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ABSTRACT: Two field experiments were carried out on a newly reclaimed 
saline soil during two successive summer seasons (2009 and 2010) at Sahl 
El- Hossinia, EL- Sharkia Governorate, Egypt to study the response of 
Egyptian rice variety namely Giza 178 to foliar spray with micronutrients 
mixture (Zn+ Mn+ Fe) at three rates (0.0, 0.3 and 0.6 g/l for each element) 
either singly or in combinations with humic acid which applied as soaking 
treatment at a rate of 100 mg/l for 24 hour before planting. Rice plants were 
sprayed two times with micronutrients after 45 and 70 days from sowing at a 
rate of 400 l/fed. in the form EDTA compounds i-e Zn-EDTA (14% Zn), Mn-
EDTA ( 12%Mn) and Fe-EDTA (13% Fe). The obtained results showed the 
effective action of foliar application with Zn+ Mn+ Fe at a rate of 0.3 g/l for 
each nutrient in increasing significantly in either shoots or roots dry weights, 
roots were the most organs affected by such treatment as well as significant 
improvement in Chlorophyll a, b and carotenoids in leaves for both seasons 
after 60 days from sowing. Significant increases in yield and yield 
components, where the percentage of increase in grain yield reached to 
75.68 and 77.33% for first and second seasons, respectively. Corresponding 
increases significantly in macronutrients (nitrogen, phosphorus and 
potassium) and micronutrients (zinc, manganese, ferrous and copper), crude 
protein, total carbohydrates in rice grain for two growing seasons. 
Significant increases were found in germination percentage, shoot length, 
radical length and electrical conductivity (EC) in grains of rice variety Giza 
178 for both seasons. The obtained data declared that the superior 
interaction effect was recorded  for grains soaked with humic acid + 
micronutrients added as foliar feeding at a rate of 0.3g/l for all studied 
characters for rice cultivar Giza 178 for two growing seasons. 
Key words: Rice plant, Micronutrients (Zn+ Mn +Fe), Humic acid. 
INTRODUCTION 

Rice (Oriza sativa L.) is considered one of the most important summer 
crops in Egypt. The productivity of rice is affected by many factors such as 
seeds germination, fertilization and quality of seedbed environment i-e soil 
moisture, salinity and temperature. Alam et al. (2001) noted that salinity 
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affects the growth of rice in varying degrees at all stages of its life cycle 
starting from germination up to maturity. Several studies indicated that rice 
is a salinity tolerant during germination and becomes very sensitive during 
early seedling stage. Thereafter, grains tolerance during vegetative growth 
but again becomes sensitive during pollination. However, it increasingly 
becomes more tolerant at maturity stage. Imtiaze et al. (2003) stated that lack 
of just one micronutrient can greatly reduce plant yield. Adequate nutrition of 
plant with micronutrients depends on many factors among them is the ability 
of soil to supply these nutrients, rate of nutrients absorption by the plant, 
distribution of nutrients to function sites and nutrients mobility within the 
plant. Gurmani et al. (2003) found that, the application of micronutrients to 
rice plants showed positive effect on yield and its components. Sairam and 
Tuagi (2004) suggested that foliar spraying with micronutrients especially Fe, 
Mn and Zn increased crops and mineral contents of many plants types under 
saline stress conditions. 

Humic substances have many beneficial effects on soil and consequently 
on plant growth and are shown highly hormonal activity. These materials not 
only increased macronutrients contents and ion uptake but also enhanced 
micronutrients contents of the plant organs (Brunetti et al., 2005). 
Salhyabama et al. (2004) reported that humic acid increased yield and N, P 
and K uptake in rice plant. Salib (2002) reported that combination of humic 
acid at rate of 50 mg/l and foliar application mixture of chelating 
micronutrients formed of Fe (6%), Mn (12%) and Zn (12%) at concentration of 
1g/l significantly increased grain and straw yield, N, P, K concentration and 
uptake and protein % in grain and straw of wheat plant.  Hakan (2008) found 
that soaking  treatment of seed with potassium humate solution at rate of 
0.01% for 24 hour before planting and subsequently spraying of the plant 
with a 0.005% solution significantly increases in various cereal crops yield.  

The objective of this investigation are to 1) Study the response of Giza 178 
rice variety to micronutrients mixture (Zn+ Mn+ Fe) either individually or in 
association with humic acid to show the best treatment that gives the highest 
effect on a) Shoot and roots dry weights. b) Chlorophyll a, b and carotenoids 
in leaves. c) Yield and its components. d) Macro- and micronutrients 
concentration in grains. e) Crude protein and total carbohydrates percentage 
in grains. f) Germination percent, shoot and radical lengths, seedling dry 
weights and electrical conductivity (EC) in grains and g) Chemical properties 
of the tested soil (2) Find an explanation for this response on the bases of 
test attributes. 
MATERIALS AND METHODS 

Two field experiments were conducted during two successive summer 
seasons 2009 and 2010 at Sahl EL-Hossinia, EL- Sharkia Governorate to 
study the efficiency of foliar spray mixture of Zn+ Mn +Fe at three rates ( 0.0, 
0.3 and 0.6 g/l for each nutrient) either singly or in combination with humic 
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acid on the yield of rice plant, (Oriza sativa L.) Giza 178 cultivar. 
Representative surface soil samples (0-30) were taken before the 
performance of the experiment and after harvesting, where some physical 
and chemical analysis were determined using the standard methods 
according to Black (1965) as shown in Table (1). 

 
Table (1): Physical and chemical properties of the experimental soil.  

Coarse 
sand 
(%) 

Fine 
sand 
(%) 

Silt 
(%) 

Clay 
(%) 

Texture O.M 
(%) 

CaCO3 
(%) 

pH 
(1:2.5) 
Soil 

suspension 

EC 
(dS/m) 

(soil past) 
 

2.74 48.39 13.20 35.67 Loamy 0.64 12.0 8.30 17.31 
Soluble cation (mg/l) Soluble anion (mg/l)   

Ca++ Mg++ Na+ K+ HCO-
3           Cl-           SO-

4   
9.23 14.99 148 0.83 9.33 38.28 125.44   

Available 
macronutrients 

(mg/kg) 

Available 
micronutrients 

(mg/kg) 

  

N P K Fe Mn Zn Cu   
42 5.75 196 1.79 1.77 0.86 0.083   

 
    The rice grains were planted in rows on 5 and 10th of May for the first and 
second seasons, respectively, at a rate of 60 kg/ fed.. The experimental 
design used was a complete randomized with four replicates. The 
experimental units were 20 plots, where the area of each plot was m2 (3x 3.5). 

The experimental treatments were as the following 
a-Control (without micronutrients and humic acid). 
b-EDTA (1) [Zn+ Mn+ Fe at a rate of 0.3g/l for each element]. 
c-EDTA (2) [Zn+ Mn+ Fe at a rate of 0.6 g/l for each nutrient]. 
d-Humic acid + EDTA (1). 
e-Humic acid +EDTA (2). 

All plots received basal doses of phosphorus fertilizer was applied at rate 
of 30 kg P2 O5/fed. as calcium super phosphate (15% P2O5) was applied 
during soil tillage before rice sowing, potassium fertilizer was used at rate of 
48 kg K2O/ fed. as potassium sulphate (48% K2O), where its applied in two 
split equal doses, once before rice sowing and later after 35 days from 
sowing, nitrogen fertilizer at rate of 33.5 kg N/fed. as ammonium nitrate 
(33.5%), which applied at three times 21, 35 and 50 days from sowing. 

The micronutrients mixture added as foliar spray method. Plants were 
sprayed after 45 and 70 days from sowing at a rate of 400 l/fed. in the form of 
EDTA (Ethyline diamine tetra acitic acid) compounds i-e. Zn-EDTA (14% Zn), 
Mn-EDTA (12% Mn) and Fe-EDTA (13% Fe).  

Humic acid was added as soaking method. The chemical composition of 
the used humic acid was determined by using Bacl2 precipitation methods 
as described by Fataftah et al. (2001) as shown in Table (2). Before start 
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soaking, rice grains were surface sterilized in 5% sodium hypochlorite for 5 
min. and rinsed well with double distilled water (Anonymous, 1985). Grains 
were soaked in one liter of 100 mg/l humic acid for 24 hour before planting. 
Other field practices were followed in the usual manner for rice cultivation. 
Plants were grown till maturity and sampled twice. The area of each sample 
was 1m2. The first sample was taken after 60 days from sowing, where 
chlorophyll a, b and caroteinoids in leaves were recorded using 
spectrophotometer methods recommended by Metzner et al. (1965).  Also, 
dry weights of shoots and roots were recorded. The second sample was 
taken at harvest. The harvest date was on 3 and 5 September for the first and 
second seasons, respectively. At harvest, agronomic trails were i.e. plant 
height (cm), number of panicles/m2, panicle weight (g/plant), 1000-grains 
weights, straw and grains yield (ton/fed.). 

  
Table (2): Main Characteristic of the used humic acid.  

Compounds and units Values Properties unites Values 
Organic matter/total Solid (%) 
Total humic acid/total solid(g/l) 
Organic carbon (%) 
pH (1:2)  
EC (dS/m) 
 

42.81 
175.11 
24.13 
8.10 
5.8 

 

Total nitrogen (N, %)* 
C/N ratio 
Total phosphorus (P2O5, %)* 
Available potassium (K2O, %)* 
Total calcium (Ca, %)** 
Total magnisum (Mg, %)* 
Total boron(B, mg/l)* 
Total manganese (Mn, mg/l)** 
Total zinc (Zn, mg/l)** 
Total iron (Fe, mg/l)** 
Total copper (Cu, mg/l)** 

7.55 
2.98 
5.14 
9.33 
0.09 
0.07 

73.15 
91.62 
89.51 

895.14 
92.16 

  * Soluble in distilled water   ** Digest by H2SO4. 
 
Vigor tests: 

Included seedling vigor assessments for shoot length (cm), radical length 
(cm), seedling dry weight as well as laboratory tests at Seed Technology Res. 
Dept. (ARC) for: 

Germination percentage: seeds were incubated on moist filter paper at 
30C for 8 days. Normal seedlings were counted according to international 
rules of I.S.T.A. (1993) and expressed as germination percentage. Ten normal 
seedlings from each replicate were taken to measure shoot and radical 
length (cm) according to Krishnasamy and Seshu (1990). 

 
                                                Normal seedling                x 100  
                                       Number of seed germination                            
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Electrical conductivity of grains weights (uS  cm -1 g -1): four samples 
of 50 grains from each experimental plot were weighted and placed into flask 
with 250 ml of distilled water and held at 25C for 25 hour (A.O.S.A. 1983). The 
electrical conductivity was measured using electrical conductivity meter. The 
mean values of the conductivity per gram of seed weight, expressed as 
us.cm-1g-1, were calculated by the formula of  

Conductivity (us/ cm) for each flask 
Weight (g) of grain sample 

   For chemical determination, plants were fine powdered, wet digestion for 
dry material was carried out according to Chapman and Pratt (1961). Nitrogen 
percentage was determined in grains by micro kjeldahl method according to 
A.O.A.C. (1990). The content (%) of phosphorus, potassium, crude protein 
and total carbohydrate in grains were estimated according to A.O.A.C. (1990). 
The atomic absorption spectrophotometer was used to determine Zn, Mn, Fe 
and Cu in the same organ according to the method described by A.O.A.C. 
(1990). All data were subject to statistical analysis for comparing treatments 
means as described by Barbara and Brain (1994). 
 
RESULTS AND DISCUSSION 
Dry Weights of Shoots and Roots. 

Data in Table (3) showed that, using any rate of micronutrients mixture 
fertilizer as foliar feeding significantly increased dry weights of shoots or 
roots after 60 days from sowing. Microelements mixture at 0.3 g/l for each 
element was the most effective one in this respect, where dry weights in 
shoots and roots reached 2.13 and 1.70 (g/ plant), respectively for the first 
season as well as 2.21 and 1.99 (g/plant), at a respective order for the second 
season, comparing to the control treatment. These findings coincide with 
Chen et al. (2009), they found that zinc application increased root length, root 
surface and root tips in rice plant. Aminder and Sadana (2010) reported that 
manganese addition caused higher root length, root surface area, shoot dry 
weights and root length density. Marschner, (1986) reported that the 
importance of iron as a component of chlorophyll, prosthetic group of heme- 
and nonheme proteins.  

Data in that table indicate that, grains soaked with humic acid at a rate of 
100 ppm for 24 hour stimulate the action of micronutrients for producing the 
high significant increases in the parameters of dry matter accumulation with 
a pronouncing response especially with plants received humic acid plus Zn+ 
Mn+ Fe at a rate of 0.3g/l, where shoots and roots dry weights reached to 
2.69 and 1.9 (g/plant), at a respective order for the first season and were 2.80 
and 2.11 (g/plant), respectively for the second season. Likewise significant 
improvement in the whole plant dry weight by about 4.59 and 4.91 (g/plant). 
Hakan (2008) found that, humic acid have positive effect on branched roots 
and root hair development, so increased root length resulted in greater 
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absorption of water and nutrients resulted in increased root area, 
permeability of root cells and biomass. 
 
Table (3): Effect of micronutrients fertilizer and humic acid on dry weights of 

Shoots and roots of rice plant after 60 days from sowing (2009 and 
2010). 

 
Treatments 

2009 2010 
Dry weights (g /plant) Dry weights (g/plant) 

Shoots Roots Whole plant Shoots Roots Whole plant 
Control 
EDTA            (1) 
EDTA            (2) 
Humic acid+ (1) 
Humic acid+ (2) 

0.52 
2.13 
1.59 
2.69 
1.88 

0.36 
1.70 
1.16 
1.90 
1.36 

0.88 
3.83 
2.75 
4.59 
3.24 

0.54 
2.21 
1.65 
2.80 
1.95 

0.40 
1.99 
1.19 
2.11 
1.51 

0.94 
4.20 
2.84 
4.91 
3.46 

L.S.D.*      5% 
                  1% 

0.01 
0.02 

0.02 
0.03 

0.03 
0.05 

0.02 
0.04 

0.03 
0.04 

0.04 
0.06 

C.V. ** 10.29 11.52 9.21 11.30 11.50 9.20 
*: Treatments. 
**: Coefficient of variation 
EDTA (1): Zn +Mn +Fe at a rate of 0.3 g/l for each nutrient. 
EDTA (2): Zn +Mn +Fe at a rate of 0.6 g/l for each nutrient. 
 

Chlorophyll Contents    
The results in Table (4) show that, foliar application with micronutrients at 

a rate of 0.3 g/l was the best treatment, where the increases of chlorophyll a, 
b and carotenoids were significant, comparing to the control treatment. Alam 
(2006) reported that, foliar supply of micronutrients can results in increasing 
the photosynthetic efficiency and it is possible to modify the physiology of 
leaf. 
 
Table (4): Effect of micronutrients and humic acid on chlorophyll content in 

Leaves of rice plant after 60 days from sowing (2009 and 2010). 
Treatments 2009 2010 

Chl. a 
(ug/ml) 

Chl b 
(ug/ml) 

Chl a+b 
(ug/ml) 

Carotenoids 
(ug/ml) 

Chl a 
(ug/ml) 

Chl b 
(ug/ml) 

Chl a+b 
(ug/ml) 

Carotenoids 
(ug/ml) 

Control 
EDTA          (1) 
EDTA          (2) 
Humic acid+(1) 
Humic acid+(2) 

2.38 
5.18 
3.40 
8.42 
3.70 

1.32 
1,96 
1.54 
3.46 
1.56 

3.70 
7.14 
4.94 
11.88 
5.26 

2.13 
3.01 
2.26 
4.46 
2.24 

2.84 
5.40 
4.14 
9.86 
4.82 

1.52 
2.04 
1.66 
4.04 
1.74 

4.36 
7.44 
5.80 
13.90 
6.56 

2.44 
3.14 
2.71 
5.04 
2.90 

L.S.D. *      5% 
                   1% 

0.10 
0.15 

0.01 
0.02 

0.07 
0.10 

0.03 
0.04 

0.04 
0.06 

0.03 
0.04 

0.16 
0.23 

0.02 
0.04 

C.V. ** 7.16 8.28 7.56 8.54 7.41 9.05 9.09 8.40 
*: Treatments. 
**: Coefficient of variation 
EDTA (1): Zn +Mn +Fe at a rate of 0.3 g/l for each nutrient. 
EDTA (2): Zn +Mn +Fe at a rate of 0.6 g/l for each nutrient. 
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Moreover, exogenous application of humic acid as soaking method in 
combination with micronutrients mixture, achieved high significant increases 
in chlorophyll content. The combined treatment includes of humic acid plus 
0.3 g/l of Zn +Mn +FE was the best promotive effect on this respect. Since 
chlorophyll a, b and carotenoids amounted to 8.42, 3.46 and 4.46, 
respectively for the first season. Corresponding significant increases were 
9.86, 4.04 and 5.04, respectively for the second season. Santiago et al. (2010) 
reported that humic acid increased chlorophyll content. 

 
Yield and Yield Components   

Data in Table (5) show that, yield and yield components were increased 
significantly with the foliar feeding with Zn +Mn +Fe, particularly at a rate of 
0.3 g/l. This was true for both seasons. Since plant height (cm) and number 
of panical/m2 reached to 79.41 and 295, respectively for the first season and 
82.16 and 305, respectively for the second season. Prior treatment 
significantly increased panicle length (cm) and panicle weights (g) by about 
19 and 2.56 at a respective order for the first season. While data in the 
second season, were 22 and 2.60, respectively. These results indicated the 
response of rice plant to the application of micronutrients and the soil under 
study was deficient in available Zn, Mn and Fe. The positive effect of Zinc 
might be due to its function as catalyst or stimulant in most of the 
physiological and metabolic process and metal activator of enzymes, 
resulting in growth and development, which ultimately gave higher yield and 
yield components (Singh et al., 2004). The significant favorable effect of 
manganese may be due to the physiological role of this nutrient on enzymes 
synthesize and function on plant growth as well as yield and its components 
(EL-Hadidy et al., 2000). The promotive action of ferrous may be due that 
ferrous involved in photosynthesis and mitochondrial respiration. It is a 
constituent of the enzyme catalase and peroxidase and help in the utilization 
of nitrogen and increased sink size (grain/ panicle) (Sarang and Sharma, 
2004). These results are in agreement with those of Gurmani et al., (2003) and 
Shaban et al., (2010) on rice plants. 

      It can be visualized from the results in Table (5) that, the high 
significant response in yield and its components were obtained from soaking 
grains with humic acid in the presence of foliar spray with microelements for 
two growing seasons. The highest significant effect induced under humic 
acid + Zn +Mn +Fe at rate of 0.3 g/l. Since the increase in 1000- grains weight 
raised to 33 and 35(g) for the first and second seasons, respectively. These 
could be explained according to the findings of Cheng et al. (1998) who 
stated that humic acid increased the ability rate of leaves for photosynthesis 
process, increased the grain filling intensity, enhanced the drought 
resistance of plants and increased its thousand grains weights. Such 
treatment induced the highest significant improvement in grains and straw 
yield by about 2.71 and 3.85 ton/ fed., at a respective order for the first 
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season as well as 2.76 and 3.95 ton/fed. at the order state for the second 
season. The increase in rice grains and straw yield under such treatment 
probably resulted from increasing macro- and micronutrients availability 
needed for plant growth through matter decomposition (Ali, Laila and 
ELbording, 2009). Similar results were found by Bhattacharya et al., (2003) 
and Verlinden et al., (2009). 
 
Table (5): Effect of micronutrients and humic acid on yield and yield 

components of rice plant (2009 and 2010). 
Growth 
seasons 

Treatments Plant 
heights 

(cm) 

No of 
Panicles 

/m2 

Panicles 
Length 

(cm) 

Panicle 
weights 
(g/plant) 

1000-
weights 

(g) 

Grains 
Yield 

(ton/fed.) 

Straw 
Yield 

(ton/fed.) 

20
09

 
  

Control 
EDTA    (1) 
EDTA     (2) 
Humic acid +(1) 
Humi cacid +(2) 

71.23 
79.41 
72.44 
82.91 
75.11 

247 
295 
262 
310 
275 

15 
19 
16 
20 
18 

2.3 
2.56 
2.36 
2.61 
2.41 

26 
29 
27 
33 
28 

1.48 
2.60 
1.67 
2.71 
1.96 

2.1 
3.70 
2.42 
3.85 
2.65 

L.S.D.  *    5% 
                1% 

0.33 
0.48 

1.03 
1.50 

2.45 
3.57 

0.16 
0.23 

1.13 
1.67 

0.16 
0.24 

0.19 
0.28 

C.V  ** 11.02 10.18 11.41 12.43 10.92 11.44 10.25 

20
10

 

Control 
EDTA   (1) 
EDTA   (2) 
Humic acid+ (1) 
Humic acid+ (2) 

73.51 
82.16 
73.81 
86.55 
77.21 

253 
305 
270 
322 
280 

17 
22 
18 
26 
20 

2.34 
2.60 
2.38 
2.64 
2.43 

27 
31 
28 
35 
30 

1.50 
2.66 
1.70 
2.76 
1.98 

2.15 
3.80 
2.55 
3.95 
2.70 

 L.S.D. *       5% 
                   1% 

0.40 
0.59 

3.37 
4.90 

5.61 
8.16 

0.11 
0.17 

0.84 
1.23 

0.3 
0.44 

0.21 
0.31 

 C.V. ** 11.22 10.56 12.55 10.22 11.49 10.35 11.44 
  *: Treatments. 
  **: Coefficient of variation 
EDTA (1): Zn+ Mn +Fe at a rate of 0.3 g/l for each nutrient. 
EDTA (2): Zn +Mn +Fe at a rate of 0.6 g/l for each nutrient. 
 
Mineral Concentrations  
Macronutrients and Sodium Concentrations  

The data in Table (6) show that, high salt (Na uptake) competes with the 
uptake of other nutrient ions especially K leading to K deficiency. Dealing 
with micronutrients mixture at a rate of 0.3 g/l as foliar nutrition led to 
significant decrease in Na concentration followed by 0.6 g/l of these nutrients 
in rice grains under saline conditions. Since the percentage of decrease 
reached to 57.6 and 60.0% for the first and second seasons, respectively, as 
compared with the control treatment. Such treatment increased significantly 
macronutrients concentrations in grains for both seasons. The nitrogen 
concentration rose from 1.22 to 1.56% for the first season and from 1.25 to 
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1.58% for the second season at control and Zn +Mn +Fe at a rate of 0.3 g/l, at 
a respective order. In this respect EL-Fouly and Fawzi (1996) noted that 
micronutrients application led to encourage the growth of roots, which in 
turn to higher content of N,P and K and finally being reflected to increased 
the yield. These results are in accordance with those obtained by Shaban et 
al. (2010). 
    Furthermore, the results indicated high significant effect on those 
concentrations for plant received humic acid as soaking treatment plus foliar 
fertilizer with micronutrients mixture (Table 6). The combined treatment of 
humic acid + 0.3 g/l Zn +Mn +Fe was more significant effective on 
macronutrients concentration than other treatments. The concentrations (%) 
of phosphorus and potassium amounted to 0.396 and 0.74, respectively for 
the first season and 0.401 and 0.76 at order of state for the second season. 
Such treatment decreased significantly sodium concentration by about 49.15 
and 51.67% for first and second seasons, respectively, as comparing with 
control. In this connection, Chen and Aviad, (1990) reported that, humic acid 
enhanced cell permeability, which in turn made for rapid entry of mineral into 
roots - cell and so resulted in higher uptake of nutrients. Jackson (1993) 
found that, humic acid can get   into cellular nutrients stream and   make the 
cellular membrane more permeable allowing the improvement of nutrients 
flow and cell division. These results are consistent with the results published 
by Salib (2002) and Salhyabama et al. (2004). 
 
Table (6): Effect of micronutrients fertilizer and humic acid on macronutrients 

and sodium concentrations in grains of rice plant (2009 and 2010). 
Treatments 2009 2010 

N% P% K% Na% N% P% K% Na% 
Control 
EDTA            (1) 
EDTA            (2) 
Humic acid+(1) 
Humic acid+(2) 

1.22 
1.56 
1.37 
1.70 
1.40 

0.203 
0.320 
0.244 
0.396 
0.295 

0.32 
0.67 
0.40 
0.74 
0.50 

0.59 
0.34 
0.55 
0.29 
0.52 

1.25 
1.58 
1.39 
1.75 
1.42 

0.209 
0.336 
0.261 
0.401 
0.302 

0.34 
0.69 
0.42 
0.76 
0.53 

0.60 
0.36 
0.56 
0.31 
0.55 

L.S.D. *    5% 
               1% 

0.02 
0.04 

0.08 
0.12 

0.03 
0.05 

0.02 
0.03 

0.03 
0.04 

0.10 
0.16 

0.11 
0.19 

0.04 
0.06 

C.V. ** 7.62 8.16 9.45 7.95 8.91 8.20 7.98 8.01 
  *: Treatments. 
**: Coefficient of variation 
EDTA (1): Zn +Mn +FE at a rate of 0.3 g/l for each nutrient. 
EDTA (2): Zn +Mn +Fe at a rate of 0.6 g/l for each nutrient. 
 

Micronutrients concentrations 
Data in Table (7) show that, the increase mixture of micronutrients consist 

of Zn +Mn +Fe rate from 0.0 to 0.6 g/l for each element yielded in high 
significant increases in microelements concentrations (mg/kg) in grains. This 
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was true for both seasons. Where zinc and copper concentrations amounted 
to 19 and 15, respectively, for the first season. While in the second season 
data were 21 and 16, respectively. It was found from these results, that rice 
plant need to micronutrients to accelerate the metabolic processes during 
the reproductive stage which run from panicle imitation to flowering and 
ripening phase and from flowering to maturity ( Shaban et al., 2010). These 
results coincide with those obtained by Mohammed (2008) who found that, 
the micronutrients enriched with NPK fertilizer increases the concentrations 
of micronutrients in rice grains. 

Furthermore, the combination of humic acid with micronutrients mixture 
at different rates produced more significant increases in the concentrations 
for two growing seasons (Table 7). The highest significant effect was 
recorded under humic acid plus Zn +Mn +Fe at a rate of 0.6 g/l treatment. The 
increase in manganese and ferrous concentrations (mg/kg) rose to 54 and 
452 at order of state for the first season as well as 56 and 455, respectively, 
for the second season. In this connection, David et al. (1994) reported that, 
humic acid promote seed germination, increase nutrients uptake and 
stimulate plant growth by its effect on ion transfer at the root level, by 
activating the oxidation reduction state of the plant growth  medium and so 
increased absorption of micronutrients. Similar results were obtained by 
Bohme and Thilua (1997); they reported that humic acid enhanced micro-
nutrients of the plant organs. 

 
Table (7): Effect of micronutrients fertilizer and humic acid on micronutrients 

concentrations (mg/kg) in grains of rice plant (2009 and 2010). 
Treatments 2009 2010 

Zn Cu Mn Fe Zn Cu Mn Fe 

Control 
EDTA           (1) 
EDTA           (2) 
Humic acid (1) 
Humic acid (2) 

12 
18 
19 
30 
31 

11 
13 
15 
16 
17 

38 
44 
45 
53 
54 

271 
371 
381 
441 
452 

13 
20 
21 
32 
33 

12 
14 
16 
17 
18 

39 
46 
47 
55 
56 

273 
373 
384 
443 
455 

L.S.D. &      5% 
                    1% 

1.69 
2.45 

1.84 
2.75 

2.66 
3.87 

3.16 
4.67 

2.06 
3.00 

2.51 
3.89 

1.68 
2.45 

4.46 
6.49 

C.V. ** 7.62 7.96 8.53 7.28 8.95 7.60 9.96 7.61 
*: Treatments. 
**: Coefficient of variation 
EDTA (1): Zn+ Mn +Fe at a rate of 0.3 g/l for each nutrient. 
EDTA (2): Zn +Mn +Fe at a rate of 0.6 g/l for each nutrient. 
 
Crude protein and total carbohydrates percent  

The results in Table (8) reveal that, spraying rice plants two times with Zn 
+Mn +Fe at a rate of 0.3 g/l significantly increased the crude protein in grains 
by about 9.75 and 9.88 % for the first and second seasons followed by 0.6 g/l 
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of those nutrients. Similar trend was found for total carbohydrate percentage 
in grains. The increase in carbohydrate percentage may have been due to the 
effect of those nutrients on chlorophyll concentrations, activation of 
carboxylation and dehydrogenase enzymes of CO2- fixation (Kumar and 
Prasad, 1986). However, the increase in crude protein percent was ascribed 
to effect on RNA synthesis which in turn plays an important role in protein 
biosynthesis, activity of nitrate reductase in leaves (Kvyatkovski, 1988). 
 
Table (8): Effect of micronutrients fertilizer and humic acid on crude protein 

and total carbohydrates percent in grains of rice plant (2009 and 
2010). 

Treatments 2009  2010 
Crude protein 

percet 
Total 

carbohydrates 
petcet 

Crude protein 
percent 

Total 
carbohydrates 

percent 
Control 
EDTA             (1) 
EDTA             (2) 
Humic acid + (1) 
Humic acid + (2) 

7.62 
9.75 
8.56 
10.62 
8.75 

75.3 
80.3 
77.3 
81.2 
78.3 

7.81 
9.88 
8.69 

10.74 
8.88 

75.6 
80.8 
77.5 
81.7 
78.6 

L.S.D. *            5% 
                        1% 

0.11 
016 

0.17 
0.24 

0.33 
0.48 

0.12 
0.18 

C.V. ** 7.64 8.11 7.92 8.10 
 *: Treatments. 
**: Coefficient of variation 
EDTA (1): Zn +Mn +Fe at a rate of 0.3 g/l for each nutrient. 
EDTA (2): Zn +Mn +Fe at a rate of 0.6 g/l for each nutrient. 
 

Moreover, the application of humic acid as soaking treatment in presence 
of Zn +Mn +Fe mixture, more significant improvement on studded parameters 
were obtained. The combined treatment of humic acid + those nutrients at a 
rate of 0.3 g/l produced the highly significant effect on studded characters. 
Since total carbohydrates percent reached to 81.2 and 81.7 for first and 
second seasons, respectively. This may be due explained the role of humic 
acid in increasing the concentration of messenger ribonucleic acid, 
increases in enzymes synthesis and an increase in the crude protein and 
carbohydrates as found by Atak et al. (2005). Similar results were obtained by 
Ali, Laila and Elbording (2009). 

 
Seedling vigour test.  

Data recorded in Table (9) emphasized that foliar addition with 
micronutrients exhibited significant effect on germination percentage, speed 
of germination, shoot and radical length, seedling dry weight and electrical 
conductivity (EC) for the two growing seasons, surpassed the control 
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treatment. Foliar supply 0.3 g/l with those nutrients was the best effective 
treatment on the above mentioned characters. Since the increase in 
germination percentage and shoot length reached to 90 % and 6.0 (cm), in 
the order stated for the first season and 90% and 6.2 (cm), respectively for 
the second season. The improvement in those parameters may be due to the 
importance of micronutrients in enhancing accumulation of assimilate in the 
grain ( during grain filling stage) and produced more viable and vigorous 
seedling, because they supplying the young seedling to developed a large 
root system (Marschner, 1995). 

 
Table (9): Effect of micronutrients fertilizer and humic acid on seedling vigor  
                 test in rice plant (2009 and 2010). 

Growing 
seasons 

Treatments Germination 
% 

Shoot 
length 
(cm) 

Radical 
length 
(cm) 

Dry weights 
of seeds 

(g) 

EC 

20
09

 

Control 
EDTA            (1) 
EDTA            (2) 
Humic acid+(1) 
Humic acid+(2) 

78 
90 
82 
94 
82 

5.0 
6.0 
5.0 
6.8 
5.5 

3.3 
4.2 
3.0 
3.8 
3.2 

0.59 
0.71 
0.67 
0.77 
0.65 

87.1 
91.4 
95.05 
82.81 
91.8 

L.S.D. *   5% 
                1% 

0.84 
1.23 

0.15 
0.21 

0.2 
0.3 

0.03 
0.04 

0.08 
0.11 

C.V. ** 10.52 11.37 12.22 11.98 10.05 

20
10

 

Control 
EDTA  (1) 
EDTA  (2) 
Humic acid + (1) 
Humic acid + (2) 

80 
90 
84 
96 
84 

5.2 
6.2 
5.3 
7.1 
5.6 

3.5 
4.8 
3.2 
4.0 
3.8 

0.60 
0.73 
0.67 
0.8 

0.69 

89.7 
92.6 
96.7 
88.6 
92.16 

L.S.D.  *     5% 
                  1% 

1.85 
2.69 

0.16 
0.25 

0.23 
0.34 

0.05 
0.07 

0.06 
0.09 

C.V.  ** 12.33 11.52 13.17 10.92 12.04 
  *: Treatments. 
 **: Coefficient of variation 
EDTA (1): Zn +Mn +Fe at a rate of 0.3 g/l for each nutrient. 
EDTA (2): Zn +Mn +Fe at a rate of 0.6 g/l for each nutrient. 
 

It could be noted that, application of humic acid as soaking treatment 
increased the efficiency of micronutrients and thereby the most promotive 
response of studied parameters for the two seasons under study. The highly 
significant increases were only appreciable at humic acid plus foliar addition 
with mixture contained Zn +Mn +Fe at a rate of 0.3 g/l for each element. 
Where radical length (cm) and seedling dry weights being 3.8 and 0.77 at a 
respective order for the first season. Also, the results were 4.0 and 0.8 (cm), 
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respectively for the second season. Such treatment decreased significantly 
EC (82.8 and 88.60 for the first and second seasons, respectively, as 
compared with that of the control (87.10 and 89.70 for first and second 
seasons at a respective order). These results explained that the application 
of humic acid may increase the water absorption and germination rates in 
rice (Micheal, 2001). These results are in agreement with those of Ali, Laila 
and ELbording (2009); they reported that, soaking significantly improved 
germination and the highest performance in all the parameters. They also 
showed that optimal level of soaking is thought to have enhanced effect on 
germination and growth probably due to hydrolysis of complexes into simple 
sugars that are readily utilized in the synthesis of auxins and proteins. The 
auxins produced to help to soften cell walls to facilitate growth and the 
proteins readily utilized in the production of new tissues. 
 
CONCLUSION 

The main chemical properties of the used soil were salinity, poor in the 
nutrients-bearing micronutrients and organic acid which are a storehouse for 
the essential plants nutrition. Micronutrients have been found to a profound 
effect on not only the biological activity and soil structure but also on the 
plant life. This due to their stimulate the biosynthesis of endogenous auxin, 
increase the photosynthetic activity and improve the nutrients 
concentrations and uptake, thereby increasing rice growth and productivity. 
We can not neglected the importance of humic acid which enriched the 
activity of micronutrients, where the efficiency of combination more than 
using microelements individually, especially for such poor soil to obtain 
better growth accompanied by higher yield which is the main point for our 
research. 
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 يالهیومیك مع الرش بالعناصر الصغر تأثیر نقع الحبوب في حامض 
 علي جودة وإنتاجیة الأرز تحت ظروف الأراضي الملحیة

 

 )٢(أماني محمد سلام ، )١(جاكلین جرجس صادق
 الجیزة  -مركز البحوث الزراعیة -معهد بحوث الأراضي والمیاة والبیئة -قسم بحوث تغذیة النبات) ١(
 الجیزة -مركز البحوث الزراعیة  -معهد المحاصیل الحقلیة -نولوجیا البذورقسم بحوث تك )٢(

  الملخص العربي
فـي منطقـة سـهل الحسـینیة  ٢٠١٠ -٢٠٠٩اجریت تجربتان حقلیتان خـلال الموسـم الصـیفي 

لثلاث مستویات مـن مخلـوط  ١٧٨رز صنف جیزة دراسة مدي استجابة نبات الأ الشرقیة ل بمحافظة
، جـرام/ ٦ ، ،٣ فـي صـورة مخلبیـة ( صـفر، حدیـد ون من زنـك + منجنیـز+كلمر الصغري االعناص

حـامض  مـع متحـدینأو وتم إستخدام هذة العناصر في محالیل الرش إمـا فـي صـورة منفـردة  .لتر)
قبـل  سـاعة ٢٤مـدة    ملیجـرام فـي اللتـر ١٠٠بمعـدل  رزنبـات الأ  لحبـوب الهیومیك بطریـق النقـع

 یوم من تاریخ الزراعة ٧٠یوم والثانیة بعد  ٤٥لأولي بعد ین الرشة امرت . تم رش النباتاتالزراعة
حدیـد % منجنیـز و ١٢ منجنیـز مخلبـي و  % زنـك١٤  . زنـك مخلبـينلتر/ فـدا ٤٠٠وذلك بمعدل 

. أكدت النتائج المتحصل علیها فاعلیة الرش بمخلوط العناصر الصغري بمعـدل % حدید١٣مخلبي 
، جـرام / لتـر مـن كـل عنصـر فـي إحـداث إسـتجابة ٦ي نظیـرة ، جرام/ لتر لكل عنصر وتفوقة علـ٣

كانـت الجـذور هـي أكثـر أعضـاء النبـات  ومعنویة فـي الأوزان الجافـة للمجمـوع الخضـري والجـذور 
والكاروتینـات وذلـك تأثرا بهذة المعاملة وأیضا زیادة معنویة لمحتـوي الأوراق مـن الكلوروفیـل أ وب 

زیــادة إحصــائیة لمحصــول الأرز  كمــا وجــد یــوم مــن تــاریخ الزراعــة فــي موســمي الزراعــة. ٦٠بعــد 
% فـــي كـــل مـــن  77.33و 75.68  دة النســـبیة لمحصـــول الحبـــوب ومفرداتـــة حیـــث بلغـــت الزیـــا

زیـــادة إحصـــائیة لمحتـــوي الحبـــوب مـــن العناصـــر الكبـــري  وأیضـــا الموســـم الأول والثـــاني للزراعـــة.
لبروتین وانحـاس). -منجنیـز -زنـك -ي ( حدیـدبوتاسیوم) والعناصر الصغر  -فوسفور -نیتروجین(

    نسـبة عـت  إرتف   كمـا  الزراعـة.موسـمي  كل منفي   كربوهیدرات الكلیة في حبوب الأرزالخام وال
 والجذیر   الریشة  طول   إلي ضافة بالإ   إحصائیات  الإنبا
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في كل من موسمي  ١٧٨صیل الكهربي لحبوب نبات الأرز صنف جیزة للبادرة والتو والوزن الجاف 
  الزراعة.

، ٣یضــا أن إتحــاد حــامض الهیومیــك مــع مخلــوط العناصــر الصــغري بمعــدل وســجلت النتــائج أ
جریـت فـي ابقة التـي أظهار النتائج المرجوة علي كل التقدیرات السـجرام/ لتر كان الأكثر تأثیرا في إ

    .في موسمي الزراعة ١٧٨هذة الدراسة لصنف جیزة 
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Table (10): Effect of micronutrients fertilizer and humic acid on EC, pH, macronutrient and micronutrients 

availability in experimental soil (2009 and 2010). 
2009 Treatments 

(mg/kg)  micronutrients  ِ◌Available  macronutrients (mg/kg) ِ◌Availabe pH EC 
Cu Fe Mn Zn K P N 

0.089 
0.095 
0.094 
0.095 
0.098 

2.96 
3.28 
3.36 
3.54 
3.66 

2.63 
3.14 
3.41 
3.49 
3.62 

0.92 
1.01 
1.04 
1,05 
1,09 

200 
208 
203 
210 
206 

5.98 
6.41 
6.13 
6.55 
6.21 

59 
74 
66 
81 
71 

8.24 
8.16 
8.22 
8.14 
8.18 

15.29 
14.31 
14.89 
13.59 
14.74 

Control 
EDTA           (1) 
EDTA           (2) 
Humic acid+(1) 
Humic acid+(2) 

0.002 
0.003 

0.15 
0.2 

0.017 
0.025 

0.05 
0.07 

2.06 
3.00 

0.017 
0.024 

1.79 
2.60 

0.016 
0.024 

0.014 
0.02 

L.S.D. *     5% 
                   1% 

2010  
9.16 7.66 9.17 9.26 8.23 9.53 8.42 7.11 8.16 C.V. ** 

0.093 
0.12 
0.10 
0.11 
0.12 

3.04 
3.48 
3.42 
3.81 
3.90 

2.71 
3.34 
3.51 
3.81 
3.92 

0.99 
1.05 
1.10 
1.09 
1.13 

206 
216 
211 
219 
214 

6.05 
7.49 
7.18 
7.62 
7.29 

63 
79 
70 
85 
77 

8.86 
8.06 
8.13 
8.04 
8.11 

13.42 
11.24 
12.04 
10.48 
11.89 

Control 
EDTA            (1) 
EDTA            (2) 
Humic acid +(1) 
Humic acid +(2) 

0.017 
0.024 

0.02 
0.029 

0.018 
0.026 

0.06 
0.08 

1.68 
2.45 

0.002 
0.003 

1.98 
2.87 

0.017 
0.025 

0.09 
0.13 

L.S.D.  *     5% 
                 1% 

8.52 8.27 7.69 9.57 8.63 9.41 7.91 9.11 8.33 C.V.  ** 
  *: Treatments. 
 **: Coefficient of variation 
EDTA (1): Zn +Mn +Fe at a rate of 0.3 g/l for each nutrient. 
EDTA (2): Zn +Mn +Fe at a rate of 0.6 g/l for each nutrient. 
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