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Seston and Nitrogen Effects on Yield and N, P Uptake 
of Riee (Oryza sativa L. ev. Hassawi) 
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In a pot experiment conducted during the summer seasons March-June of 
1999 and 2000 the effects of seston (100 and 200 g/pot) and different nitrogen 
levels (0, 50, 100 and 150 kg N/ha) on yield. Yield components and nutrient 
uptake of Hassawi rice (Oryza sativa) were studied. Yield, yield components 
and uptake of N and P significantly increased with seston application and with 
each successive increment of nitrogen. Grain yield increased significantly 
from 10.5 tJha without seston to 14.3tJha with 200 glpot seston. Grain yield 
was the highest under 150 kg Niha and was significantly superior to both 0 
and 50 kg N/ha treatments in both the seasons, but was on a par with the 100 
kg N/ha in the second season. 

Introduction 
Hassawi rice (Oryza sativa L.) is generally grown in AI-Hassa from 

February - March to June-July. During this period, the crop is irrigated by 
flood irrigation and even though the yield is quite low. Since irrigation 
water in Saudi Arabia is scarce (AI-Amoud and Mohammad, 1995), it may 
be beneficial to adopt certain soil-moisture conservation practices like the 
use of seston (Blue green Algae biomass accumulated in water reservoirs). 
The role of blue-green algae (BGA) is supplying N to rice field is well 
documented. In addition, they also bring about, directly or indirectly, a 
number of changes in the physical, chemical and biological properties of the· . 
soil and soil-water interface in rice fields (MandaI et ai. , 1999). BGA 
liberate extracellular organic compounds and photosynthetic O2 during their 
growth and on decomposing of different organic acid in soil (Rogers and 
Ladha, 1992). All changes brought about by BGA in soil may ultimately 
influenced plant-available nutrients. Also optimum levels of fertilizer 
nutrient, particularly nitrogen plays an important role in boosting the yields 
(MandaI et ai. , 1999). In the present investigation an attempt was made to 
study the effect of seston and levels of nitrogen on the yield and yield 
attributes of Hassawi rice. 
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Material and Methods 
A pot experiment was conducted in a green house at the Agricultural 

and Veterinary Training and Research Station, King Faisal University in AI­
Hassa, Saudi Arabia during the summer seasons (March to June) of 1999 
and 2000. Hassawi rice was grown in plastic pots (100 cm in diameter) 
filled with soil composed of fine sand (61.8%,) coarse sand '(9.6%), silt 
(25.2%), clay (4.5%) and organic carbon (0.49%) with a pH of7.2. Twenty­
five seeds of Hassawi rice were sown per pot, late~. thinned to 15 per pot. 

12 treatment combinations involving 3 seston'treatments (0, 100 and 200 
g/pot) and 4 levels of nitrogen (0, 50, 100 and 150 kg N/ha) replicated 4 
times in split plot design were used. Nitrogen rates as the main plots and 
seston levels as subplots. 

A basal dose of phosphorus and potassium were applied at 75 kg 
P20s /ha and 50 kg K20/ha in the form of triple superphosphate (48% P20s) 
and murate of potash respectively. Nitrogen 'was applied in the form of urea 
(46% N) as per treatment in two equal splits, one before sowing and , the 
other at the tillering stage. Seeds of Hassawi rice were sown on 18 March 
1999 and 3 March 2000. Seston collected from the shore of the Arabian 
Gulf was applied according to the treatments just after sowing over the soil 
surface. The crop was harvested on 25 June and 2Q June in 1999 and 2000 
respectivel y. 

At harvest number of grains/spike, number of filled grainsl spike, grain 
and straw yields were determined on samples of 10 plants/pots immediately 
after harvest 3 plants/pot were randomly sampled, oven dried at 80°C for 24 
hours and ground to pass a 20 mm-mesh screen to estimate nitrogen and 
phosphorus uptake. Total nitrogen was determined on composite plant 
samples by the Kjeldahl distillation method (Bremner, 1965). For 
phosphorus determination, the phlut material was digested with nitric, 
sulphuric and perchloric acid mixt'-:1re. Phosphorus concentration in the 
extract was determined by Vanadomolybodo-phosphoric yellow color 
method (Jackson, 1968). Analysis of variance was 'performed to determine 
the statistical significance of the effect of treatments according to the 
procedure outline by Steel and Torrie (1988). 
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Results and Discussion 
Grain yield 

Vo1.5 No.1 1425 (2004) 

The grain yield was significantly higher under 200-g sestonlpot than the 
100-g sestonlpot and the control in both seasons (Table 1). During 1999, 
this treatment recorded lower grain yield than that during 2000. 

Table (1) 
Grain and straw yields of summer rice as affected by nitrogen and 

t r f ses on appllca Ion. 

Treatnlent 
Grain yield (t/ha) Straw yield (t/ha) 

1999 2000 mean 1999 2000 Mean 
Seston rate (g/pot) 

0 8.5 12.4 10.5 22.2 24.6 23.4 
100 12.4 12.6 12.5 25.8 28.4 27.l 
200 13 .0 15.6 14.3 29.3 3l.7 30.5 

LSD (0.05)* 2.64 l.70 1.24 2.49 3.56 2.58 
Nitrogen (kg/ha) 

0 10.3 1l.2 10.2 23.7 25.7 24.4 
50 1l.2 13.2 12.2 26 .6 28.4 27.5 
100 12.4 13 .9 13.l 26 .7 28 .7 27.7 
150 13.2 14.9 14.1 28 .0 28.9 28.4 

LSD (0 .05)* 0.71 0.82 0.68 n.s. l.04 l.84 
n. s. = Not significant 
* Calculated From Raw Data. 

However, the 100-g sestonlpot application recorded more grain yields 
than the control during both seasons. During '1999, the application of 200-g 
sestonlpot was not significantly different from that of the 100-g sestonlpot, 
both being superior to the control. But during 2000, the 200-g sestonlpot 
application was found superior to both 100-g sestonlpot and the control and 
the latter two were not significantly different. The pooled data of the tvyo 
seasons also revealed that grain yields were significantly higher under the 
200-g sestonlpot than under the 100-g sestonlpot. The beneficial effect of 
seston may be attributed to better conservation of soil moisture, which 
might have helped in improving the growth and yield of crop. This 
substantiates the findings of Alla-EI-Din and Shalan, 1989 and Santra, 1993. 
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The maximum grain yield was obtained with 150 kg N/ha (Table 1), 
which was significantly superior than that of 100 kg N/ha. The lowest yield 
was found under the control. A similar trend was also observed when the 
data were pooled. However, 50 kg N/ha was found on a par with 100-kg 
N/ha. Both were being significantly superior to the control in both seasons. 

Kumar and Verma (1981) found that upland, rice rsponded up to 150 kg 
N/ha, whereas Singh et aI. (1983) observed gradual increase in the yield of 
upland rice up to 80 kg N/ha. 

Straw yield 
The straw yield was the highest under the 200-g sestonlpot treatment in 

both seasons (Table 1). This was not significantly different from the 100-g 
sestonlpot in 2000. The combined analysis shows that the straw yield was 
significantly higher under the 200 than the 100-g/pot treatments, which in 
turn was again significantly higher than the control. Higher straw yields 
with seston application, particularly when 200-g sestonlpot was applied, 
might be because of better soil-moisture and fertility conditions that helped 
in better vegetative growth of the rice. This conforms the findings of 
Pravdivaya et aI. , 1988 and Temple et ai., 1989. 

The effect of nitrogen levels was not significant in 1999, whereas in 
2000 all the levels produced significantly higher straw yields over the 
control. In 1999, the crop perhaps could not utilized most of the applied 
nitrogen for dry-matter production. But in the second year, under optimum 
soil-moisture conditions, increased nitrogen levels resulted in more 
utilization of nitrogen by the crop for dry-matter production. The pooled 
data revealed that all the 3 levels of nitrogen (50, 100 and 150 kg N/ha) gave 
significantly higher straw yields than the control. Although, they were at par 
among themselves. / 

Grains/spike 
The 200-g sestonlpot (Table 2) produced significantly higher number of 

grains/spike than the 100-g seston /pot and the control. The combined 
anal ysis of the two seasons indicated that the 200-g sestonlpot and no 
seston, the latter two treatments being at par. The beneficial effect of the 
addition of the seston may again be attributed to better soil-moisture 
condition during the spike initiation stage. Nitrogen at 100 and 150 kg/ha 
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recorded similar number of grains/spike in 1999 and 2000. These two levels 
produced significantly higher number of grains/spike than 50 kg N/ha level. 
However in 2000. 100 and 50 kg N/ha levels were at par. Again in that year. 
50 kg N/ha level could not improve the number or grains/spike over the 0 kg 
N/ha level, although in 1999, there were significant differences between 
these two levels of nitrogen. 

Table (2) 
Grain and filled grains/spike of summer rice as affected 

b· d t r f ty nitrogen an ses on apJ 111ca Ion. 

Treatment 
Grain/spike Filledgrainlspike 

1999 2000 mean 1999 2000 Mean 
Seston rate (g/pot) 

0 80.4 84.3 82.4 69.8 70.6 70.2 
100 8l.3 85 .2 83.3 72.1 73.4 72.4 
200 91.1 92.8 92 .0 76.8 78.3 77 .6 

LSD (0 .05)* 3.08 l.67 2.44 l.53 3.66 · 2.49 
Nitrogen (kg/ha) I 

0 78 .2 83 .7 8l.0 65.8 68.5 67.2 
50 83.9 87.1 85.5 7l.7 72.3 72.0 
100 9l.3 92.5 9l.9 75.9 76.7 76.3 
150 92.8 93 .2 93.0 77.4 78.9 78.2 

LSD (0.05)* 2.73 3.65 3.05 3.21 3.42 : 3.12 

* Calculated From Raw Data. 

The pooled data of two years reveal that the highest., number of 
grains/spike was obtained with 150 kg N/ha which was not significantly 
different from the 100 kg N/ha but it was significantly superior to the 50 kg 
N/ha and the 0 kg N/ha treatment. This was obviously because of better crop 
nutrition in the presence of nitrogen. 

Filled grains/spike 
The maximum filled grains/spike was produced with th'e 200 glpot 

treatment, followed by the 100 g/pot and no seston in both seasons. 
However, these under 100 g/pot and no seston were at par in 2000. Similar 
trend was also observed when the data were pooled (Table 2). 

97 



Seston and nitrogen effects on yeild ... Abdullah M. AI-Gusaibi 

Increase number of filled grainsl spike was recorded as the nitrogen 
levels increased in both seasons. In 1999, 150 and 100 kg N/ha were at par 
and significantly superior to the other two levels of nitrogen. Moreover, 50 
kg N/ha gave more filled grainslspike than the control. Also in 2000, both 
150 and 100 kg N/ha were at par and were superior to 50 and 0 kg N/ha 
treatments. 

The ISO-kg N/ha treatment produced the highest number of filled grains 
and was at par with 100 kg N/ha when the data were pooled, and they were 
significantly differed from 50 kg N/ha. 

Nitrogen uptake 
Nitrogen uptake increased significantly with seston application and with 

the increase in the rate of applied nitrogen (Table 3). The increase in 
nitrogen uptake with sestoning average 46.70/0 (with 100 g/pot) and 94.7% 
(with 200 g/pot) in 1999 and 22.1 % and 42.6% in 2000. These results are in 
line with those reported by Zhou and Kleinhofs (1996), MandaI et al. (1999) 
and Thind and Rowell (1999). Similarly, as the rate of fertilizer nitrogen 
increased from 50 to 150 kg N/ha, average nitrogen uptake by Hassawi rice 
increased by 19.4% in 1999 and by 45.8 in 2000. 

Table (3) 
Nitrogen and phosphorus uptake (kg/ha) of summer rice as 

ffitdb' d t r' a ec e ,y nitrogen an ses on app (catIon. 

Treatment 
Nitrogen phosphorus 

1999 2000 mean 1999 2000 Mean 

Seston rate (g/pot) 
0 30.4 44.8 37.6 6.7 7.3 7.0 

100 44.6 54.7 44.7 7.0 13.5 10.3 
200 59.2 63.9 61.6 9.7 16.0 12.9 

LSD (0.05)* 3.64 4.27 3.83 1.03 1.64 1".21 
Nitrogen (kg/ha) 

0 49.5 65 .1 57.3 7.5 10.8 9.2 
50 60.9 69.8 65.4 9.7 13.4 11.6 
100 67.8 75 .6 71.7 10.7 15.5 13.l 
150 72.7 101.8 87.3 11.9 18.4 15 .2 

LSD (0.05)* 2.95 3.04 2.69 0.76 0.82 0.73 
* Calculated From Raw Data. 
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Phosphorus uptake increased significantly with seston application and 
nitrogen application (Table 3). Like nitrogen uptake, phosphorus uptake 
increase was substantial. Menon et al. (1998) and Rama-Krishnayya et al. 
(1998) reported similar findings. Enhanced growth as well as grain yield 
and higher nutrient uptake with sestoning maybe attributed to its favorable 
effect on the edaphic environment. 

These results have indicated that sestoning of rice holds a great promise 
to increase crop yields and to economize fertilizer nitrogen in Hassawi rice 
production. 

References : 

1. AI-Amoud, A. 1. and F. S. Mohammad. (1995). Automatic irrigation 
scheduling by remote controlled tensiometers under arid climatic 
conditions. Agric. Eng. 1. 4: 131-145. 

2. Alla-El-Din, M. N. and S. N. Shalan. (1989). Biofertilization using 
blue-green algae in rice. Rice farming systems. New directions. 
Proceedings of an international symposium 31 Jan. -3 Feb. 1987. Rice 
research and training Center, Sakha, Egypt. 305-318. 

3. Bremner, 1. M. (1965) . Total nitrogen. In C. A. Black (ed.). methods 
of soil analysis. Part 2. Chemical and microbiological properties. 
Agronomy. 9: 1149-1176. 

4. Jackson, M. L. (1968). Soil chemical analysis . Asia publishing House, 
Bombay. 

5. Kumar, V. and U. K. Verma. (1981) . Effect of moisture regime and 
nitrogen levels on yields of oats. Indian Journal of Agronomy 26: 87-
88 . 

6. MandaI, B., P . L. G. Velk and L. N. MandaI. (1999). Beneficial effects 
of blue-green algae and Azolla, excluding supplying nitrogen, on 
wetland rice fields : a review. Bio. Fertil. Soils. 24: 329-342. 

7. Menon, R. G. , S. H. Chien and W. 1. Chardon. (1998). Iron oxide­
impregnated filter paper (Pi test) II. A review of its application. Nutr. 
CycI. Agroecosyst. 47 : 7-18. 

99 



Seston and nitrogen effects on yeild ... Abdullah M. AI-Gusaibi 

8. Pravdivarya, N. P. , A. V. Kaplya and O. O. Stasik. (1988). 
Photosynthetic productivity of winter wheat leaves with the use of 
seston as fertilizer. Fiziologiya-I-Biokhimiya-Kul' turnykh-Rastenii . 
20: 460-467. 

9. Rama-Krishnayya, G., T. L. Setter, R. K. Sarkar, P. Krishnan and I. 
Ravi. (1998). Influence of phosphorus application to flootwate on 
oxygen concentration and survival of rice during complete 
submergnece. Exp. Agric. 35: 167-180. 

10. Rogers, P. A. and 1. K. Ladha. (1992). Biological N2 fixation in 
watland rice fields : estimation and contribution to nitrogen balance. 
Dev. Plant Soil Sci. Dordrecht: Kluwer Academic Publishers. 49: 41-
55 . 

11 . Santra, S. C. (1993). Biology of rice fields blue-green algae. Delhi, 
Daya Pub. 184 P. 

12. Singh, T. N., G. Singh and H. P. Singh. (1983). Nitrogen fertilization 
spreading to maximize upland rice yields. International Rice Research 
Institute Newsletter. 8: 19-21. 

13. Steel, R. G. D. and 1. H. Torrie. (1988) .. principles and procedures of 
statistics. McGraw Hill Book Co. Inc., New York. 

14. Temple, W. D., A. A. Bomke, R. A. Radley and F. B. Hall. (1989). 
Effects of kelp (Macrocystis integrifolia and Ecklonia maxima) foliar 
applications on bean crop growth and nitrogen nutrition under varying 
soil moisture regime. Plant and Soil. 117- 75-83 . 

15 . Thind, H. S. and D. L. Rowell. (1999). The fate of algal nitrogen in a 
flooded soil system. Nutr. Cycl. Agroecosyst. 55 : 89-94. 

16. Zhou, 1. and A. and Kleinhofs. (1996). Molecular evolution of nitrate 
reductase genes. 1. Mol. Eva!. 42: 432-442. 

100 



Scientific Journal of King Faisal University (Basic and Applied Sciences) Vol.5 No.1 1425 (2004) 

wlJl L .. II..i~Lft llil- I,' ,0; ,ill wJbhJl lob ~ c ~g ~ < L.rU- ~gJ-lotU 9 . .MJ 

~gWolI jJjJl ~ Jgo"loIIg .J:P.gAPJI LP~lg 

~1~.JoA JJI ~ 
~.illJ.\ o...o~ - ~~~\j ~\»J\ f'y..J\ ~ 

~j~\~...r-J \ ~\- ,,~~\ 

, (~-':! - Uo"}.A~) ~y ••• - ,~~~ ~~.J.A J)G.. ~i ~~ ~"'p'i 

Cl~~ , [cui ~ ~~I Cl'i..J..A.Aj o~1 ,.~.)jJl ~6:..hJI~b Uo".)j ~ 

(Oryza l§j~1 j}11 J~ ~ .)~IJ ~~I (,,)"'3~IJ ,[G,j?JI 

Dj~ J.S ~j ~6bJ1 ~L...Ql ~ ~ Dj~ .)~IJ ~~I ~f .sativa) 

,JI . . ___ 1t "I.:.wl ~';11 G,j~1 Cl~·~~ ,~~I 1_· •. ~ .. :II ~ , ~ i.T (,,)"'3 J l: . 'Y-"'"'" [ • ~ ~~ ~. 

Cljlj . ~6bJI0A(,,)"'3~I/~ y. ~~1..\.U:. 4\J~~JJ~1 ~Oj~ 1Lll...tA0t..=::, 
~ 

.)~/u.b H ,i <11 (;;...I.4uIl 0J~) .)~/u.b " ,0 0A y~1 4~1 ~ 

;;j~ <11 .)~/~w ~ '0' ~L...Ql Clji .«(,,)"'3i1~b.b ~ y. ~L...Q~) 

~ O'j ~ ~w~ 6..j.)L4A ~,J11 J)G.. y~1 ~ ~ ~ 
~ 

. w' ~/ . ~. ~'o'~WI~ ... I~, ~/ . ~. ~ :!.J-LA.A.) ~~ f. \- _ . .) ~~ 

.y~I~~l~~Y·'· ~.J.AJ)G...)~/~w~ ,,' ~WI 

101 




