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Abstract 

Groundnut has been identified as less susceptible to drought which produces moderate yield under drought 
conditions. Also, drought can enhance effects of late leaf spot and groundnut rosette diseases. However, to reduce rate 
of the damage by these constraints, plants produce various defensive metabolites. This investigation was undertaken 
to study how drought tolerant groundnut genotypes respond under late leaf spot and rosette diseases. Eleven drought 
tolerant genotypes, comprising 4 resistance to both diseases, 4 resistant to leaf spot and 3 resistant to rosette disease 
were selected for the study. The experiments were conducted in the screen house  at two locations (Namulonge and 
Kabanyolo) and arranged in a complete randomized design. Diseases and drought were artificially imposed two weeks 
after germination. Data collected included aphid counts, chlorophyll, phenolic and tannin content. The analysis of 
variance showed significant differences (P<0.001) in most of the studied traits for the two sites, genotypes and the 
interaction. Rosette resistant genotypes recorded the lowest aphid counts and the highest tannin contents. The lowest 
total chlorophyll was shown by late leaf spot susceptible genotypes. Tannin content was negatively correlated with 
chlorophylls and aphid counts whiles total phenolic content was negatively correlated with aphid counts but was 
positively correlated with chlorophyll. The negative correlation between the measured metabolites and chlorophyll 
with aphid population, rosette and leaf spot disease indicated that an increase in these biochemical content led to a 
decrease in disease occurrence and therefore, increasing metabolites could contribute to the bio-protection of host 
plants against these diseases. 

Keywords:  Arachis hypogaea; Biochemical; Cercospora; Aphids; Moisture stress 

1. Introduction

Groundnut (Arachis hypogaea L.) is one of the five most important oilseed crops in the world [1]. The crop plays an 
important role in the agricultural economy of semi-arid tropical countries. It is an important component of food in 
East Africa especially, Uganda, and has the highest return for labor input compared to other food crops [2].  Groundnut 
contributes to food security, income generation and the overall economic growth for agriculture-based industries [3] 
and contains around 40-54 % oil which is a rich source of vitamin A, B and E. Groundnut crop is environmentally 
friendly and adapted to a wide range of conditions and is therefore, popular with African farmers because of its ability 
to yield on poor soils. The crop has been identified as drought tolerant [4] and given its drought tolerance, it has the 
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potential to provide food security in the dry areas of Africa. In addition, Doku, [5] noted that it was an easy crop to 
cultivate and does not make much demand on the soil.       

Different biotic and abiotic stresses affect groundnut production and quality. Among them are a variety of diseases 
which hamper groundnut production [6] including viral, bacterial, fungal and/or nematode based diseases [7] Among 
the soil borne fungal pathogens are those causing the late leaf spot (LLS) disease which is more common and more 
destructive to groundnut. LLS caused by Cercospora personatum is present every year on groundnut in sub Saharan 
Africa [8] and can decrease seed production by over 50%, if no fungicides are applied for control [9]. In addition to 
late leaf spot, groundnut rosette disease (GRD) is also widespread and devastating viral disease of groundnut in all the 
major groundnut growing regions in sub-Saharan Africa (SSA) including Uganda [10]. The yield of groundnut has been 
reported to be low in Eastern Africa, more especially, Uganda [11] due to attack by GRD [12]. Yield loss from GRD in 

SSA has been reported to be up to 100% depending on growth stage and groundnut variety [13]. The disease is transmitted 
by the aphid (Aphis craccivora Koch) and as a result, A. craccivora is highly associated to yield losses [8]. 

Drought is a major challenge in the Eastern and North Eastern Regions of Uganda where groundnut is grown and 
cultivation of the crop faces conditions of water stress. Functional response of plants to drought have been linked to 
their tolerance mechanisms [14] such as pigment content and stability and relative water content [15]. Drought 
tolerant plants maintain green shoot system which thus increase the production of resistance metabolites under 
conditions of water stress [16] and therefore, protects the plant from further damage. Several metabolites have been 
reported as associated to LLS and GRD resistance in groundnut. Phenols usually play an important role in groundnut 
resistance to fungal diseases [17]. Phenols were found to increase in both resistant and susceptible varieties to LLS 
during infection [18], but, the magnitude of increase in content of phenols due to infection in resistant genotypes is 
not well understood. There is therefore, limited information on physiological and biochemical mechanisms conferring 
resistance to diseases and hence, this investigation was undertaken to study the response of drought tolerant 
groundnut genotypes to metabolites under infection of late leaf spot and rosette diseases. 

2. Material and methods

2.1. Planting materials 

Eleven groundnut genotypes with different reactions (resistance and susceptibility) to late leaf spot (LLS) and 
groundnut rosette disease (GRD) and drought tolerance (Table 1) were used to study the resistance mechanisms to 
the diseases. Four genotypes were resistant to LLS+GRD, four genotypes were resistant to LLS and three genotypes 
were resistant to GRD. 

Table 1 Descriptions of materials used in the study 

No. Genotype LLS attribute GRD attribute Treatment 

1 Abutalata resistant resistant LLS, GRD and D 

2 SGV ER 10003 resistant resistant LLS, GRD and D 

3 C1 resistant resistant LLS, GRD and D 

4 C2 resistant resistant LLS, GRD and D 

5 SGV ER 10004 susceptible resistant GRD and D 

6 SGV ER 10009 susceptible resistant GRD and D 

7 SGV 0074 susceptible resistant GRD and D 

8 C11 resistant susceptible LLS and D 

9 C12 resistant susceptible LLS and D 

10 SGV AW. 0803 resistant susceptible LLS and D 

11 SGV AW. 0804 resistant susceptible LLS and D 
Source: National Semi Arid Resources Research Institute (NaSARRI). LLS: Late leaf spot, GRD: Groundnut rosette disease, D: Drought. Genotypes 

were treated with LLS and GRD according to their resistance capacity 
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2.2. Experimental sites 

The experiments were carried out in the screen house between 11th January and 10th May 2017, at the National Crops 
Resources Research Institute (NaCRRI) which lies at 0o 32'’ N 32o 37'’ E, and at an altitude of 1200 m above sea level 
(m. a. s. l)  and Makerere University Agricultural Research Institute Kabanyolo (MUARIK) which lies at 0°28’N and 
32°37’E; 1200 m. a. s. l [19]. 

2.3. Experimental design 

The experiments were arranged using complete randomized design (CRD) in two replications. 

2.4. Infection with LLS 

Leaf debris infected with Cercospora personata were collected from the field into cloth bags and stored in farm shed 
for use in the experiments [20]. Spores were prepared and sprayed uniformly 15 days after planting (DAP) in the 
evening following the method by Ibrahim, [21]. 

2.5. Infection with GRD 

Greenhouse infestation with virulent aphids was done following the method by Kayondo, et al [22]. Aphids obtained 
from groundnut plants infected with GRD from the field as evidenced by green and chlorotic rosette symptoms were 
transferred onto disease free susceptible plants (JL 24 and Acholi white) two weeks after germination. Infected 
genotypes were kept in cages for maintenance of large stocks of virulent aphids to be used during the experiment. 
Two weeks after germination of the experimental plants, infector rows (Acholi-white and JL-24) were placed between 
each two rows of the experimental materials, aphids were free to move to find suitable plant hosts. The aphid count 
was recorded four times every two weeks interval. 

2.6. Drought stress 

Two watering regimes, 80% and 60% of field capacity (FC) denoted as T1 and T2, respectively, [23] were used to 
evaluate plant performance in the absence of soil moisture stress at T1 (control), whereas the T2 watering regime 
simulated soil moisture stress. The drought stress initiated fifteen days after planting and maintained at the required 
experimental soil moisture contents at 80% and 60% of FC through supplemental watering, based on the moisture 
meter readings (Soil moisture meter Lutron Pms714 Dpstar, Bangladesh) [24]. 

2.7. Biochemical analysis of late leaf spot resistance mechanisms 

2.7.1. Estimation of chlorophyll 

Chlorophyll estimation of healthy and inoculated genotypes was done at 30 days after inoculation [25]. The third leaf 
from the apex of groundnut plants was chosen in all genotypes and 20 such leaves were randomly collected per pot for 
chlorophyll estimation [26]. The following formulae were used;  

Total chlorophyll: (20.2 x OD at 645 nm) + (8.02 x OD at 663 nm) df, 

Chlorophyll 'A': (12.7 x OD at 663 nm) - (2.69 x OD at 645 nm) df, 

Chlorophyll 'B': (22.9 x OD at 645 nm) - (4.68 x OD at 663 nm) df. 

Where, OD = optical Density; df = dilution factor, was used for the estimation of total chlorophyll, chlorophyll 'A' and 
chlorophyll 'B' and the results were expressed as mg of chlorophyll/g of fresh weight. 

2.7.2. Estimation of total phenolic contents 

Total phenol content was estimated using folin-ciocalteau reagent. Eighty percent ethanol was employed for efficient 
extraction [27]. 1 gram of plant material (fresh) was ground in 5 ml portion of 80% ethanol and centrifuged at 10,000 
rpm for 20 minutes. 0.1 ml of centrifuged plant material was evaporated on a water bath. 6 ml of water was added to it 
and shaken well followed by addition of 0.5 ml of folin-ciocalteau reagent [28]. After 5 minutes, 2 ml 20 % Sodium 
Carbonate was added to each tube and mixed thoroughly and incubated for 30 minutes at 25οC. The absorbance was 
measured at 650 nm (Milton Roy) in mg per 100 g of tissue. The phenol content in the leaf extract was determined 
using catechol (phenol) as standard with a standard graph being obtained based on different concentrations of 
catechol [28]. 
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2.8. Assessment of rosette disease mechanism of resistance 

2.8.1. Extraction and purification of the condensed tannin 

Tannins were extracted following the method by Mwila et al. [29]. A 100 mg leaf sample was placed into a 2 ml tube, 
where 0.5 ml of 5% ascorbic acetone solution was added to dissolve leaf sample and the setup placed on an orbital 
shaker for 20 minutes. After this, 0.5 ml of petroleum ether containing 1% acetic acid, was added to remove pigments. 
0.3 ml of distilled water was added and centrifuged for 10 minutes at 1,000 rpm. This was followed by placing the 
solution in a 50 ml conical flask and adding 2.4 ml of 5% hydrochloric acid (HCL)-butanol solution. The solution in the 
flask was run through a 240 mm filter paper (WHA1001240- ALDRICH, Missouri, USA). After this, 0.5 ml of the filtrate 
was made up to 1 ml with distilled water and 0.5 ml of folin ciocalteau reagent was added; followed with 2.5 ml of 
20% sodium carbonate solution and mixed [30]. A total of 0.1 ml of the mixture was then incubated at 80 °C for 1 hour 
and 20 minutes and the samples were cooled to 24 °C and spectrophotometric readings were taken at 550 nm [29]. 

2.9. Data analysis 

All data were subjected to analysis of variance (ANOVA) using the GenStat computer package (14th edition, 
PC/windows 7). The mean, mean sum of squares, coefficients of variations and correlations were calculated from the 
aphid count, chlorophyll A, B and total chlorophyll, total phenolic content and tannins. General analyses of variance 
were used to examine the mean variations among the various genotypes [31]. Where the ANOVA showed significant 
differences, the means were separated using least significant difference (LSD) Tests at 5% probability level. 

3. Results and discussion

3.1. Analysis of variance of aphids counts 

The results of analysis of variance of aphids counts (insect plant-1) are presented in Table 2. 

Table 2 Means of sum of squares of Aphid counts on resistant and susceptible plants to LLS, GRD and drought 
tolerance 

SOV DF Aphids 
count 1 

Aphids 
count 2 

Aphids  count 
3 

Aphids 
count 4 

Rep 1 497 1838 282.5 389 

Genotype (G) 8 6319*** 35264*** 15399*** 16414*** 

Location (L) 1 61328*** 568 292208.9*** 575380*** 

Treatment (T) 3 25529*** 40973*** 8765.9*** 12321** 

G x L 8 7326*** 11585** 10260.3*** 15897*** 

G x T 17 2883* 5339 3312.1*** 5695* 

L x T 3 1317 116371*** 17399.9*** 12288** 

G x Lx T 17 2305 8500* 3925.1*** 5743* 

Residual 57 1509 4733 871 3229 

Total 115 3645 11628 6289.6 10657 

CV% 64.56 55.77 33.2 74.64 

LLS: Late leaf spot disease, GRD: Groundnut rosette disease, SOV: Source of variance, DF: Degree of freedom, ***, **, * Significant at P<0.001; 0.01 
and 0.05, respectively 

Aphids counts showed highly significant  differences (P < 0.001) for the following, namely; for genotypes across the 
four counts, genotype-by-location interactions at the first, third and fourth counts, location-by-treatment interaction 
at second and third counts and genotype-by-location-by-treatment interaction at third count. This indicated that 
genotypes with resistance to aphids existed in the genetic materials across the locations and treatments. 



Mohammed et al. / GSC Biological and Pharmaceutical Sciences 2019, 08(01), 012–027 

16 

Means of aphid counts at MUARIK and NaCRRI are presented in Fig 1. 

Figure 1 Average aphids count of 9 groundnut genotypes across 4 different stresses at MUARIK and NaCRRI. A, B, C 
and D represent Average aphids population at 1st, 2nd, 3rd and 4th counts, respectively. The counts were recorded at 

two weeks intervals. 

The highest number of aphids recorded were 335 and 405 for genotype SGV ER 10009 at MUARIK under groundnut 
rosette disease (GRD) treatment at third and fourth counts, respectively. This high number of aphids on resistant 
genotype indicated that the resistance to GRD did not affect aphids infestation, instead, the aphids were attracted 
towards the green flourishing available option compared to susceptible damaged genotypes by the feeding of aphids 
[32]. When subjected to high virulent pathogen carrying aphid pressure, the resistant genotypes recorded some GRD 
infection, however, they still performed better compared to the susceptible genotypes. Similar findings were reported 
by kayondo et al, [22]. The high number of aphids on resistant genotypes was attributed to the plant’s inability to 
produce sufficient quantity of tannins substances under high aphids pressure [33]. 

The lowest aphids counts, 3, 3.5, and 6 recorded by Abutalata, C12 and SGV ER 10003 at count 4 under LLS+GRD, 
LLS+GRD+T2 and GRD+T2, respectively, indicated that the movement of aphids populations among the genotypes to 
seek for the suitable host with low tannin was responsible for aphids movement away from the plants [34]. 

3.2. Analysis of variance of total phenolic and tannin contents (g/ml) 

The results of analysis of variance of total phenolic contents (g/ml) and tannin contents (g/ml) are presented in Table 
3.
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Table 3 Means of sum of squares of phenolic and tannins contents of resistant and susceptible to LLS, GRD and 
drought tolerant groundnut genotypes 

SOV DF Phenolics Tannin 

Rep 1 0.0002 0.009406 

Genotype (G) 8 0.016611*** 0.011711 

Location (L) 1 1.906211*** 0.010752 

Treatment (T) 8 0.03272*** 0.101422*** 

G x L 8 0.017398*** 0.025973*** 

G x T 41 0.002301* 0.012354** 

L x T 8 0.032342*** 0.025804*** 

G x L x T 41 0.002454* 0.007913 

Residual 115 0.0016 0.007001 

Total 231 0.012 0.012437 

CV% 38.62 56.01 

LLS: Late leaf spot disease, GRD: Groundnut rosette disease, SOV: Source of variance, DF: degree of freedom, ***, **, * Significant at P<0.001; 0.01 
and 0.05, respectively. 

Tannins showed highly significant differences (P < 0.001) for genotype-by-location and location-by-water stress 
interactions indicating the effect of both locations and water stress on tannins content among the genotypes, which 
suggests increase in tannins amongst the genotypes under stress [35]. However, Alpha [36] reported significant 
difference of tannin levels among genotypes with high tannins being recorded in the resistant genotypes.  

Phenolics content showed highly significant differences (P < 0.001) among genotypes, genotype-by-location, location-
by-water stress interactions and significant differences (P < 0.05) for genotype-by-location-by-water stress 
interaction effects indicating the influence of genotypes, environmental conditions and water stress. The results of 
high phenolic content also suggested that resistance to late leaf spot and phenolics are highly associated. It was 
observed that coefficient of variation (CV%) recorded was less than 50% indicating the accuracy of the experiments 
which resulted from controlled conditions in the screen houses. 

3.3. Analysis of variance of Chlorophyll 

Results of analysis of variance of Chlorophyll A, chlorophyll B and total chlorophyll are presented in Table 4 

Table 4 Means of sum of squares of chlorophylls of LLS resistant and drought tolerant groundnut genotypes 

SOV DF Chlorophyll A Chlorophyll B Total 
Chlorophyll 

Rep 1 1.89 1.636 7.049 

Genotype (G) 7 15.355*** 4.891*** 30.231*** 

Location (L) 1 846.068*** 344.052*** 2269.178*** 

Treatment (T) 8 102.642*** 80.045*** 360.879*** 

GxL 7 26.551*** 11.776*** 70.202*** 

GxT 44 2.445*** 1.045 4.254*** 

LxT 8 16.953*** 8.756*** 48.417*** 

GxLxT 44 2.653*** 2.743*** 6.056*** 

Residual 119 1.12 1.317 1.73 

Total 239 10.27 6.26 28.925 

CV% 24.45 34.49 17.19 

LLS: Late leaf spot disease, SOV: Source of variance, DF: degree of freedom, ***, Significant at P<0.001 
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Chlorophyll A, chlorophyll B and total chlorophyll showed highly significant differences (P < 0.001) among genotypes 
and genotype-by-location-by-water stress interaction effects indicating the existence of high chlorophylls as an 
indication of genotype resistance to late leaf spot disease under water stress across locations. The variation in 
chlorophylls across sites could be due to the differences in light and other environmental effects [37]. 

Means of chlorophyll A and chlorophyll B are presented in Table 5. The highest chlorophyll B was recorded under 
normal water condition (T1) for Abutalata and C11 with values of 11.29 and 10.25 respectively. The lowest 
chlorophyll B (0.04) was recorded under LLS+GRD+60% water stress for SGV ER 10003 indicating a decrease in 
chlorophyll pigments of infected plants with both diseases under 60% water stress attributed to the consequence of 
the fungal reduction of the plant leaf area [16]. 

The highest chlorophyll A recorded at MUARIK were 15.04, 13.48 and 12.38 under normal water condition (T1) by 
C11, C1 and Abutalata, respectively. These late leaf spot resistant genotypes which showed high chlorophyll A and B 
indicated that chlorophyll content was most important in groundnut resistance to late leaf spot. Amrik, [38] reported 
that the increased levels of chlorophyll A, B and total chlorophyll play a vital role in plant defence mechanisms. 

The results of total chlorophyll content are presented in Table 6. It ranged between 1.05 and 25.29 mg/g for C2 at 
LLS+GRD+60% water stress at NaCRRI and C11 at 80% watering at MUARIK. The high total chlorophyll content at 
MUARIK over NaCRRI could have been due to the available light and other environmental effects like temperature 
[37]. C11, Abutalata, C1 and SGV ER 10003, showed high total chlorophyll under non-stressed condition with values of 
25.29, 23.66, 22.76 and 20.53, respectively at MUARIK. The high total chlorophyll detected under late leaf spot 
infection with values of 19.16, 16.27 and 16.24 observed for C1, SGV ER 10003 and C11, respectively, indicated the 
resistance ability of these genotypes and confirmed the role of high total chlorophyll in resistance against late leaf spot 
disease [26]. 

Some of the genotypes showed a trend of increasing total chlorophyll under diseases and drought stress such as 
Abutalata at MUARIK which showed 12.43 under LLS+60% water stress which was higher than 10.11 and 6.15 under 
GRD and LLS+GRD indicating that the drought combined with the disease led to increased chlorophyll contents in the 
plant. These results suggested that the increasing chlorophyll content was due to a drought tolerance mechanism [39]. 

Means of phenolic contents in the leaves of late leaf spot resistant and susceptible genotypes under the different 
treatments are presented in Table 7. The highest phenolic content was recorded for late leaf spot resistant genotypes, 
with genotype Abutalata recording 0.355, 0.333 and 0.322 phenolic content, whiles C1 recorded 0.333, 0.303 and 
0.305 at T1, LLS, and T2, respectively. The phenolic content recorded by LLS susceptible genotypes was lower than 
that of resistant ones even under normal conditions as shown by SGV ER 10004 with high phenolic content at normal 
conditions (T1) with a value of 0.317; SGV ER 10009 showed 0.313 at T1. These results indicate that phenolic contents 
play a significant role in plant resistance to late leaf spot [40]. Similarly, Karunakaran and Raj [41] reported that the 
levels of total phenols was higher in late leaf spot resistant genotypes than the susceptible genotypes. 

Imposing drought stress on these tolerant genotypes showed no negative effect on resistance mechanisms as 
evidenced in T2 which was found not to be associated with low biochemical content compared to LLS and GRD 
resistant genotypes. This could be due to drought reducing the amount of wet part exposed to diseases as the disease 
vectors prefer relatively high moisture [16]. Similarly, drought tolerant groundnut lines with high resistance to the 
aphids have been reported by Deom et al. [42]. 
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3.4. Means of tannin contents of rosette disease resistant and susceptible genotypes 

Tannin results of resistant and susceptible genotypes to GRD are presented in Table 8. The tannin results ranged 
between 0.52 at T1 and 0.01 at LLS + GRD and LLS + GRD + T2. The highest tannin content was recorded by Abutalata 
which is a GRD resistant genotype. The GRD susceptible genotypes showed low tannin content under single and 
multiple stress conditions. C12 showed 0.02 at GRD and LLS +GRD +T2 and C11 showed 0.05 at GRD +T2 and LLS + 
T2.  

The high tannin content of GRD resistant genotypes over the susceptible ones indicated that tannins led to decreased 
nutrient availability for the aphids (GRD vector). This was predicted as the tannins have long been hypothesized to 
play a role in plant defense [43] as plants with high tannin content had few aphids population [36]. However, 
subsequent studies showed that tannins may be toxic through their reduction of harmful oxygen radicals and quinines 
[44]. Clear evidence for the oxidation of tannins and their negative effects on aphids has been presented by Barbehenn 
et al. [45]. Similarly, Kimmins et al. [12] studied condensed tannin levels and resistance of groundnuts against aphids 
and found that high condensed tannin existed in resistant genotype and was strongly negative to GRD and its aphid 
vector. 

High tannin content recorded by some genotypes under drought stress such as C1 recording 0.191 at T2 compared to 
0.166 at T1 and SGV ER 10004 recording 0.294 at T2 compared to 0.264 at T1 indicated the drought tolerance of these 
genotypes was due to the tannins present which act as antioxidants under stress conditions [46] as well as acting as a 
mechanism of resistance to GRD and its aphid vector [36]. 



M
o

h
am

m
ed

 e
t 

al
. /

 G
SC

 B
io

lo
gi

ca
l a

n
d

 P
h

ar
m

ac
eu

ti
ca

l S
ci

en
ce

s 
2

0
1

9
, 0

8
(0

1
),

 0
1

2
–

0
2

7
 

T
a

b
le

 8
 T

an
n

in
 c

o
n

te
n

ts
 o

f 
G

ro
u

n
d

n
u

t 
ge

n
o

ty
p

es
 r

es
is

ta
n

t 
to

 la
te

 le
af

 s
p

o
t 

an
d

 r
o

se
tt

e 
d

is
ea

se
s 

an
d

 t
o

le
ra

n
t 

to
 d

ro
u

gh
t 

G
e

n
o

ty
p

e
 

L
o

ca
ti

o
n

 
G

R
D

 
G

R
D

+
T

2
 

L
L

S
 

L
L

S
+

G
R

D
 

L
L

S
+

G
R

D
+

T
2

 
L

L
S

+
T

2
 

T
1

 
T

2
 

L
S

D
 

A
b

u
ta

la
ta

 
M

U
A

R
IK

 
0

.0
6

5
 

0
.0

4
5

 
0

.1
0

4
 

0
.0

2
6

 
0

.0
2

2
 

0
.0

2
1

 
0

.1
3

7
 

0
.0

5
9

 
0

.0
8

8
 

N
aC

R
R

I 
0

.0
4

7
 

0
.0

3
3

 
0

.0
2

7
 

0
.0

8
9

 
0

.0
1

2
 

0
.3

7
6

 
0

.5
2

 
0

.1
8

 
0

.2
7

5
 

C
1

 
M

U
A

R
IK

 
0

.2
0

2
 

0
.1

2
3

 
0

.0
9

4
 

0
.2

2
3

 
0

.1
2

 
0

.1
5

8
 

0
.1

6
6

 
0

.1
9

1
 

0
.0

9
8

 

N
aC

R
R

I 
0

.0
5

7
 

0
.0

4
 

0
.1

6
 

0
.0

2
6

 
0

.0
2

1
 

0
.0

5
6

 
0

.2
0

6
 

0
.1

1
5

 
0

.1
9

6
 

C
1

1
 

M
U

A
R

IK
 

0
.0

9
8

 
0

.1
0

6
 

0
.1

0
9

 
0

.1
6

 
0

.2
1

7
 

0
.1

5
3

 
0

.2
2

6
 

0
.1

5
4

 
0

.1
9

3
 

N
aC

R
R

I 
0

.1
0

2
 

0
.0

5
5

 
0

.1
1

2
 

0
.0

7
8

 
0

.1
7

3
 

0
.0

5
1

 
0

.2
7

 
0

.1
9

6
 

0
.2

4
6

 

C
1

2
 

M
U

A
R

IK
 

0
.1

8
2

 
0

.1
6

2
 

0
.1

9
9

 
0

.0
3

7
 

0
.1

5
2

 
0

.1
2

9
 

0
.1

9
1

 
0

.1
3

2
 

0
.1

0
7

 

N
aC

R
R

I 
0

.0
2

4
 

0
.0

8
1

 
0

.1
0

2
 

0
.0

8
9

 
0

.0
2

5
 

0
.0

6
5

 
0

.1
8

7
 

0
.1

5
7

 
0

.1
4

1
 

C
2

 
M

U
A

R
IK

 
0

.1
3

7
 

0
.1

8
4

 
0

.2
0

6
 

0
.1

8
3

 
0

.1
2

2
 

0
.2

0
8

 
0

.1
2

5
 

0
.1

1
 

0
.1

6
3

 

N
aC

R
R

I 
0

.0
8

3
 

0
.0

8
 

0
.1

4
3

 
0

.0
4

1
 

0
.0

8
1

 
0

.0
9

7
 

0
.3

2
3

 
0

.2
5

 
0

.1
3

6
 

SG
V

 0
0

7
4

 
M

U
A

R
IK

 
0

.1
3

3
 

0
.0

8
 

0
.1

4
2

 
0

.1
1

 
0

.3
5

1
 

N
aC

R
R

I 
0

.0
5

9
 

0
.0

7
 

0
.1

5
3

 
0

.1
2

 
0

.8
9

4
 

SG
V

 E
R

 1
0

0
0

4
 

M
U

A
R

IK
 

0
.0

8
9

 
0

.0
7

3
 

0
.2

6
4

 
0

.2
9

4
 

0
.5

1
7

 

N
aC

R
R

I 
0

.1
6

 
0

.0
3

7
 

0
.2

5
8

 
0

.1
1

5
 

0
.1

2
9

 

SG
V

 E
R

 1
0

0
0

9
 

M
U

A
R

IK
 

0
.0

7
 

0
.0

4
3

 
0

.1
7

6
 

0
.1

1
8

 
0

.1
1

4
 

N
aC

R
R

I 
0

.2
 

0
.1

1
6

 
0

.3
5

 
0

.1
8

1
 

0
.2

0
6

 

SG
V

 E
R

 1
0

0
0

3
 

M
U

A
R

IK
 

0
.2

0
1

 
0

.1
 

0
.1

4
6

 
0

.2
0

2
 

0
.2

 
0

.1
1

3
 

0
.1

9
 

0
.1

1
8

 
0

.1
7

2
 

N
aC

R
R

I 
0

.1
1

7
 

0
.0

4
8

 
0

.2
4

2
 

0
.0

2
3

 
0

.0
4

4
 

0
.0

8
2

 
0

.2
3

4
 

0
.0

6
3

 
0

.1
5

1
 

G
R

D
: g

ro
u

n
d

n
u

t 
ro

se
tt

e 
d

is
ea

se
; L

L
S:

 la
te

 l
ea

f 
sp

o
t;

 T
1

:  
w

at
er

in
g 

w
it

h
 8

0
%

 s
o

il
 f

ie
ld

 c
ap

ac
it

y
 (

F
C

);
 T

2
: 6

0
%

 F
C

; G
en

o
ty

p
es

 S
G

V
 E

R
 1

0
0

0
4

 a
n

d
 S

G
V

 E
R

 1
0

0
0

4
 w

er
e 

G
R

D
 r

es
is

ta
n

t 
an

d
 s

u
sc

ep
ti

b
le

 t
o

 L
L

S 
th

u
s 

w
er

e 
n

o
t 

ex
p

o
se

d
 t

o
 L

L
S 

tr
ea

tm
en

ts
. 

Mohammed et al. / GSC Biological and Pharmaceutical Sciences 2019, 08(01), 012–027 

23 



Mohammed et al. / GSC Biological and Pharmaceutical Sciences 2019, 08(01), 012–027 

24 

3.5. Associations of mechanism of traits of late leaf spot and rosette diseases resistance in drought tolerant 
groundnut genotypes 

The results of analysis of correlation of biochemicals and aphid counts are presented in Table 9. The tannin content 
(g/m) showed negative weak correlation with chlorophyll A (r = -0.002), chlorophyll B (r = -0.064) and total 
chlorophyll (r = -0.034) indicating that chlorophyll contents slightly reduced with an increase in tannins.  

Tannin showed weak negative correlation with Aphid number per plant at the second, third and fourth counts with 
values of -0.038, -0.130 and -0.082, respectively, indicating that the tannin slightly decreased the growth rate of the 
insect [47]. 

Table 9 Correlation of plant mechanisms for late leaf spot and rosette diseases resistance in groundnut genotypes 

Traits Tannin Tot 
phn 

Chl A Chl B Tot Chl Aphid 
count 1 

Aphid 
count 2 

Aphid 
count 3 

Aphid 
count 4 

Tannin - 

Tot phn 0.037 - 

Chl A -0.002 0.5813
*** 

- 

Chl B -0.064 0.575**
* 

0.5577*
** 

- 

Tot Chl -0.034 0.6545
*** 

0.9063*
** 

0.856**
* 

- 

Aphid 
count 1 

0.051 0.3094
** 

0.4029*
** 

0.315**
* 

0.411**
* 

- 

Aphid 
count 2 

-0.038 0.167 0.3247*
** 

0.351**
* 

0.381**
* 

0.13 - 

Aphid 
count 3 

-0.13 -
0.409**
* 

-0.250** -0.236* -
0.276** 

-0.237** 0.305** - 

Aphid 
count 4 

-0.082 -
0.438**
* 

-
0.379**
* 

-
0.330**
* 

-
0.404**
* 

-0.233* 0.301** 0.768*** - 

Tannin: Tannin gram/ml; Tot phn: total phenolic g/ml; Chl: Chlorophyll g/ml; ***=Significant at .001; ** = Significant at .01; * = Significant at .05. 

Kimmins et al. [12] studied groundnuts resistance to aphids and its condensed tannin levels and found a strong 
negative correlation between the concentrations of tannin in the leaf of groundnut genotypes and the aphid counts.   

Total phenolic content showed highly significant (P<.001) negative correlation with third and fourth aphid counts 
indicating that accumulation of phenolics constituted a strong protection against aphids [48]. 

Total phenolic content showed highly significant (P<.001) positive correlation with Chlorophyll A, Chlorophyll B and 
total Chlorophyll content indicating the indirect contribution of phenolics to late leaf spot resistance as chlorophyll is 
positively related to resistance to LLS [21] and therefore, phenolics enable the plant leaves to maintain high 
chlorophyll content which therefore, decreases the infection of late leaf spot.   

The negative correlation between the content of phenols, tannins and chlorophylls and aphid population indicated 
that an increase in the content of these metabolites contributed to the bioprotection of host plants against the 
infection of LLS and GRD. 

4. Conclusion

High chlorophylls and tannins in the drought tolerant genotypes were related to resistance to late leaf spot and 
rosette diseases. The variations observed in chlorophylls, phenols and tannin activity among the resistant genotypes 
indicated that these metabolites increase resistance to LLS and GRD in groundnut through their negative effect to the 
vectors. The negative association of plant biochemicals with the aphid population and positive association of 



Mohammed et al. / GSC Biological and Pharmaceutical Sciences 2019, 08(01), 012–027 

25 

chlorophylls and phenolic contents indicated that an increase in the content of these plant substances contribute to 
the protection of host plants. 
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