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ABSTRACT 

 
Two field experiments were carried out at the experimental farm, Fac. of Agric., Zagazig Univ., Egypt, 

during the two successive seasons of 2007/2008 and 2008/2009 to study the effect of three sowing methods 
(Broadcasting, drilling and cross rows), five micronutrients treatments (control, Fe, Zn, Mn and Fe + Zn + Mn) 
and three nitrogen fertilizer levels (35, 70 and 105 kg N/fad) on yield analysis and quality of wheat cv. Sakha 
93.  The most important results could be summarized as follows: The results indicated to the Correlation 
analysis showed positive and significant relationships between grain yield/fad and all yield components, except, 
fertile spikelets /spike. Path analysis reported that number of spikes/ m2 and number of grains/spike as well as 
their interaction were the main sources of grain yield/fad. Cross rows method gave the highest protein content 
%, carbohydrate and protein yields. Micronutrients treatments caused significant increase in carbohydrate 
content %, carbohydrate yield, protein content % and protein yield. Carbohydrate content %, carbohydrate yield, 
protein content % and protein yield showed a positive significant response to N increments up to 70 or 105 kg 
N/fad. 
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Introduction 

 
Wheat (Triticum aestivum, L.) is the most strategic cereal crop in the world as well as in Egypt. Increasing 

wheat production could be achieved through maximizing the production per unit area and or invading deserts to 
expand the cultivated area. The vertical expansion would be reached via developing high yielding genotypes and 
simultaneously implementing proper cultural practices. The other way for narrowing the gap between our 
production and consumption is, growing wheat in the new reclaimed areas. 

Growing wheat in sandy soil requires specific cultural practices differing from those applied to the old 
cultivated fertile ones. Sowing method, irrigation and fertilization are the most limiting factors for wheat 
production in the new reclaimed area. 

 In Egypt, sowing wheat crop as broadcasting, drilling in rows (as a common practices) and also in hill on 
ridges of proceeding crops i.e. cotton or maize in particular when harvest of these crops is delayed. Considerable 
research has been conducted on the sowing methods. (Amjad and Andreson 2006; El-Afandy, 2006 and Kabesh, 
et al., 2009) reported that sowing methods had significant effect on protein content in grain and protein yield. 
On the other hand, [Pandey and Kumar, (2005) and Abd El-Lattief, (2011)] found that protein content in grain 
was unaffected by sowing methods. 

Correlation studies and path coefficient analysis revealed the importance of spike length, number of 
spiklets/ spike, number of grains/ spike and 1000-grain weight for improving grain yield / fad. In this respect , 
Gomaa (1997-a and b) indicated  that grain yield / fad was positively and highly significantly  correlated with  
each of  plant height, 1000-grain weight , spike grain weight , spike length, number  of  spikelets /spike  and 
number  of fertile spikelets /spike. Also he added number of spike / m2 followed by 1000-grain weight recorded 
higher values of path coefficients. Also he concluded that the indirect effect of number of spikes / m2 through 
number of grains / spike gave higher indirect path coefficients on grain yield. El kholy (2000) noticed that 
biological yield / fad, spike grain weight, number of fertile tillers / m2 and plant height was positively and highly 
significantly correlated with grain yield.  

Recently, [Burio et al., (2004), kotal et al., (2010) and Abd El-Lattief, (2011)] reported that wheat grain 
yield positively associated with plant height, spike length, number of grains / spike and straw yield.  

Micronutrients are essential elements for life. Even though they are present in small amounts in plants, they 
activate some 100 enzymes in various plants. It is inferred that we would not be able to survive without 
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micronutrients because they are essential to the synthesis of DNA and RNA, and to metabolizing carbohydrates, 
fats, proteins, and alcohols. Micronutrients also play key roles in the release of carbon dioxide and in optimizing 
the function of vitamin A (Marschner, 1995). 

Foliar spraying with Zn, Mn and Fe produced high protein content and protein yield for wheat grown in 
sandy land. Fe as foliar spray at the different concentration gave higher values of protein % that concluded by 
Ghaly et al., (1992) and Salem and El-Beshbeshy (1995).While Sharsher et al., (1995) reported that increasing 
zinc sulphate levels up to 10 or 20 kg/fad. had increased percentage of carbohydrate. Anton et al., (1999) 
indicated that, the coating method of grains with micronutrients mixture (Fe + Zn + Mn) significantly increased 
protein content of grains. Similarly, Yassen et al., (2010) observed that spraying plants with micro-nutrients 
either as a single nutrient or as possible combinations increased grain nitrogen concentration and protein yield. 

Increasing nitrogen fertilizer up to 90 kg N/fad gave the highest values of both straw and grain yields and 
yield components [Weber et al., (2008), Ahlam et al., (2008) and Seadh et al.,(2009)]. Moreover, quality 
parameters of grains significantly increased with increasing nitrogen fertilization Shi et al. (2010). 

Therefore, the main objective of this investigation was to show the effect the sowing methods and 
fertilization on yield analysis and grain quality of wheat grown in sandy soil.  
 
Materials and Methods 

 
Two field experiments were carried out during two successive seasons (2007/2008 and 2008/2009) at the 

exp. Farm, Fac. of Agric., Zagazig Univ. at El-Khattara, to determine the effect of sowing method, 
micronutrients and nitrogen fertilizer levels on yield and analysis and grain quality wheat cv. Sakha 93. 

The experiments were carried out in a split split-plot design with three replications. The main plots were 
occupied with sowing method (broadcasting, drilling and cross rows), the sub-plots were occupied by 
micronutrients (control, Fe, Zn, Mn and Fe + Zn + Mn) and the sub-sub plots were devoted to N-fertilizer levels 
(35, 70 and 105 kg N/fad). The sub-sub plot area was 9 m2 (3 x 3 m). 

Some mechanical and chemical analysis of soil samples at 30 cm depth in experimental sites before soil 
preparation was determined according to Chapman and Pratt (1978) is presented in Table (1). 

 
Table 1: Soil mechanical and chemical analysis of the experimental fields (30 cm depth) in the two seasons. 

Properties 2007/2008 2008/2009 
Mechanical analysis :  
Coarse sand% 
Fine sand% 
Silt% 
Clay% 
Texture 
Organic matter% 
Chemical analysis :  
Available (N) ppm  
Available (P) ppm  
Available (K) ppm  
pH. 

 
56.1 
33.0 
4.9 
6.0 
sandy 
0.30 
 
19.0 
3.5 
58.1 
7.6 

 
57.2 
31.9 
4.8 
6.1 
sandy 
0.31 
 
19.2 
3.7 
58.8 
8.0 

 
Sowing date took place on 27th and 28th November in the 1st and 2nd seasons, respectively. Calcium super 

phosphate (15.5% P2O5) at a rate of 150 kg/fad and potassium sulphate (48% K2O) at a rate of 50 kg/fad was 
added before sowing. The tried nitrogen fertilizer levels in the form of ammonium sulphate (20.5% N) were 
applied in five doses, one fifth of nitrogen was given at sowing as basal dressing. The remainder amounts were 
given in four equal splits from 15 day after sowing and in 15 days intervals. The common agricultural practices 
for growing wheat according to the recommendations of Ministry of Agriculture were followed except the 
factors under study.  

At harvesting time,  plants of one square meter were randomly selected from each sub-sub plot to estimate 
the following characters , plant height (cm), spike length (cm) number of fertile spikelets/spike, number of 
sterile spikelets/spike, number of spikes/m2, number of grains/spike,1000-grain weight (gm), grain yield 
(ton/fad) , straw yield (ton/fad) , biological yield (ton/fad)  protein content % , carbohydrate content % and 
protein  and carbohydrate yields . All data of this study were statistically analyzed according to the technique of 
analysis of variance (ANOVA) for the split-split plot design as published by Gomez and Gomez (1984).  

The micro-kleldahl method was used to determine the total nitrogen in the grain and multiplied by 5.75 to 
obtain the percentage of protein according to A.O.A.C. (1980). 

Total carbohydrate was extracted from dried grain material with HCl for 6 hours at 100 ˚C and was 
filtrated. Estimation was carried out photometrically using Nelsons reagent as reported by Cherry (1973). 

Protein yield (kg/fad): = protein% x grain yield/fad. 
Carbohydrate yield (kg/fad): = carbohydrate% x grain yield/fad 
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The combined data of yield attributes and yield were subjected to simple correlation and path coefficient 

analysis calculated according to Svab (1973). For means comparison   by Waller and Duncan (1969) multiple 
range test was applied at 5% level. 
 
Results and Discussion 
 
A. Yield analysis:  

 
The correlation coefficient between grain yield/fad and each of plant height at harvest, spike length, number 

of fertile spikelets/spike, number of sterile spikelets/spike, spike number/square meter, number of grain/ spike, 
thousand grain weight, grain number/square meter, straw yield/fad and biological yield /fad is shown in Table 
(2).  

Positive and highly significant correlation coefficients were obtained between grain yield/fad. and each of 
plant height, spike number/m2, spike grain number, 1000-grain weight, grain number/m2, straw yield/fad and 
biological yield/fad . This result is agreement those of Burio et al., (2004) and kotal et al., (2010).This indicated 
that by increasing these attributes, could invariably increase grain yield. 
 
Table 2: Simple correlation coefficients between grain yield per faddan and yield attributes. 

 1 2 3 4 5 6 7 8 9 10 
Grain yield 0.537** 0.296* 0.233 -0.497** 0.595** 0.384** 0.372** 0.794** 0.405** 0.833** 
1. Plant height (cm)  0.739** 0.587** -0.632** 0.256 0.413** -0.213 0.466** 0.597** 0.677** 
2. Spike length (cm)   0.670** -0.579** -0.063 0.630** -0.223 0.262 0.516** 0.486** 
3. Fertile spikelets/spike    -0.553** -0.052 0.498** -0.158 0.223 0.482** 0.428** 
4. Sterile spikelets/spike     -0.232 -0.379* 0.031 -0.394** -0.463** -0.572** 
5. No. of spikes/m2      -0.248 -0.220 0.831** 0.383** 0.646** 
6. No. of grain/spike       0.014 0.276 0.259 0.247 
7. 1000-grain weight        -0.149 -0.335* -0.199 
8. No. of grain/m2         -0.533** 0.789** 
9. Straw yield          0.842** 
10. Biological yield          - 

Faddan=4200 m2 
 
On the other hand, grain yield/fad. was negatively and highly significantly correlated with sterile 

spikelets/spike. Similar results were shown by Makhloof (1996) and Gomaa (1997a). Highly significant positive 
relationships were appeared between plant height and each of spike length, fertile spikelets/spike, number of 
grains/spike, number of grains/m2, straw yield/fad and biological yield/fad. On the other hand, a highly 
significant and negative association was found between plant height and sterile spikelets/spike. Positive but not 
significant correlation between plant height and number of spike/m2 was appeared. In addition, negative and not 
significant correlation between plant height and 1000-grain weight was recorded. Furthermore, the results 
showed highly significant and positive correlations between spike length (cm) and each of fertile spikelets / 
spike, the number of grains/spike and straw yield /fad. and biological yield/fad. While the association of sterile 
spikelets/spike was highly significant and negative. Negative and insignificant correlation between spike length 
and each of number of spikes / m2 and   1000-grain weight. 

It is clear that there were highly significant and positive correlations between fertile spikelets/spike and 
number of grain/spike, straw yield and biological yield of respectively. On the other hand, there was a highly 
significant and negative correlation between fertile spikelets per spike and sterile spikelets/spike. Highly 
significant and negative correlations were detected between the number of sterile spikelets/spike and either of 
number of grains/m2, straw yield /fad. and biological yield/fad., as well as, negative and significant correlation 
between number of sterile spikelets/spike and number of grain/spike. Also, positive but not significant 
association between the number of sterile spikelets/spike and 1000-grain weight. 

A highly significant and positive relationship appeared between spike number/m2 and number of grain per 
m2, straw yield and biological yield. Oppositely, there was negative and an insignificant correlation between 
number of spikes/m2 and each of spike grain number and 1000-grain weight. Positive but not significant 
correlation between spike grain number and each of 1000-grain weight number of grain/ m2, straw yield /fad.  
and biological yield/fad.   

1000-grain weight was negatively correlated with number of grains/m2, straw yield   and biological yield. 
On the other hand, negative and significant correlation between 1000-grain weight and straw yield /fad. A 
highly significant and positive correlation coefficient was obtained between number of grains/m2 and biological 
yield/fad., as well as, high significant and negative correlation between number of grains/m2 and straw yield/fad.  
A highly significant and positive relationship was obtained between straw yield/fad. and biological yield/fad. 
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The method of path coefficient was to analyses number of spikes/m2, number of grains/spike and 1000-

grain weight. Path analysis was practiced in order to find out the relative importance of these characters in 
contributing grain yield. 

a-The effect of direct and indirect path coefficients of yield components on grain yield is shown in Table 
(3). These effects were computed by partitioning the total correlation coefficient into its components. 

 
Table 3: Portioning of simple correlation coefficients between grain yield (ton/fad) and its components of wheat. 

Sources Values 
Number of spikes/m2 : 
Direct effect 
Indirect effect via number of grains/spike 
Indirect effect via 1000-grains weight  
Total (ry1) 
Number of grains/spike :  
Direct effect 
Indirect effect via 1000-grains weight  
Indirect effect via number of spikes/m2 
Total (ry2) 
1000-grains weight :  
Direct effect 
Indirect effect via number of spikes/m2 
Indirect effect via number of grains/spike 
Total (ry3) 

 
0.3550 
0.1203 
0.1200 
 0.5953** 
 
0.1273 
0.1722 
0.0852 
0.3847** 
 
0.1657 
0.1341 
0.0723 
0.3721** 

 
From the data in Table (3), it can be concluded that the direct effect of number of spikes/m2 had the highest 

association with grain yield in this respect of combined analysis.  
b-The relative importance in contributing grain yield as represented in percentage of the variation for yield 

components and their interactions are in Table (3). The calculation of the path coefficient revealed that number 
of spikes/m2, number of grains/spike and 1000-grain weight did exert direct effects on grain yield. The direct 
effect of those characters was respectively 43.61, 16.03 and 10.40%. It is clear that number of spikes/m2 had the 
greatest direct effect followed by number of grains/spike while 1000-grain weight was the lowest in this respect. 
These results are in agreement with those obtained by Sarhan and Hammad (1995), Makhloof (1996) and 
Gomaa (1997a). 

The path coefficient analysis threw light also on the indirect effects of these characters on yield. The values 
of path coefficients of number of spikes/m2 via 1000-grain weight were minor of quantities Table (4) on the 
contrary, the contribution of the interaction effect of number of spikes/ m2 and number of grains/spike to yield 
showed greater value of path coefficient (12.93%). It is worth to mention that these three characters i.e. number 
of spikes/ m2, number of grains/spike and 1000-grain weight contributed as much in grain yield since R2 reached 
85.88% of the total yield variation. The residual effects contributing yield in this study was low and negligible 
being 14.12%. Khokhar et al., (2010) Tripathi et al., (2011) found similar results in their studies 

The path analysis revealed that both number of spikes/ m2 and number of grains/spike greatly acted the 
grain yield of wheat variation since; these two categories had 72.57% of the total variation. 

 
Table 4: Direct and joint effects of grain yield components presented as a percentage of variation of wheat. 

Sources C.D. % 
Number of spikes/m2  
Number of grains/spike  
1000-grains weight 
number of spikes/m2 x number of grains/spike  
number of spikes/m x 1000-grains weight 
number of grains/spike x 1000-grains weight 
R2 
Residual  
Total  

0.4361 
0.1603 
0.1040 
0.1293 
0.0075 
0.0217 
0.8588 
0.1412 
1.0000 

43.61 
16.03 
10.40 
12.93 
0.75 
2.17 
85.88 
14.12 
100.00 

  C .D. = Coefficient of determination, % = Percentage contributed 
B. Grain quality:  
 
Grain carbohydrate content (%) of wheat as influenced by sowing methods, micronutrients and nitrogen 

fertilizer levels is presented in Table (5). Carbohydrate content (%) was insignificantly affected by the different 
sowing methods on wheat plants in the combined analysis. 

Carbohydrate content (%) significantly increased due to micronutrients treatments. Adding the 
combinations (Fe + Zn + Mn) produce the highest carbohydrate content compared with the rest treatment. The 
expecting increases in the carbohydrate content (%) in wheat grains by applying the different micronutrients 
under study were suggested to be a result of increasing the efficiency of photosynthesis and in turn the 
carbohydrate metabolism and accumulation inside grains. These results are in agreement with those reported by 
Abd El-Haleem et al., (1992) on Zn and Abdel- Salam et al., (1993) on Zn and Mn application. 
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Carbohydrate percentage was influenced significantly by nitrogen fertilizer levels. Data of the combined 

analysis reveal that 70 kg N/fad produced the highest carbohydrate percentage. In this respect, El-Ghonemy 
(1988) reported that percentage of carbohydrate was negatively affected by increasing nitrogen fertilizer level.  

In the same Table, the highest carbohydrate yield was obtained by sowing wheat with cross rows method.  
The results of combined analysis showed that, Zn treatment was more effective in this concern. The increase in 
carbohydrate yield over the control reached about 18.9%. However, as shown in the combined analysis, there 
was no significant difference between the other treatments. Emphatically increase in carbohydrate yield could be 
obtained by raising nitrogen level supplied to 70 or 105 kg N/fad in the combined analysis. 

Cross sowing or drilling method recorded significantly higher protein content compared with broadcasting 
method. The results clearly show that, protein content (%) of wheat was affected by micronutrients application.  
Control or Fe or Zn treatment in combined analysis produced highest protein content. The excess in grain 
protein content in response to micronutrients tested might be due to the effect of these nutrients in raising N 
absorption synthetic surfaces to the grains. The findings are confirmed by the observation made by Ashour and 
Hegazi (1972) on Zn and Mn, Gab-Alla et al. (1985) on Zn and Mn, Ahmed (1988) on Zn, Mourad et al. (1992) 
on Zn and Mn and El-Habbal et al. (1995) by using as a mixture of micronutrients.  Accordingly, results of the 
combined analysis showed the superiority of the high two N level over the low one in this respect. 

 
Table 5: carbohydrate %, carbohydrate yield, protein % and Protein yield (kg/fad) as affected by sowing methods, micronutrients and  
              nitrogen fertilizer levels. 

Main effect 
 Carbo.             Carbo. yield                  Protein                 Protein yield 
% Kg /fad % Kg / fad 

Sowing methods (S): 
Broadcasting        
Drilling                
Cross rows          
F-test 
Micronutrients (M): 
Control               
Fe                      
Zn                      
Mn                     
Fe + Zn + Mn      
F-test 
Nitrogen levels (N) :  
35 kg N/fad .       
70 kg N/fad .      
105 kg N/fad .     
F-tes 

 
79.78 
79.13 
78.90 
N.S 
 
79.34 ab 
79.25 bc 
79.17 bc 
78.45 c 
80.14 a 
** 
 
77.61 c 
80.57 a 
79.62 b 
** 

 
1277.1 c 
1406.1 b 
1476.1 a 
** 
 
1309.3 b 
1386.3 b 
1557.8 a 
1297.7 b 
1381.1 b 
** 
 
1122.4 b 
1478.9 a 
1557.9 a 
** 

 
10.13 b 
10.52 a 
10.73 a 
** 
 
10.56 a 
10.58 a 
10.67 a 
10.29 b 
10.20 b 
** 
 
9.83 b 
10.84 a 
10.72 a 
** 

 
162.14 c 
188.64 b 
202.14 a 
** 
 
175.24 bc 
186.50 b 
212.22 a 
170.16 c 
177.43 bc 
** 
 
142.09 b 
199.92 a 
210.91 a 
** 

 
It is clear from the Table (5) that the three sowing methods yielded differently, and the difference was 

significant in the combined analysis. Cross rows produced the highest protein yield followed by drilling than 
broadcasting. Results of combined analysis a certained the significant effects for the studied micronutrients on 
protein yield of wheat grains. Cleared from data of the plants sprayed with Zn produced the highest value of 
protein yield plants followed by those sprayed with Fe, while plants sprayed with Mn recorded the lowest value 
in this respect.  

Protein yield was influenced significantly by nitrogen fertilizer levels. Data of the combined analysis reveal 
significant increase in protein yield with each increase in nitrogen level, the increase valued 40.69 and 48.43% 
due to raising N level from 35 to 70 and 105 kg N/fad, respectively.  

Carbohydrate % as affected by the interaction between sowing methods and micronutrients is shown in 
Table (6). The highest carbohydrate percentage was produced from combination (Fe + Zn + Mn) or Zn 
treatment under broadcasting method and control or Fe treatment under drilling or cross rows method. 

The significant interaction between sowing methods and nitrogen fertilizer levels on carbohydrate 
percentage is shown in Table (6). The highest carbohydrate percentage was produced from broadcasting method 
under 105 or 70 kg N/fad and drilling or cross rows method under 35 or 70 or 105 kg N/fad.  

With respect to the significant interaction between sowing methods and micronutrients (Table 7), the results 
revealed that the highest carbohydrate yield was obtained from broadcasting or drilling method under Zn 
treatment or cross rows method under control or Fe or Mn or combination (Fe + Zn + Mn) treatment. 

The interaction effect of sowing methods and nitrogen fertilizer levels was significant as shown in Table 
(7). The highest carbohydrate yield could be obtained from broadcasting method under 105 kg N/fad and 
drilling or cross rows method under 70 or 105 kg N/fad. 

Protein content as affected by the interaction between sowing methods and micronutrients is shown in 
Table (8) the highest protein content was produced from broadcasting method under Fe or Mn treatment and 
drilling method under control or Fe treatment and cross rows under Zn treatment. 
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Table 6: Carbohydrate content (%) as affected by the interaction between sowing methods and micronutrients, sowing methods and  
              Nitrogen fertilizer levels. 

 
Table 7: Carbohydrate yield (kg/fad) as affected by the interaction between sowing methods and micronutrients, sowing methods and  
              nitrogen fertilizer level 

 
Protein content as affected by the interaction between micronutrients and nitrogen fertilizer level is shown 

in Table (8). The highest protein content was produced from Fe treatment under 35 kg N/fad and control or Zn 
or Mn treatment under 70 kg N/fad. 

 
Table 8: Protein content (%) as affected by the interaction between micronutrients and sowing methods, micronutrients and nitrogen  
              fertilizer levels. 

                                                                  Protein content (%) 
Sowing methods Micronutrients 

Control Fe Zn Mn (Fe+Zn+Mn) 

Broadcasting  
B 
9.96 b 

A 
10.57 a 

C 
10.20 ab 

A 
10.51 a 

B 
9.43 b 

Drilling  
A 
10.78 a 

A 
10.45 ab 

B 
10.71 a 

A 
10.42 b 

A 
10.25 b 

Cross rows 
A 
10.95 b 

A 
10.73 b 

A 
11.11 a 

B 
9.94 c 

A 
10.91 b 

 Nitrogen fertilizer levels (kg N/fad.)  

35 
B 
9.90 a 

A 
10.26 a 

B 
9.59 ab 

B 
9.62 a 

B 
9.76 a 

70 
A 
11.02 a 

A 
10.59 b 

A 
11.35 a 

A 
10.90 a 

A 
10.33 b 

105 
A 
10.78 a 

A 
10.90 a 

B 
10.08 ab 

A 
10.36 a 

A 
10.50 a 

 
The interaction of sowing methods and micronutrients was significant as shown in Table (9). The highest 

protein yield could be obtained when sown wheat with drilling sowing method under Zn treatment. 
 
Table 9: Protein yield (kg/fad) as affected by the interaction between sowing methods and micronutrients. 

                              Protein yield (kg/fad.) 
Sowing methods                                                       Micronutrients 

Control Fe Zn Mn (Fe+Zn+Mn) 

Broadcasting  
B 
153.08 b 

A 
180.52 a 

B 
188.20 a 

B 
142.44 b 

C 
146.46 b 

Drilling  
A 
177.09 b 

A 
181.59 b 

A 
232.17 a 

A 
179.41 b 

B 
172.93 b 

Cross rows  
A 
195.54 a 

A 
197.37 a 

A 
216.28 a 

A 
188.64 ab 

A 
212.89 a 

 
It is worthy to note that, in wheat plants, it is of interest to select for higher yield by means of higher 

correlated characters in the present study. The results revealed that number of spikes / m2, grains number / spike, 
1000 grain weight, straw yield and biological yield / fad gave the highest magnitude in the respect under newly 
cultivated sandy soil. 

Carbohydrate content (%) 
Sowing methods Micronutrients Nitrogen fertilizer levels 

(kg N/fad.) 
Control Fe Zn Mn (Fe+Zn+Mn) 35 70 105 

Broadcasting  
B 
77.22 b 

A 
78.74 b 

A 
81.81 a 

A 
78.59 b 

A 
82.52 a 

A 
77.50 b 

A 
80.05 a 

A 
81.77 a 

Drilling  
A 
80.28 a 

A 
79.87 a 

B 
78.66 b 

A 
78.17 b 

B 
78.66 b 

A 
77.72 ab 

A 
81.08 a 

A 
78.6 a 

Cross rows  
A 
80.53 a 

A 
79.12 a 

C 
77.03 b 

A 
78.59 ab 

B 
79.23 a 

A 
77.62 ab 

A 
80.58 a 

A 
78.51 a 

Carbohydrate yield (kg/fad) 
Sowing methods Micronutrients Nitrogen fertilizer levels  

(kg N/fad.) 
Control Fe Zn Mn (Fe+Zn+Mn) 35 70 105 

Broadcasting  
B 
1175.16 b 

A 
1330.32 b 

A 
1507.51 a 

B 
1083.25 c 

B 
1289.13 b 

A 
1027.22 c 

B 
1283.70 b 

A 
1520.30 a 

Drilling  
A 
1316.13 b 

A 
1372.09 b 

A 
1686.52 a 

A 
1337.46 b 

B 
1318.46 b 

A 
1175.76 b 

A 
1564.83 a 

A 
1477.80 a 

Cross rows  
A 
1436.67 a 

A 
1456.36 a 

B 
1479.33 a 

A 
1472.23 a 

A 
1535.78 a 

A 
1164.26 b 

A 
1588.29 a 

A 
1675.67 a 
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Cross rows or drilling methods, Zn application and 70 kg N / fad or 105 kg / fad.  produced the highest 

carbohydrate yield.  
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