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ABSTRACT 
 

To investigate the effect of nitrogenous sources and zinc application methods on the yield, its components 
and quality characters in rice plant. In this respect, two field experiments were conducted at the Rosetta region, 
El-Behira Governorate, Egypt, during 2013 and 2014 summer growing seasons. The experimental design was 
split plot with three replication. The main plots included nitrogenous sources (100% mineral N, 75% mineral N + 
25% organic N, 50% mineral N +organic N, 25% mineral N+ 75% organic N and 75 % mineral N/fed. + 25 % 
boifertilizer). Meanwhile the application method of Zn (untreated, soil, foliar, and soil + foliar) was arranged in 
the sub plot. The plot area was 10.5 m2.The obtained results could be summarized as follows: the addition of 
mineral with organic fertilizer at rate 50 % N + 50 % organic; resulted in a significant increment in yield and its 
components i.e., (panicle weight, number of filled grains/panicle, number of panicle/m2, 1000- grain weight, grain, 
straw, and biological yield (tons/fed.) as well as harvest index and rice quality (hulling and milling) during both 
cropping seasons. Also, application of Zn mixture (soil + foliar) gave the highest mean values of yield, its 
components, and quality of grain rice (hulling and milling) than the untreated treatment expect broken rice %. The 
highest values of broken rice were recorded by using the 100 % mineral nitrogen during both seasons. The 
interaction between nitrogen sources and Zn application method was significant on yield, its components and rice 
quality. The obtained results concluded that using the 50 % mineral N + 50 % organic N with foliar or soil 
application of Zn application to obtain higher yield and quality of rice under the study conditions. 
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Introduction 
 

Rice (Oryza sativa, L.) is the stable food for more than half of the world population and it provides 21% 
and 15% per capita of dietary energy and protein, respectively ( Maclean et al., 2002). Rice occupies conspicuous 
position in the predominately agricultural economy of Egypt and this attention is required to improve its yield, 
quality characters and quality of elements nutrition (Chemma, 2004 and Yousef, 2007). 

Nitrogen is one of three essential macronutrients for plant growth and yield. So, mineral N- fertilizers are 
widely used in agriculture all over the world and also, in Egypt. N- fertilizers are applied to meet the needs of the 
crop during the early growth stages and accumulate in the vegetative part to be utilized for grain formation (Salem, 
2006). Also, N- fertilizers has a vital role in the contents of N % of rice grains and N uptake by plants (Ebaid and 
Ghanem, 2000). Utilization of biological N2- fixation can decrease the application of mineral N- fertilizer and 
reducing environment ranks (Choudhury and Kennedy, 2004). 

Bio-fertilizer along with different levels of nitrogen (N) and phosphorous (P), significantly, increased the 
growth and yield components of rice crop. The use of bio-fertilizer along with N and P was found better than N 
and P alone. This study suggests that bio-fertilizer along with different levels of nitrogen and phosphorous should 
be used for maximizing rice productivity, reducing inputs of chemical fertilizers and sustaining soil fertility (Saba 
et al., 2013). 

The high rice grain yield obtained under combined application of four organic amendments was at par with 
the yield recorded under recommended dose of chemical fertilizer application. An interesting observation recorded 
was that there was no serious attack of any insect pest or disease in organically grown crop. Soil microbial 
population (Actinomycetes, Bacteria, Fungi and Blue Green Algae) enhanced due to the application of organic 
amendments in comparison to absolute control as well as recommended fertilizer application that, in turn, resulted 
in a notable enhancement in soil dehydrogenase and phosphatase enzyme activity. Soil organic carbon and 
available phosphorus contents were, also, found to be, significantly, increased due to organic farming practice 
over control as well as chemical fertilizer application. such study revealed that addition of four organic 
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amendments viz. Blue Green Algae, Azolla, Farmyard manure (FYM) and Vermicompost could give the high 
yield of organic rice and improve grain and soil quality (Singh et al., 2007). Integrated supply of plant nutrients 
through farmyard manure (FYM) and fertilizer (NPK), along with green manuring, played a significant role in 
sustaining soil fertility and crop productivity (Chand et al. 2006). Increase in microbial biomass C and N in soils 
receiving organic manures only or with the combined application of organic manures and chemical fertilizers 
compared to soils receiving chemical fertilizers. Balanced fertilization using both organic and chemical fertilizers 
is important for maintenance of soil organic matter content and long-term soil productivity in the tropics where 
soil organic matter content is low(Kaur et al., 2005). Bio-fertilizer may reclaim the problem soils such as acid 
soils and saline soils and improve the fertility status by supplementing 25-35% N for rice cultivation (Hashem, 
2001) 

Also, Zinc plays an important role in many biochemical reactions within the plants. Zn modifies and/or 
regulates the activity of carbonic anhydras, an enzyme that regulates the conversion of carbon dioxide to reactive 
bicarbonate species for fixation to carbohydrates in these plants. Additionally, Zn also, a part of several other 
enzymes such as superoxide dismutase and catalyze, which prevents oxidative stress in plant cells (Shehata et al., 
2009). On the other hand, zinc deficiency is usually corrected by application of zinc sulfate. The increases in the 
zinc content in grain and straw might be due to the presence of increased amount of Zn in soil solution by the 
application of zinc that facilitated greater absorption. Increase in Zn content in grain and straw due to zinc 
fertilization was reported earlier (Mollah  et al., 2009 ; Fageria et al., 2011). Among the methods of Zn application, 
soil application resulted in higher yield, biomass, N and K contents in the grain and straw. Foliar application 
caused greater P concentration in both grain and straw, however, chlorophyll, K contents in paddy remained 
unaffected by method of Zn application. Further, Zn-EDTA proved to be the most efficient source of Zn for rice 
production. Zn-EDTA applied incorporated in the soil 14 days after transplantation, along with recommended N: 
P: K proved to be appropriate to ameliorate zinc deficiency. Soil application of Zn-EDTA significantly increased 
yield components, as well as nutrient contents in paddy grains and straw. Application of Zn-EDTA will be helpful 
to reduce zinc deficiency in rice (Rana and Kashif, 2014). Zinc solution sprayed as a foliar application on rice 
seedlings three weeks after transplanting was the most effective post transplanting treatment to recover its 
deficiency (Kumar et al., 1997). Foliar spray could be used effectively to overcome the problem of micronutrients 
deficiency in sub-soil (Torun et al., 2001). Zinc application methods and timing had significantly pronounced 
effect on paddy rice yield. Maximum paddy rice yield (5.21 tons ha-1) was achieved in treatment Zn (Basal 
application at the rate of 25 kg ha-1 21 % ZnSO4) and minimum paddy yield (4.17 tons ha-1) was noted in (foliar 
application of Zn at 75 day after transplanting  0.5% Zn solution) (Mustafa et al., 2011). However, Zn application, 
significantly, increased tillers m–2, total biomass and paddy yield, as well as the Zn concentration in the grain and 
the straw, except P content in the paddy and straw. Also, Zn-EDTA incorporated in soil (10.0 kg ha–1) resulted in 
greater values for these parameters as compared to other sources of Zn application.  

The aim of the study experiment was to investigate the effect of nitrogenous and zinc sources on the 
yield, its components and quality characters of rice plant. 

 
Material and Methods 
 

Two filed experiments were carried out at the experimental sites of Rosetta region at El_Behira 
Governorate, Egypt during two growing summer seasons of 2013 and 2014. Field experiments were conducted to 
study the effect of nitrogenous and zinc sources on yield, its components and some grain quality characters of rice 
plant (Oryza stiva L. cv. Sakha101). 

Soil samples on the experimental sites were taken at the depth of (0 and 30 cm) physical and chemical 
analyses are presented in Table (1) were done according to Chapman and Pratt (1978), while organic fertilizer 
were presented in Table (2). 

The experimental design was split plot with three replications. The main plots included nitrogenous 
sources (100% mineral N, 75% mineral N +25% organic N, 50% mineral N +organic N, 25% mineral N+ 75% 
organic N from (compost) and 75 % mineral N/fed. + 25 % boifertilizer), while the application method of Zn (No 
application, soil, foliar, and soil + foliar) was arranged in the sub plot. The plot area was 10.5 m2 (3.5 m length x 
3.0 m width).The urea (46 % N) was used at mineral fertilizer at the rate of 70 kg N/fed., as recommended. In 
addition well fermented compost was used at organic of nitrogen and inoculation N- boifertilizer.  

Zink was applied in single at before transplanted (10 kg ZnSO4/fed.) and foliar application (2 % ZnSO4). 
Nursery seed bed was well ploughed and dry leveled- phosphorus fertilizer in the form of single calcium 

superphosphate (15.5 % P2O5) was added at the rate of 100 kg/fed. The preceding crop was Barseem for the two 
growing season. Rice seeds at the rate of 42 kg/fed., were soaked in fresh water for 24 hours, then drained and 
inoculated for 48 hours to hasten early germination. The pre –germination seeds were, uniformly, broadcasted in 
the nursery in 10th May in 2013 and 2014 seasons. 
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Table 1: Physical and chemical properties of the experimental soil sites during the two cropping seasons 2013 and 2014. 

Soil characteristics 
Seasons 

2013 2014 
Soil texture (%) Sandy clay loam 
Sand % 56.99 58.22 
Silt % 9.63 8.92 
Clay % 33.38 32.86 
pH (1: 2.5 water suspension) 8.30 8.00 
EC (dSm-1) 0.958 0.988 
Cations (meq/L.) 
Ca+ + 1.87 1.77 
Mg+ + 3.27 2.98 
Na+ 55.00 53.10 
K+ 5.10 4.98 
Anions (meq/L.) 
HCO3

- 2.00 1.95 
Cl- 3.85 3.77 
SO4- - 10.50 12.20 
O.M. (%) 1.85 1.90 
CaCO3 (%) 0.198 0.192 
Available Mineral N(mg/kg) 89.40 90.60 
Available P (mg/kg) 20.12 28.50 

 
Table 2: Analysis of the applied organic matter (Cow manure) 

Organic matter (Cow manure) 

Properties 
Season  

2013 2014 
PH 7.86 7.06 
O.M % 41.02 42.50 
E.C % 6.60 6.60 
C:N ratio 15.8/1 17.10/1 
Total N% 1.63 1.58 
Total P% 0.85 0.87 
Total K% 1.70 1.80 
Fe (mg/kg) 292.00 287.00 
Zn (mg/kg) 41.00 40.00 
Mn (mg/kg) 221.00 200.00 
Cu (mg/kg) 30.50 32.50 

 
Data recorded 

Yield and its components (panicle weight (g), number of filled grains/panicle, number of panicle/m2, 
1000- grain weight (g), grain yield (tons/fed.), straw yield (tons/fed.), biological yield ((tons/fed.) and harvest 
index % were evaluated. Additionally, grain quality characters (milling characters i.e. hulling percentage, milling 
percentage and broken rice percentage were estimated according to the methods reported by Adain (1952). 

Hulling percentage (about 150 g cleaned rough rice samples at moisture content 12-14 % were estimated 
using experimental huller machine (Solaken) at Rice Technology and Training Center, Alexandria, and expressed 
as follows: 

Hulling %= brown rice weight / rough rice weight *100. 
Milling percentage of brown rice was consequently milled using milling machine model. TMOS at Rice 

Technology and Training Center, Alexandria. The milled rice sample was than collected and weighted taken and 
percentage of total milled rice was calculated according to the equation. 

Milling %= Milled rice weight/rough rice weight*100 
Broken rice percentage (%): broken rice milled rice grains were separated from the total milled rice by 

using sieving device. Then, the percentage of broken rice was obtained and calculated as follows: 
Broke rice (%) = Broken grain milled weight / Total milled sample weight*100. 
 

Statistical analysis 
All data collected were subjected to analysis of variance according to Gomez and Gomez (1984). 

Treatment means were compared by Duncan’s multiple range test (Duncan, 1955). All statistical analysis was 
performed using analysis of variance technique by means of CoStat computer software package. 

 

Results and Discussion 

1. Yield and its components 
Data in Tables (3 and 4) revealed that the effect of nitrogenous sources (mineral, organic, and 

boifertilizer) and Zn application’s methods on rice yield and its components, i.e. panicle weight, number of filled 
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grains/panicle, number of panicles/m2, 1000- grain weight (g), grain yield (tons/fed.), straw yield (tons/fed.), 
biological yield (tons/fed.) and harvest index (%) during both seasons were significant.  

With regard to the impact of N- fertilization source, application of 50 % mineral N + 50 % organic N, 
gave the highest mean values of both yield and its components characters as compared other treatments. So, data 
indicated that the application of compost was more beneficial for both soil and rice with a medium rate of inorganic 
nitrogen. This meanly taken place because of compost is readily decomposed organic materials and provided rice 
plants with some nutrients, particularly, nitrogen. Similar results, more or less, were obtained by Ebaid and 
Ghanem (2000), Badawi (2002), El-Feky (2006), El-Ekhtyan (2007) and Khattab (2010). 

Analysis of the data revealed that Zn application methods brought about a significant increase in yield and 
its components in both seasons (Tables 3 and 4). The highest means values of all yield and its components i.e. 
panicle weight, number of filled grains/panicle, number of panicles/m2, 1000- grain weight (g), grain yield 
(tons/fed.), straw yield (tons/fed.), biological yield (tons/fed.) and harvest index (%) were produced by mixture 
treatment (soil + foliar) of Zn application than untreated treatment during two seasons which might be due to Zn 
mixture (soil + foliar) application to the marginally Zn deficient soil and foliar increased the grain yield and its 
components during both cropping seasons. Similar, more or less results were reported by El-Feky (2006) and 
Shehata et al. (2009). 
 
Table 3: Panicle weight (g), number of filled grains/panicle, number of panicles/m2 , and 1000- kernel weight (g) of rice as 

affected by mineral, organic and bio- N- fertilization, application method of Zinc and their interaction during 2013 
and 2014 seasons. 

Treatments 

Panicle weight (g) 
Number of filled 

grains/panicle 
Number of 

panicles /m2 
1000- kernel weight 

(g) 

Season 

2013 2014 2013 2014 2013 2014 2013 2014 
A). N- fertilizer sources 

100% Mineral N 2.09b 2.39a 102.7b 120.20a 448.10b 415.58c 22.24b 19.78b 

75 % Mineral N + 25% organic N 1.92c 1.86c 97.14c 98.43b 427.18c 416.88c 19.29d 18.17c 
50 % Mineral N+ 50 % organic N 2.61a 2.34a 115.57a 120.05a 467.60a 507.10a 23.58a 20.74a 
25 % Mineral N+ 75 % Organic N 1.94b 1.73d 100.94b 98.03b 405.75d 418.33c 19.15d 17.67d 
75 % Mineral N+ bio- fertilizer N 2.15b 2.03b 93.72d 97.55b 483.67a 433.06b 20.29c 19.50b 

B). Application method of Zinc 

No application 1.90d 1.84c 96.34c 101.27c 406.64c 403.99c 19.46c 17.91d 
Soil application 2.05c 1.98b 100.75b 107.39b 448.63b 441.39b 20.43b 18.56c 
Foliar application 2.22b 2.07b 102.99b 106.01b 448.30b 440.69b 21.60a 19.47b 
Soil + Foliar 2.38a 2.39a 107.97a 112.73a 482.28a 466.68a 22.15 a 20.75a 
Interaction 
A x B * * * ** ** ** ** ** 

Mean values in the same column marked with the same letters are not significantly different at 0.05 level of probability. 
*, **: Significant and highly significant at 0.05 level of probability, each in turn. 

 
Table 4: Straw yield tons/fed., grain yield tons/fed., biological yield tons/fed., and harvest index % of rice as affected by 

mineral, organic and bio- N- fertilization, application method of zinc and their interaction during 2013 and 2014 
seasons. 

Treatments 

Straw yield 
tons/fed. 

Grain yield 
tons/fed. 

Biological yield 
tons/fed. 

Harvest index % 

Season 
2013 2014 2013 2014 2013 2014 2013 2014 

A). N- fertilizer sources 
100% Mineral N 4.70b 4.46b 3.55 ab 3.63b 8.25b 8.09b 42.64a 43.71a 
75 % Mineral N + 25% organic N 4.25c 4.19c 3.00c 2.89c 7.26c 7.08c 41.14c 40.64b 
50 % Mineral N+ 50 % organic N 4.93a 5.26a 3.68a 4.09a 8.61a 9.36a 42.91a 44.74a 
25 % Mineral N+ 75 % Organic N 4.20c 4.02c 2.95c 2.72c 7.15c 6.74d 41.15c 40.20b 
75 % Mineral N+ bio- fertilizer N 4.67b 4.63b 3.42 b 3.48b 8.08b 8.11b 42.21b 42.88a 

B). Application method of Zinc 

No application 3.99d 3.99c 2.77d 2.88c 6.76d 6.87d 40.87c 43.20a 
Soil application 4.43c 4.38b 3.23c 3.25b 7.66c 7.64c 42.00b 42.30a 
Foliar application 4.73b 4.62b 3.47b 3.57 a 8.20b 8.19b 42.28ab 43.20 
Soil + Foliar 5.05a 5.05a 3.80a 3.75a 8.85a 8.80a 42.89a 42.59a 
Interaction 
A x B * * *. *. * * * * 

Mean values in the same column marked with the same letters are not significantly different at 0.05 level of probability. 
*: Significant at 0.05 level of probability. 

As for the interaction between N- sources fertilization and application methods of Zn was significant for 
most of yield and its components parameters during both growing seasons (Tables 3 and 4). For instance, 
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application of 50 % mineral N + 50 % organic N; gave the highest mean values of yield and its components with 
apply method mixture (soil + foliar) during both cropping seasons. 
 

2. Grain quality characters: 
It is clear that hulling, milling and broken rice percentages of both studied factors was affected, 

significantly, in both seasons (Table 5). Presented data in Table (5) indicated that hulling and milling significantly 
increased by applying 75 % mineral N + boifertilizer N of rice grain when compared with other treatments. While 
the highest broken rice % was recorded with applying 100 % mineral N. This finding may be recorded due to 
mineral and boifertilizer N, which had a favorable effect on grain quality characters via improved growth, 
escalating photosynthetic of rate consequently improving both grain yield and grain quality as shown in Tables (4 
and 5).  

Results recorded in Table (5) reveal that hulling, milling, and broken rice percentages in grains were, 
significantly, affected by adding methods of Zn fertilizer. The highest mean values of most of grain quality 
characters, i.e., hulling and milling were obtained by applying mixture (soil + foliar) of Zn application compared 
with untreated treatment which gave the highest broken rice % during both cropping seasons. 

Data documented in Table (5) show that the interaction between N- fertilizer source and application 
methods of zinc was significant for most of grain quality characters in both seasons. For example,  Applying 75% 
N + 25 % N- boifertilizer with application of mixture Zn (soil + foliar) produced the highest values of hulling, 
and milling percentages in both cropping seasons as 78.68 and 69.28, and 78.88 and 68.34, respectively. 

The pervious results were in agreement, more or less, with those obtained in this study as follow: soil 
application of Zn at 4 mg kg-1 and 6 kg ha-1 in pot culture and field study, which gave the maximum yield (Kausar 
et al., 2001). It has been reported that rice yield was 427 and 983 kg higher in 75 % NPKS and Zn and 100 % 
NPKS and Zn treatment over control in field trials (Bodruzzuman et al., 2002). Complete dose of NPKS and Zn 
fertilizer with and without organic amendments increased the grain yield of rice and increased or maintained the 
sustainability of rice and wheat cropping system (Mehla et al., 2006). Rice yield was 4.75 tons ha-1 without Zn 
application, and 5.75 tons ha-1 with 25 kg ZnSO4 ha-1 added in a field trial (Salam and Subramanian, 1993). Foliar 
application of Zn was better from the viewpoint of Zn bio-fortification of rice kernels; nevertheless much of the 
foliar applied Zn was retained in husk. Since, foliar application of Zn is made at a late stage of crop growth; hence 
it was not as effective as soil application in increasing yield attributes, yield and concentration and uptake of Fe, 
N, P and K in rice.  

This study brought out that adequate soil application of Zn sulphate followed by its foliar application is 
the best approach. However, Zn coated urea applying less than half the amount of Zn as applied through soil + 
foliar application was very close to it and is quite promising (Shivay et al., 2015). Also, Zn application increased 
Fe, N, P and K concentrations and uptake in rice. Thus, a soil-foliar Zn bio-fortification program, also, results in 
enrichment of rice kernels in Fe, N, P and K. A close relationship between Zn, Fe, N, P and K in wheat germplasms 
has been reported by Gomez-Beccera et al. (2010) and Zhao et al. (2009). 
 
Table 5: Hulling %, milling %, and broken % of rice as affected by mineral, organic and bio- N- fertilization, application 

method of zinc and their interaction during 2013 and 2014 seasons. 

Treatments 
Hulling % Milling % Broken rice % 

Season  
2013 2014 2013 2014 2013 2014 

A). N- fertilizer sources 

100% Mineral N 76.40c 78.74b 70.47a 70.26a 2.93a 3.81a 

75 % Mineral N + 25% organic N 78.68b 78.88a 69.28c 68.43d 1.52e 1.08d 
50 % Mineral N+ 50 % organic N 78.95b 79.95a 70.13b 69.83b 2.15d 2.77c 
25 % Mineral N+ 75 % Organic N 76.40c 77.99c 68.98d 69.11c 2.44c 1.14d 
75 % Mineral N+ bio- fertilizer 79.87a 79.64a 70.32ab 70.48a 2.83b 3.47b 
B). Zinc application method  
No application  76.93c 77.09d 68.91d 68.77d 2.47a 2.64a 
Soil application 78.09b 79.62b 70.03b 70.04b 2.30c 2.48b 
Foliar application 78.17b 79.07c 69.39c 69.16c 2.35b 2.45b 
Soil + Foliar 79.31a 80.37a 71.01a 70.51a 2.38b 2.24c 
Interaction 
A x B ** ** ** * ** * 

Mean values in the same column marked with the same letters are not significantly different at 0.05 level of probability. 
*, **: Significant and highly significant at 0.05 level of probability, each in turn. 

 

Conclusion 

The results concluded that using the 50 % mineral N + 50 % organic N with foliar or soil application of 
Zn application to get higher yield and quality of rice under study conditions at Rasheed region, El-Behira 
governorate, Egypt. 
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