antioxidant enzymes). 
 
Extraction and purification : The six enzymes 
were extracted in the same way as [24]. To this 
end, fresh leaves (500 mg) were ground in 5 mL 
of 0.1 M phosphate buffer, 0.05 g of PVP and 0.1 
mL of a solution composed of 5 % polyethylene 
glycol 6000, 0.25 % sodium thiosulphate, 15 % 
glycerol, 1 mM EDTA and 15 mM 
mercaptoethanol. After centrifugation at 5000 
rpm for 20 min, the supernatant obtained 
constituted the crude enzyme extract. Enzyme 
extracts were purified using a DOWEX column. 
DOWEX was homogenized in enzyme extract, 
followed by 30 min incubation in the cold. The 
mixture was then centrifuged at 5000 rpm for 10 
min. The supernatant obtained was the purified 
enzyme extract. 
 

• Polyphenoloxidase : Polyphenoloxidase 
(PPO) assay was performed according to 
Zhou et al. [25] method.  A 3 mL reaction 
volume consisting 0.2 mL enzyme extract, 
1 mL pyrocatechol and 1.8 mL 0.1 M 
phosphate citrate buffer pH 6.5 was 
prepared for the assay. Pyrocatechol 
oxidation was read by spectrophotometer 
at a wavelength of 500 nm. PPO activity 
was expressed as enzymatic activity per 
gram of fresh material (mmol/min/g fresh 
material), assuming that the molar 

extinction coefficient of product formed is 
equal to 1400 M-1 cm-1. The assay was 
carried out for each leaf sample from each 
shade and material. 

 

• Peroxidase : Peroxidase activity (POD) 
was determined using Santimone [26] 
method, modified and adapted to plant 
material. Sodium phosphate (0.1 M) at pH 
7.5 was used as phosphate buffer. The 
reaction mixture consisted of 0.1 mL 
enzyme extract, 2.9 mL substrate (10-2 M 
guaiacol solution and 10-2 M (v/v) hydrogen 
peroxide (H2O2)). The reaction mixture 
was stirred and incubated in the dark for 
10 min. When adding the enzyme extract 
to substrate, a one-minute interval was left 
between each tube. The guaiacol oxidation 
was read with a spectrophotometer at 470 
nm and expressed as enzyme activity per 
gram fresh material (mmol/min/g fresh 
material). A control was performed in which 
the substrate was replaced by 0.1 M 
sodium phosphate buffer pH 7.5. 

 

• Determination of phenylalanine 
ammonia-lyase and tyrosine ammonia-
lyase : Phenylalanine ammonia-lyase 
(PAL) and tyrosine ammonia-lyase (TAL) 
was carried out using Regnier [27] method, 
modified and adapted to plant material. 
The base buffer used was 0.2 M sodium 
borate at pH 8.8. The assay was 
performed with 0.1 mL enzyme extract, 1 
mL 0.1 M phenylalanine for PAL or 0.1 M 
tyrosine for TAL and 1.9 mL 0.2 M sodium 
borate buffer at pH 8.8. The reaction 
mixture was incubated at room 
temperature for 30 min, and the activities 
of PAL and TAL were read 
spectrophotometrically at 290 nm. PAL and 
TAL activities were expressed as enzyme 
activity per gram of fresh material 
(mmol/min/g fresh leaves), assuming that 
the molar extinction coefficient of the 
cinnamic acid formed is 19600 M-1 cm-1 

and that of p-coumaric acid is 17600 M-1 
cm-1. 

 
Ascorbate peroxidase and catalase : Catalase 
and ascorbate peroxidase activities were 
determined using Zhou et al. [25] method. This 
was modified and adapted to plant material. 
Ascorbate peroxidase assay was carried out 
using 3 mL reaction volume (0.1 mL enzyme 
extract and 2.9 mL ascorbic solution). Ascorbate 
peroxidase activity was read 



 
 
 
 

Koffi et al.; J. Exp. Agric. Int., vol. 45, no. 12, pp. 64-75, 2023; Article no.JEAI.110553 
 
 

 
69 

 

spectrophotometrically at 290 nm against a blank 
made with tris-HCL buffer. Activity was expressed 
in nkat/min/g fresh material. Catalase assay was 
performed with 3 mL of reaction medium (0.1 mL 
enzyme extract, 1 mL H2O2, and 1.9 mL Tris-HCl 
buffer). A control assay was carried out in which 
hydrogen peroxide (H2O2) was replaced by Tris-
HCl buffer. Catalase activity was read 
spectrophotometrically at 240 nm and expressed 
in mmol/min/g fresh material. The product molar 
extinction coefficient formed at the 240 nm 
wavelength is 36.10-6 M-1.cm-1. 
 
2.3.6 Data statistical analysis  
 
The chlorophyll pigments, carotenoids, proteins, 
total sugars and proline contents obtained at leaf 
level for each factor considered were processed 
and subjected to analyses of variance using IBM 
SPSS software. In the event of a significant 
difference at 5 % threshold, a post hoc test 
(Newman - Keuls) was performed to classify the 
different means obtained. 
 

3. RESULTS 
 

3.1 Shading and Plant Material Effect on 
Leaf Pigment Synthesis 

 

Results analysis revealed that shading had a 
highly significant effect (p˂ 0.01) on chlorophyll 
pigments and carotenoids (Caro) content 
evaluated in Desmodium adscendens (Sw.) 
leaves (Table 1). The different types of shading 
all stimulated leaf pigment synthesis. Chlorophyll 
a (Chl a) and carotenoid content increased with 

decreasing shading intensity. Chlorophyll b (Chl 
b), however, increases proportionally with shade 
intensity. Moreover, the highest values of Chl a, 
Chl b and Carotenoids were observed with 
seedlings grown from stems. 
 

3.2 Shading and Plant Material Effects on 
Physiological and Biochemical 
Parameters 

 
Shade variation had a highly significant effect 
(P<0.05) on the content of phenolic compounds, 
total sugars, protein and proline (Table 2). 
Moderate shading favoured the synthesis of 
phenolic compounds and total sugars. However, 
protein and proline synthesis increased in the 
absence of shading. In short, the plants grown 
from the stem had high levels of phenolic 
compounds, total sugars, protein and proline. 
 

3.3 Shading and Plant Material Effect on 
Enzyme Protein Activity 

 
The results of the analysis showed that shading 
has had a highly significant effect (p < 0.05) on 
the enzymes activity studied (Table 3). The 
enzymes phenylalanine ammonia-lyase (PAL), 
tyrosine ammonia-lyase (TAL), ascorbate 
peroxidase (APX) and polyphenol oxidase (PPO) 
were more active in shade than in open air. 
Peroxidase (POD) activity increased with 
increasing shade. Catalase activity increased 
with decreasing shade. Overall, the highest 
enzyme activities were recorded in plants grown 
from seeds. 

 
Table 1. Leaf pigment content as a function of shading and Desmodium adscendens (Sw.) 

plant material 
 

 Pigment content (ng.g-1 fresh leaves)  

Shade type Plant 
material 

Chl a Chl b Chl t  Caro 

Accented Stems 2.80 ± 2.09 a 8.50 ± 1.49c 11.31 ± 2.94ab 1.12±0.65a  
Seeds 2.74 ± 1.55a 8.21 ± 3.10bc 10.96 ± 3.96ab 1.01±0.41a 

Moderate Stems 4.99 ± 2.17c 7.94 ± 3.03bc 12.93 ± 4.30b 1.80±0.59b  
Seeds 3.36 ± 1.64b 4.77 ± 1.02a 8.14 ± 2.27a 1.08±0.41a 

Unshaded Stems 5.01 ± 1.27c 5.83 ± 0.91ab 10.84 ± 2.09ab 1.24±0.31a  
Seeds 4.48 ± 1.21bc 6.16 ± 0.98b 10.62 ± 1.98ab 1.02±0.32a 

F 
 

3.497 5.261 2.464 3.7 

P 
 

0.001 0.001 0.046 0.001 
In a column, means followed by the same letter are not significantly different at 5 % probability according to the 

Newman-Keuls test. P : P-value of the tests ; F : Fischer constancy ; ng : nanogram. 
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Table 2. Physiological and biochemical compound content of Desmodium adscendens (Sw.) 
leaves as a function of shade and plant material 

 

 Plant 
material 
 

Physilogical and biochemical 
content (ng.g-1 fresh leaves) 

  
Proline 
(mmol/g fresh 
leaves) 

Shade 
type 

phenolic 
compound 

sugars protein 

accented Stems      4.02 ± 3.96a 23.1 ± 23.10a 110.41 ± 22.67a 0.30 ± 0.14a 
 Seeds 9.86 ± 2.93ab 29.86 ± 10.25b 141.5 ± 23.55b 0.22 ± 0.04a    
moderate Stem 18.6 ± 4.06c 40.81 ± 3.25c 130.55 ± 16.83ab 0.55 ± 0.18a 
 Seeds 19.18 ± 16.95c 30.15 ± 14.15b 130.75 ± 14.90ab 0.32 ± 0.07a 

unshaded Stems     14.2 ± 5.23b 35.51 ± 12.65bc 163.28 ± 39.79c 5.36 ± 6.04c 
 Seeds 15.54 ± 4.55b 27.94 ± 4.33ab 161.16 ± 34.12c 2.81 ± 3.12b 

F 
 

4.524 3.574 5.111 5.112 
P 

 
0.002 0.008 0.001 0.001 

In a column, means marked with the same letter are not significantly different at 5 % probability according to the 
Newman-Keuls test. P : P-value of the tests ; F : Fischer constancy. 

 
Table 3. Enzyme activities in Desmodium adscendens leaves as a function of shade and plant 

material 
 

   Enzymatic activity 
(mmol/min/g fresh 
leaves) 

 Activité enzymatique 
(mol/min/g fresh leaves) 

Shade 
type 

Plant 
material  

PAL  TAL  PPO  POD  APX  CAT 

accented Cuttings      0.52 ± 
0.10bc 

2.18 ± 
0.15a 

7.05 ± 
1.51ab 

696.64 ± 
125.95c 

1064.7 ± 
382.05c 

6332.98 ± 1353.13a 

 Seeds 0.61 ± 
0.10c 

2.28 ± 
0.26a 

4.61 ± 
1.23a 

850.02 ± 
42.06d 

851.57 ± 
98.89ab 

5391.58 ± 854.88a 

moderate Cuttings 0.45 ± 
0.007b 

2.4 ± 
0.16a 

6.04 ± 
1.14ab 

508.27 ± 
183.72b 

1010.7 ± 
361.01c 

7384.4 ± 1328.86ab 

      Seeds 0.54± 
0.006bc 

2.26 ± 
0.10a 

7.73 ± 
3.74b 

379.65 ± 
261.74b 

784.42 ± 
114.19a 

10376.56 ±4068.33c 

unshaded Cuttings     0.48 ± 
0.8b 

2.67 ± 
0.37b 

6.16 ± 
1.66ab 

68.17 ± 
25.73a 

917.35 ± 
136.23b 

9042.44 ± 1673.84b 

 Seeds 0.36 ± 
0.07a 

2.41 ± 
0.12a 

6.5 ± 
1.33ab 

47.72 ± 
21.91a 

783.13 ± 
185.22a 

9782.48±24440.95b

c         
F 

 
9.122 5.656 2.553 47.562 2.118 7.236 

P 
 

0.001 0.001 0.04 0.001 0.04 0.001 
In a column, means marked with the same letter are not significantly different at 5 % probability according to the Newman-Keuls 

test. P : P-value of the tests ; F : Fischer constancy. 

 

4. DISCUSSION 
 

4.1 Shading and Plant Material Effect on 
Leaf Pigment Synthesis 

 

Appropriate light intensity is a prerequisite for 
normal plant growth and development [28,29]. In 
fact, the results obtained revealed that 
chlorophyll a (chl a) and carotenoid contents are 
higher when shading decreases, unlike 
chlorophyll b (chl b). These results could be 
explained by the fact that the accentuated shade 
prevents the plant from carrying out 
photosynthesis normally. As chl b is an 

accessory pigment, it is synthesised massively to 
compensate for the chl a content in the accented 
shade. Similar results were obtained by Kambale 
et al. [30] on cocoa trees. They emphasised that 
moderate shading had a positive influence on the 
physiological parameters of cocoa plants. In 
addition, [31] found that when cocoa leaves are 
under heavy shade or full sun, photosynthesis is 
directly affected. Thus, in low light conditions, 
plants express developmental changes while 
increasing the specific leaf area to maximise the 
amount of light received [32]. With regard to the 
type of plant material, the highest Chl a, Chl b 
and carotenoid values were observed in 
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seedlings taken from stems. Stems are thought 
to contain sufficient quantities of plant hormones 
to encourage rapid emergence. This would lead 
to a significant synthesis of leaf pigments in the 
plants from the stems [33]. 
 

4.2 Shading and Plant Material Effect on 
Physiological and Biochemical 
Parameters 

 
The results showed moderate shading favoured 
the synthesis of phenolic compounds and total 
sugars. However, protein and proline synthesis 
increased in the absence of shading. Phenolic 
compounds are thought to exert specific actions 
on cell growth while combating environmental 
stress. Suzuki  et al. [34] works showed shading 
led to hight synthesis of phenolic compounds in 
Gynura aurantiaca leaves than in leaves 
obtained in full sun.  In addition, [35] work on 
Arabidopsis thaliana showed that increasing 
shading induced the synthesis of leaf 
polyphenols. On another note, the levels sugar 
increas would be due to the hydrolysis of starch 
by α-amylase during photosynthesis. Thus, 
sugars would have an important role in plant 
growth. Gao et al. [36] works on Aralia elata 
(miq) and of Greer etn al. [37] on tomato has 
shown that the soluble sugar content is higher in 
plants grown in the shade compared with those 
grown in full sun. These results are at odds with 
those of Wang et al. [38] on Ziziphus jujuba Mill 
and [39] on grapevine (Vitis vinifera). According 
to them, sugar content reduction is obtained in 
plants grown in the shade compared with those 
grown in full sun. As far as protein content is 
concerned, the increase can be explained by the 
fact that proteins are involved in regulating plant 
metabolism. Proteins are primary metabolites 
that play a vital role in cell function [40,41] 
revealed an increase in protein content in 
soybean leaves in absence shading. According 
to them, active protein synthesis during plant 
development could be important for cell 
differentiation. In contrast, in Aralia elata (miq) a 
high protein content was recorded in leaves from 
the moderate shading treatment [36]. Proline is 
one of the most effective osmotic regulators in 
plants. The results of the work carried out 
revealed that proline content is higher in the 
absence of shade. This can be explained by the 
fact that exposure of the leaves to sunlight 
causes stress, leading to increased accumulation 
of proline. It has been shown that proline acts as 
an osmolyte and its increased production 
confirms osmotic tolerance in plants [42]. 
However, contrary results were recorded in Aralia 

elata (miq) [36]. They report that with a higher 
degree of shading there is an increase in proline 
content. In addition, plants from stem recorded 
high levels of phenolic compounds, total sugars, 
protein and proline. This would be justified by the 
fact that stem, having inherited the genotypic and 
phenotypic traits of the mother plant, would be 
more stressed by variations in sunlight intensity 
due to the levels of shade applied. Indeed, 
Desmodium adscendens grows naturally in 
humid areas and under shade. 

 
4.3 Shading and Plant Material Effect on 

Enzyme Protein Activity 
 
The results showed that the enzymes 
phenylalanine ammonia-lyase (PAL), tyrosine 
ammonia-lyase (TAL), ascorbate peroxidase 
(APX) and polyphenol oxidases (PPO) were 
more active in the shade than in the open air. 
Peroxidase (POD) activity was high with 
increasing shade. Catalase, on the other hand, 
increases with decreasing shading. This could be 
due to the fact that phenylalanine is an enzyme 
involved in the biosynthesis of phenolic 
compounds by converting L-phenylalanine into 
trans-cinnamic acid, that is the precursor for the 
synthesis of phenolic compounds [43]. However, 
[44] revealed low   activity PAL in leaves from 
accentuated shading.  
 
The increase in tyrosine ammonia lyase (TAL) 
activity is thought to be due to the high total 
phenol content observed. However, [45] results 
showed that high activity TAL is proportional to 
the total phenol content. The increased presence 
of polyphenoloxidase (PPO) in leaves under 
moderate and no shade is thought to be linked to 
the increased synthesis of the phenolic 
compounds. Indeed, this enzyme is responsible 
for degrading these compounds. Similar results 
reported by Benjawan et al. [46] in lettuce 
showed that plants exposed in full sun and those 
grown under 60 % shade had higher activity of 
the PPO than those grown under 80 % shade. In 
addition, [47] mentioned that PPO is more active 
in sunlight. With regard to peroxidase (POD), a 
high level of activity was recorded when the 
shading was accentuated. This increase would 
explain the strong degradation of phenolic 
compounds under this type of shading. Similar 
results reported by Wang et al. [48] revealed low 
peroxidase activity in soybean (Glycine max) 
leaves grown in full sun. Tests carried out on the 
antioxidant enzyme ascorbate peroxidase (APx) 
showed that its activity was higher under                 
strong and moderate shade. These results are 
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contrary to those of Adriano et al. [49] who 
reported that ascorbate peroxidase activity 
increased in prunus grown in full sun. With 
regard to catalase, the study results showed high 
catalase activity with moderate shading and 
without shading.  
 
Similar results were reported by Gao et al.                 
[36] in Aralia elata (miq), who pointed out that 50 
% shading increased catalase activity. In 
addition, [49] reported that catalase activity 
increased in prunus treated in full sun. The 
presence of catalase in plant cells would 
therefore be important in increasing resistance to 
oxidative stress. Also, [50] in Anoectochilus 
roxburghii reported low catalase activity when A. 
roxburghii was subjected to 60 % shading           
effect. 
 

5. CONCLUSION 
 
The aim of this study was to determine the 
impact of shade variation on changes in 
photosynthetic, biochemical and enzymatic 
parameters of Desmodium adscendens (Sw.) in 
the domestication phase in Daloa (Centre-West, 
Côte d'Ivoire). The results show that chlorophyll a 
(chl a) and carotenoid content decreases with 
shading intensity. On the other hand, chlorophyll 
b (chl b) synthesis is hignt under accented 
shading. In addition, the results obtained with 
biochemical compounds show that polyphenol 
and total sugar levels are higher under moderate 
shade. However, protein and proline content 
increased when there is no shading. With regard 
to the enzymes are concerned, the results show 
that phenylalanine ammonia-lyase (PAL), 
tyrosine ammonia-lyase (TAL), ascorbate 
peroxidase (APX) and polyphenol oxidase (PPO) 
are more active in the shade than in the open       
air. 
 

ACKNOWLEDGEMENTS  
   
We would like to thank Teachers and students of 
the Laboratory for the Improvement of 
Agricultural Production at Jean Lorougnon 
GUEDE University in Daloa, UFR Agroforesterie 
for the efforts made in carrying out this work. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Bamba N. Morphological, phenological and 
ethnobotanical study of species of the 
genera Isoberlinia and Berlinia in the 
village of San in the north of Ivory Coast. 
DEA dissertation, Nangui Abrogoua 
University (Ivory Coast). 2013;60. 

2. Ambé GA. Edible wild fruits of the Guinean 
savannahs of Ivory Coast: state of 
knowledge by a local population, the 
Malinkés. Biotechnology. Agron. Soc. 
Approx. 2001;5(1):43-58. 
Available:https://popups.uliege.be/1780-
4507/index.php?id=15005. 

3. N’danikou S, Achigan DE, Wong JLG. 
Eliciting local values of wild edible plants in 
Southern Benin to identify priority species 
for conservation. Economic Botany. 
2011;65(4):381-395. 

4. Awoyemi OK, Ewa EE, Abdoulkarim IA,  
Adjoju AR. Ethnobotanical sessment of 
Herbal Plants in Southwestern Nigeria. 
Academic Research International, 
2012;2(3):2223-9944. 

5. WHO. African Traditional Medicine 
Day2022. World Health Organization in 
Africa / Regional Director/ Speeches & 
messages ; 2022.  
Available ;https://www.afro.Who.int/fr/regio
nal-director/speeches-messages/journee-
africaine-de- traditional-medicine-2022. 
Accessed 08/22/2023. 

6. Ladjimi Ouiza, Lahouazi Salma and 
Medjber Sabiha. Quantification and 
evaluation of some biological activities of 
total polyphenols, flavonoids and 
hydrolyzable tannins of Pistacia lentiscus 
L. End of study dissertation In preparation 
for obtaining the Master's degree. Mouloud 
Mammeri University of Tizi-Ouzou 
(Algeria). 2022;74. 

7. Saffidine K, Sahli F, Zerroug MM. 
Antimicrobical and Antifungal activity of 
plant: Carthamus caeruleus L. 
Pharmacognosy Communications. 
2013;3(4):71-76. 

8. Newman DJ, Cragg GM. Natural Products 
as Sources of New Drugs over the Last 25 
Years. In: Journal of Natural Products. 
2007;70:461-463. 

9. Tubéry P, Ragot J, Lagarde P, Authier-
Derivaux D, Pidoux M, Rasolohery C, 
Bourdy G. Desmodium adscendens from 
traditional Cameroonian use against 
hepatitis to accompaniment of 
chemotherapy. Hegel. 2015;5(4):268-282. 

10. Frayssinet C. Desmodium, the liver’s ally. 
Current Woman ; 2016.  



 
 
 
 

Koffi et al.; J. Exp. Agric. Int., vol. 45, no. 12, pp. 64-75, 2023; Article no.JEAI.110553 
 
 

 
73 

 

Available : https://www-femmenouvelle-
fr.cdn.ampproject.org, Accessed January 
24, 2023, 1p. 

11. Nathalie O, Charles A, Melanie B, Julien D, 
Anna W. Study on crop protection in 
countries where the ‘green innovation 
centers for the agri-food sector’                   
program is active. National report for 
procisa in Cameroon (Cameroon). 
2018;24. 

12. Baudoin JP, Demol J, Louant BP, Maréchal 
R, Mergeai G, Otoul E. Plant improvement: 
applications to the main species cultivated 
in tropical regions. Les Presses 
Agronomics de Gembloux (Belgium). 
2002;581. 

13. Loubelo E. Impact of non-timber forest 
products (NTFP) on the household 
economy and food security: case of the 
Republic of Congo. Doctoral thesis. 
University of Rennes 2 (France). 2012; 
231. 

14. Perrine Juillion, Michel Génard, Huguette 
Sallanon, Gerhard Buck-Sorlin, Sophie 
Brunel and Marie Gosme. Analysis and 
modeling of the effects of shading on the 
physiology, growth, yield and quality of 
apple fruits (Malus domestica Borkh.). 
Doctoral thesis in agrosciences and 
sciences, Paris (Fance). 2022;189. 

15. Sordello R. The consequences of artificial 
nighttime light on wildlife movements and 
habitat fragmentation: a review. Bulletin of 
the Society of Luxembourg Naturalists. 
2017;119:39–54. 

16. Ayolié K, Gogbeu SJ, Tonessia DC, 
Kouassi NJ, Obo ACX, Yapo SES & Yatty 
KJ. Study of the agronomic quality of some 
ecotypes of cowpea (vigna unguiculata) 
(1). Walp. (Fabaceae) collected in Ivory 
Coast. Africa Science. 2016;12(5):                 
78-88. 

17. Soro D, Ayolié K, Gohi Bi ZF, YF, Konan-
kan KH, Sidicky B, Téhua AP, Yatty KJ. 
Impact of organic fertilization on Maize 
(Zea mays L) production in a ferralitic soil 
of central West Cote d’Ivoire, Journal of 
Experimental Biology and Agriculture 
Sciences. 2015;3(6):556-565. 

18. Lichtenthaler HK. Chlorophyll and 
carotenoids : Pigments of photosynthetic 
biommbranes, Methods in Enzymology. 
1987 ;148:350-382. 

19. Kouakou TH. Somatic embryogenesis in 
cotton (Gossypium hirsutum L. 
Malvaceae): variation of phenolic 
compounds during callogenesis and cell 

suspension culture. State doctoral thesis, 
University of Abobo-Adjamé (Abidjan, Ivory 
Coast). 2009;149. 

20. Singh. Biochemistry of phenolic 
compounds. (ed). Academic press. 
London-New York . 2000; 25. 

21. Dubois M, Gilles KA, Hamilton J K, Rebers 
PA, Smith F. Colorimetric method for 
determination of sugars and related 
substances, Annalical Chemistry. 
1956;28:350-356. 

22. Bradford. A rapid sensitive method for the 
quantification of microgram quantities of 
protein utilizing the principal protein dye 
binding. Ann Brochem. 1976;72:248-254. 

23. Dreir  Goring M. Der einflus hoher salzkon 
zentraitimen auf verschieden 
physiologische parameter von 
maizewuzeen, Win Z, der HU Berlin, Nath, 
Naurrwiss Revue. 1974;23:641-644. 

24. Kouakou TH. Contribution to the study of 
somatic embryogenesis in cotton 
(Gossypium hirsutum L.): Evolution of 
some biochemical parameters during 
callogenesis and cell suspension cultures. 
3rd cycle doctoral thesis, Cocody 
University (Abidjan, Ivory Coast). 2003; 
144. 

25. Zhou Y, Dahier JM, Underhill SJR & Wills 
RBH. Enzymes associated with blackheart 
development in pineapple fruit. Food 
Chemistry. 2003;80:565-572. 

26. Santimone M. Mechanisms of peroxidase 
oxidation reactions. State thesis, University 
of AIX Marseille II (France). 1973;8321-
2343. 

27. Regnier T. Phenolic compounds of durum 
wheat (Triticumturgidum L. var durum); 
Variation during grain development and 
maturation in relation to the appearance of 
speckle. Thesis of science and technical 
language doc, basis of crop production, 
University. Montpellier II (France). 
1994;177. 

28. Zaman S, Shen J, Wang S, Wang Y, Ding 
Z, Song D, Wang H, Ding S, Pang X and 
Wang M. Effects of shading Nets on 
Reactive Oxygen Species Accumulation, 
photosynthetic Changes and Associated 
Physiochemical Attributes in Promoting 
Cold-Induced Damage in Camellia sinensis 
(L.) Kuntze. Horticulture. 2022;8:637. 

29. Chen X, Ye K, Xu Y, Zhao Y, Zhao D. 
Effects of shading on the Morphological, 
Physiological and Biochemical 
Characteristics as well as the 



 
 
 
 

Koffi et al.; J. Exp. Agric. Int., vol. 45, no. 12, pp. 64-75, 2023; Article no.JEAI.110553 
 
 

 
74 

 

Transcriptone of Matcha Green Tea. Int. J. 
Mol. Sci. 2022;23:14169. 

30. Kambale ME, Musubao KM, Kambale KM, 
Kavira KC, Kasereka MA, Paluku K L & 
Paluku N G. Influence of shading on the 
morphometric parameters of cocoa 
(Theobrama cacao L.) in the locality of 
Buyinga in Lubero territory (North Kivu, DR 
Congo), International Journal of Innovation 
and Applied Studies ISSN 2028-9324, 
2022;36(2):420-434. 

31. Zuidema P, Leffelaar A, Gerritsma W, 
Mommer K, Anten N. A physiological 
production model for cocoa (Theobroma 
cacao): model presentation, validation and 
application, Agric. Syst. 2005;82:                   
195-225. 

32. Miquel JC. Modeling the effects of 
interspecific competition and silvicultural 
practices on the growth of young forest 
plants. Silviculture, forestry. 
AgroParisTech. 2020;254-304. 

33. Koffi K, Yao NF, Kouadio YL, Haba JF, Tuo 
F, Kone M, Adama B, Boagaert J. 
Vegetative propagation technique by stem 
of Macaranga beillei Prain 
(Euphorbiaceae), 2022. ESI Preprints,  
Available:https://doi 
.org/10.19044/esipreprint.10.2022.p650. 

34. Suzuki TN, Minamide K & Hamada T. 
Effect of shading on the biosynthesis of 
anthocyanins and non-flavonoid 
polyphenols of Gynura bicolor leaves in 
midsummer. Hort Sei. 2014;49:1148-       
1153. 

35. Casal JJ. Shadow avoidance. The 
Arabidopsis book, ed. The American 
Society of Plant Biologists ; 2012; Fischer 
CC. 

36. Gao Z, Khalid M, Jan F, Said-ur-Rahman, 
Jiang X, Yu X. Effects of light regulation 
and intensity on growth, physiological and 
biochemical properties of Aralia elata (miq 
.) seedlings. South African Journal of 
Botany. 2019;121:456-462. 

37. Greer D, Rogiers S & Abeysinghe 
Mudiyanselage S. The effect of light 
intensity and temperature on berry growth 
and sugar accumulation in Vitis Vinifera 
"Shiraz" under vineyard conditions. Vitis: 
journal of grapevine research. 
2019;58(1):7-16. 
Available:https://doi.org/10.5073/vitis.2019.
58.7-16 

38. Wang Y, Ren S Li X, Luo X,  Deng Q. 
Shading Inhibits Sugar Accumulation in 

Leaf and Fruit of Jujube (Ziziphus jujuba 
Mill.). Horticulturae. 2022;8(2):592-599. 

39. Dayer S, Murcia G, Prieto JA, Durán M, 
Martínez L, Píccoli P & Peña JP. Non-
structural carbohydrates and sugar export 
in grapevine leaves exposed to different 
light regimes. Physiology Plantarum. 
2020;171:728–738. 

40. Durand M, Brehaut V, Clement G. The 
Arabidopsis transcription factor NLP2 
regulates early nitrate responses and 
integrates nitrate assimilation with energy 
and carbon skeleton supply. The plant cell. 
2021;25. 

41. Bellaloui N, Reddy KN, Gillen AM,  Abel 
CA. Nitrogen metabolism and seed 
composition influenced by foliar boron 
application in soybean. Plant and soil. 
2010;336(2):143-155. 

42. Azzi T & Zineb AK. Improvement of plant 
tolerance to water stress by pregerminative 
treatment of Trigonella foenum-graecum 
seeds with silicon. Master Research 
Thesis: Biotechnology and Valorization of 
Plants. Tunisia. University of Tunis. 
2020 ;48. 

43. Sajad Hussain 1, Ting Pang 1, Nasir Iqbal 
2, Iram Shafiq 1, Milan Skalicky 3, Marian 
Brestic 4, Muhammad E Safdar 5, Maryam 
Mumtaz 6, Aftab Ahmad 1, Muhammad A 
Asghar 1, Ali Raza 1, Suleyman I 
Allakhverdiev 7, Yi Wang 1, Xiao C Wang 
1, Feng Yang 1, Taiwen Yong 1, Weiguo 
Liu 8, Wenyu Yang. Acclimation strategy 
and plasticity of different soybean 
genotypes in intercropping. Funct Plant 
Biol. 2020;47(7):592-610. 
DOI: 10.1071/FP19161. 

44. Sajad H, Nasir, PANG T, Muhammad NK, 
LIU W, YANG W. Une tige faible à l'ombre 
révèle le comportement de réduction de la 
lignine. Journal de l'agriculture intégrative. 
2019;18(3):496-505. 

45. Hajiboland R, Bahrami Rad S, Barceló J, 
Poschenrieder C. Mechanisms of 
aluminum‐induced growth stimulation in 
tea (Camellia sinensis). Journal of Plant 
Nutrition and Soil Science. 2013 
Aug;176(4):616-25. 

46. Benjawan C, Chutichudet P. Shading 
application on controlling the activity of 
polyphenol oxidase and leaf Browning of 
Grand rapids lettuce, international journal 
of agricultural research. 2011;6(5):400-
409.  



 
 
 
 

Koffi et al.; J. Exp. Agric. Int., vol. 45, no. 12, pp. 64-75, 2023; Article no.JEAI.110553 
 
 

 
75 

 

47. Dogan S, Arslan O, Ozen O. polyphenol 
oxydase activity of oregano at different 
stages. Food Chem. 2005;91:341-345. 

48. Wang JF, Feng YL. The effect of light 
intensity on biomass allocation, leaf 
morphology and relative growth rate of two 
invasive plants. Acta Phytoecol. Sin. 
2004;28(6):781-786. 

49. Adriano S, Angelo CT, Bartolomeo D,  
Cristos X. Influence of water deficit and 
rewatering on the components of the 
ascorbate-glutathione cycle in four 

interspecific Prunus hybrids. Plant 
Science. 2005;169(2):403-412.   

Available:https://doi.org/10.1016/j.plantsci.
2005.04.004. 

50. Qingsong S, Hongzhen W, Haipeng G, 
Aicun Z, Yuqi H, Yulu S, Li M. Effets des 
traitements à l'ombre sur les 
caractéristiques photosynthétiques, 
l'ultrastructure des chloroplastes et la 
physiologie d’Anoectochilus roxburghii, 
natural plant. 2014;23:45-48. 

_________________________________________________________________________________ 
© 2023 Koffi et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/110553 

http://creativecommons.org/licenses/by/4.0

