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Abstract: Shortage of water in rice cultivation area of Iran is going to be a major problem in near future. In order
to investigate the best Irrigation method and nitrogen application in new condition an experiment was
conducted  in  a  CRBD with 3 replications, at The Rice Research Institute of Iran during cropping season of
2006 and 2007. Four nitrogen levels (0, 45, 60 and 75 kg/ha) were splited on 3 different irrigation managements
(full irrigation, 5 and 8 day interval irrigation). Results showed interval irrigation decreased water use, but
increased water productivity in 5 and 8 day interval irrigation by 40 % and 60% respectively in comparison to
full irrigation, without any yield loss. The best nitrogen practice was 60 kg/ha, using nitrogen more than 60kg/ha
did not increase rice yield. Over all, 8 day interval irrigation with 60kgN/ha gave the best yield and the highest
water productivity. 
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INTRODUCTION positive role of applying alternative wetting and drying

Worldwide, fresh water availability for irrigation is and increasing water productivity [8]. 
decreasing  because  of  increasing  competition  from Water   stress    caused    by   non-continuous
urban and industrial development, degrading irrigation submergence  not  only  affects  the  amount of used
infra-structure and water quality [1]. With about 200,000 water  but  also,  by  reducing  absorption   of  nutrients
hectare, Guilan province is one of the main rice production by plant and reduction of photosynthesis [9], causes
areas in Iran, where rice is  cultivated by  transplanting reduction in  number  of  tiller,  leaf  surface, distribution
and used to be fully irrigated. It seems that decrease in of  dry  matter,  number  of  grain  in  panicle,  weight of
SepidRoud dam water, which happened because of 100 grain and finally yield [2, 6, 10]. It is advised that in
building dams at the upstream of SepidRoud and order to prevent  increasing  in  water  use, lengthening
reduction of Guilan's farmers share, caused production of the nonsubmerged period should be avoided [10].
rice to face water scarcity. Regarding these facts, finding However  the native and local varieties of Iran are
a method to reduce water use without any yield loss and resistant to the new condition [10, 11]. Alternative wetting
increasing water productivity would be mandatory. and drying, 8-day interval irrigation or irrigation 3 days
Continuous submergence or full irrigation, with very low after  disappearance  of  water  from  the field surface,
water productivity, has caused increasing in water have  been  certified  by  many  researchers  [4, 6,12].
requirement much than needed water [2, 3]. Previous Reports have certified resistance of rice to low water
studies expressed that interval irrigation was an applicable potential caused by applying alternative wetting and
procedure to overcome this problem [4, 5]. drying in root zone up to -10 to -30 KPa [8, 13]. 

Attending more than necessary increase of water, has Although it is believed that water stress until field
no role in increasing the yield [6], saving water by capacity or 80% of saturation will not cause yield loss in
applying this method at the time of water shortage can Iranian local varieties, water reduction more than this has
mitigate the problem [7]. Bouman and Tuong, reported the negative effect on the rice yield [11, 13].

before crack appearance in the field on reducing water use
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In addition to water stress, nitrogen fertilizer Different amount of nitrogen fertilizer as sub-plot in 4
management affects rice yield [14,15]. Nitrogen, among
nutrients, is the most important and the most limiting
element in rice growth [16,17]. Limitation of nutrient in the
growth period causes reduction of accumulation and
prevents grain from filling and therefore increases the
number of unfilled grain. Limitation of nitrogen in any
phase of the plant growth, causes reduction in yield [18].
Using nitrogen at the required times even in interval
irrigation causes yield increase [13]. Among nutrients,
nitrogen is the most difficult to manage especially in
interval irrigation [19]. This element at times acts
differently and paradoxically [20]. As in some reports,
nitrogen application efficiency is less in nonsubmerged
irrigation comparing to submergence condition [21, 22].
Other evidences showed the role of alternative wetting
and drying  in increasing nitrogen application efficiency
in comparison to continually submerged irrigation and
increasing  water  productivity  by  using  nitrogen
fertilizer [23].

Required amount of nitrogen is calculated by the
plant reaction to maximum achievable yield in the
condition  without  limitation  of  nitrogen  fertilizer  and
its minimum in the condition without nitrogen  usage
when the other elements are not limited [24]. The amount
fluctuates depending on the location of the plant,
metrological  condition  and  land  condition  [25].

In addition to the vital role of nitrogen in rice
cultivation, using it more than necessary level cause's
harms to the environment and even decreases yield
[11,13,16]. Some  studies [27,28] showed that using
fertilzer in rice fields is one of the main water pollutant
sources. This study has been  conducted  to  find  the
best irrigation and nitrogen management and investigate
the interaction effets between irrigation and nitrogen on
rice in Guilan province, Iran. 

MATERIALS AND METHODS

The experiment was conducted in a split plot based
on a RCBD with three replicates during the farming years
of 2006 and 2007 at the research fields of Rice Research
Institute of Iran, Rasht, by applying the fallowing
treatments:

Irrigation management in 3 levels as main factor
including:

I1: continuously submerged irrigation (full irrigation)
I2: 5 day interval irrigation 
I3: 8 day interval irrigation 

levels including:

N1: no N application,
N2: applying 45 kg/ha nitrogen in one split
N3: applying 60 kg/ha nitrogen in two splits
N4: applying 75 kg/ha nitrogen in two splits

Hashemi, as a widely cultivated variety in Guilan
province,  was  used.  Seedlings  were  grown   in  wet
beds  for  approximately  25-30  days and transplanting
was done with a spacing of 20×20 cm. In order to prevent
the  water,  fertilizer  and  other  chemicals  interference,
the borders were  covered  with  plastic  sheet  and main
plot were made  up  in  appropriate  distance  from  one
another. After   10   days   of   full   irrigation   as a
recovery period, irrigation treatments were applied.
Agricultural meteorological station data, one kilometer
away from the study site were used. All farming steps
were done and recorded as coinciding to the standards.
Because of some executive problems, weight of 100 grain
was onle measured in the  second  year.  Yield  was
measured   by  harvesting 5  meter  square  of  every  plot
at  14%  water  content. The data was analyzed using SAS
and MSTATC softwares. The Duncan’s multiple range
tests (DMRT) was used to compare the means at 5% of
significant.

RESULT AND CONCLUSIONS

Table 1 shows meteorological parameters of the site.
Minimum and maximum temperatures in 2006 wrer higher
than 2007. In this year also, the amount of rain was less
and evaporation was more but sun hour was much more
and the weather was hotter than the second year. The
date of sowing and transplanting happened at the same
time in both years but the growth period was shorter in
the first year which could be due to the meteorological
effects [29].

Irrigation Management: Interval irrigation didn't affect
number of panicle in square meters, fertility, panicle
length, weight of 100-grain and harvest index but it
affected  total  number  of  grain in a panicle (Table 2).
Also nonsubmerged  irrigation  caused less water use
and increased water productivity. Reports certified the
effect of interval irrigation on decreasing water use and
increasing  water  productivity  without much yield loss
for rice [8, 10]. 



World Appl. Sci. J., 7 (2): 203-210, 2009

205

Table 1: Monthly rainfall, pan evaporation, sun hour, max. and min. temperature and relative humidity in 2006–2007
Temperature ( c) Relative humidity (%)?

--------------------------- ----------------------------
Year Month min max min max Rainfall (mm) Sunshine hours  Pan Evaporatin (mm)
2006 March 10 19 67 100 62 138 52

April 14 20 74 98 90 56 40
May 18 30 52 97 13 265 126
June 20 30 54 96 74 231 120
July 20 33 50 96 25 279 146
Aug 20 30 59 98 223 178 108

2007 March 8 15 71 99 184 74 28
April 12 21 64 99 54 163 79
May 19 30 54 97 2 246 123
June 20 28 62 96 100 167 107
July 22 32 57 97 56 219 128
Aug 20 30 57 98 49 196 110

Table 2: Analysis of variance on Yield, plant parameters, irrigation depth and WP of rice under irrigation and nitrogen conditions
MS
-----------------------------------------------------------------------------------------------------------------------------------------------------
Source of variation Irrigation Error (a) Nitrogen I×N Error (b)

df 2 4 3 6 18
Yeild (kg/ha) 2006 207332 ns 77993 4832487** 73263 ns 118530

2007 33369 ns 278562 5758138** 233385 ns 136890
Plant Height (cm) 2006 28.58 ns 45.67 244.3 ns 27.3 ns 19.95

2007 12.9* 1.2 952** 11 ns 21.8
Number of Panicle per m 2006 440 ns 167 21089** 307 ns 747.72

2007 1401 ns 2444 41472** 1291 ns 916
fertility (%) 2006 75.7 ns 96.9 22.7 ns 3.54 ns 36.3

2007 70.8 ns 95.6 406* 54.2 ns 116.4
Number of filled grain per panicle 2006 187 ns 76.4 24.2 ns 47.1 ns 80.2

2007 35 ns 65.4 326.6 ns 53.3 ns 79.1
Number of unfilled grain per panicle 2006 57.5 ns 108.4 25.4 ns 6.2 ns 39.1

2007 223 ns 203.7 187 ns 85 ns 184
Number of grain per panicle 2006 150.5* 17.7 28.7 ns 61.2 ns 73.8

2007 105 * 151.8 175.5 ns 102.8 ns 110
Length of panicle ( cm) 2006 0.23 ns 0.137 6.67 ns 0.42 ns 0.85

2007 1.7 ns 1.98 2.5 ns 0.47 ns 0.889
Harvest Index 2006 0.24 ns 0.13 6.67** 0.43 ns 0.86

2007 1.4 ns 1.48 0.667 ns 4.5 ns 3.287
Weight of 100 grain ( gr) 2006 - - - - -

2007 1.35 ns 0.289 0.15 ns 0.034 ns 0.095
irrigation depth (mm) 2006 161585* 17702 3906 ns 888.7 ns 1853

2007 142599 ** 1679 245 ns 284 ns 488
Wp (Kg/m ) 2006 1.0* 0.09 0.19* 0.01 ns 0.043

2007 0.54** 0.02 0.264 ns 0.015 ns 0.011
** and *: significant at 1% and 5% respectively; ns: non significant

Table 3: Results for means compare on yield, plant parameters, irrigation depth and WP of rice under irrigation conditions 
Yield (kg/ha) Plant Height (cm) Number of grain per panicle Irrigation depth (mm) WP (Kg/m )3

2006
I1 4613a 139 a 100 a 532 a 0.89 b
I2 4357a 137 a 96 ab 377 b 1.17 ab
I3 4432a 136 a 93 b 306 c 1.47 a
2007
I1 4002 a 134 a 89 a 591 a 0.68 b
I2 4088 a 132 b 84 a 489 a 0.84 b
I3 4097 a 134 a 83 a 373 b 1.1 a
Within each column, means followed by the same  letter do not differ significantly at P<0.05
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Table 4: Results for means comparison on yield, plant parameters and WP of rice under nitrogen conditions
Number of Number of unfilled Length of Harvest

Yield (kg/ha) Plant Height (cm) Panicle per m grain per panicle Fertility (%) panicle (cm) Index WP (Kg/m )2 3

2007
N1  3412 c 130 b 274 b 14 a 94 a 27.5 b 50 a 0.96 b
N2 4536 b 138 a 298 b 17 a 98 a 27.9 b 47 ab 1.22 a
N3 5008 a 141 a 357 a 17 a 95 a 29.3 a 45 b 1.28 a
N4 4915 a 142 a 477 a 17 a 97 a 29 a 46 b 1.27 a
2008
N1 3069 c 120 c 236 c 8 b 90 ab 27 a 48 a 0.66 c
N2 3762 b 129 b 274 b 7 b 91 a 27 a 48 a 0.82 b
N3 4656 a 141 a 383 a 19 a 79 c 28 a 48 a 1.0 a
N4 4763 a 142 a 377 a 17 a 80 bc 28 a 48 a 1.0 a
Within each column, means followed by the same letter do not differ significantly at P<0.05

Yield in water treatments  fluctuated  between  4002 per hectare, with 33% increase, yield got to 4536 kg. This
to 4457 kg/ha (Table 3). Since yield difference between trend  continued  until  we  used  60 kgN/ha and got to
interval irrigation and full irrigation was not statistically 5008 kg/ha which was 47% increase in yield. In the second
significant, it could be concluded that this methods did year yield without nitrogen was 3069 kg but in  N2, got to
not put any water stress on rice, the same result was 3762 kg/ha (22% increase) and in I3 with a terrific 52%
reported by Belder et al. [13]. Rezaei and Nahvi, [4] increase got to 4656 kg/ha. Data showed that increase or
accepting Razavipour et al. [30] result, reported that soil decrease of the yield by using more than 60 kg of nitrogen
water content in 8 day interval irrigation was equivalent to is not significant. Yield is heavily affected by nitrogen
80% of saturation and did not cause yield reduction. [31], other researchers reported that using nitrogen at the

Results in this study showed that, irrigation method required time caused increase in yield but using it more
(continuously submerged irrigation or 5-day and 8-day than needed level caused vegetation growth, therefore
interval) had no effects on number of panicles, fertility loss of yield [13]. 
percent of grain, number of fill and unfilled grain, panicle Nitrogen increased height of rice. Also number of
length, weight of 100 grain and harvest index. But this panicle  per   square   meter   was  significantly  affected
change caused less water use, as this amount in 2006 from by nitrogen  level, but reduced amount of grain and
532mm in submerged method reduced to 377 and 306 mm weight of 100 grain. Since nitrogen application reduced
in  5-day and 8-day interval respectively. Also in 2007 grain  fertility, total number of grain in a panicle and
from 591 mm got down to 489 and 373 mm. In average for weight of 100 grain and somehow increased number of
2 years by applying 8-day interval, 40% water use was empty grain, yield increase by nitrogen application can be
saved. In 2006, water  productivity  from  0.89  kg  yield related to highly increase of number of panicle. 
per m   of  water use in full irrigation increased to 1.17 and The interesting result in Table 4 was the effect of3

1.47 for other  treatments.  In the next year it changed applying nitrogen on water productivity (WP) increasing.
from 0.68 to 0.84 and 1.1 kg yield per m  of water use. WP in 2006 fluctuated from 0.96 kg/m³ kg yield per cubic3

Average of 2 years showed, 8 day interval irrigation in meter water used, without nitrogen to 1.27 by using 75 kg
comparison to continuously submerged irrigation, nitrogen and in the next year from 0.66 in I1 treatment, got
increased water productivity up to 60% that can be a to 1.0 kg/m³ in N4 treatment. Because this factor is the
good solution to stop yield loss in the time of water ratio of yield over to the used water and using fertilizer
shortage. But as pointed before, it must be noticed that has no role in reducing water use, this phenomenon can
the  period of no submerged irrigation, when increased be related to the yield increase by using nitrogen.
too much, will cause cracks in the field. Overall  yield  of  rice in 2006 is more than that in

Nitrogen Management: According to Table 2, plant meteorological changes. Jing et al. [29] investigated
height, number of panicle in square meter, harvest index fluctuation in rice yield over different years and related it
and fertility percent were also affected by nitrogen. But to meteorology factors especially sun hours. According
weight of 100 grain, number of filled and unfilled grain and to Table 3, it could be understood that in this study, the
total grain in a panicle remained unchanged. Based on first year had more sun hours, comparing to the second
Table 4 in the first year, without using nitrogen fertilizer, year. There was no interaction effect between the amount
the yield was 3412 kg/ha but using just 45 kg of nitrogen of used nitrogen with irrigation methods [13, 15].

2007. That can be related to the effect of year and
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Table 5: Interaction effect between irrigation and nitrogen treatments on yield, plant parameters, irrigation depth and WP of rice (2006)

Irrigation Nitrogen Yield (kg/ha) Plant Height (cm) Number of Panicle per m Length of panicle (cm) Irrigation depth (mm) WP (Kg/m )2 3

I1 N1 3534 d 133 cde 279 c 27.6 bcd 516 a 0.71 e

N2 4690 abc 138 abc 303 bc 28.1 ad 515 a 0.91 de

N3 5290 a 144 ab 368 a 28.7 ad 559 dc 0.98 cde

N4 4939abc 143 ab 377 a 28.7ad 540 a 0.94 cde

I2 N1 3234 d 128 e 267 c 27.7 bcd 347 bcd 0.93 cde

N2 4580 bc 136 bcd 295 bc 27.5 cd 359 bcd 1.3 abc

N3 4871 abc 139 abc 358 a 29.4 ab 414 b 1.22 bcd

N4 4744 abc 145 a 393 a 29.1 abc 387 bc 1.22 bcd

I3 N1 3467 d 130 dc 277 c 27.3 d 281 d 1.26 bcd

N2 4338 c 140 abc 297 bc 28 ad 308 cd 1.45 ab

N3 4863 abc 139 abc 345 ab 29.8 a 298 d 1.63 a

N4 5061 ab 137 bcd 360 a 29.1 ab 337 bcd 1.54ab

Within each column, means followed by the same letter do not differ significantly at P<0.05

Table 6: Interaction effects between irrigation and nitrogen treatments on yield, plant parameters, irrigation depth and WP of rice (2007)

Plant Number of Number of grain Length of Weight of Irrigation

Irrigation Nitrogen Yield (kg/ha) Height (cm) Panicle per m per panicle panicle (cm) 100 grain (gr) depth (mm) WP (Kg/m )2 3

I1 N1 2956 f 121 de 134 c 90 ab 27 ab 2.69 a 599 a 0.50 g

N2 3996 cd 128 cd 275 c 84 ab 26 b 2.89 a 583 a 0.69 def

N3 4575 abc 141 a 366 ab 85 ab 28 ab  2.50 a 602 a 0.76def

N4 bc4481 145 a 407 a 97 a 27 ab  2.37 a 578 a 0.78 de

I2 N1 2983 f 118 e 239 c 75 b 27 ab  2.77 a 492 b 0.57 fg

N2 3526 def 129 cd 265 c 88 ab 28 ab  2.93 a 482 b 0.68efg

N3 4637 abc 139 ab 368 ab 91 ab 28 ab  2.67 a 489 b 0.89 cd

N4 5206 a 142 a 350 b 83 ab 29 a  2.74 a 495 b 0.8 cde

I3 N1 3269 ef 121 de 236 c 77 ab 27 ab  2.69 a 379 c 0.86cde

N2 3765 de 131 bc 281 c 88 ab 27 ab  2.61 a 367 c 1.03 bc

N3 4755 ab 143 a 417 ab 87 ab 28 ab  2.47 a 362 c 1.33 a

N4 4602 abc 140 a 373 a 82 ab 28 ab  2.55 a 383 c 1.20 ab

Within each column, means followed by the same letter do not differ significantly at P<0.05

Fig. 1: Variation on yield with water use  in different level of nitogen
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Fig. 2: Variation on water productivity  with water use

Fig. 3: Variation on yield and water productivity with nitrogen use

Interaction Between Nitrogen and Irrigation urgent times, applying interval irrigation reduces the water
Management: The effect of nitrogen on the yield did not use, increases water productivity. Although for the same
change with different water management methods and nitrogen use, continuous submerged management and
amount of water used, in other words in every irrigation interval irrigation up to 8 days did not affect the yield but
method, increase in yield and water productivity by using more water, strongly reduced water productivity,
nitrogen  application was observed. Although the effect (Figurers 1 and 2), in other words it could be said that,
of nitrogen level on water productivity showed the same maximum yield and WP are determined by minimum water
trend in all irrigation methods and increasing nitrogen use and optimized amount of nitrogen application. From
application caused increasing in yield, in every level of the other view, using more than 60 kgN/ha doesn’t affect
nitrogen use, increase in water usage doesn’t affect the the yield significantly (Figure 3). It could be declared that
yield and reduces the water productivity. Overall, in both to protect the environment and avoid polluting it and also
years, I3N3, I3N4 and I3N2 had the maximum and I1N1, to cost reduction for buying and using extra nitrogen
I1N2  and  I1N3  had  the  minimum  water  productivity fertilizer, it is better to use 8 day interval and 60 N/ha in
(Tables 5 and 6). two splits. In this way, while harvesting maximum yields,

Results of these study showed that continuous we will have a much safer environment in addition to
submergence is not an obligation in rice cultivation and at reduced plantation expenses. 
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