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Abstract: Improving NUE is a technique of optimum fertilizer management in agriculture. The effects 
of irrigation interval, N fertilization and superabsorbent on seed yield and N use efficiency (NUE) and 
N agronomic efficiency (NAE) were examined in sesame (Sesamum indicum L.) in Khosf, Birjand, 
Iran in 2009 as a split-split plot experiment based on a randomized complete block design with three 
replications. The treatments included irrigation interval as main plot at three levels of 6, 12 and 18 
days, N fertilization as the sub-plot at three levels of 0, 100 and 200 kg.ha-1 and superabsorbent as the 
sub-sub-plot at two levels of 0 and 200 kg.ha-1. The results of analysis of variance showed that 
irrigation interval significantly affected seed yield, NUE for seed and biomass production and NAE for 
seed production, but its impact on NAE for biomass production was not significant. Means comparison 
indicated that the increase in irrigation interval from 6 and 18 days significantly increased seed yield, 
NUE for seed production, NAE for seed production and NUE for biomass production by 44.51, 45.50, 
64.42 and 42.44%, respectively. The impact of N level was significant on all studied traits, but 
superabsorbent did not significantly impact them. In total, it is recommended to use irrigation interval 
of 6 days with the application of 200 kg N.ha-1 in Birjand, Iran to have an optimum sesame yield. 
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INTRODUCTION 

 
 Oilseed cultivation has been traditionally interested in Eastern countries. Iran is a country where some 
oilseeds like sesame, caster-oil, safflower and sunflower have been produced for a very long time (Behdani and 
Rashed Mohassel, 1998). But despite this very old record and the high capability for producing oilseeds, their 
production has not been greatly developed in Iran. Sesame is one of the edible oilseeds in traditional farming of 
hot and semi-hot regions and it is supposedly the most ancient oilseed in the world. To have optimum yield, it is 
necessary to supply enough moisture by irrigation in addition to improving soil fertility and using bred cultivars 
(Koochaki and Nasiri Mahallati, 1993). Moreover, the application of some additives like superabsorbent 
polymers can help in maintaining and storing the water in soil and can prevent moisture stress in arid and semi-
arid regions by improving soil physical conditions. Tantawy et al., (2007) stated that the increase in irrigation 
interval led to the decrease in sesame yield. Field studies show that the seed yield of sesame increases up to over 
35 kg.ha-1 by N application (Ramakrishnan et al., 1996). Karimi (1993) reported the positive effect of Igeta - 
moisture absorbent - on the increase in available water and water holding capacity of the soil as well as on the 
increase in soybean seed yield per unit area. Enhancing the fertilizer use efficiency (NUE) is a prerequisite for 
the management of fertilizers application. Increasing NUE plays an essential role in cutting the production costs 
and avoiding the nitrate contamination of waters, soils and harvests (Silspoor and Momayezi, 2006). One per 
cent increase in NUE in grains farming can save 235 million $ in the world (Rajkova and Petkov, 1996). 
Increasing fertilizer efficiency can be made possible by different methods, e.g. breeding cultivars with higher 
nutrients absorption efficiency, changing fertilizer type, changing application time and rating, partitioning 
fertilizers and using agronomic rotation (Olsen and Sommers, 1982). The improvement of fertilizer use 
efficiency entails the improvement of the yield and the decrease in environmental pollution (Olsen and 
Sommers, 1982). Given the foregoing points, the current study was carried out to study the effect of N 
fertilization levels and superabsorbent as well as different irrigation intervals on seed yield and NUE of sesame. 
 

MATERIALS AND METHODS 
 
 The study was carried out in Khosf, Birjand, Iran (Long. of 59°13´ E., Lat. of 32°53´ N., Alt. of 1480 m.) in 
2009 as a split-split plot experiment based on a randomized complete block design with three replications. The 
main plot was irrigation interval at three levels of 6, 12 and 18 days. The sub-plot was N fertilization at three 
levels of 0, 100 and 200 kg.ha-1. And the sub-sub-plot was superabsorbent at two levels of 0 and 200 kg.ha-1. 
The seeds of Khosf landrace were used. The plots were 6 m long with 6 planting rows, inter-row spacing of 45 
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cm and inter-plant spacing of 5 cm on each row. The soil texture was sandy-clayey with 0.11% organic matter 
content, EC of 8.42 dS.m-1 and saturated pH of 8.09. The soil preparation operation including plowing, disking 
and leveling was conducted in April 2009. The seeds were manually sown at the depth of 1.5-2.5 cm on April 
19, 2009. To prevent soil-borne diseases, the seeds were treated with Benomyl 2:1000 before sowing. Also, the 
plots were manually weeded during the growing season. The plants were thinned at 6-leaf stage to have the 
desirable densities and the irrigation treatments were applied. N fertilizer from urea source was applied at three 
stages of pre-thinning, early-flowering and late-flowering. The superabsorbent polymer (Tarawat A200, 
procured from Iran Polymer and Petrochemical Institute) was applied in a band form at the depth of 20-25 cm in 
the middle of furrows before sowing. 
 The final harvest was carried out from the two middle rows from an area of 2 m2 on November 5 when the 
plants became yellow and the capsules have been split yet. Then, they were dried in open air, the seeds were 
separated from the capsules and the seed yield with 10% moisture was measured. By definition, NUE for seed 
and biological yield was measured by the following equation: 
 

areaunitperNapplied

areaunitperyield
kgkgNUE  ).( 1  

 
 Also, NAE for seed and biological yield was calculated by the following equation: 
 

 
levelNapplied

plotfertilizednonofyieldplotfertilizedofyield
kgkgNAE


 ).( 1  

 
 The data were statistically analyzed by software MS-TATC and the means were compared by Duncan Test 
at 5% level. 
 

RESULTS AND DISCUSSION 
 
Seed Yield: 
 The results of analysis of variance showed that irrigation interval, N level and their interaction significantly 
affected seed yield at 1% level, but superabsorbent and other interactions did not significantly affect it (Table 1). 
The highest seed yield (687.04 kg.ha-1) was obtained at irrigation interval of 6 days which was 32 and 80.2% 
higher than irrigation intervals of 12 and 18 days, respectively (Table 2). The reason for higher seed yield of 
irrigation interval of 6 days was less fierce competition among plants on water and the increase in the number of 
auxiliary branches and capsules per plant because of enough available water. These results are in agreement 
with the results of Rezvani Moghaddam et al., (2005) and Praksh and Thimmegoawd (1991)’ studies on sesame. 
 
Table 1: Results of analysis of variance for the effects of different levels of irrigation interval, N and superabsorbent on seed yield. 

Sources of variation df Seed yield 
(kg.ha-1) 

Replication 2 1627.230ns 
Irrigation 2 422069.600** 
Error a 4 1580.076 
N 2 66687.245** 
Irrigation × N 4 6087.107** 
Error b 12 320.073 
Superabsorbent 1 825.331ns 
Irrigation × superabsorbent 2 415.523ns 
N × superabsorbent 2 29.721ns 
Irrigation × N × superabsorbent 4 180.613ns 
Error c 18 301.783 
Coefficient of variations (%)  3.280 

ns, ** show non-significance and significance at 1% level, respectively. 

 
 Means comparison for seed yield at different N levels showed 6.45 and 25.63% higher seed yield at N level 
of 200 kg.ha-1 than that at N levels of 100 and 0 kg.ha-1, respectively (Table 2). Also, Papari Moghaddam and 
Bahrani (2005) reported the significant increase in seed yield with the increase in N level. 
 Although higher N fertilization level gave higher seed yield at all irrigation levels, this increase in seed 
yield was significantly much higher under optimum irrigation conditions, so that the highest seed yield (on 
average, 770.37 kg.ha-1) was obtained under irrigation interval of 6 days accompanied with the application of 
200 kg N.ha-1 which was 31.23 higher than that under 6 days irrigation interval accompanied with no-N 
application (Fig. 1). The higher availability of water and N to plants provides optimum conditions for vegetative 



Aust. J. Basic & Appl. Sci., 5(12): 697-702, 2011 

699 

growth and increases photosynthesis rate, assimilate production, the number of capsules per plant and the 
number of grains per capsule and finally, the significant increase in seed yield. 
 
Table 2: Means comparison for the effects of irrigation interval, N and superabsorbent on seed yield. 

Treatment Seed yield (kg.ha-1) 
Irrigation interval (day) 
6 
12 
18 

687.04 a 
520.68 b 
381.17 c 

N (kg.ha-1) 
0 
100 
200 

462.35 c 
545.68 b 
580.86 a 

Superabsorbent (kg.ha-1) 
0 
200 

525.72 a 
533.54 a 

Means with the same letter in each column shows non-significance at 5% level. 

 
N Use Efficiency for Seed Production: 
 The effects of irrigation interval and N fertilization level as well as their interaction was revealed to be 
significant on NUE for seed production at 1% level, but the effects of superabsorbent and other interactions on it 
were not significant (Table 3). Irrigation interval of 6 days with the production of 5.45 kg seed per kg N.ha-1 had 
the highest NUE with 32 and 83.5% higher NUE than the irrigation intervals of 12 and 18 days, respectively 
(Table 4). NUE depends on soil moisture status, so that it significantly decreases as the irrigation interval is 
increased and the availability of water to roots is consequently decreased. 
 
Table 3: Results of analysis of variance for the effect of different levels of irrigation, N and superabsorbent on NUE and NAE in sesame. 

Sources of variation df NUE for seed 
production 
(kg.kg-1) 

NUE for biomass 
production 
(kg.kg-1) 

NAE for seed 
production 
(kg.kg-1) 

NAE for biomass 
production 
(kg.kg-1) 

Replication 2 0.142ns 5.069ns 0.174ns 2.258ns 
Irrigation 2 18.402** 932.585** 1.730** 5.969ns 
Error a 4 0.091 1.332 0.037 2.216 
N 1 58.599** 3987.922** 0.526** 14.797* 
Irrigation × N 2 1.256** 108.727** 0.190ns 6.847ns 
Error b 6 0.025 1.863 0.016 2.036 
Superabsorbent 1 0.022ns 0.051ns 0.002ns 0.001ns 
Irrigation × superabsorbent 2 0.004ns 2.082ns 0.300ns 5.032ns 
N × superabsorbent 1 0.000ns 1.656ns 0.003ns 2.434ns 
Irrigation × N × superabsorbent 2 0.006ns 1.695ns 0.011ns 1.277ns 
Error c 12 0.028 2.369 0.038 2.983 
Coefficient of variations 3.98 4.65 27.15 48.19 

ns, * and ** show non-significance and significance at 5 and 1% level, respectively. 
 
 The highest NUE for seed production (on average, 5.46 kg seed per kg N.ha-1) was obtained at N 
fertilization level of 100 kg.ha-1 which was 87.62% higher than that at N fertilization level of 200 kg.ha-1 (Table 
4). The decrease in NUE with the increase in N application level (law of diminishing return) has been reported 
by Sadeghi Pour Marvi (2010) and Silspoor and Momayezi (2006), too. The highest NUE for seed production 
(on average, 7.04 kg.kg-1) was obtained under irrigation interval of 6 days accompanied with the application of 
100 kg N.ha-1 and the lowest one (on average, 2.03 kg.ka-1) was obtained at the irrigation interval of 18 days 
accompanied with the application of 200 kg N.ha-1 (Fig. 2). According to the results, it seems that N uptake 
decreases under moisture deficiency, under which the increase in N level does not affect NUE and even it may 
have adverse effect on it. A positive, significant correlation (r2 = 0.502**) was observed between NUE for seed 
production and seed yield (Table 6) which proved that NUE increased with the increase in yield potential of the 
plants. 
 
N Agronomic Efficiency for Seed Production: 
 The study showed significant differences between different irrigation intervals and N levels with respect to 
NAE for seed production at probability level of 1% (Table 3). Means comparison for this trait at different 
irrigation intervals showed 42.46 and 181.08% superiority of 6 days irrigation interval over 12 and 18 days 
irrigation intervals, respectively (Table 4). The N level of 100 kg.ha-1 had the highest NAE for seed production 
(on average, 0.84 kg.kg-1) which was 42.4% higher than that at N level of 200 kg.ha-1 (Table 4). 
 Sadeghi Pour Marvi (2010) stated that the simple effect of N on NAE of spinach was significant and that 
the highest NAE was obtained at N level of 250 kg.ha-1. The effect of superabsorbent was not significant on 
NAE (Table 3) and also, means comparison did not show its significant impact on this trait (Table 4). The study 
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revealed that the interactions of irrigation interval × N, irrigation interval × superabsorbent, N × superabsorbent 
and irrigation interval × N × superabsorbent on NAE for seed production was not statistically significant (Table 
3). The NAE for seed production had a positive, significant correlation (r2 = 0.768**) with seed yield (Table 5). 
 
Table 4: Means comparison for the effects of different levels of irrigation, N and superabsorbent on NUE and NAE in sesame. 

Treatment NUE for seed 
production 
(kg.kg-1) 

NUE for biomass 
production 
(kg.kg-1) 

NAE for seed 
production 
(kg.kg-1) 

NAE for biomass 
production 
(kg.kg-1) 

Irrigation interval (day) 
6 
12 
18 

5.45 a 
4.13 b 
2.97 c 

41.14 a 
34.54 b 
23.68 c 

1.04 a 
0.73 b 
0.37 c 

3.54 a 
2.90 a 
4.31 a 

N (kg.ha-1) 
100 
200 

5.46 a 
2.91 b 

43.64 a 
22.59 b 

0.84 a 
0.59 b 

4.23 a 
2.94 b 

Superabsorbent (kg.ha-1) 
0 
200 

4.16 a 
4.21 a 

33.16 a 
33.08 a 

0.72 a 
0.71 a 

3.59 a 
3.58 a 

Means with the same letter in each column shows non-significance at 5% level. 

 
Table 5: Coefficients of correlation of the traits between seed yield, NUE and NAE. 

Traits 1 2 3 4 5 

1. Seed yield (kg.ha-1) 1     

2. NUE for seed production (kg.kg-1) 0.502** 1    

3. NAE for seed production (kg.kg-1) 0.768** 0.788** 1   

4. NUE for biomass production (kg.kg-1) 0.423* 0.981** 0.736** 1  

5. NAE for biomass production (kg.kg-1) -0.163 0.162 0.067 0.250 1 

* and ** show significant at 5 and 1% level, respectively. 

N use Efficiency for Biomass Production: 
 The results of analysis of variance indicated that irrigation intervals, N levels and their interaction had 
significant differences in their NUE for biomass production at statistical level of 1%, but superabsorbent and 
other interactions did not significantly affect this trait (Table 3). According to means comparison, as irrigation 
interval was decreased from 18 to 6 days, NUE for biomass production increased from 23.68 to 41.14 kg.kg-1 
(Table 4). In other words, it can be concluded that more irrigation can result in higher NUE for biomass 
production. In this study, this trait was increased by 73.7% with the decrease in irrigation interval from 18 to 6 
days. 
 The highest NUE for biomass production (on average, 43.64 kg.kg-1) was obtained at N level of 100 kg.ha-1 
which was 93.2% higher than that at N level of 200 kg.ha-1 (Table 4). 
 Also, means comparison showed that the irrigation interval of 6 days with the application of 100 kg N.ha-1 
had the highest NUE for biomass production (on average, 53.64 kg.kg-1) and the irrigation interval of 18 days 
with the application of 200 kg N.ha-1 had the lowest one (on average, 16.62 kg.kg-1) (Fig. 3). NUE for biomass 
production had positive, significant correlations with seed yield (r2 = 0.423*), NUE for seed production (r2 = 
0.981**) and NAE for seed production (r2 = 0.736**) and the variations of NUE for biomass production was in 
line with the variations of these traits (Table 6).  
 
N Agronomic Efficiency for Biomass Production: 
 The effect of N level was significant on NAE at statistical level of 5% (Table 3), so that the highest NAE 
for biomass production (on average, 4.23 kg.kg-1) was obtained at N level of 100 kg.ha-1 which was 43.9% 
higher than that at N level of 200 kg.ha-1 (Table 4). The study showed that the simple effects of irrigation 
interval and superabsorbent as well as different interactions were not significant on NAE for biomass production 
(Table 3). Given the impact of the increase in N level on NUE and NAE for seed and biomass production, it can 
be said that the plants respond to the N fertilization on the basis of law of diminishing return; in other words, the 
higher the N fertilization is, the lower the N efficiency for seed and biomass production would be. The likely 
reason for lower NUE and NAE at higher N levels is the loss of N through sublimation, denitrification, leaching 
or the inability of the plants in N uptake. 
 
Conclusion: 
 In total, the results revealed that water-deficit stress adversely impacted seed yield and NUE and NAE for 
seed and biomass production and that higher N levels resulted in higher seed yield although NUE decreased 
according to law of diminishing return. Therefore, it can be recommended to use irrigation interval of 6 days 
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accompanied with the application of 200 kg N.ha-1 for sesame cultivation. It should be mentioned that the 
application of superabsorbent exactly under planting rows is likely to have positive effects on vegetative and 
reproductive growth and yield which needs further study. 
 

 
 
Fig. 1: Interaction of irrigation and N on sesame seed yield. Columns with similar letter(s) show non-

significance at 5% level. 
 
 

 
 
Fig. 2: Interaction of irrigation and N on NUE for sesame seed production. Columns with similar letter(s) show 

non-significance at 5% level. 
 

 
 
Fig. 3: Interaction of irrigation and N on NUE for sesame biomass production. Columns with similar letter(s) 

show non-significance at 5% level. 
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