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ABSTRACT 
 

 Field experiment was carried out at Research and Production Station of National Research Center at 
Nubaria and Fac. Agric., Cairo Univ., during two successive seasons 2006/2007 and 2007/2008 on Paulownia 
kawakamii  seedlings. The experiment was planned to study the effect of some microelements (Fe, Zn and Mn at 
50 and 100 ppm for each element) on growth and chemical composition. The main results could be summarized 
as follows: Stem fresh and dry weights, plant height and root diameter increased by application of Fe at 50ppm. 
Stem diameter, number of leaves and root fresh and dry weights affected by spraying the seedlings with Zn at 
100 ppm. Leaves fresh and dry weight and leaf area increased by application of Mn at 50 ppm. Root 
number/plant increased by addition of Fe at 50ppm. The highest values of chlorophyll a, b and carotenoid 
contents were obtained with Zn at 50 ppm.The highest values of carbohydrates percentage in leaves, stems and 
roots were obtained with Fe at 50 ppm. Nitrogen percentage in leaves, stems and roots was high at Fe 50 ppm, 
phosphorus percentage in stem was high at Mn 100 ppm. The highest value of potassium percentage was 
recorded with leaves at Fe 50 ppm, in stems at Zn 50 ppm and in roots at Fe 100 ppm. Fe, Mn and Zn contents 
in leaves, stems and roots increased by their foliar application.  
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Introduction 
 
 Paulownia kawakamii is of the fast growing trees species and occurs naturally in many countries 
specially China. Paulownia is a deciduous tree species belongs to Fam. Scrophulariaceae, and it is a marvelous 
tree species.Paulownia is a considered one of the best trees for agro forestry. This species is highly adaptable 
and widely distributed (Zhu Zhao. 1981). Paulownia wood has many special properties; it has high resistance to 
insect damage, easy for drying, easy for processing, a 10-year old Paulownia tree can measure 30-40 cm 
diameter at breast height (dbh) and will have a timber volume of 0.3-0.5 m3. Under optimum conditions, they 
can produce useful timber within five to six years. Paulownia provides suitable wood for the manufacture of 
furniture, the wood is easily worked, suitable for carving, and has excellent insulation properties. The leaves and 
flowers are rich in nitrogen and therefore serve as good fertilizer and fodder. They also have many medicinal 
uses, and the flowers of Paulownia are a good resource for attracting honey bees (Zhu Zhao et al.1986). 

Micronutrients or micro elements are important to plant growth. Micronutrients are required only in 
very small quantities. Their concentrations in plant tissues are only a small proportion of the concentrations of 
macronutrients. Micronutrients play many complex roles in plant nutrition, but most of them are used in the 
functioning of a number of enzyme systems. However, there is considerable variation in the specific functions 
of the various micronutrients in plants and in microbial growth processes. For example, copper, iron, and 
molybdenum are an essential part of the complex reactions which make up photosynthesis and many other 
metabolic processes. Zinc and manganese function in many plant enzyme systems as bridges. They connect the 
enzyme with the substrate upon which it is meant to act. (Brady and Weil 1999).Aziz and EL-Sherbeny (2004) 
on Sideritis Montana L., Gomaa and Ragab (2005)on Codiaeum variegatum, Abd El-Aziz and Balbaa 
(2007)on Salvia farinacea and Farahat et al (2007)on Cupressus sempervirens L. El-Quesni et al. 
(2007) on Cupressus sempervirens L. Heider (2010) on Dracaena marginata and Aziz et al. (2010) on 
Cymbopogon citratus reported that spraying the plants with micro elements (Fe, Mn and Zn) at 50 or 100ppm 
resulted in the greatest vegetative growth parameters compared to control. Said (2004) on Ficus carica and 
Farahat et al. (2007) on Cupressus sempervirens L. reported that chlorophyll a, b, carotenoids and total soluble 
sugars were significantly affected by application of zinc at 40 ppm. Aziz et al. (2010) on Cymbopogon 
citratus Most of chemical constituents increased significantly by increasing Zn application and Zn at 200 ppm 
gave the greatest increase in total carbohydrate and Zn concentrations of trees. Fe at 100 ppm gave the best 
results of Fe concentration.  
         The objective of this study is to evaluate the effect of some microelements on growth parameters and 
chemical composition of Paulownia kawakamii at Nubaria region, Egypt. 
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Materials and Methods 
 

This experiment was carried out in a field of Research and Production Station of National Research 
Centre (NRC) at Nubaria during two successive seasons 2006/2007 and 2007/2008.The aim of this study was to 
investigate the effect of some micro elements (Fe, Zn and Mn) on growth and chemical composition of 
Paulownia hyprid plants in sandy soil. Paulownia kawkamii T.Ito seedlings were obtained from tissue culture 
Laboratory, Faculty of Agriculture, Ain Shams University with average length of 15-20cm. Sandy soil was used 
as growing medium. The physical and chemical properties of the soil are presented in Tables (1,A&B) 

Table (1). The Physical properties of the experimental soil. (A) Particle size distribution of the experimental soil (%).   
V.C.S 

2-1 
 mm 

C.S 
1- 0.5 
mm 

M.S 
0.5- 0.25 

 mm 

F.S 
0.25- 0.1 

 mm 

V.F.S 
0.1-0.05 

 mm 

Silt + Clay 
<0.05 
 mm 

Texture 
class 

Gravel 
>2 mm 

6.4 18.3 31.8 30.6 9.9 1.8 sandy 1.2 

V.C.S: Very Coarse Sand; C.S.: Coarse Sand; M.S.: Medium Sand; F.S.: Fine Sand; V.F.S.: Very Fine Sand 

 (B). Chemical properties  

   EC. = Electerical conductivity 

The micronutrients of Fe, Mn and Zn were sprayed individually at the rate of 50 or 100 ppm. Fe, Mn 
and Zn were added in chelated as EDTA from microelements were applied as spray every month in both seasons 
throughout the period of growth started from March to October. Plants were sprayed in the morning using 
Massol as spreading agent till the solution run off. The experiment including seven treatments.The layout of the 
experiment was complet randomized blocks design including seven treatments in three replicates, each replicate 
contain two seedlings. The treatments were as follows:  Fe at 50 ppm, Fe at 100 ppm, Mn at 50 ppm, Mn at 100 
ppm, Zn at 50 ppm, Zn at 100 ppm as well as control plants. The following data were recorded: Plant height 
(cm), stem diameter (cm), number of leaves/plant, fresh and dry weights of leaves, stems and roots (g /plant), 
leaf area (cm) at the sixth leaf node from the shoot tip of plant, number of roots/plant and root diameter (cm) at 
20 cm under the soil surface. The contents of chlorophyll a, b and carotenoids were determined according to 
Wettstein (1957). Carbohydrate percentage in the dry samples were determined according to Dubois et al. 
(1956). Nitrogen content was determined by modified micro-Kjeldahl method as described by 
Pregl(1945).Phosphorus content in sample was estimated (after wet ashing) using ammonium molybdate method 
according to Snell and Snell (1949).Potassium was determined using flame photometer according to Chapman 
and Pratt (1961). 

 

Statistical analysis 

The layout of the experiment was a complete randomized blocks design including 10 treatments in 
three replicates, each replicate contained two seedlings. The data were statistically analyzed for each season and 
then a combined analysis of the two seasons was carried out according to the procedure outlined by Snedecor 
and Cochran (1980).The least significant difference (L.S.D) at 5% for each character was calculated.  
 
Results and Discussion 
 
Effect of foliar application of Fe, Mn and Zn fertilizers on vegetative growth: 
Plant height (cm) and Stem diameter (cm): 
 

The response of the height of Paulownia plants to micro elements as shown in Table (2) the effect of 
micro elements fertilization on plant height indicated that, treating plants with Fe 50 ppm, Zn 50 ppm and Zn 
100 ppm significantly increased plant height which gave the tallest plants(289.35, 280.35 and 271.15 cm) These 
results are in agreement with those obtained by Said (2004) on Sanchezia speciosa.They found that plant height 
was significantly increased by the use of manganes, iron and zinc. The response of stem diameter of paulownia 
plants to micro elements fertilization are shown in Table (2). The data showed a significant difference between 
the stem thickness with and micro elements.  Treating plants with Zn at 100 ppm,Fe at 50ppm and Zn at 50 ppm 
giving (7.12, 5.70 and 5.65 cm) respectively compared with control plants(3.85 cm). In this concern, Said 
(1997) on Codiaeum variegatum and El-Quesni et al. (2007) on Cupressus sempervirens indicated that, trace 
elements (Fe, Mn and Zn) increased the main stem diameter. 
 

EC pH Ions species (meq/l) 
(dS/m)  Ca++ Mg++ Na+ K+ (CO3-- + HCO3-) Cl- SO4-- 
0.53 7.54 0.5 1.3 3.2 0.3 1.5 0.6 3.2 
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Number of leaves/plant: 

Data in Table (2) revealed that, spraying Paulownia plants with Zn at 100 ppm or 50ppm, Fe 50 or 
100ppm and Mn at 50 or 100 ppm giving (8.8 or 7.15, 8.2 or 6.5 and 6.2 or 5.8),this result are on line with Said 
(2004) on Sanchezia speciosa, Gomaa and Ragab (2005) on Codiaeum variegatum, and Abd-El Aziz and Balbaa 
(2007) on Salvia farinacea, they found that, foliar application of Fe, Mn and Zn increased number of leaves. 

Leaf area (cm2): 

All micro elements treatments significantly increased leaf area as compared with control. Paulownia 
plants produced the largest leaves when plants treated with Mn at 50 ppm, Fe at 50 ppm, Fe at 100ppm, and Zn 
at 50 ppm,giving (1419.1  1359.35 , 1311.2 and 1195.95 cm2 respectively) Thes finding is in accordance with 
Esmail (2008), who found that, Zn, Fe and Mn was the best for increasing leaf area of croton. 

 
Roots number/ plant and roots diameter (cm): 

            The data in Table (2) indicated that, significant effect had been obtained as a result of micro elements 
application. The highest values of roots number were obtained from plants treated with Fe 100 or 50 ppm, Mn 
100 ppm and Zn at 50 ppm ,  giving (31.0 or 30.65, 28.35 and 27.58 ) respectively compared with control . The 
responses of root diameter of Paulownia plants to micro elements under study, significantly increased root 
diameter by application of Fe 50ppm, Zn 50 ppm and Zn 100 ppm giving (4.885 , 4.605 and 4.50 cm). In this 
concern, Taha (1994) on Parkinsonia aculeate and Farahat et al. (2007) on Cupressus sempervirens, they 
indicated that, trac elements (Fe, Mn and Zn) increased root diameter and root growth of plants. 

Table 2. Effect of Fe, Mn and Zn fertilizers treatments on plant height, stem diameter,  leaves numer/plant, leaf area (cm2), main roots 
number/plant and root diameter(cm)  of Paulownia kawkamii seedlings (Combined analysis of the two seasons ) 

Treatments 
Plant height 

(cm) 
Stem diameter 

(cm) 
Leaves 

number/plant 
Leaf  area 

(cm2) 
Main roots 

number/ plant 
Root diameter 

(cm) 

Control 187 3.85 3.65 674.35 19.35 3.125 
Fe (50 ppm) 289.35 5.7 8.2 1359.35 30.65 4.885 
Fe (100 ppm) 259.15 5.58 6.5 1311.2 31 4.39 
Mn (50ppm) 248 5.07 6.2 1419.1 24 4.165 
Mn (100 ppm) 238 5.035 5.8 950.85 28.35 3.985 
Zn (50 ppm) 280.35 5.65 7.15 1195.95 27.85 4.605 
Zn (100 ppm) 271.15 7.12 8.8 1151.3 25.15 4.5 
L.S.D at 5% 37.145 0.34 1.08 254.35 2.2 0.555 

 

Leaves fresh weight (g): 

The data in Table (3) showed that, leaves fresh weight of Paulownia were greatly affected by micro 
elements, significant effects had been obtained as a result of Fe, Mn and Zn treatments. Plants treated with Mn 
at 50 ppm, Fe at 50ppm, Fe at 100ppm and Zn at 50ppm, significantly affected fresh weight of leaves 
respectively compared with control plants. These findings are in harmony with results obtained by Shehata 
(1995) on Poinciana regia, Eiada and Mostafa (2013) on Pomegranate, as shown in Table (4) there were a 
significant differences in fresh weight of stems when treated Paulownia plants with micro elements of Fe at 
50ppm, Zn at 50 ppm , Zn at 100 ppm , and  Fe at 100 ppm, In this concern, Said(2004) on Sanchezia speciosa 
and Frahat et al.(2007) on Cupressus sempervirens who reported that, application of Fe, Mn and Zn increased 
stem diameter and vegetative growth. 

 
Roots fresh weight (g): 

Data in the same Table, the effects of micro elements on roots fresh weight were gave a significant 
differences compared with control plants. The increase ranged from 78.46, 75.29 and 73.96 % due to plants 
treated with  Zn 100ppm, Fe 50 ppm and Mn 50ppm respectively. In this respect, Said (2004), on Sanchezia 
speciosa, Gomaa and Ragab (2005) on Codiaeum variegatum and El-Quesni et al. (2007) on Cupressus 
sempervirens, they found that, foliar application of iron, manganese and zinc increased fresh weight of roots. 

Dry weight of different plant organs (g): 

The data in Table (3) showed that, the application of micro elements on Paulownia plants were 
increased significantly dry weight of leaves, stems and roots. these results are owing to the use of micronutrients 
that play an important role in the respiration of critical auxins that increase cell division and increase the content 
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of leaves, which works to increase the leaf area, Also due to Zinc helps in building the Chlorophyll through its 
direct impact in the compostion of amino acids and carbohydrates and energy used in the construction of 
chlorophyll (Havlin et al 2005) and (Rezieh Mohamadipoor et al 2013) on Spathyllum illusion. 

 
Table 3. Effect of Fe, Mn and Zn fertilizers treatments on fresh and dry weight of leaves, stems and roots (g) of Paulownia kawkamii 

seedlings (Combined analysis of the two seasons) 
Treatments Fresh weight (g) Dry  weight (g) 

Leaves Stems Roots Leaves Stems Roots 
Control 249.5 644.7 637.5 105.47 278.82 313.93 
Fe (50 ppm) 854.4 1637.9 1117.5 323.31 693.00 473.39 
Fe (100 ppm) 809.1 1205.5 1042.5 319.62 521.73 447.17 
Mn (50ppm) 892.9 1160.0 1109.0 326.58 497.45 446.44 
Mn (100 ppm) 495.1 985.7 1005.0 200.30 467.67 425.97 
Zn (50 ppm) 733.7 1287.0 1025.0 271.01 564.15 460.20 
Zn (100 ppm) 586.0 1217.2 1173.7 245.70 547.61 498.41 
L.S.D at 5% 117.8 309.0 162.4 23.19 67.30 65.11 

 
Effect of foliar application of Fe, Mn and Zn fertilizers on chemical composition: 
Pigments content (mg/g F.W): 

Data in Table (4) indicated that, used concentrations of micro elements , Zn 50 ppm, Fe at 100 ppm and 
Zn at 100ppm resulted significantly increased in chlorophyll-a, which gave (0.97 , 0.95 and 0.87 mg/g F.W) 
compared with control (0.48 mg/g F.W) and Chl-b contents increased significantly by application of Zn 50 ppm, 
Fe 100 ppm and Mn 50 ppm, giving (0.38, 0.31 and 0.31 mg / g F.W) respectively, compared with control of 
Paulownia plants.The positive effect of Fe, Mn and Zn on plants may be due to their effect on metal component 
of some enzymes or regulatory for the others. They have essential roles in plant metabolism Abd-Elhady 
(2007).These results are in agreement with those obtained by Abdou (1987) on Khaya senegalensis, Badran et 
al. (1987) on Luffa cylindrica, Desai et al. (1991) on sweet orange, Supriya and Bhattacharyya (1993) on Citrus 
limon, Taha (1994) on Parkinsonia aculeata and Mansour (2002) on Hedra helix they found that, Fe, Mn and 
Zn effectively stimulated the synthesis of chlorophyll a,b and carotenoids in the leaves.Carotenoids were 
increased significantly by application with Fe 100ppm, Zn 50 ppm and Mn 50ppm, whereas Fe 50 ppm, Zn 50 
ppm and Mn 50 ppm had no significant effect of carotenoids content. 
 

Carbohydrate contents (%): 

        According to Table (4) it was found that carbohydrates contents in the different parts of Paulownia plants. 
The obtained data indicated that, all used micronutrient significantly increased carbohydrates contents, the 
highest contents of carbohydrate in leaves of Paulownia plants treated with Fe 50 ppm which gave 27. 75 % and 
stems which gave 21.60 % due to application of Fe 50 ppm and the same treatment which gave 18.02 % in roots 
compared with control plants which gave 15.62, 12.02 and 10. 86 %, respectively. The positive effect of Fe on 
enhancing carbohydrate may be due to the importance in contribution to direct the enzymes way in metabolism 
(Massoud et al 2005). 

Table 4. Effect of Fe, Mn and Zn fertilizers treatments on leaves chlorophyll a,b, carotenoids mg/g F.W. and carbohydrates % of Paulownia  
kawkamii plants(Combined analysis of the two seasons ). 

Treatments Chl. a Chl. b Carotenoids 
Carbohydrates % 

Leaves Stems Roots 
Control 0.48 0.19 0.26 15.62 12.02 10.86 
Fe (50 ppm) 0.63 0.25 0.31 27.75 21.60 18.02 
Fe (100 ppm) 0.95 0.34 0.37 23.84 17.62 13.86 
Mn (50ppm) 0.78 0.31 0.30 25.28 15.78 11.18 
Mn (100 ppm) 0.70 0.28 0.27 19.14 14.93 12.64 
Zn (50 ppm) 0.97 0.38 0.37 21.89 20.61 16.56 
Zn (100 ppm) 0.87 0.27 0.32 20.80 20.20 17.37 
L.S.D at 5% 0.14 0.06 0.06 2.68 1.66 2.18 

 

Elements contents: 
Nitrogen content (%): 

The response of nitrogen content in the leaves, stems and roots of Paulownia plants to use micro 
elements are presented in Table (5).The results show that all micro elements treatments significantly increased 
nitrogen contents, the highest values were obtained in leaves, stems and roots by using Fe 50ppm which 
increased by (60.75, 63.63 and 78.48 %) respectively compared with control plants. 
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Phosphorus content (%): 

 The results in Table (5) revealed that, treating the plants with Zn at 100 ppm, Mn at 100 ppm and Fe at 
50 ppm, increased phosphorus content of leaves, giving (0.52 , 0.42 and 0.37 % ) respectively compared with 
control plants. Treating stem Paulownia plants with Mn 100 ppm, Zn 100ppm and Fe 50 ppm significantly 
increased the values of phosphorus which giving (0.43, 0.42 and 0.37 %) respectively compared with control 
plant(0.27%).From Table(5) data indicated that ( Fe, Zn and Mn) all treatments decreased phosphorus contents 
in roots. These results are in agreement with those obtained by Koture (1984) on Coorg mandarin, Saad-Allah et 
al.(1988) on Valencia orange,Abo- Shelbaya and Ahmed (1988) on mandarin and Mansour (2002) on Hedra 
helix, they noticed that, foliar application of Fe, Mn and Zn resulted in increasing phosphorus contents in 
different plant organs. 

 
Potassium content (%): 

Data on the effect of Fe, Mn and Zn fertilization on Potassium contents are shown in Table (5). The 
highest K content in leaves was recorded by application of Fe 50 ppm and Zn at 50ppm which gave (1.34 and 
1.23%).  All micro elements application significantly increased K contents in stems and roots, these results are 
in agreement with Abo- Shelbaya and Ahmed (1988) on Balady mandarin. 

Table 5. Effect of Fe, Mn and Zn fertilizers treatments on nitrogen ,phosphorus and potassium percentage of leaves, stems and roots of 
Paulownia kawkamii (Combined analysis of the two seasons ).  

Treatments 
N % P % K% 

Leaves Stems Roots Leaves Stems Roots Leaves Stems Roots 

Control 1.58 1.10 0.79 0.35 0.27 0.25 0.67 0.50 0.40 
Fe (50 ppm) 2.54 1.80 1.41 0.41 0.37 0.24 1.34 0.73 0.76 
Fe (100 ppm) 2.05 1.40 1.26 0.37 0.30 0.23 0.78 0.78 0.81 
Mn (50ppm) 1.96 1.34 1.25 0.38 0.33 0.22 1.04 0.65 0.54 
Mn (100 ppm) 1.94 1.27 1.24 0.51 0.43 0.24 0.89 0.83 0.69 
Zn (50 ppm) 2.22 1.52 1.39 0.31 0.28 0.23 1.23 0.91 0.78 
Zn (100 ppm) 2.23 1.40 1.34 0.52 0.42 0.23 1.09 0.73 0.66 
L.S.D at 5% 0.22 0.16 0.08 N.S. 0.06 N.S. 0.13 0.06 0.06 

 

Iron content (ppm): 

Concerning the effect of micronutrients application on Fe content in the different parts of Paulownia 
plants Table (6), the obtained data indicated that, all treatments increased Fe content in the leaves, as compared 
with control. The highest values was increased of Mn50ppm, Zn 100ppm and Zn 50 ppm, giving (862.4, 806.9 
and 802.3 ppm) respectively compared with control plants (308.5ppm).From the same Table, data indicated that 
the highest increase of Fe was recorded at Zn 100 and 50 ppm followed by Mn at 50 and 100 ppm.Fe at 100 and 
50ppm gave the lowest increase in Fe content of stems. 

 Concerning the effect of micronutrients application on Fe content of roots of Paulownia plants as 
shown in (Table 7), treated Paulownia plants with Fe, Mn and Zn each at 50 or 100 ppm increased Fe contents 
in the roots. Application of Mn at 50 ppm and Zn at 100 ppm, and Zn at 50ppm gave the highest Fe contents in 
the roots(711.8, 699.8 and 668.7 ppm) respectively compared with control. Similar results were reported by 
Erdal et al. (2008) on apple rootstock and Aziz et al. (2010) on Cymbopogon citratus plant, who demonstrated 
that, there was appreciable in leaf content of Fe due to application of chelated Mn, Zn and Fe. 
 

Manganes content (ppm): 

           Data in Table (6) revealed that, all micronutrients increased Mn content in the leaves of Paulownia plants 
as compared with control plants. The highest values of Mn content of leaves were obtained by Mn 100 ppm and 
Mn 50 ppm, and Fe 100ppm giving (46.46, 45.26 and 42. 70 ppm) respectively compared with control plants 
(31.67). 

       The highest values of Mn content in the stems were obtained by Fe at 100 ppm, Mn 100ppm and Mn at 50 
ppm, giving (51.35, 51.05 and 50.23 ppm) respectively compared to control plants (36.73ppm) the content of 
Mn in roots increased greatly with the application of Mn at the two levels. These findings are in agreement with 
that reported by Naser (1982) on Washington Naval orange trees, Hernandes (2010) on star fruit tree and Sajida 
and Haffez (2010) on sweet orange, they stated that, there was an increase in leaf content of Mn with the 
application of Mn. 
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Zinc content (ppm): 

           Concerning the effect of micronutrients application on Zn content in the different parts of Paulownia 
plants, data clearly indicated that, the treatments of Zn at 100 ppm, Fe at 100ppm and Zn 50ppm gave the 
highest values of Zn in leaves compared with control plants. The application of high level of Zn, Fe and Zn 
50ppm increased Zn content in stems. All micronutrient treatments increased Zn content in roots, Zn content in 
roots increased greatly with the application of Zn at 100 ppm, Zn at 50 ppm, Fe at 100 ppm, and Fe at 50 ppm. 
These findings are in agreement with that reported by Sajida and Haffez (2010) on sweet orange and Aziz et al. 
(2010) on Cymbopogon citratus plant they reported that, the application of Zn increased Zn in leaves and herb 
dry matter. 

Table 6. Effect of Fe, Mn and Zn fertilizers treatments on Fe,Mn and Zn (ppm) content of Paulownia kawkamii (Average of  2006/2007 and 
 2007/2008 seasons). 

Treatments 
Fe Mn Zn 

Leaves Stems Roots Leaves Stems Roots Leaves Stems Roots 
Control 308.5 210.2 189.5 31.67 36.73 41.96 16.19 14.04 12.98 
Fe (50 ppm) 407.5 372.5 345.3 40.19 48.77 56.49 30.97 28.20 21.97 
Fe (100 ppm) 372.5 356.1 325.6 42.70 51.35 59.90 36.14 30.02 25.25 
Mn (50ppm) 862.4 705.4 711.8 45.26 50.23 55.87 21.53 20.21 15.63 
Mn (100ppm)   623.5 619.0 620.1 46.46 51.05 57.74 24.20 22.78 17.33 
Zn (50 ppm) 802.3 755.8 668.7 37.55 41.35 48.88 33.37 29.80 26.25 
Zn (100 ppm) 806.9 733.4 699.8 37.93 43.88 56.43 40.91 36.69 27.55 
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