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ABSTRACT 

 
A field experiment was conducted during 2006 - 2007 and 2007-2008 period  

growing seasons at Galbana village of Sahl El-Tina plane east Sueiz canal, Egypt 
,which representing a new reclaimed area ,to study effects of organic material and 
mineral nitrogen rates on some chemical  soil  properties ( EC , pH, cations, anions 
and available  N, P K , Fe ,Mn, Zn , and Cu contents in saline soil and spinach 
productivity  

Results proved that the addition of organic martial and mineral N-fertilizer led to 
decrease EC and pH values significantly. Increasing of organic material and N –
fertilizer additions to soil led to increasing available macro- and micronutrients in soil 
compared with plots without organic material. The amendment effect on available 
micronutrients content in soil followed the order, ChM manure > FYM > PRC for Fe, 
Zn, Cu while for Mn was effect of PRC > ChM > FYM. The organic amendments rates 
and mineral N-fertilizer led to increase in spinach productivity and its content of macro 
and micronutrients in leaf The efficient treatments graduated in the orders ChM > PRC 
> FYM when each  of them  was added at a rate of 10 ton fed.-1 combined with 40kg 
urea fed.-1. 
Keywords: Saline soil, organic manure, mineral -N, spinach (Spinacia olerasea L.,). 

  

INTRODUCTION 

 
Organic manuring system is followed in Egypt from ancient times 

Ahmed (2007) reported that organic matter plays a major role in the 
productivity of such soils particularly in terms of their fertility and water 
holding capacity under strong weathering. El-Kassas et al. (1997) mentioned 
that using three different animal organic manures at the rate of 20kg line-1 
decreased soil pH values at the beginning and at the end of the experiment. 
Abdel- Samad and Eid, (1995) found that application of different composted 
plant residues and chicken manure resulted in a reduction of soil pH value. 
Tisdall and Oades (1980) and Ahmed (2007) proved that organic matter 
quality is more important than quantity in relation to aggregate stability. They 
also observed that a greater quantity of organic material is needed to improve 
soil structural properties more than it is necessary to supply the nutrient 
requirements of a growing crop. Moreover as they added, the combination 
effect of the different organic amendments may play an important role taking 
into consideration the economic and environmental impact to quantifying the 
use value of organic amendments. Seddik, et al (2006) found that the values 
of pH and EC were lower, for first and second seasons, with application of 
FYM and chicken manure compared to treatments without organic manure 
.Dahdoh et al. (2001) reported that increasing application of chicken manure 
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increased available soil N, P, K, Fe, Mn, Zn, Cu, Ni, Pb, Cd, Co and Cr. 
Soliman and Hassan (2004) showed that the application of organic materials 
either alone or in combination with chemical fertilizers caused a substantial 
increase in soil available N,P and K. Hammad et al (2007) Vats et al. (2001) 
reported that the annual application of FYM at 10-15t ha.-1 in conjunction with 
optimal NPK fertilizers improved spinach productivity by 16.44% in various 
soil types at several locations. Fusun (2005) found that increments in nitrogen 
doses of urea from 0 (control) to 150kg N level ha.−1 increased 
NO3

−,NO2
−,total N contents and yield of spinach significantly. 

Spinach (Spinacia olerasea L.,) is one of the vegetables having 
inherently high nitrate concentration. Nitrate accumulations in petioles have 
several folds higher than that in leaf blades. Nevertheless, high nitrate 
concentration is found in leafy vegetables practically under intensive nitrogen 
fertilization, Rashed, (2006) reported that the soil content of available N, P 
and K increased as the level of mineral N fertilization increased. 

So the aim of this study is to investigate the direct and residual effects 
of applied organic manures derived from different sources during successive 
two growing seasons on some chemical properties of saline soil and  spinach 
(Spinacia olerasea L.,) productivity at Gelbana village , Sahl El-Tina plain 
located in eastern Suez Canal ridge.  

 

MATEREIALS AND METHODS 
 

A field experiment was carried out in private farm at Gelbana village of 
Sahl El-Tina plain east Suiz Canal, in two successive winter seasons of 2006- 
2007 and 2007- 2008, to study the effect of organic additions on some 
chemical soil properties and spinach productivity under salinity stress. Soil 
characteristics are shown in Table (1). The experiment was layed out in a 
split split plot design with 3 replicates.  Organic fertilizers types were plant 
residues compost (PRC), farmyard manure (FYM) and chicken manure 
(ChM) as main treatments The sub plots were occupied by application rates 
of 0, 10 and 15 ton fed.-1 which were added 25 days before planting during 
tillage process. The chemical properties of the used organic manures are 
illustrated in Table 2. The nitrogen fertilizer treatments as sub sub plots were 
urea (46 % N) at the rates 80 and 40kg urea fed.-1 after 21 and 42 days from 
planting. The experiment was sown twice in the first season on 15th 
September 2006 and 20th of January 2007.The two sowing dates in the 
second season on the 15th September 2007 and 30th of January 2008.All 
plots received phosphorus fertilizer during field preparation at a rate of 15.5kg 
P2O5 fed.-1 as calcium superphosphate (15.5% P2O5). Potassium fertilizer 
was given on two equal doses each of 20 and 30kg K2O fed.-1 as Potassium 
sulphate (48% K2O) added after 21 and 35 days of planting respectively. All 
the plots were surface irrigated from El-Salam canal. 

Soil analyses: Mechanical, chemical properties and nutrient availability 
were determined  in the soil collected from surface layer(0-30cm) by the 
methods described by Black (1965) and Soltanpour and Schwab (1977) 
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.Organic manure analyses were carried out according to stander methods 
described by Brunner and Wasmer(1978),shown in Table (2)  

Plant analyses: The plant samples were taken after harvesting washed 
with tap water and distilled water and oven dried at 70 Co.  Total nitrogen in 
plant samples was determined according to Jackson (1967).Potassium was 
determined according to Chapman and Pratt (1961) by flame- photometer , 
phosphorus  and  Fe ,Mn, Zn and Cu were determined  by atomic absorption 
immersion  according to Soltanpour and Schwab (1977) Obtained data were 
statistically analyzed according to Snedecor and Cochran (1971). 
 
Table 1: Some physical and chemical properties in soil before planting  

Crosse 
sand (%) 

Fin sand 
( %) 

Silt 
(%) 

Clay 
(%) 

Texture O.M 
(%) 

CaCO3 
(%) 

2.10 78.25 8.90 10.75 Sandy 0.49 7.98 

pH 
(1:2:5) 

EC 
(dS/m) 

Cations  (meq-1) Anions  (meq-1) 

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

4 

8.29 13.64 8.66 17.73 110.00 1.15 7.49 92.00 38.05 

Available nutrients ( mgkg-1 soil) 

N P K Fe Mn Zn Cu 

45.00 4.99 166.00 2.68 5.93 0.57 0.068 

 
Table 2: Some chemical properties of different organic fertilizer used in 

study 
Organic 
manure 

pH 
1:2.5) 

EC  
(dSm-1) 

C/N N P K Fe Mn Zn Cu 

(%) DTPA extractable 
(mgkg-1) 

PRC 7.25 5.76 22.5 1.83 0.88 2.23 25.9 40.9 28.6 4.5 

FYM 8.12 8.79 23.85 1.31 1.08 1.75 31.9 53.2 24.0 5.5 

Ch M 7.34 6.51 26.30 1.67 0.89 1.91 30.0 69.8 38.9 4.7 

 
RESULTS AND DISSUCION 

 
Soil pH  

Data in Table 3 show that soil pH values were affected by all the 
used amendments significant. The decrease in soil pH values may be related 
directly the active organic acids released from the added manure which 
encouraged the reduction in soil pH These findings are in agreement with 
those reported by Shaban (2005) and Ahmed (2007).More increasing of 
manure addition rate from 10 to 15 ton fed.-1, resulted in more depression in 
soil pH for all the used sources The relative decreases in soil pH values were 
0.61,1.22 and 0.25,0.49 % for treatments with composted rates 10 and 15 
each them combined with 40 and 80kg N fed-1 compared to treatments of 40 
and 80kg urea/fed only respectively .The soil treatments with organic farm( 
FYM) by rate 10 and 15 ton fed-1 combination with  nitrogen fertilizer,40 and 
80kg urea fed.-1 relative decreases pH values with 0.50,1.00 and 0.49,0.87 % 
compared soil treatment of 40 and 80kg urea fed.-1 only, respectively 
Whoever, the soil treatments of chicken manure (ChM) by rate 10 and 15 ton 
fed.-1 combination with urea by rate 40 and 80kg urea fed.-1 obtained relative 
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decreases in soil pH with 2.44,2.70 and 0.5,1.00 % compared soil treatment 
with 40 and 80kg urea fed.-1 only ,respectively. These findings are in 
agreement with those reported Seddik, et al (2006) and Ashmaye, et al. 
(2008)  
Salinity (EC) of Soil. 

Data given in Table 3 show that the total soluble salts expressed as 
soil electric conductivity (EC) tented to decrease with increasing the added of 
organic manures. The soil electric conductivity values were depressed with 
about 30, 29, and 24 % by addition 15 ton fed.-1 of PRC, FYM and Ch M, 
respectively. Increasing urea application reduced EC also in all cases. These 
results proved that EC values decreased with increasing organic manures 
and nitrogen fertilizer, this results reflected the organic matter effect on 
improvement soil properties .Rajinder and Mandeep (2007) found that the 
effect of organic manures and mineral fertilizer on changed of soil pH and EC 
led to decreasing them long term. 

Data show that increasing organic and mineral nitrogen fertilization 
rates led to positively significant decreased soil salinity (ECe) This may be 
due to the positive effect of released active organic acids which enhancing 
soil aggregation and created conductive prose which led to the excess of 
soluble salts, Seddik, et al, (2006) ) and Ahmed ,(2007). 
 
Table 3: Mean values of some chemical properties of soil after Spinacia 

oleracea L. harvest during two seasons: 
Treatment Ton 

/fed 
Kg 

urea 
/fed 

PH 
(1:2.5) 

EC 
dSm-1 

Cations (mql-1) Anions ( mql-1) 

Ca+2 Mg+2 Na+ K+ HCO-
3 Cl- SO--

4 

PRC 0 40 8.23 10.19 9.28 17.45 74 0.60 8.72 51 41.01 

10 8.18 8.87 9.76 17.36 61 0.64 8.55 43 37.21 

15 8.13 7.21 9.88 17.21 45 0.67 8.16 31 33.60 

0 80 8.14 10.00 9.30 17.39 73 0.70 8.29 49 42.92 

10 8.12 8.75 10.14 15.69 61 0.73 7.38 41 39.18 

15 8.10 7.11 10.35 15.51 44 0.77 7.12 28 35.51 

FYM 0 40 8.14 10.12 9.35 16.28 75 0.68 8.15 53 40.16 

10 8.10 9.63 9.38 16.36 70 0.71 8.06 48 40.39 

15 8.06 8.52 9.40 16.48 59 0.73 7.89 42 32.71 

0 80 8.07 9.51 9.37 16.47 69 0.69 7.76 47 40.77 

10 8.03 8.48 9.45 16.78 58 0.75 7.98 41 36.00 

15 8.00 7.23 9.89 16.85 45 0.79 7.78 32 32.75 

 
ChM 

0 40 8.02 9.88 10.03 14.34 74 0.64 7.54 58 33.47 

10 8.00 8.82 10.12 14.18 64 0.67 7.66 49 32.31 

15 7.98 8.74 10.18 14.25 62 0.71 7.43 46 33.71 

0 80 8.01 9.59 10.08 14.36 71 0.69 7.23 51 37.90 

10 7.97 8.31 10.17 14.32 58 0.73 7.52 40 35.70 

15 7.93 7.49 10.21 14.28 51 0.75 7.31 37 31.93 

LSD %5 Organic 0.43 0.46 0.19 0.56 0.16 0.04 0.32 6.76 3.56 

LSD %5 Rats organic 0.48 0.51 0.21 0.60 0.81 0.05 0.36 6.75 3.15 

LSD % 5 Nitrogen 1.38 0.01 0.16 0.48 0.27 0.06 0.56 5.52 8.01 
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Cotion and Anion Contents in Soil. 
The concentration of cations and anions in soil paste extracts are 

presented in Table 3. The obtained data revealed that the soluble ion 
contents at surface layer (30cm) during spinach planting through the two 
seasons were affected with the used organic manures and urea on soluble 
ion content in soil study. However, values of Ca++ and K+ increased in all 
organic amendments but values of Mg++, Na+, HCO-- 3 and Cl- decreased in 
manured plots. Application of urea and organic manure tended to pronounced 
decrease in soluble Mg+2, HCO--

3, Cl- , especially with increasing the applied 
rates. 
Available macronutrients in the studied Soils. 

Concerning available N (Table 4), it could be noticed that different 
manures were of significant differences among each other in both seasons. In 
the 1st season Ch M was only significantly superior to PRC. In the both 
seasons, FYM and Ch M were statistically as the same .Manure application 
rates did not produce significant effect in the 1st season but in the 2nd one 
each of 10 and 15 ton fed.-1 gave significantly higher available N than in 
unmanured plots. On the other hand urea application gave the some effect in 
the 2nd season but 80kg urea fed.-1 was significantly superior in the 1st one. 
The double and triple interactions were of significant effect among them. The 
higher available N treatments were that received 15 ton Ch M and 80kg urea 
fed.-1in both seasons which were of significant effect on unmanured plots of 
40kg urea and significantly over the others. These results were in agreement 
by Soliman and Hassan (2004) and Fusun (2005). 

Regarding available P, organic sources were of significant effect in 
the descending order of FYM > Ch M > PRC in the 1st season while in the 2nd 
one there were no significant differences among them. On the contrary, rates 
which were statistically as the season in the 1st season caused significant 
elevation in available P in the 2nd season by using 15 ton.fed.-1 referring to 
those unmanured. Doublication of urea rate did not caused significant effect 
in the both season. The interaction double and triple effects were found in the 
both seasons insignificant. These results were in agreement with Dahdoh, et 
al. (2001) and Ashmaye et al (2008)  

As for available K in plots after the 1st season two cultivation did not 
affect with each individual treatment or their combination. In the second 
season, available K was significantly affected with sources of manures in the 
order Ch M = FYM > PRC, with 15 ton fed.-1 application rate over unmanured 
ones and finally with application of 80kg urea fed.-1 these responses were 
reflected on the double and triple interactions resulting in superiority of 15 ton 
fed.-1 Ch M combined with 80kg urea significantly to PRC combined with 40 
or unmanured plots received 40kg urea. Generally, it may be worthy to 
mention that concentration of available forms of nutrient could be affected 
with several factors rather than treatments such as soil layer, volatilization for 
N and precipitation P so these available concentrations are secondary 
expressing parameters. 
Available micronutrients in studied Soil. 

Data of Table 5 show the available forms of Fe, Mn, Zn and Cu in soil 
after the two cultivations of each season.  
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That pronounced increases in soil available micronutrient contents were 
achieved as a result of organic manure through two seasons. This is more 
related to the residual organic compounds after different biochemical and 
chemical changes, which led to released more available micronutrients. 

For available Fe data show that the double and triple interactions of 
the applied combination treatments these were of significant effect among 
them in the 1st season but in the 2nd one they were insignificant. Concerning 
available Mn the applied double interaction treatments (rates of manures and 
mineral nitrogen and rate source of the organic manures) resulted in 
significance in the 1st season while the other treatment factors were 
insignificant in the 1st and 2nd seasons. On the other hand available Cu did 
not response to the interaction effect of the double and triple ones in the both 
seasons were insignificant except those (manures rates and mineral N) which 
were significant in both seasons. 

Generally The increase or decrease in available micronutrient 
concentrations in the studied soil attributed to increasing rates of manures, 
mineral N fertilizer and decreased of soil pH. These results are agreement by 
Wajahat et al (2006) who found that the availability of micronutrients were 
particularly sensitive to changes in soil environment. These factors according 
to them which effect on the contents of such micronutrients are organic 
matter, soil pH, lime content, sand, silt, and clay contents. The relative 
increase percentage of Fe available content as affected with the applied 
organic manures at the rates of 10 and 15 ton fed.-1 were 4.20,3.60 and 
5.32,5.77 % in the 1st season which 1.33,1.60 and 4.10,4.30 % in the 2nd 
seasons at applied rates of 40 and 80kg urea fed.-1, respectively. 

The corresponding values were 1.13,2.10 and 1.11,1.74 % in the 1st 
seasons while 1.00,1.93 and 0.31,0.78 % in the 2nd seasons for available Mn 
as affected with applied organic manures at rate of 10 and 15 ton fed-1 
combination with rates of 40 and 80kg urea fed-1 respectively. Regarding that 
the relative increase of Zn values as affected addition organic manures at 
rate of 10 and 15kg urea fed.-1 were 6.98,9.30 and 4.17,6.25 in the 1st 
seasons which 9.30,13.95 and 4.00,7.00 % in the 2nd seasons at the applied 
rate 40 and 80kg urea fed.-1 respectively. Also, the corresponding relative 
increase ( %) of the applied organic manures at the rate of 10 and 15 ton fed.-

1 were 5.33,24.00 and 6.25,11.25 % in the 1st seasons and 5.41,17.57 and 
4.60,5.75 % in the 2nd seasons at applied rates of 40 and 80kg urea fed.-1 for 
available Cu content , respectively. 
Effect of Organic Manures and N-fertilizer on the Spinach Plant. 
Plant growth and productivity: 

The results obtained show that soil chemical properties and fertility 
status positively or negatively reflected on plants growth, and in turn on their 
yields. Direct effects of the used different organic materials and nitrogen 
mineral rates on Spinacia oleracea .L yield are shown in Table 6. The 
obtained data show that the values of dry matter yield of both studied 
cultivations increase with increasing rates of organic manures and nitrogen 
fertilizer rate and 1st and 2nd seasons, due to more reduction in soil salinity 
and sodicity. The fresh weights (ton fed.-1) of spinach plants increased with 
increasing organic manures and N application rates significantly.  
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As well as their combination in both seasons while the manure type factor 
was insignificant in the 1st and 2nd seasons. The mean values were 2.49–
3.25, 2.88–3.23 and 3.02–3.36 ton fed.-1 in 1st seasons and 2.98–3.28, 2.90–
3.27 and 3.10 – 3.42 ton fed.-1 yield fresh weight in 2nd seasons for FRC, 
FYM and ChM and Nitrogen rates, respectively .Increase application rates 
from N fertilizer it has essential roles as a constituent of protein, nucleic 
acids, chlorophyll and growth hormones. This result was in agreement by 
Hammad et al (2007). 

The addition of organic material and mineral N rates led to increased 
for leaf fresh (g), leaf dry weight (g) and plant height (cm) significantly in 
response to all treatments. Leaf fresh (g), leaf dry weight (g) and plant 
highest (cm) in the 1st seasons were insignificant response to the double and 
tribal combination of treatments with exception of combination organic 
manures +N rates, organic + rates and tribal combination treatment which 
were significant in the 2nd seasons for Leaf fresh (g), leaf dry weight (g) The 
higher of plants growth was proportionally correlated with higher manure and 
mineral N applications combares to those received mineral only, these result 
agreement by Peyvast et al (2007). 
Macronutrients concentration in Spinach leaves: 

Data in Table 7 show the effect of organic manures and N- mineral 
rates on macronutrients N, P and K concentration in spinach leaf was more 
pronounced by increasing application of organic manures and N-mineral 
rates addition. However, increase of N, P, and K concentration it my be 
attributed to the interaction effects of organic matter and mineral -N rates. 
Data showed also that the concentrations of N in leaf spinach were at 
sufficient limits or the critical concentration for N being as mentioned by Goos 
et al (1981)  
It is evident from the distribution patterns of N, P and K concentration by both 
spinach seasons that organic manures could be arranged according to their 
effects on these contents in the following orders: ChM > FYM > FRC for N 
and P in leaf spinach, while ChM > FRC > FYM for K in spinach leaves  .  
These results agreed with Vats, et al. (2001). The relative increases of N, P 
and K percentage in leaf of spinach as affected by the used organic manures 
rates 10, 15 ton fed.-1 and rates of 40 and 80kg urea fed.-1, were 15.00-22.00 
% and 16.00–18.00 % in 1st seasons while 16.00 – 22.40 % in 2nd seasons 
for N respectively. On the other hand the relative increases 6.38 – 13.00 % 
and 12.00 – 16.00 % in the 1st season but 6.00 – 14.00 % and 9.00 – 14.29 
% in 2nd seasons for P respectively. Concerning that the corresponding 
values percentage 2.12 – 3.53 % and 1.73 – 3.81 % in 1st season while 2.44 
– 3.50 % and 2.40 – 3.75% in 2nd seasons for K respectively. Data showed 
that the applied double and tribal combined treatments resulted in a 
significant effect on the concentration in leaf of N, P and K in 1st seasons 
except that between organic sources and their rates treatment which were 
insignificant. 
Micronutrients concentration of Spinacia leaves: 

Results in Table 8 show that applying of organic manures and urea 
caused markedly increases in the concentrations of  Fe , Mn, Zn and Cu in 
spinach leaves, with a more pronounced increase with increasing the 
application rates 10- 15 ton fed.-1 of organic manures and  80kg urea fed-1  in 
the two seasons .  
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The relative increases of the studied micronutrients (Fe , Mn, Zn and Cu) in 
spinach leaves are mainly depend on the used different rates of manures and 
40 and 80kg urea fed.-1  These mean values for the two seasons arranged as 
follows: FRC > FYM > ChM, for Fe and Mn. While ChM  > FYM > FRC ,for Zn 
, compared to those  of urea (40 and 80 kg urea fed-1) alone but the Cu , 
relative increases arranged into: ChM > FYM > FRC with 40kg urea fed.-1 and 
FRC > FYM > ChM, of used 80kg urea fed.-1 as compared to mineral -N only, 
respectively. These results agreement by Abd El-Aal, et al (2003).Data show 
that the applied combination treatments resulted in insignificant interaction 
effects on the concentration (mgkg-1) of Fe, Mn and Zn, while the effect was 
significant for Cu in the two seasons. 
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على بعض  فضت ت التربض  و انت جيض   المعدني  التسميد العضوي والنتروجينى تأثيرات
 السب نخ تحت ظروف الأراضي  الملحي .

 هدى فدقي سعيد والحسيني المرسى السيد خت جي  ،خ لد عبده حسن شعب ن
 مفر  –الجيزة -مركز البحوث الزراعي    –معهد بحوث الاراضى والمي ه والبيئ  

 

-6002س6002 -6002ى في قرية جلبانة بمنطقة سهل الطينةة لمسسةم ه حقليهتجربأجريت 
تحةةت تةة اير الملسحةةة ضلةةى بنةة   لدراسةةة التةة اير ابيجةةابي للتسةةميد النتةةسي سالنترسجينةةى  6002

الكاتيسنات سابنيسنات سالنناصر الميسرة في التربةة النتةرسجي   EC , pH صفات التربة  الكيمائية 
سإنتاجيةة محصةسل السةبانم سمحتةس    يسم سالحديةد سالمنجنيةو سالونةا سالنحةا سالفسسةفسر سالبستاسة
 – 00 –التسةميد النتةسي بمنةدبت صةفر  الاث مصةادر مة   استخدم حيث تم.هالنناصر في أسراق

س مخلفةات الةدساج  سكةكالا ا السماد البلد  أسط  /فدا  سكانت كمبسست مخلفات نباتية مكمسرة  01
 / فدا  سكانت النتائج كالتالي :يسرياكجم  20س  00لتسميد النترسجينى م  ا مستسيا  استخدم

 لمنةدلىالتربةة سكةا   pH and ECأد  استخدام الأسمدة النتسية إلى انخفا  فةي قةيم   
 ت اير مننسي. ط  /فدا  01س  00 الإتافة

ة مننسية واد محتس  التربة م  النناصر الميسرة م  النترسجي  سالفسسفسر سالبستاسيسم وياد
 المندني  س النتسي بويادة مندبت التسميد
ضلةةى ويةةادة  امننسيةة ه الكمبسسةةتيليةة السةةماد البلةةد  هتةة اير سةةماد الةةدساج  يليةة تةةدرت ترتيةة 

سةماد الةدساج  يليةة سةماد  هسيلية المكمسرالسةماد بينمةا كةا  ترتية ضناصر الحديةد سالونةا سالنحةا  .
 ة ضنصر المنجنيو ت اير مننسي ضلى وياد كا الإسطبل الماشية
 التسميد النترسجينى إلى ويادة إنتاجية محصسل السبانم.مع التسميد النتسي  اشترااأد  

السةةبانم مةة   أسراق إلةةى ويةةادة محتةةس  تويةةادة منةةدبت التسةةميد النتةةسي س المنةةدني أد
 النناصر الكبر  سالصغر  ويادة مننسية .

 س المكمةةسر س سةةماد الةةدساج  كانةةت مةة أفتةةل النتةةائج المتحصةةل ضليهةا أظهةرت النتةةائج أ   
يسريا بنف  الترتية  السةابلأ لأنةسا  كجم  00معط  /فدا   00كانت ضند إتافة مندل  البلد السماد 

 السماد النتسي المككسرة
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   Table 4: Available of macronutrients (mgkg-1) content in soil as affected with amendments.  
Nutrin Season  Org. rate 

(ton/fed) 
FRC FYM Ch M Mean of mineral     

N     Rate L. S. D. 
at 0.05 level 

L. S. D. 
at 0.05 level 
interaction 

 
urea kg /fed mean urea kg /fed mean urea kg /fed mean urea kg /fed mean 

40 80 40 80 40 80 40 80 

Nitrogen 1 St  0 59 64 62 67 71 69 74 75 75 67 70 69 Org  =   4.68 
Rate =   
5.54 

N-     =  1.59 

Org. Rate=9.60 
Org. N = 2.75 
Rate. N = 2.75 
Org. R. N=4.77 

10 62 63 63 69 74 72 76 77 77 69 71 70 

15 66 70 68 72 78 75 77 79 78 72 76 74 

Mean 62 66 64 69 74 72 76 77 77 69 72 71 

2 nd  0 61 68 65 69 76 73 78 79 79 69 74 72 Org =  3.24 
Rate =  3.62 
N- =      5.52 

Org. Rate=6.27 
Org. N = 9.56 
Rate. N = 9.56 

Org. R. N=16.56 

10 64 71 68 75 78 77 79 84 82 73 78 76 

15 69 74 72 77 82 80 83 87 85 76 81 79 

Mean 65 71 68 74 79 77 80 83 82 73 78 76 

Phosphorus  1 St  0 5.48 5.51 5.00 5.66 5.89 5.78 5.69 5.83 5.76 5.61 5.74 5.68 Org  =   0.34 
Rate =   
0.42 

N-     = 0.41 

Org. Rate=0.59 
Org. N = 0.73 
Rate. N = 0.73 
Org. R. N=1.23 

10 5.56 5.58 5.57 5.82 5.94 5.88 5.73 5.98 5.86 5.84 5.83 5.83 

15 5.61 6.12 5.87 6.04 6.14 6.09 5.91 6.17 6.04 5.85 5.81 5.83 

Mean 5.55 5.74 5.48 5.84 6.00 6.92 5.78 6.00 5.89 5.75 5.91 5.83 

2 nd  0 5.55 5.59 5.65 5.59 5.91 5.75 5.72 5.94 5.88 5.62 5.83 5.73 Org = 0.32 
Rate = 0.31 
N.   = 2.21 

Org. Rate=0.55 
Org. N = 0.54 
Rate. N = 0.54 
Org. R. N=6.63 

10 5.67 5.65 5.66 5.86 5.96 5.91 5.78 6.04 5.91 5.77 5.88 5.82 

15 5.74 6.23 5.98 6.12 6.23 6.18 5.96 6.15 6.06 5.94 6.20 6.07 

Mean 5.65 5.82 5.76 5.86 6.03 5.95 5.82 6.04 5.95 5.78 5.96 5.87 

Potassium  
 

1 St  0 178 184 181 190 198 194 189 204 197 186 195 191 Org = 19.99 
Rate = 
17.81 

N. =  42.16 

Org. R=35.00 
Org. N =30.85 
Rate. N =30.85 

Org. R. N=126.5 

10 185 188 187 196 200 198 195 212 204 192 200 196 

15 192 195 194 199 205 202 201 218 209 197 206 202 

Mean 185 189 187 195 201 198 195 211 201 192 200 196 

2 nd  0 188 191 189 198 207 203 195 218 207 194 205 200 Org = 7.25 
Rate = 5.06 
N = 10.90 

Org. R=12.56 
Org. N = 8.76 
Rate. N = 8.76 

Org. R. N=32.70 

10 194 196 195 205 209 207 198 226 212 199 210 205 

15 196 199 198 210 215 213 210 229 219 205 214 210 

Mean 193 195 194 204 210 208 201 224 213 199 210 205 
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   Table 5: Available of micronutrients (mgkg-1) content in soil as affected with amendments.  
Nutrinets Seasons 

years 
Org rate 
(ton/fed) 

FRC FYM Ch M Mean of mineral     N     
Rate       Mean L. S. D. at 

level 0.05 

L. S. D. 
at 0.05level 
interaction 

 
urea kg /fed Mean urea kg /fed Mean urea kg /fed Mean urea kg /fed Mean 

40 80 40 80 40 80 40 80 
Fe 1 St  0 3.58 3.66 3.62 3.62 3.67 3.65 3.51 3.58 3.55 3.57 3.64 3.61 Org = 0.017 

Rate = 0.019 
N. = 0.030 

Org. Rate =0.030 
Org. N =  0.033 
Rate. N=   0.033 
Org. R. N. =0.090 

10 3.86 3.94 3.90 3.74 3.75 3.74 3.55 3.63 3.59 3.72 3.77 3.75 
15 3.89 4.00 3.95 3.78 3.88 3.83 3.62 3.68 3.65 3.76 3.85 3.81 

Mean 3.78 3.87 3.82 3.71 3.77 3.74 3.56 3.63 3.60 3.68 3.76 3.72 
2 nd  0 3.77 3.84 3.81 3.66 3.72 3.69 3.57 3.62 3.60 3.67 3.73 3.70 Org = 0.281 

Rate = 0.314 
N      =  0.478 

Org. Rate =0.487 
Org. N    = 0.544 
Rate. N    = 0.544 
Org. R. N. =1.434 

10 3.92 3.97 3.95 3.79 3.85 3.82 3.59 3.68 3.63 3.77 3.83 3.80 
15 3.96 4.02 3.99 3.83 3.91 3.87 3.66 3.74 3.70 3.82 3.89 3.86 

Mean 3.88 3.94 3.92 3.76 3.83 3.79 3.61 3.68 3.64 3.73 3.82 3.84 
Mn 1 St  0 6.75 6.86 6.81 5.69 5.81 5.75 6.12 6.25 6.19 6.19 6.31 6.25 Org = 0.166 

Rate = 0.186 
N      = 0.223 

Org. Rate =0.288 
Org. N   = 0.320 
Rate. N  = 0.320 
Org. R. N. =0.669 

10 6.88 6.95 6.92 5.75 5.89 5.82 6.15 6.29 6.22 6.26 6.38 6.32 
15 6.91 7.01 6.96 5.86 5.93 5.89 6.19 6.31 6.25 6.32 6.42 6.37 

Mean 6.85 6.94 8.89 5.77 5.88 5.83 6.15 6.28 6.22 6.26 6.37 6.32 
2 nd  0 6.82 6.97 6.91 5.71 5.91 5.81 6.17 6.28 6.23 6.23 6.40 6.32 Org = 0.458 

Rate = 0.512 
N      = 0.583 

Org. Rate =0.793 
Org. N  =0.887 

Rate. N  = 0.887 
Org. R. N. =1.749 

10 6.90 7.02 6.96 5.77 5.94 5.86 6.19 6.31 6.25 6.29 6.42 6.36 
15 6.94 7.05 7.00 5.89 5.96 5.93 6.22 6.33 6.28 6.35 6.45 6.40 

Mean 6.89 7.01 6.96 5.79 5.94 5.87 6.19 6.31 6.25 6.29 6.42 6.36 
Zn 
 

1 St  0 0.78 0.94 0.86 0.85 0.91 0.88 0.95 1.04 0.99 0.86 0.96 0.91 Org = 0.056 
Rate = 0.060 
N      = 0.248 

Org. Rate =0.097 
Org. N   = 0.104 
Rate. N  = 0.104 
Org. R. N. =0.744 

10 0.83 0.97 0.90 0.89 0.97 0.93 0.99 1.07 1.03 0.92 1.00 0.96 
15 0.88 0.99 0.94 0.93 0.99 0.96 1.01 1.09 1.05 0.94 1.02 0.98 

Mean 0.83 0.97 0.90 0.89 0.96 0.92 0.98 1.07 1.05 0.91 0.99 0.95 
2 nd  0 0.81 0.97 0.89 0.88 0.95 0.91 0.98 1.08 1.03 0.86 1.00 0.93 Org = 0.059 

Rate = 0.069 
N      = 0.064 

Org. Rate =0.102 
Org. N = 0.119 
Rate. N=0.119 

Org. R. N = 0.192 

10 0.87 1.01 0.94 0.93 1.02 0.98 1.02 1.10 1.06 0.94 1.04 0.99 
15 0.92 1.03 0.98 0.98 1.04 1.01 1.04 1.14 1.09 0.98 1.07 1.03 

Mean 0.87 1.00 0.94 0.93 1.00 0.97 1.01 1.11 1.06 0.93 1.04 0.98 
Cu 1 St  0 0.078 0.081 0.079 0.064 0.073 0.068 0.083 0.085 0.084 0.075 0.080 0.078 Org = 0.0020 

Rate = 0.0021 
N     = 0.0011 

Org. Rate =0.0035 
Org. N   = 0.0036 
Rate. N  = 0.0036 
Org. R. N =0.0033 

10 0.084 0.086 0.085 0.067 0.077 0.072 0.086 0.093 0.089 0.079 0.085 0.082 
15 0.088 0.092 0.090 0.072 0.079 0.076 0.088 0.097 0.093 0.093 0.089 0.091 

Mean 0.083 0.086 0.085 0.068 0.076 0.072 0.086 0.092 0.089 0.079 0.085 0.082 
2 nd  0 0.082 0.096 0.089 0.068 0.075 0.072 0.087 0.090 0.088 0.074 0.087 0.081 Org = 0.008 

Rate = 0.009 
N       = 0.014 

Org. Rate =0.0139 
Org. N  = 0.0156 
Rate. N=0.0156 

Org. R. N.=0.0420 

10 0.089 0.098 0.094 0.069 0.081 0.075 0.091 0.095 0.093 0.078 0.091 0.085 
15 0.093 0.094 0.093 0.074 0.083 0.079 0.094 0.099 0.097 0.087 0.092 0.090 

Mean 0.088 0.096 0.092 0.070 0.080 0.075 0.091 0.095 0.093 0.080 0.090 0.085 
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  Table 6: Effect of amendments on characters and yield Spinacia  oleracea L 
treat Seasons  Org rate 

(ton/fed) 
FRC FYM Ch M Mean of mineral N 

Rate L. S. D. 0.05 at 
level 

L. S. D. 
at 0.05 level 
interaction 

urea kg /fed Mean urea kg /fed Mean urea kg /fed Mean urea kg /fed Mean 

40 80 40 80 40 80 40 80 

Leaf 
fresh 
weight 
(g/ 
plant) 

1 St  0 12.58 13.21 12.90 12.89 13.42 13.16 12.94 13.64 14.12 12.65 13.42 13.04 Org = 0.32 
Rate = 0.36 

N= 0.55 

Org. Rate = 0.55 
Org. N =0.62 
Rate. N=0.62 

Org. R. N. =1.65 

10 14.42 14.75 14.60 14.88 14.96 14.92 14.79 15.29 15.04 14.70 15.00 14.85 

15 15.34 15.55 15.45 15.69 15.84 15.77 15.83 16.48 16.16 15.62 15.96 15.79 

Mean 14.11 14.50 14.31 14.49 14.74 14.62 14.52 15.14 14.83 14.32 14.79 14.56 

2 nd  0 12.63 13.35 13.00 12.92 13.49 13.21 12.97 13.69 13.33 12.84 13.51 13.18 Org = 0.46 
Rate = 0.63 

N= 1.66 

Org. Rate =0.80 
Org. N =1.09 
Rate. N=1.09 

Org. R. N. =4.98 

10 14.51 14.80 14.70 14.93 14.98 14.96 14.83 15.35 15.10 14.76 15.07 14.92 

15 15.41 15.64 15.53 15.74 15.87 15.81 15.86 16.53 16.20 15.67 16.01 15.84 

Mean 14.18 14.25 14.22 14.53 14.78 14.66 14.55 15.19 14.87 14.42 14.86 14.64 

Plant 
height 
(cm)) 

1 St  0 30.25 32.12 31.20 31.78 32.65 32.22 31.38 32.58 31.98 31.14 32.45 31.80 Org = 3.37 
Rate = 3.77 

N= 5.74 

Org. Rate =5.84 
Org. N =6.53 
Rate. N=6.53 

Org. R. N. =17.22 

10 30.45 32.56 31.51 31.92 32.74 32.33 31.59 32.86 32.23 31.32 32.72 32.02 

15 30.49 32.89 31.69 32.28 32.88 32.58 31.79 33.72 32.66 31.52 33.16 32.34 

Mean 30.38 32.52 31.47 31.99 32.76 32.38 31.60 33.05 32.29 31.32 32.75 32.05 

2 nd  0 30.24 32.15 31.20 31.76 32.67 32.22 31.40 32.60 32.00 31.13 32.47 30.80 Org = 6.76 
Rate = 6.80 

N= 5.52 

Org. Rate =11.71 
Org. N =11.78 
Rate. N=11.78 

Org. R. N. =16.56 

10 30.43 32.58 31.51 31.93 32.76 32.35 31.61 32.88 32.25 31.32 32.74 32.03 

15 30.48 32.90 31.69 32.31 32.90 32.61 31.82 33.75 32.79 31.54 33.18 32.36 

Mean 30.38 32.54 31.46 32.00 32.78 3.24 31.61 33.08 32.35 31.33 32.80 32.16 

Leaf 
dry 
weight 
(g/ 
plant) 

1 St  0 2.56 2.63 2.60 2.63 3.02 2.83 2.85 3.12 3.09 2.68 2.92 2.80 Org = 0.16 
Rate = 0.18 

N= 0.28 

Org. Rate =0.28 
Org. N =0.31 
Rate. N=0.31 

Org. R. N. =0.48 

10 2.77 2.79 2.78 2.79 3.24 3.02 2.94 3.34 3.14 2.83 3.12 2.98 

15 2.86 2.94 2.90 2.92 3.38 3.15 3.05 3.46 3.26 2.94 3.26 3.10 

Mean 2.73 2.79 2.79 2.78 3.21 3.00 2.95 3.31 3.13 2.82 3.10 2.96 

2 nd  0 2.60 2.66 2.63 2.66 3.04 2.85 2.88 3.15 3.02 2.71 2.95 2.83 Org = 4.73 
Rate = 2.84 

N= 1.97 

Org. Rate =8.19 
Org. N =4.92 
Rate. N=4.92 

Org. R. N. =5.91 

10 2.79 2.81 2.80 2.81 3.25 3.03 2.97 3.36 3.17 2.86 3.14 3.00 

15 2.87 2.96 2.92 2.93 3.39 3.16 3.09 3.48 3.29 2.96 3.28 3.12 

Mean 2.75 2.81 2.78 2.80 3.23 3.02 2.98 3.33 3.16 2.51 3.12 2.82 

Yield 
fresh 
weight  
(ton 
/fed) 

1 St  0 2.75 3.05 2.90 2.72 2.85 2.89 2.94 3.05 3.00 2.80 2.98 2.89 Org = 0.16 
Rate = 0.18 

N= 0.28 

Org. Rate =0.28 
Org. N =0.31 
Rate. N=0.31 

Org. R. N. =0.84 

10 2.96 3.28 3.12 2.85 3.28 3.10 3.04 3.48 3.26 2.95 3.35 3.15 

15 3.12 3.43 3.28 3.08 3.56 3.32 3.09 3.56 3.33 3.10 3.52 3.31 

Mean 2.94 3.25 3.10 2.88 3.23 3.10 3.02 3.36 3.20 2.95 3.28 3.12 

2 nd  0 2.78 3.08 2.93 2.75 2.89 2.82 2.99 3.11 3.05 2.84 3.03 2.96 Org = 0.09 
Rate = 0.11 

N= 0.16 

Org. Rate = 0.156 
Org. N =0.191 
Rate. N=0.191 

Org. R. N. =0.480 

10 2.99 3.29 3.14 2.86 3.31 3.10 3.08 3.53 3.31 2.98 3.38 3.18 

15 3.15 3.48 3.32 3.10 3.61 3.36 3.12 3.61 3.37 3.12 3.57 3.35 

Mean 2.98 3.28 3.13 2.90 3.27 3.10 3.10 3.42 3.24 2.98 3.33 3.16 
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   Table 7: Macronutrients (%) concentrations in shoot Spinacia  oleracea L as affected with amendments.  
Nutri Seaso  Org rate 

(ton/fed) 
FRC FYM Ch M Mean of mineral N 

Rate 
L. S. D. at 
level 0.05 

L. S. D. at 0.05 
level interaction 

urea kg /fed Mean urea kg /fed Mean urea kg /fed Mean urea kg /fed Mean 

40 80 40 80 40 80 40 80 

Nitrogen 1 St  0 2.14 2.27 2.21 2.26 2.47 2.37 2.34 2.76 2.55 2.25 2.50 2.38 
Org = 0.094 
Rate = 0.105 

N= 0.159 

Org. Rate = 0.163 
Org. N =  0.182 
Rate. N=   0.182 

Org. R. N. =0.477 

10 2.58 2.87 2.73 2.67 2.89 2.78 2.55 2.93 2.74 2.60 2.90 2.75 

15 2.66 2.92 2.79 2.88 2.93 2.91 2.69 2.99 2.84 2.74 2.95 2.85 

Mean 2.46 2.69 2.58 2.60 2.76 2.68 2.53 2.90 2.71 2.53 2.78 2.66 

2 nd  0 2.17 2.31 2.24 2.28 2.49 2.39 2.38 2.80 2.59 2.28 2.53 2.41 Org = 0.042 
Rate = 0.047 

N= 0.072 

Org. Rate = 0.073 
Org. N =  0.081 
Rate. N=   0.081 
Org. R. N.=0.216 

10 2.60 2.91 2.76 2.71 2.94 2.83 2.61 2.96 2.79 2.64 2.94 2.79 

15 2.69 2.97 2.83 2.93 2.96 2.95 2.74 3.04 2.89 2.79 3.00 2.90 

Mean 2.49 2.73 2.61 2.64 2.80 2.72 2.58 2.93 2.76 2.57 2.82 2.70 

Phosphorus  1 St  0 0.45 0.46 0.46 0.48 0.52 0.50 0.49 0.53 0.51 0.47 0.50 0.49 Org = 0.067 
Rate = 0.070 

N= 0.055 

Org. Rate = 0.116 
Org. N =  0.121 
Rate. N=   0.121 

Org. R. N. =0.165 

10 0.48 0.53 0.51 0.49 0.55 0.52 0.52 0.59 0.56 0.50 0.56 0.53 

15 0.52 0.55 0.54 0.51 0.58 0.55 0.55 0.60 0.58 0.53 0.58 0.56 

Mean 0.48 0.51 0.51 0.49 0.55 0.52 0.52 0.57 0.55 0.50 0.55 0.53 

2 nd  0 0.49 0.51 0.50 0.53 0.57 0.55 0.51 0.59 0.55 0.51 0.56 0.54 Org = 0.032 
Rate = 0.036 
N       = 0.060 

Org. Rate = 0.055 
Org. N =  0.062 
Rate. N=   0.062 

Org. R. N. =0.180 

10 0.52 0.58 0.55 0.54 0.62 0.58 0.56 0.64 0.60 0.54 0.61 0.58 

15 0.57 0.61 0.59 0.55 0.65 0.60 0.63 0.66 0.65 0.58 0.64 0.61 

Mean 0.53 0.57 0.55 0.54 0.61 0.58 0.57 0.63 0.60 0.54 0.60 0.57 

Potassium  
 

1 St  0 2.78 2.84 2.81 2.83 2.91 2.87 2.87 2.91 2.89 2.83 2.89 2.86 Org = 0.008 
Rate = 0.009 

N= 0.014 

Org. Rate = 0.014 
Org. N =  0.016 
Rate. N=   0.016 

Org. R. N. =0.042 

10 2.83 2.87 2.85 2.89 2.98 2.94 2.94 2..98 2.96 2.89 2.94 2.91 

15 2.88 2.93 2.91 2.94 3.02 2.98 2.98 3.05 3.02 2.93 3.00 2.97 

Mean 2.83 2.88 2.86 2.89 2.97 2.93 2.93 2.98 2.96 2.88 2.94 2.91 

2 nd  0 2.79 2.87 2.83 2.87 2.94 2.91 2.91 3.05 2.98 2.86 2.93 2.90 Org = 0.320 
Rate = 0.036 

N.=0.055 

Org. Rate =0.554 
Org. N =  0.062 
Rate. N=   0.062 
Org. R. N. =1.65 

10 2.86 2.90 2.88 2.94 3.02 2.98 2.98 3.08 3.03 2.93 3.00 2.97 

15 2.92 2.96 2.94 2.97 3.05 3.01 2.96 3.10 3.03 2.96 3.04 3.00 

Mean 2.86 2.91 2.88 2.93 3.00 2.97 2.95 3.08 3.01 2.92 2.99 2.96 
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  Table 8: Micronutrients (mgkg-1) concentrations in shoot Spinacia oleracea L as affected with amendments 
Nutrinets Seas  Org rate 

(ton/fed) 
FRC FYM Ch M Mean of mineral N 

Rate L. S. D. at level 
0.05 

L. S. D. at 0.05 level 
interaction urea kg /fed Mean urea kg /fed Mean urea kg /fed Mean urea kg /fed Mean 

40 80 40 80 40 80 40 80 

Fe 1 St  0 489 492 491 487 493 490 491 493 492 490 493 492 Org = 28.09 
Rate = 31.38 

N.=47.81 

Org. Rate = 48.65 
Org. N=54.35 
Rate. N=54.35 

Org. R. N. =134.43 

10 496 508 502 495 507 501 498 503 501 496 506 501 

15 510 514 512 511 513 512 510 516 513 510 514 512 

Mean 498 505 502 498 504 501 497 504 502 499 504 502 

2 nd  0 490 497 494 492 497 495 495 505 500 492 500 496 Org = 9.36 
Rate = 10.46 

N =15.94 

Org. Rate=16.2 
Org. N=31.97 
Rate. N=31.97 

Org. R. N=47.82 

10 499 512 510 498 511 506 504 510 507 500 511 506 

15 514 521 518 514 517 516 518 522 520 515 520 518 

Mean 501 510 507 501 508 506 502 512 509 502 510 507 

Mn 1 St  0 41 44 43 40 45 43 44 51 48 42 47 45 Org = 3.24 
Rate = 3.62 

N= 5.50 

Org. Rate=5.61 
Org. N=6.27 
Rate. N=6.27 

Org. R. N=16.50 

10 49 57 53 47 53 50 50 57 54 49 56 53 

15 56 59 58 51 58 55 55 59 57 54 58 56 

Mean 49 53 51 46 52 49 50 56 53 48 54 51 

2 nd  0 45 48 47 44 49 47 47 54 51 45 50 48 Org = 3.24 
Rate = 3.62 

N=5.52 

Org. Rate=5.61 
Org. N=6.27 
Rate. N=6.27 

Org. R. N=16.56 

10 52 60 56 49 56 53 56 61 59 52 59 56 

15 59 63 61 55 62 59 59 63 61 58 63 61 

Mean 52 57 55 49 56 53 54 59 57 52 57 55 

Zn 
 

1 St  0 58 60 59 59 61 60 58 55 57 58 59 58 Org = 3.25 
Rate = 3.62 

N= 5.53 

Org. Rate=5.63 
Org. N=6.27 
Rate .N=6.27 

Org. R. N=16.59 

10 60 65 63 62 66 64 63 64 63 62 65 64 

15 63 67 65 64 68 66 66 68 67 64 68 66 

Mean 60 64 62 62 65 64 62 62 62 61 64 63 

2 nd  0 60 63 62 62 64 63 60 59 60 61 62 61 Org = 5.61 
Rate = 5.12 

N= 5.54 

Org. Rate =9.72 
Org. N=8.87 
Rate. N=8.87 

Org. R. N=16.62 

10 63 68 66 66 71 69 66 68 67 65 69 67 

15 65 70 68 68 72 70 69 73 71 67 72 70 

Mean 63 67 65 65 69 67 65 67 66 64 68 66 

Cu 1 St  0 7.89 8.03 8.00 8.07 8.12 8.10 8.11 8.16 8.14 8.02 8.10 8.06 Org = 9.36 
Rate = 0.001 

N= 0.002 

Org. Rate = 16.68 
Org. N=0.002 
Rate. N=0.002 

Org. R.N=0.006 

10 7.96 8.29 8.13 8.17 8.26 8.23 8.22 8.26 8.24 8.12 8.27 8.20 

15 8.05 8.33 8.19 8.24 8.31 8.28 8.30 8.33 8.32 8.20 8.32 8.26 

Mean 8.00 8.22 8.11 8.16 8.23 8.20 8.21 8.25 8.23 8.11 8.23 8.17 

2 nd  0 7.91 8.07 8.00 8.09 8.19 8.14 8.15 8.23 8.19 8.05 8.16 8.11 Org = 0.0020 
Rate = 0.0021 

N = 0.0032 

Org. Rate = 0.003 
Org. N =0.004 
Rate. N=0.004 

Org. R. N=0.010 

10 7.98 8.31 8.15 8.21 8.31 8.26 8.27 8.31 8.29 8.12 8.31 8.22 

15 8.09 8.36 8.23 8.28 8.36 8.32 8.37 8.35 8.36 8.25 8.37 8.31 

Mean 8.00 8.25 8.13 8.20 8.27 8.24 8.26 8.30 8.28 8.14 8.28 8.21 

 
 


