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1. Introduction

   Damage of the root-knot and reniform nematode species 
to Vitis vinifera (V. vinifera) varieties has been extensively 
reported[1-3]. 
   Plant endoparasitic nematodes, including the potato 
cyst nematode (Globodera rostochiensis), spend a major 
part of their life cycles being embedded in the roots of 
a host plant and are therefore exposed to a variety of 
host defense responses[4]. These responses may include 
generation of damaging reactive oxygen species (ROS). ROS 
such as superoxide anion (O2

-), singlet oxygen, hydrogen 

peroxide (H2O2) and hydroxyl radical (OH-) are produced 
continuously as byproducts of various metabolic pathways 
that are localized in different cellular compartments[5-8]. 
However, under stressful conditions, their formation might 
increase to exceed the antioxidant scavenging capacity, 
thus creating oxidative stress by reaction and damage to all 
biomolecules[9]. Compared to animal parasitic nematodes, 
little is known about the defence proteins employed by 
plant parasitic nematodes. Superoxide dismutase (SOD), 
catalase (CAT) and ascorbate peroxidase (APX) activities 
have been detected in some endoparasitic nematodes but 
little is known about the roles of these proteins in the host-
parasite interaction and none of these proteins has been 
characterized in detail. There is no information regarding 
peroxiredoxins in plant parasitic nematodes[10]. The 
incompatible resistant interactions to nematode infection 
may include many physiological defense actions, production 
of H2O2, jasmonic acids, the formation of ROS[11-13], different 
enzymatic and non-enzymatic glutathione and ascorbate[14], 
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Objective: To investigate the effect of humic acid on nematode infected, resistant and susceptible 
grapes in relation to lipid peroxidation and antioxidant mechanisms on selected biochemical 
parameters known as proactive substances. Methods: The grape rootstocks, superior, superior/
freedom and freedom were reacted differently to Meloidogyne incognita and Rotylenchulus 
reniformis according to rootstock progenitor. Two weeks after inoculation, two commercial 
products of humic acid were applied at the rate of (2, 4 mL or grams/plant) as soil drench. After 4 
months, nematode soil populations were extracted and counted. A subsample of roots from each 
plant was stained and gall numbers, embedded stages per root were calculated, final population, 
nematode build up (Pf/Pi), average of eggs/eggmass were estimated. Subsamples of fresh root of 
each treatment were chemically analyzed. Results: Freedom reduced significantly the nematode 
criteria and build up. Humic acid granules appeared to be more suppressive to nematode build 
up on superior and the higher dose on superior/freedom than liquid treatments. On freedom, all 
treatments reduced significantly the nematode build up regardless to the material nature. The 
higher dose was more effective than the lower one. As a result of humic acid applications, the 
malondialdehyde (MDA) and H2O2 contents were significantly reduced after humic acid treatments 
while the antioxidant compounds glutathione (GSH), ascorbic acid (ASA) and total phenol contents 
were significantly increased when compared with check. Antioxidant defense enzymes ascorbate 
peroxidase (APX), superoxide dismutase (SOD), catalase (CAT) and polyphenol oxidase (PPO)
showed significant increase in their specific activities in treated plants compared with nematode 
treated check. Conclusions: Humic acid treatments improve the yield of grape by increasing the 
contents of antioxidant compounds and the specific activities of antioxidant enzymes.
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increase in peroxidase and polyphenol oxidase level[15], 
antioxidant properties, and polyphenols[16].
   Crops, especially those having Vitis champinii as a 
progenitor (freedom) have been reported as resistant to 
different root-knot and reniform nematode species[17,18]. 
Growing plants supplemented with fertilizers containing 
humic acid improved their resistant to nematode 
infection[19]. Growing resistant grape varieties supplemented 
with humic acid were supposed to result better nematode 
management. 
   The present study aims to investigate the effect of humic 
acid on nematode infected, resistant and susceptible grapes 
in relation to lipid peroxidation and oxidant mechanisms 
on selected biochemical parameters known as proactive 
substances.

2. Materials and methods

2.1. Nematode species stock cultures

   Pure cultures of the root-knot nematode, Meloidogyne 
incognita (M. incognita) and the reniform nematode, 
Rotylenchulus reniformis (R. reniformis) were obtained from 
isolates belonging to the Nematology Research Center, 
Faculty of Agriculture, Cairo University. Nematode species 
have been propagated separately, i.e. M. incognita on 
eggplant cv. Classic and R. reniformis on pigeon pea. The 
plants were grown in 20 cm diameter clay pots filled with 
sterilized loamy soil. To avoid contamination, cultures 
of each species were arranged separately, examined and 
periodically renewed in order to ensure continuous supplies 
of inocula for the experimental work.      

2.2. Glasshouse experiments

   One year old seedlings of grape rootstocks, superior, 
superior/freedom and freedom with uniform size were 
obtained from Grape Department, Horticulture Research 
Institute, Agriculture Research Center and cultivated singly 
in 20 cm diameter clay pots filled with steam sterilized 
sandy loam soil (1:1, v/v). One month later, 5 seedlings of 
each rootstock were inoculated separately with either 5 000 
infective stages of M. incognita or R. reniformis by pipetting 
the nematode water suspension into 4 holes around the 
root system which was immediately covered with soil. Pots 
were labeled and arranged randomly on a glasshouse clean 
bench, receiving similar horticulture treatments. Seedlings 
were left out after 4 months from inoculation. Soil population 
was extracted by means and counted[20]. The nematode 
embedded stages of both species were also counted.
   For testing the effect of humic acid on the root-knot 
nematode development and reproduction, another 5 
seedlings of each rootstock were inoculated with 5 000 
J2 of M. incognita/pot. Two weeks after inoculation, two 
commercial products of humic acid (liquid and granules) 
were applied at the rate of (2, 4 mL or grams/plant) as soil 
drench. All treatments were arranged in a fully randomized 
design on a clean bench in the glasshouse at (32暲5) 曟 
receiving similar horticultural treatments. After 4 months, 
nematode soil populations were extracted and counted using 
a Hawksley counting slide, under a binocular microscope. 

A subsample (5 g) of roots from each plant was stained and 
gall numbers, embedded stages (developmental stages 
+ eggmasses) per root were calculated, final population 
(embedded stages + nematodes in soil), nematode build up 
(Pf/Pi), average of eggs/eggmass were estimated.

2.3. Plant chemical analysis

   Subsamples of fresh root of each treatment were 
chemically analyzed as follows. 
 
2.3.1. Preparation of enzyme extracts
  Samples of 0.25 g were homogenized in 5 mL of 50 mM 
phosphate buffer (pH 7.0) containing 1.0 N NaCl, 1% PVP 
(Sigma) M.W. 40 000, 1 mM ascorbate (Sigma) at 4 曟. After 
centrifugation at 15 000 暳 g for 15 min the supernatant was 
collected.

2.3.2. Assay of protein content
   Soluble proteins were measured by the Bio-Rad micro 
assay according to the method of Bradford with some 
modifications[21] using crystalline bovine serum albumin as 
a reference.

2.4. Determination of oxidative burst

2.4.1. Lipid peroxidation
   About 0.5 g ground roots was homogenized in 2 mL of 0.1% 
(w/v) trichloroacetic acid (TCA), followed by centrifugation 
at 12 000暳g for 20 min. The supernatant (1 mL) obtained was 
mixed with an equal volume of TCA (10%) containing 0.5% (w/v) 
TBA or no TBA as the blank, and heated at 95 曟 for 30 min 
and then cooled in ice. The reaction product was centrifuged 
at 12 000暳g for 15 min and the supernatant absorbance was 
measured at 400, 532 and 600 nm. The malondialdehyde 
(MDA) equivalent was derived from the absorbance[22]. 

2.4.2. Assay of hydrogen peroxide concentration
   Hydrogen peroxide was measured by the method described 
by Capaldi and Taylor[23], with a slight modification. The 
ground roots was homogenized in 5% TCA (2.5 mL per 0.5 g 
powder) with 50 mg active charcoal at 0 曟, and centrifuged 
for 10 min at 15 000暳g. Supernatant was collected, neutralized 
with 4 N KOH to pH 3.6 and used for H2O2 assay. The reaction 
mixture contained 200 毺L of leaf extract, 100 毺L of 3.4 mM 
3-methylbenzothiazoline hydrazone (MBTH). The reaction 
was initiated by adding 500 毺L of horseradish peroxidase 
solution (90 U per 100 mL) in 0.2 M sodium acetate (pH 3.6). 
2 min later 1 400 毺L of 1 N HCl was added. Absorbance was 
read at 630 nm after 15 min.

2.4.3. Determination of total glutathione (GSH)
   The level of total acid-soluble SH compound (GSH) was 
determined with Ellman’s reagent[24]. The buffer was mixed 
with 630 毺L of 0.5 M K2HPO4 and 25 毺L of mM 5, 5’-dithiobis 
(2-nitrobenzoic acid) (final pH 7). The absorbance at 412 nm 
was read after 2 min. GSH was used as a standard.

2.4.4. Ascorbic acid (ASA) determination
   Levels of ASA followed the procedure as described by 
Singh et al with few modifications[25]. Briefly, fresh leaf 
sample of a known weight (1 g) was extracted with 3 mL of 
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5% (w/v) TCA and centrifuged at 18 000 暳 g for 15 min. ASA 
was determined in a reaction mixture consisting of 0.2 mL 
of supernatant, 0.5 mL of 150 mM phosphate buffer (pH 7.4, 
containing 5 mM EDTA) and 0.2 mL of deionized water. 
Colour was developed in reaction mixtures with the addition 
of 0.4 mL of 10% (w/v) TCA, 0.4 mL of 44% (v/v) phosphoric 
acid, 0.4 mL of 毩,毩-dipyridyl in 70% (v/v) ethanol and 0.2 mL 
of 3% (w/v) FeCl3. The reaction mixtures were incubated at 40 曟 
for 40 min and the absorbance was read at 532 nm. 

2.4.5. Assay of phenol
   The phenolic assay was conducted following the method of 
Singleton et al[26]. The samples were homogenized at the rate 
of 0.1 g per 1 mL of 80% methanol and the methanolic extract 
was kept in a water bath at 70 曟 for 15 min with frequent 
agitation. One mL of methanolic extract was added to 5 mL 
of distilled water and 250 mL of Folin-Ciocalteau reagent 
(1 N) was added and the solution was kept at 25 曟 for 30 min. 
Finally, 1 mL of saturated solution of Na2CO3 and 1 mL of 
distilled water were added and the reaction mixture was 
incubated for 1 h at 25 曟. After the blue color development, 
the absorbance was recorded at 725 nm. The contents of total 
soluble phenols were calculated according to a standard 
curve obtained from a Folin-Ciocalteau reaction with a 
catechol solution. The phenol content was expressed as 
phenol equivalents in mg/g fresh weight of callus tissues.

2.5. Determination of antioxidant defense enzymes specific 
activities

2.5.1. Assay of SOD specific activity
   The specific activity of SOD was assayed by measuring its 
ability to inhibit the photochemical reduction of NBT[27]. The 
3 mL reaction mixture contained 50 mM phosphate buffer 
pH 7.8, 13 mM methionine, 75 毺M NBT, 2 毺M riboflavin, 
1.0 mM EDTA and 20 毺L enzyme extract. Riboflavin was 
added last and the reaction was initiated by placing the 
tubes 30 cm below 15 W fluorescent lamps. The reaction was 
started by switching on the light and was allowed to run for 
10 min. Switching off the light stopped the reaction and the 
tubes were covered with black cloth. Non-illuminated tubes 
served as control. The absorbance at 560 nm was read. The 
volume of enzyme extract corresponding to 50% inhibition of 
the reaction was considered as one enzyme unit. 

2.5.2. Assay of APX specific activity
   The specific activity of APX was measured by estimating 
the rate of ascorbate oxidation (extinction coefficient 
2.8/mM/cm). The 3 mL reaction mixture contained 50 mM 
phosphate buffer (pH 7.0), 0.1 mM H2O2, 0.5 mM sodium 
ascorbate, 0.1 mM EDTA and a suitable aliquot of enzyme 
extract. The change in absorbance was monitored at 290 nm and 
enzyme activity was expressed as units min/mg/protein[28]. 

2.5.3. Assay of CAT specific activity
   For measurement of the catalase specific activity the 
method of Aebi[29] was used. The 3 mL reaction mixture 
consisted of 50 mM sodium phosphate buffer (pH 7.0), 20 mM 
H2O2 and a suitable aliquot of enzyme. Decrease in the 
absorbance was taken at 240 nm (the molar extinction 
coefficient of H2O2 is 0.04/mM/cm). Enzyme activity was 
expressed as units min/mg/protein. 

2.5.4. Assay of polyphenol oxidase (PPO) specific activity
   PPO was assayed by using photochemical method as 
described by Coseteng et al[30]. The reaction mixture 
contained 50 mM potassium phosphate buffer (pH 6.2), 
250 mM catechol and enzyme extract. The increasing in 
absorbance at 420 nm was measured. One unit of enzyme 
activity is defined as the amount of the enzyme that causes 
an increase of 0.001 absorbance unit per min at 25 曟.

2.6. Statistical analysis

   Data were compared by Duncan’s multiple range test (DMRT) 
at the 5% level of probability using MSTAT version 4[31].

3. Results

3.1. M. incognita and R. reniformis reproductivity on grape 
rootstocks

   Data in Table 1 revealed that grapes reacted differently 
according to the nematode species and rootstock. M. 
incognita reproduction (as measured by numbers of 
galls, emdedded stages, build up and eggs/egg mass) was 
efficient on Vitis vinifera stock (superior) with no significant 
differences with superior/freedom. Yet, freedom reduced 
significantly the nematode criteria and build up. The same 
trend was observed by R. reniformis, however the nematode 
folded hardly on freedom.

3.2. Effect of humic acid on M. incognita development and 
reproduction

   Table 2 indicated that most if not all treatments 
significantly increased M. incognita numbers of galls and 
embedded stages as compared with the check regardless 
to humic acid nature, dose or grape rootstock, with the 
exception superior and superior/freedom treated with 2 and 
4 g of humic acid, respectively where the numbers were 
significantly decreased comparing to other treatments. 
That reduction was also reflexed significantly on the rate of 
nematode build up (Pf/Pi) and numbers of eggs/egg mass. It 
is worthy to notice that freedom achieved the least numbers 
in such criteria. Humic acid applied at the rate of 2 and 4 g 
granules appeared to be more suppressive to nematode build 
up on superior and the higher dose on superior/freedom. 
Humic acid applied as liquid at 4 mL/plant diminished 
significantly the nematode build up than 2 mL/plant but not 
as much as granule application. On freedom, all treatments 
reduced significantly the nematode build up regardless to 
the material nature. The higher dose was more effective than 
the lower one.

3.3. Effect of nematode infection on grape root contents of 
lipid peroxidation (MDA) and H2O2  content

   Results showed that nematode infection (M. incognita or 
R. reniforms) significantly increased root contents of both 
lipid peroxidation (MDA) and H2O2 in roots of all rootstocks 
(superior, superior/freedom and freedom) in comparison with 
the healthy plants (Figure 1). M. incognita infection clearly 
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reduced the content of MDA and H2O2 than did R. reniformis 
especially in superior treatments.

3.4. Effect of nematode infection on grape root contents of 
non-enzymatic and specific activity of enzymatic antioxidant 
defense system

   Data in Table 3 indicated that, the nematode infection 
significantly enhanced the contents of both non-enzymatic 
antioxidant total GSH, TAA and TPH and enzymatic 
antioxidant specific activity APX, SOD, CAT and PPO in all 
rootstocks treatments compared with healthy plants.

3.5. Effect of humic acid on infected grape root contents of 
lipid peroxidation (MDA) and H2O2 content

   All infected grape rootstocks and treated with humic acid 
had lower contents of both lipid peroxidation (MDA) and H2O2 
(Table 4). The higher concentrations of humic acid (4 mL and 
4 g) were the best treatments for decreasing the MDA and 
H2O2 contents. It decreased the content of MDA and H2O2 by 
(59%, 58% and 54%, 52%), respectively in superior rootstock, 
(69%, 69% and 53%, 53%), respectively in superior/freedom 
rootstock and (65%, 62% and 45.5%, 47%), respectively in 
freedom rootstock. 

3.6. Effect of humic acid on infected grape root contents of 
non-enzymatic and activity of enzymatic antioxidant defense 
system

   Humic acid treatments improved the levels of non-

Table 1
Reproductivity of M. incognita and R. reniformis on grape rootstocks.
Nematode species Rootstocks Galls Embedded stages Soil population Final population Pf/Pi Eggs/Eggmass P.R.I.
M. incognita Superior 756a 1 004a 11 560 12 564 2.51a 167a 100

Superior/ Freedom 517b 714b 11 000 11 714 2.34a 136b 93
Freedom 382c 601c 8 660 9 261 1.85b 141b 74

R. reniformis Superior - 1 152a 23 790 24 942 4.99a 119a 100
Superior/ Freedom - 702b 12 800 13 502 2.70b 91b 54
Freedom - 407c 4 660 5 067 1.01c 60c 20

Means followed by the same letter(s) within a column in each block are not significantly different (P曑0.05) according to DMRT.

Table 2
Reproductivity of M. incognita on grape rootstocks as influenced by addition of humic acid.
Rootstocks Treatments Dose/Plant Galls Embedded stages Soil population Final population Pf/Pi Eggs/Eggmass
Superior Humic acid (liquid) 2 mL 826c 1 099d 11 400 12 499 2.50a 151de

4 mL 847c 1 103d 9 600 10 703 2.14c 157cd

Humic acid (granules) 2 g 714d 895f 6 920 7 815 1.56f 139efg

4 g 867c 1 156cd 8 440 9 596 1.92e 121hi

Inoculated only - 756d 1 004e 11 560 12 564 2.51a 167c

Superior/ Freedom Humic acid (liquid) 2 mL 923b 1 230b 8 620 9 850 1.97de 146def

4 mL 930b 1 200bc 7 160 8 360 1.67f 149de

Humic acid (granules) 2 g 1 051a 1 325a 9 100 10 425 2.09cd 226a

4 g 734d 979e 6 720 7 699 1.54f 114ij

Inoculated only - 517ef 714g 11 000 11 714 2.34b 136fg

Freedom Humic acid (liquid) 2 mL 469fg 730g 7 580 8 310 1.66f 124hi

4 mL 416gh 572h 6 480 7 052 1.41g 130gf

Humic acid (granules) 2 g 559e 672g 7 420 8 092 1.62f 179b

4 g 348i 554h 6 380 6 934 1.39g 104j

Inoculated only - 382hi 601h 8 660 9 261 1.85e 141efg

Means followed by the same letter(s) within a column in each block are not significantly different (P曑0.05) according to DMRT.

Table 3
Effect of M. incognita and R. reniformis on reduced GSH, total ascorbic acid (TAA) and total phenols (TPH), and on the activities of APX, SOD, 
CAT and PPO in grape roots.
Rootstocks Nematode species GSH (A) TAA (B) TPH (B) APX (C) SOD (C) CAT (D) PPO (C)

Superior M. incognita 5.11f 8.85f 4.36f 13.41d 192.91e 43.03c 11.59d

R. reniformis 9.31c 14.30a 8.11b 29.10b 245.20b 68.96a 35.05b

Healthy 2.42h 3.23h 1.06h 8.03e 112.80i 20.21g 2.53e

Superior/ Freedom M. incognita 6.16d 10.45d 4.95d 12.87d 176.83f 34.67e 10.66d

R. reniformis 10.39a 12.78c 7.29c 26.75c 227.11c 65.50b 32.40c

Healthy 2.31h 3.55g 1.37g 7.85e 127.84h 20.10g 3.05e

Freedom M. incognita 5.96e 9.95e 4.85e 14.26d 199.90d 38.16d 13.19d

R. reniformis 9.98b 13.94b 8.95a 35.42a 297.50a 69.29a 38.03a

Healthy 2.67g 3.06h 1.31g 7.25e 136.42g 24.91f 2.28e

A: 毺mol/g FW; B: mg/g FW; C: unit/mg protein; D: 毺mol/mg protein/min. Means followed by the same letter(s) within a column in each block are 
not significantly different (P曑0.05) according to DMRT.
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enzymatic and enzymatic antioxidant molecules in 
all infected grape rootstocks, especially the higher 
concentrations of humic acid (4 mL and 4 g) (Table 4). 
Significant increment was observed in non-enzymatic 
antioxidant contents (GSH, TAA and TPH) of all rootstocks. 
In addition, the antioxidant enzyme activity (APX, SOD and 
CAT) was enhanced markedly with humic concentrations 
and showed its maximum at the higher concentrations of 
humic (4 mL and 4 g). While the PPO activity showed 2-3 
times increment at humic concentrations (4 mL and 4 g) in 
comparison to the low concentrations of humic (2 mL and 2 g).

M. incognita  R. reniformis   Healthy

  M. incognita  R. reniformis   Healthy
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Figure 1. Effect of M. incognita or R. reniformis on grape root 
contents of lipid peroxidation (MDA) (a) and hydrogen peroxide (H2O2) 
(b). 
Each value is expressed as mean暲standard deviation (n=3). 

4. Discussion

   Compared to the susceptible V. vinifera stock (superior), 
the nematodes development and reproduction were variable 
according to nematode species and rootstock progenitor[18].
   Generally, humic acid treatments either liquid or granules 
increased significantly the galls and embedded stages 
numbers[19]. That increase was governed by the grape 
rootstock progenitor. But that was not the case with the 
nematode soil population, build up and eggs/eggmass. These 
criteria were significantly decreased in most treatments. It 
seems that some humic acid affects the nematode fertility 
and consequently its fecundity. The reduction in rates of 
such nematode criteria was also influenced with rootstock 
resistance. The lowest rates were achieved by freedom at the 
higher doses of humic acid.
   The increase of proteins and fatty acids in root tissues as a 
result of treating plants with organic acids[18,19] may enhance 
some biochemical compounds able to retard nematode 
reproduction.
    Incompatible resistant interactions between plant and 
pathogen are often determined by the formation of ROS by 
the pathogen[12]. ROS, such as H2O2, is some of the most 
damaging stressors in plants. Thus, H2O2 from the oxidative 
stress plays a key role in the orchestration of a localized 
hypersensitive response during the expression of plant 
disease resistance[32]. ROS induced lipid peroxidation may 
be one of the mechanisms accounting for cell death[33]. 
Our results agreed with those facts and showed that, in 
comparison with healthy plants, nematode infections by M. 
incognita or R. reniforms on grape root treatments (superior, 
superior/freedom and freedom) enhanced the content of 
MDA and H2O2. Our results also indicated that plants possess 
both enzymatic and non-enzymatic antioxidant defense 
systems to counteract ROS under nematode infections. The 
significant increase of non-enzymatic antioxidant such as 
GSH, TAA and TPH contents may be driven by enhanced 
of MDA and H2O2 formation in the nematode infections. 

Table 4
Effect of humic acid on MDA, H2O2, reduced GSH, TAA and TPH, and on the specific activities of APX, SOD, CAT and PPO in infected grape roots.
Rootstocks Treatments Dose / Plant MDA (A) H2O2 (A) GSH (A) TAA (B) TPH (B) APX (C) SOD (C) CAT (C) PPO (C)

Superior Humic acid (liquid) 2 mL 3.36e 134.28e 10.24g 15.90c 9.04h 14.83efg 212.50j 38.43m 14.43j

4 mL 2.14k 122.42f 15.71b 19.70b 11.84o 30.84d 282.85e 78.19c 41.95d

Humic acid (granule) 2 g 3.99d 139.81d 10.26g 15.57cd 8.93i 14.43efg 209.47k 45.23i 11.56l

4 g 3.23f 116.33g 15.63b 19.89b 11.53e 32.03d 275.47f 77.21d 34.20f

Inoculated only - 7.62a 288.07a 5.11l 8.85i 4.36n 13.41fgh 192.91m 43.03k 11.59l

Healthy - 2.61i 80.05o 2.42n 3.23jk 1.06p 8.03i 112.80q 20.21q 2.53o

Superior/ Freedom Humic acid (liquid) 2 mL 3.03g 109.58i 11.50c 14.14e 8.07j 15.05efg 224.74g 49.94g 16.24h

4 mL 2.27j  95.63m 16.84a 21.54a 14.41a 41.93a 349.91a 89.34a 44.49b

Humic acid (granules) 2 g 3.07g 106.93k 11.34d 13.93e 7.83k 16.17e 217.26i 46.50h 16.92g

4 g 2.33j  96.14m 16.73a 21.61a 14.35a 37.52c 344.89b 84.93b 46.42a

Inoculated only - 7.25b 203.09b 6.16j 10.45g 4.95l 12.87gh 176.83n 34.67o 10.66m

Healthy - 2.12k 85.17n 2.31n 3.55j 1.37o 7.85i 127.84p 20.10q 3.05n

Freedom Humic acid (liquid) 2 mL 3.04g 115.33h 10.88f 11.13f 9.71g 15.60ef 220.17h 44.01j 15.44i

4 mL 2.33j 107.59j 6.48i 15.30d 12.23c 40.83ab 330.02c 73.30f 39.73e

Humic acid (granules) 2 g 2.74h 109.18i 11.08e 10.79fg 9.89f 15.72ef 216.84i 39.94l 14.45j

4 g 2.51i 104.73l 6.68h 15.27d 12.48b 38.63bc 329.05d 76.09e 43.09c

Inoculated only - 6.60c 197.40c 5.96k 9.95h 4.85m 14.26efg 199.90l 38.16n 13.19k

Healthy - 1.89l  85.60n 2.67m 3.06k 1.31o 7.25i 136.42o 24.91p 2.28p

A: 毺mol/g FW; B: mg/g FW; C: unit/mg protein. Means followed by the same letter(s) within a column in each block are not significantly different 
(P曑0.05) according to DMRT.
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However, GSH may play a protective role in scavenging 
of singlet oxygen, peroxides and hydroxyl radicals and is 
involved in recycling reduced of ASA in the ascorbate-
glutathione cycle[34]. On the other hand, the significant 
increase in the TPH contents could be affected as strong 
antioxidant natural products induced under oxidative 
stress condition controlling the oxidative damage. These 
data were in accordance with Goodman et al[35], who found 
that, multifold increase of phenols after challenging with 
elicitation may be due to the excess production of H2O2 
in elicited plant cells through increased respiration[36] or 
due to the activation of hexose-monophosphate pathway, 
acetate pathway and release of bound phenols by hydrolytic 
enzymes. In addition, the nematode infection caused marked 
increase in the specific activity of antioxidant enzymes 
(APX, SOD, and CAT) which are involved in scavenging 
excess ROS in plant cells[14]. CAT and APX play an essential 
role in scavenging from the H2O2 toxicity. The combined 
action of CAT and SOD converts the toxic O2

- and H2O2 to 
water and molecular oxygen (O2), thus averting the cellular 
damage under unfavorable conditions like infection by 
nematodes, salt stress, Fe deficiency, cadmium stress, lead 
toxicity and ionizing radiation[37-42]. While the increase in 
PPO specific activity after nematodes infection may be due 
to autooxidation of the total phenol substrate which interact 
with H2O2 and may prevent nematode spread to healthy 
tissue[43]. 
   Humic acid treatments on grape roots infected by M. 
incogenta reduced the contents of lipid peroxidation and 
H2O2 in all rootstocks by improving the contents of non-
enzymatic antioxidants (GSH, TAA and TPH) and increase 
the specific activities of PPO and antioxidants enzymes 
(APX, SOD and CAT) and reached its maximum induction 
at the higher treatments (4 mL and 4 g). Similar results were 
reported in response to salt and drought stress[37,44]. In 
addition, our results indicated that the humic treatments 
(4 mL and 4 g) at superior/freedom rootstock produce the 
most suitable plant treatments to reduce the ROS, lipid 
peroxidation formation and improve the induction of 
antioxidant defense system. Similar results were reported in 
response to sodium nitroprusside (SNP; nitric oxide donor) 
treatment against drought stress[44].
   It is commonly accepted now that humic acid treatments 
may play an important role in antioxidant defense system 
of plants, it is supposed that low concentration of humic 
acid might be a signal to induce the expression of many 
antioxidative molecules and enzymes and reduce the ROS in 
plant cells[45]. 
   Reduction of ROS such as H2O2 and lipid peroxidation 
levels by induction the levels of antioxidant non-enzymatic 
such as (GSH, TAA and TPH) and enzymes molecules, such 
as APX which scavenges potentially harmful H2O2 from plant 
cells by utilizing ascorbate as a very important reducing 
substrate for H2O2 detoxification in the photosynthetic 
organism, SOD, which catalyses the dismutation of O2

- into 
oxygen and hydrogen peroxide and CAT, which converts 
H2O2 to water and oxygen, may also be integral to the 
development of anti-nematode defense[11]. Our results were 
in agreement with Sun et al[46], who found that humic acid 
treatments improved the yield of grape by increasing the 

activity of antioxidant enzymes.
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