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ABSTRACT 
 
This field experiment evaluated the performance of different rice genotypes under lowland and upland irrigation systems with 
and without potassium fertilization. The most popular six rice genotypes grown in China; two Indica hybrids viz. Liangyoupei 
9 and Xieyou 9308, and four Japonica rice varieties viz. Bing 0001, Bing 0004, Bing 9904 and Huayu # 1 were used in this 
study. Impacts of two potassium (K) levels (0 & 180 kg ha-1) and two irrigation systems (lowland & upland) were investigated 
for yield attributes, grain yield and K uptake of these genotypes. Potassium fertilizer increased the yield of rice, but the 
response of different genotypes was variable. Effect of upland system on rice yield was diverse with K levels and rice 
genotypes, whereas K uptake by rice grains was significantly lower than in lowland. Genotypes showed statistical variation 
for production in both irrigation systems and response to K fertilization. Two genotypes (Liangyoupei 9 & Huayu # 1) 
performed equally well in both lowland and upland system, as well as with and without K fertilizer. With respect to growth, 
and yield of rice, generally the lowland system proved superior to upland, and K fertilization helped enhance the crop 
performance in upland irrigation system. However, upland rice cropping practiced with K fertilization improved water use 
efficiency of the most genotypes. © 2011 Friends Science Publishers 
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INTRODUCTION 
 

Production of rice (Oryza sativa L.) ranks second 
among the food grains, and half of the world's population 
subsists on rice by receiving the highest (26.2%) calories 
intake from it (FAO, 2009). In the developing countries, rice 
provides 20% of their dietary protein (Cassman & Harwood, 
1995). For obtaining higher yields, there has been excessive 
use of natural resource based inputs mainly the water and 
nutrients. Among the nutrients, potassium (K) is a macro-
element known to be very dynamic and a major contributor 
to the organic structure and metabolic functions of the plant. 
Adequate K supply is also desirable for the efficient use of 
Fe, while higher K applications result into competition with 
Fe (Çelik et al., 2010). 

Potassium in rice producing soils is one of the limiting 
factors for increasing rice yield (Yang et al., 2003). There is 
a considerable decrease in available K due to increased 
cropping intensity and lower K application rates (Zhang et 
al., 2004). Annual global demand of K fertilizer has 
ascended from 23 million tonnes in 2001 to 30 million 
tonnes in 2008, which would further rise to 33 million 
tonnes in 2012 (Prud’homme, 2008). For irrigated rice in 

Asia, the K fertilizer demand will be about 9 to 15 million 
tonnes in 2025, which represents an increase of 65% to 70% 
over the 1990s requirements (Dobermann et al., 1998). 

Lack of adequate water leading to drought stress is 
common in upland cultivation systems. On an average, crop 
needs 5000 L of water to produce one kilogram of rice 
(Cabangon et al., 2002). More than half of the 40 million 
hectares of rain-fed lowland rice worldwide suffer water 
scarcity at some growth stage (Sarkarung et al., 1997). 
Drought stress reduces the rice growth, and severely affects 
the seedling biomass, photosynthesis, stomatal conductance, 
plant water relations and starch metabolism (Farooq et al., 
2009a & b). Depending on timing, duration and severity of 
plant water deficit, the grain yield of rice genotypes under 
drought could reduce up to 81% (Pantuwan et al., 2001). 
Comparative field studies by Belder et al. (2004) in China 
and the Philippines showed that biomass and yield did not 
significantly differ between typical water use and water 
saving practices. However, water productivity was 
significantly higher under the latter. Reducing water use by 
47% to 60% did not influence tillering and other yield 
components (De Dios et al., 2000). This could imply that 
continuous land sub-mergence is not essential for optimum 
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rice yields (Lourduraj & Bayan, 1999). Zulkarnain et al. 
(2009) opinioned that flooding in rice fields is not necessary 
as only maintaining the saturated soil conditions during the 
growing season can produce high yields and would also 
reduce the water input. 

The scenario of reduced amount of irrigation water 
and potassium reserves necessitates to find the ways of 
using these resources efficiently. It could be possible by 
studying the yield performance of various rice genotypes 
under different regimes of potassium and water. It would 
help overcome the problem due to K deficiency in soils and 
water shortage for improving the rice yield. Cultivars with 
high affinity for K exhibit an increase in root growth and 
uptake of N, P, K, Ca and Mg in rice, when treated with K 
(Chen & Chen, 1997). Marked differences exist in K 
absorption, translocation and utilization among various rice 
genotypes. However, still there are only a few reports about 
K accumulation, translocation and utilization for different 
genotypes and their relationship with internal K use 
efficiency (Liu et al., 2002). Potassium-efficient variants are 
valuable not only as breeding resource for developing K-
efficient or water-efficient cultivars, but also as research 
materials for investigating some other physiological 
mechanisms (Liu et al., 2002; Zia-ul-Hassan & Arshad, 
2008). 

In view of the fact that water and potassium resources 
are limited worldwide, there is an urgent need for a more 
detailed research. Still the role of K fertilization to 
overcome water shortage in rice has not been explored fully. 
Further, the genetic manipulation for overcoming water 
stress and K deficiency in rice needs to be worked out. 
Therefore, we studied the efficiency of various rice 
genotypes under both low K and less water conditions on 
growth and yield attributes of rice. 
 
MATERIALS AND METHODS 
 

Experiment was conducted in the experiment farm of 
Huajiachi campus of Zhejiang University, Hangzhou, China 
(latitude 30° 23' N, longitude 120° 16' E & altitude 43 m). It 
was undertaken during the summer, 2003 season based upon 
a pre-experiment one year before. Soil of the experiment 
field was sandy loam, with 2.84% organic matter, 0.18% 
total N, 11.0 mg kg-1 available P and 61.7 mg kg-1 
extractable K. This soil had pH 5.62, electrical conductivity 
(EC) 0.43 dS m-1 and cation exchange capacity (CEC) 10.8 
cmol kg-1. There was medium level deficiency of K for 
growing the crops in this soil. Weather data of the 
experiment site during study period (May-October) are 
presented in Fig. 1. Total rainfall received in the growing 
season of rice was 454 mm. Climate of Hangzhou is humid-
subtropical with four distinctive seasons including long, 
very hot and humid summer receiving Monsoon rains in June. 
Treatments: In this experiment, split-split plot design was 
adopted with four replications. Two systems of irrigation 
were employed as main plot treatments, two levels of K 

fertilizer were maintained as sub-plot treatments within each 
main plot, and six genotypes of rice were grown in sub-sub-
plots under each K level treatment. So, total number of 
treatment combinations in the experiment were 24 (2×2×6) 
and each one was randomly placed in a sub-sub-plot area of 
18 m2 (6 m length × 3 m width). 
Systems of irrigation: For each rice genotype, two systems 
of irrigation were used in this experiment. One was 
irrigation mode of cultivation [referred to as lowland system 
(I1)], where a water depth of 2.5-5.0 cm was maintained in 
the field during the whole rice growth period except at the 
end of tillering and at the last stage of rice crop. In addition 
to rainfall received (454 mm), 20 irrigations each with 5 cm 
depth were given (making 1000 mm irrigation water 
throughout the growing season). Thus, total amount of water 
received by the crop along with rainfall was 1454 mm. 
Other treatment was rain-fed cultivation [referred to as 
upland system (I2)], where no layer of water was 
maintained in the rice field and no irrigation was given 
except, when rice wilting appeared. Here, only 4 irrigations 
each with 5 cm depth were given during early and late 
season dry periods (making 200 mm irrigation water 
throughout the growing season). Thus total amount of water 
received by the crop was 654 mm. 
Potassium fertilization: Each main plot of both irrigation 
systems was splitted equally into two sub-plots for K 
fertilizer treatments viz. K0 (no K fertilizer) and K1 (180 kg 
ha-1 KCl). Each sub-plot was further divided into six sub-
sub-plots, which were used to plant six genotypes 
separately. Split application of K fertilizer was done in the 
K1 treatment on 23rd, June, and 20th, July. Splitting of K 
fertilizer was undertaken to avoid its losses from leaching 
and run-off, which occur during high rainfall events. 
Rice genotypes: Six genotypes of rice were used; two of 
hybrid Indica rice viz. Liangyoupei 9 and Xieyou 9308 and 
four were common Japonica rice varieties viz. Bing 001, 
Bing 004, Bing 9904 and Huayu # 1. They were grown 
through direct seed sowing method. 

Land preparation involved clearing, plowing and 
flooding of the whole experimental area. Seeds of all the 
rice genotypes were soaked in water for 3 days to accelerate 
the germination, after which they were directly sown in the 
field on 12th May. Seed sowing rate of Liangyoupei 9 and 
Xieyou 9308 was 20 kg ha-1 (50 grains m-2) and that of other 
four genotypes was 37.5 kg ha-1 (150 grain m-2). Nitrogen 
was applied at the rate of 180 kg N ha-1 as urea fertilizer 
through four equal split doses on 2nd June, 23rd June, 20th 
July and 20th August, to each treatment. Germination 
commenced after six days of planting and continued for 
three more days. The experiment treatments of K fertilizer 
and irrigation were started on 23rd June. In lowland 
irrigation system plots, water layer of 2.5-5.0 cm was 
maintained in the field throughout before crop maturity. 
Whereas, water was drained from the fields of upland rice 
with no more irrigation throughout the growing period 
except, when crop showed wilting. 



 
IMPROVING RICE WATER PRODUCTIVITY WITH K / Int. J. Agric. Biol., Vol. 13, No. 1, 2011 

 11

Sampling and data collection: At maturity, whole plant 
samples were taken for measurements and data collection. 
Data were collected for growth indicator (plant height), 
yield indicators (effective panicles, spikelet number, ripened 
grains count & 1000 grain weight) and grain yield of rice. 
Ten plants with average panicle number were sampled per 
plot to determine the plant height (length of main stem from 
the stem basis to the top of panicle) and count of effective 
panicles per plant (a panicle with>5 ripened grains is the 
effective panicle). 

Rice grains were threshed and divided into ripened 
grains and un-ripened grains using water as screening 
medium (the grains that sink in water are ripened & that 
float on water are un-ripened). Total number of grains per 
panicle and number of ripened grains per panicle were 
counted manually to determine the rate of ripened grains 
and to calculate the harvest index. Ripened grains were 
dried in oven at 70°C, which were used for measuring 1000 
grains weight and determination of their K content. 
Remaining plants of each rice genotype were oven-dried at 
60°C to achieve their constant dry weight. Above-ground 
parts of the plants were used to calculate biomass yield and 
harvest index. 
Determination of chlorophyll contents: Ten rice plants 
were randomly sampled from each treatment plot. The 
SPAD value representing chlorophyll contents in plants was 
determined from the middle of vigorous leaves using 
chlorophyll meter SPAD–502 (Soil-Plant Analysis 
Development Section, Minolta, Osaka, Japan). Average 
SPAD value for each treatment was derived from the values 
of 10 plants per plot. 
Determination of K contents: Rice grain samples were 
subjected to wet digestion with concentrated sulfuric acid 
(H2SO4) using hydrogen peroxide (H2O2) as catalyst. The 
solution obtained was used to determine K concentrations in 
the samples. Potassium was determined by transferring 5 
mL of each sample solution into 25 mL volumetric flask 
and the volume was made to 25 mL with distilled water. 
Potassium concentration in each sample was determined 
with flame photometer. Values obtained from flame 
photometer were used to calculate the percentage of 
potassium in each sample (Mehdi et al., 2002). 
Water use efficiency: After the determination of per hectare 
rice grain yield and amount of water provided to the crop, 
water use efficiency (WUE) of various rice genotypes under 
different K application and irrigation treatments was 
calculated as follows:  

 

WUE (kg ha-1 mm-1)=Crop yield (kg ha-1)/Water 
supply (mm) 
 

Statistical analysis: Data on plant growth and yield 
attributes of various rice genotypes influenced by irrigation 
systems and potassium levels were analyzed statistically by 
analysis of variance (Steel et al., 1997) using statistical 
software MSTAT-C (Freed et al., 1991). Data were analyzed 
as a split-split plot design to detect the interaction among 

treatments, and Tukey’s studentized range test (HSD) at P ≤ 
0.05 was employed to differentiate the means of respective 
treatments statistically. 
 
RESULTS 
 
Effective panicles count: Rice genotypes differed 
significantly for effective panicles under both K application 
and irrigation modes (Fig. 2). Bing 0004 gave the highest 
count of panicles, while Xieyou 9308 and Liangyoupei 9 
had the lowest count. Application of K fertilizer increased 
the number of panicles in Liangyoupei 9, Bing 0004, Bing 
9904 and Huayu # 1, but decreased that of Xieyou 9308 and 
Bing 0001. Potassium fertilizer showed more positive 
response for increasing the effective panicle in the lowland 
than that in upland system. Upland enhanced the panicle 
count of Liangyoupei 9 and Bing 0001, while that of Xieyou 
9308 was reduced. In lowland, panicle count of Bing 9904 
and Huayu # 1 was significantly greater with K1 than in K0, 
but non-significant for other genotypes. On upland, K 
application significantly increased the panicles number in 
Bing 9904 and reduced in Xieyou 9308 and Bing 0001. 
Grains per panicle: Liangyoupei 9 genotype had the 
highest number of spikelets per panicle in lowland without 
K fertilizer, which was significantly higher than in other 
genotypes (Fig. 3). It gave 76% higher count of spikelets 
than Xieyou 9308 on upland without K fertilizer. In 
lowland, Bing 0001 had the lowest number of spikelets. In 
upland condition without K fertilizer, Bing 9904 had 
significantly higher number of spikelets than in other rice 
genotypes except Liangyoupei 9 and Huayu # 1. At upland 
with K fertilizer, Bing 0001 had the highest number of 
spikelets and Xieyou 9308 had the least count. Potassium 
fertilization under both lowland and upland conditions, 
significantly increased the spikelet count only in Xieyou 
9308, but reduced in other rice genotypes and had non 
significant effect on Bing 0001. System of irrigation 
affected the spikelet count of only two rice genotypes 
(Liangyoupei 9 & Xieyou 9308) with a significant decrease 
in upland system regardless of K fertilization. 
Ripened grains rate: Rice genotype Bing 0001 cultivated 
in lowland without K fertilizer had the highest ripened grain 
rate (RGR) of 70%, which was significantly higher than that 
of other rice genotypes (Fig. 4). Liangyoupei 9 had the 
lowest RGR of 58%. In lowland with K fertilizer, Xieyou 
9308 had the highest RGR of 75%, with Bing 0001 being 
the next. In upland without K, Xieyou 9308 had the highest 
RGR, while Bing 0004 had the lowest RGR of 46%. On 
upland with K fertilizer, Xieyou 9308 had the highest RGR, 
which was higher than Liangyoupei 9 and Huayu # 1 and 
still they were significantly higher than Bing 0004. In 
lowland, K fertilizer significantly increased RGR of Xieyou 
9308 and Bing 0004. On upland, K fertilizer significantly 
increased the RGR of Liangyoupei 9 and Bing 0004. When, 
K fertilizer was applied on upland, the RGR was 
significantly lower in Bing 0001 and Bing 0004 against 
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their RGR in lowland system. When, K fertilizer was not 
applied on upland, there was significant lower RGR in Bing 
0001, Bing 0004 and Bing 9904. Potassium fertilization had 
a tendency of raising RGR of rice, while upland conditions 
tended to decrease the RGR of rice. 

Thousand grains weight: There was a significant 
difference for 1000 grains weight among various rice 
genotypes (Fig. 5) and Bing 0004 had the lowest values 
(23.4 to 23.8 g). The highest value was achieved by Xieyou 
9308 and Huayu # 1 with K1, and in K0 treatment Bing 

Fig. 1: Weather conditions in Hangzhou during the 
study period (Anonymous, 2010) 
K0 = No K fertilizer, K1 = 180 kg ha–1 KCl fertilizer; Liangyoupei 9, 
Xieyou 9308, Bing 001, Bing 004, Bing 9904 and Huayu # 1 are different 
rice genotypes; Values of bars which do not share common letter (s) differ 
significantly at P≤0.05; Error bars represent means of 4 replications±SE 
 

 

 
 

Fig. 2: Effective panicles of different rice genotypes 
under two irrigation systems and K fertilization 
 

 

 
 

Fig. 3: Grains count (# panicle-1) of different rice 
genotypes under two irrigation systems and K 
fertilization 
 

 

Fig. 4: Ripened grain rate (%) of different rice 
genotypes under two irrigation systems and K 
fertilization 
K0 = No K fertilizer, K1 = 180 kg ha–1 KCl fertilizer; Liangyoupei 9, 
Xieyou 9308, Bing 001, Bing 004, Bing 9904 and Huayu # 1 are different 
rice genotypes; Values of bars which do not share common letter (s) differ 
significantly at P ≤ 0.05; Error bars represent means of 4 replications ± SE 
 

 
 

Fig. 5: Thousand grain weight (g) of different rice 
genotypes under two irrigation systems and K 
fertilization 
 

 

 
 

Fig. 6: Grain yield (t ha-1) of different rice genotypes 
under two irrigation systems and K fertilization 
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9904 scored the best. Thousand grain weight of rice was 
also significantly affected by K fertilizer and irrigation 
systems. Potassium increased the grains weight of all the 
genotypes on upland condition. However, K fertilization in 
lowland did not affect the grain weight of rice genotypes 
significantly except that in Xieyou 9308, rather it was 
slightly reduced in Liangyoupei 9, Bing 0001 and Bing 
9904. System of irrigation also had a significant effect on 
the grain weight for both K0 and K1 treatments, but it was 
genotype dependent. On upland without K fertilizer, 1000 
grains weight of all the genotypes decreased. However, K 
fertilizer obviously reduced the effect of upland and thus 
there was non-significant decrease in grain weight of all the 
genotypes with K fertilizer except that of Xieyou 9308. 
Contrastingly, 1000 grains weight of Liangyoupei 9 
significantly increased with K fertilization on the upland 
compared to that in the lowland system. Generally, the 
effect of K fertilizer on grain weight of rice was non 
significant under lowland condition, but significant for 
upland system of irrigation. 
Rice grain yield: In lowland, K fertilization increased the 

grain yield of all rice genotypes non-significantly (Fig. 6). 
On upland, K fertilizer significantly increased the grain 
yield of Bing 0001 and Bing 0004, but it had non-significant 
effect on the grain yield of other rice genotypes. Effect of 
irrigation system on grain yield of rice genotype was that, 
whether K was applied or not, there was non significant 
difference on grain yield of Liangyoupei 9 under both 
irrigation conditions. However, grain yield of Xieyou 9308, 
Bing 0004 and Bing 9904 was significantly lower under 
upland condition. Without K application, grain yield on 
upland was significantly lower in Xieyou 9308, Bing 0001, 
Bing 0004 and Bing 9904, while that of Huayu # 1 was 
higher. Under upland condition, rice genotype with the 
highest yield was Bing 0001 followed by Huayu # 1 and 
Liangyoupei 9. Xieyou 9308 had the lowest yield with K 
application, and without K application Huayu # 1 performed 
the best. The highest yield was that of Bing 9904 genotype 
with K fertilizer under lowland condition, followed by Bing 
0004 and Bing 0001. Without K application in lowland, rice 
genotype with the highest yield was Bing 0001, followed by 
Bing 9904 and Bing 0004. Rice genotype having the lowest 

Fig. 7: Harvest index (%) of different rice genotypes 
under two irrigation systems and K fertilization 
K0 = No K fertilizer, K1 = 180 kg ha–1 KCl fertilizer; Liangyoupei 9, 
Xieyou 9308, Bing 001, Bing 004, Bing 9904 and Huayu # 1 are different 
rice genotypes; Values of bars which do not share common letter(s) differ 
significantly at P ≤ 0.05; Error bars represent means of 4 replications ± SE 
 

 

 
 

Fig. 8: Potassium uptake (kg ha–1) by rice grains of 
different rice genotypes under two irrigation systems 
and K fertilization 
 

 

Fig. 9: Chlorophyll contents (SPAD value) in different 
rice genotypes (on 26th July) under two irrigation 
systems and K fertilization 
K0 = No K fertilizer, K1 = 180 kg ha–1 KCl fertilizer; Liangyoupei 9, 
Xieyou 9308, Bing 001, Bing 004, Bing 9904 and Huayu # 1 are different 
rice genotypes; Values of bars which do not share common letter(s) differ 
significantly at P ≤ 0.05; Error bars represent means of 4 replications ± SE 
 

 

 
 

Fig. 10: Water use efficiency of different rice genotypes 
under two irrigation systems and K fertilization 
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yield was Xieyou 9308 under no K application in lowland 
cultivation system. Potassium application increased the 
yield of rice, but it varied with genotypes. Effect of upland 
irrigation system altered with K treatment and rice 
genotypes. Liangyoupei 9 was more tolerant to upland 
conditions, while Xieyou 9308 and Bing 0004 were 
sensitive to K and upland. Bing 0001 was sensitive to K 
application under upland condition. Bing 9904 was not 
suitable for upland and it was responsive to K application 
under lowland condition. Huayu # 1 was tolerant to both 
low K and upland agro-ecological conditions. 
Harvest index: Potassium fertilization and irrigation 
systems significantly affected the harvest index of rice, and 
there was also significant differences among six genotypes 
(Fig. 7). Potassium fertilizer increased the harvest index 
under both lowland and upland systems for most of the 
tested genotypes. Upland obviously decreased the harvest 
index of rice. There was least effect of K application and 
irrigation mode on the harvest index of Huayu # 1, followed 
by Bing 9904. Harvest index of other genotypes was much 
more affected by K application and irrigation systems. Bing 
0004 was the most responsive to K fertilization under both 
irrigation systems. Liangyoupei 9 and Xieyou 9308 
responded positively to K application only in lowland. 
Effect of K fertilizer to raise the harvest index of rice was 
more obvious under lowland condition than for the upland. 
Potassium uptake by rice: Uptake of K by rice grains was 
significantly affected by K application and irrigation 
systems, and there was an obvious genotypic difference 
(Fig. 8). Application of K fertilizer significantly increased 
the K uptake by rice grains especially in Bing 0001 in both 
upland and lowland. Upland caused a significantly decrease 
in the K uptake of Xieyou 9308 and Bing 0001 at both 
levels of K application (viz. K0 & K1) in lowland. Potassium 
uptake by Bing 0001 had the highest variation under K 
fertilization and irrigation systems. Potassium uptake by 
Liangyoupei 9, Bing 0004, Bing 9904 and Huayu # 1 under 
both irrigation systems with both K levels showed non-
significant difference among themselves. Potassium uptake 
by Xieyou 9308 and Bing 0001 was significantly affected 
by irrigation mode, and that of Bing 0001 was greatly 
affected by K level. It can be inferred that Bing 0001 is 
sensitive to both low K level and upland condition (K 

deficiency & water shortage); Xieyou 9308 is not tolerant to 
upland, while Liangyoupei 9, Bing 0004, Bing 9904 and 
Huayu # 1 are tolerant to both upland and low level of K in 
soil. 
Chlorophyll contents: Chlorophyll contents (SPAD value) 
in various rice genotypes differed significantly among 
genotypes as Bing 9904 and Huayu # 1 showed statistically 
higher values (Fig. 9). Potassium application had significant 
negative impact on chlorophyll contents of Bing 9904 and 
Huayu # 1 on both lowland and upland. Only Xieyou 9308 
showed positive response to K application under both 
lowland and upland irrigation systems. Two genotypes 
(Bing 0001 & Bing 0004) reflected non significant 

difference in chlorophyll contents with K application under 
both systems. These results revealed variable response of 
genotypes to K fertilization and irrigation with respect to 
chlorophyll contents. 
Water use efficiency: There was significant difference in 
WUE of various rice genotypes under different K 
application and irrigation treatments (Fig. 10). It was mainly 
due to the fact that amount of water provided to rice 
varieties was different under lowland and upland cultivation 
systems. Upland system gave higher WUE values, almost 
double than in the lowland. Potassium fertilizer application 
slightly increased WUE in all the genotypes under lowland 
irrigation system. On the upland, increase in WUE with K 
fertilization was greater except that in Xieyou 9308 and 
Huayu # 1, where it was reduced slightly. In the upland, 
Huayu # 1 revealed the highest WUE without K application, 
and Bing 0001 gave the highest value under K fertilization. 
 

DISCUSSION 
 

 Rice cultivars usually differ in their yield, and 
morphological and yield contributing characteristics 
(Ashrafuzzaman et al., 2009). However, potassium 
increases the crop yield by significant improvements in 
yield components (Zulkarnain et al., 2009) and through its 
diverse roles in plant metabolic processes (Pervez et al., 
2006). It is also apparent from the current study, as the yield 
increased by K fertilization to rice genotypes under lowland, 
as well as upland irrigation systems. Elevated doses of K 
stimulate plant growth, and enhance their yield (Çelik et al., 
2010). Potassium deficiency stress results in to decreased 
plant biomass, slow plant growth, poor tillering, retarded 
root growth and increased Na uptake (Liu et al., 2003). 
There was significant genotypic difference in rice for K 
response in our soil having slight K deficiency. Yield of 
some rice genotypes was increased by K fertilizer 
application. Potassium nutrition is a hereditary characteristic 
of the crop controlled by multi-genes (Fageria et al., 2001; 
Lu & Ding, 2001). Yang et al. (2003) also underlined the 
importance of identifying genotypic differences in K use 
efficiency in both lowland and upland rice. 

Regarding the yield of various rice genotypes, Huayu 
# 1 exhibited tolerance to low K, while Bing 0004 was 
sensitive to K deficiency. Response (or sensitivity) of other 
genotypes to K application was variable due to irrigation 
system. Liangyoupei 9 and Bing 0001 had tolerance to low 
K under lowland condition, and Xieyou 9308 and Bing 
9904 were tolerant to low K on the upland. It suggests that 
difference among rice genotypes in potassium nutrition also 
depends on the system of irrigation. It is probably due to 
variable tolerance of these rice genotypes to water stress, as 
K nutrition of rice is closely related to drought tolerance. 
Rice roots greatly modify K mobility in the rhizosphere 
(Yang et al., 2005), which ultimately enhances its uptake 
and crop yield. Crop varieties with greater K absorption and 
efficiency have a developed root system, higher ratio of root 
to shoot, more root surface area and so on (Liu & Liu 2002a 
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& b; Yang et al., 2003). In low K soil, rice genotypes with 
stronger capacity of K absorption have longer roots, greater 
root dry weight and larger root surface area (Chen et al., 
1997). 

In this study, rice genotypes with tolerance to low K 
had greater ripened grain rate and higher harvest index. 
Exposed to K deficiency stress, the efficient genotypes 
sustain their biomass yield, by increasing K uptake through 
their well developed photosynthetic apparatus and efficient 
root system (Zia-ul-Hassan & Arshad, 2008). Genotypic 
difference in terms of sensitivity or tolerance to K 
deficiency in rice was also reported by Yang et al. (2003). 
Roots of efficient rice genotypes exhibit greater tolerance to 
K deficiency stress, thus they can absorb K from the 
deficient soil (Jia et al., 2008). 

Variable response of rice genotypes to K fertilization 
with respect to chlorophyll contents (SPAD value) in plant 
leaves was observed. Potassium fertilization increased the 
SPAD value in Xieyou 9308, but lowered in Bing 9904 and 
Huayu # 1 on both irrigation systems. Generally, application 
of K has been reported to improve the SPAD value and 
physiological traits of crop plants (Fanaei et al., 2009). 
Therefore, promising varieties with higher chlorophyll 
contents could serve as genetic resource to grow under low 
soil K conditions or without K fertilization. The WUE was 
slightly increased with K fertilizer application in all the 
genotypes under lowland irrigation system. Increase in 
WUE was greater in the upland, except that in Xieyou 9308 
and Huayu # 1 with reduced values under K fertilizer. As K 
is the major osmotic solute in plants, so potassium 
accumulation in plant cells enhances water uptake and 
develops the cell turgor needed for growth. Potassium 
fertilization ameliorates the negative effects of water-deficit 
stress on crop yield and its physiological traits, which are 
ultimately improved (Fanaei et al., 2009). It infers that K is 
responsible to overcome water stress as experienced in the 
upland system. There, Liangyoupei 9, Bing 0001 and Bing 
0004 showed pronounced effect of K application for 
enhancing WUE. 

Most studies on constraints to high rice yield indicate 
water as the main factor for yield gaps. Praba et al. (2009) 
found that drought stress in rice reduced leaf elongation and 
membrane stability, while panicle exsertion and anther 
dehiscence were severely affected. Genetic improvement 
has been found useful in identifying water stress tolerant 
rice varieties. Yang et al. (2003) obtained 106 unique genes 
induced by the water deficit in rice. Most of these genes are 
involved in transport facilitation, metabolism and energy, 
stress and defense-related proteins, cellular organization and 
cell-wall biogenesis, signal transduction, expression 
regulator and transposable element. 

There was significant genotypic difference for rice 
yield under less water situation of upland. Upland irrigation 
system decreased the yield of rice genotypes Xieyou 9308, 
Bing 0001, Bing 0004 and Bing 9904, but increased that of 
Liangyoupei 9 and Huayu # 1. Reasons of rice yield 

reduction under the water shortage were that number of 
effective panicles per unit area, count of grains per panicle 
and ripened grain rate were reduced. Further, 1000 grain 
weight was also lowered in some cases. Lower grain yield 
of rice grown under field capacity condition is attributed to 
reduced panicles and lower count of spikelets per panicle 
(Zulkarnain et al., 2009). Our results suggest that demand of 
water for different rice genotypes is variable, water stress 
decreases the rice yield, but the degree of yield decrease is 
different. Liangyoupei 9 and Huayu # 1 genotypes can be 
considered tolerant to water shortage stress. Pantuwan et al. 
(2001) also reported considerable genotypic variation for 
grain yield under both irrigated and drought conditions. 

Due to easier and quick determination protocol for 
SPAD values, it could be recommended for screening large 
number of drought tolerant genotypes on their critical 
growth stages (Fanaei et al., 2009). However, chlorophyll 
contents data (SPAD values) of rice plants in our study 
revealed non significant genotypic variability to irrigation 
systems. Therefore, promising varieties with higher yields 
could serve as genetic resource to grow under low water 
conditions or uplands. A recent study by Tuna et al. (2010), 
revealed that additional K application to the crop improved 
water stress tolerance by increasing its chlorophyll, relative 
water and nutrient contents. 

Due to remarkable difference in the amount of water 
received by rice cultivars under lowland and upland 
cultivation systems, there was significant difference in 
WUE of various rice genotypes under these systems. 
Upland system gave almost double values of WUE than in 
the lowland, which was mainly due to half amount of water 
received in the lowland system. Anyhow, the upland 
cultivation system provides opportunity of greater WUE in 
rice cropping. Zulkarnain et al. (2009) recorded a higher 
WUE under saturated and field capacity conditions 
maintained throughout the growing season as compared to 
flooding in the rice fields. They emphasized that flooding 
was un-necessary for producing high yields because 
maintaining only a saturated soil condition would not reduce 
the yield, but it would decrease the water input. 
 There was significant interaction between K 
fertilization and irrigation in rice. Tolerance of genotypes to 
slight differences in soil fertility and/or amount of available 
water could be important adaptive traits (Dobermann et al., 
1995). Genotypes with high harvest index are likely to 
perform well in different fertility and moisture conditions 
(Inthapanya et al., 2000). During evolution, a series of 
physiological and biochemical changes enabled some 
cultivars to adapt slowly to various environmental stress 
(Liu et al., 2002). Studies indicate pronounced effects of K 
fertilization that intensifies the hydration of cytoplasmic 
colloids, increasing the degree of their dispersion. Adequate 
K supply enables plant to better retain water and withstand 
temporary droughts (Mengel & Kirkby, 2001). Stone and 
Moreira (1996) reported an increase in grain yield with 
increasing rate of K application under water stress. Plants 
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supplied with sufficient K, experience less water losses due 
to reduced transpiration (Fusheing, 2006). 

Rice yield was affected by 7.0 to -55.8% (with K 
application) or 17.1 to -39.2% (without K application) under 
lowland and upland irrigation systems, respectively. It 
suggests that upland irrigation system reduces the rice yield; 
while K fertilizer increases the yield of upland rice, or the 
decrease in yield is minimized. Application of K fertilizer 
reduces the effect of drought on rice growth, development 
and yield (Johnson & Wallingford, 1983). Zulkarnain et al. 
(2009) reported significantly higher plant growth, biomass 
and SPAD values from flooded rice than in saturated and 
field capacity conditions. Potassium application extends the 
root system of rice (Jia et al., 2008), which helps the water-
stressed plants to access water from the periphery and lower 
soil profiles. Therefore, higher K+ concentration in plant 
tissues plays a vital role for increasing water-stress 
resistance and crop yield stabilization (Umar, 2006). 
According to Tiwari et al. (1998), K fertilization alleviates 
the negative effects of water stress in rice. It infers that 
potassium has an important role in resistance of rice to 
water-deficit stress. 
 
CONCLUSION 
 

Various rice genotypes were compared for their water 
use efficiency with and without K fertilization under 
lowland and upland irrigation systems. Response (or 
sensitivity) of genotypes to irrigation system was variable 
with K application. Two genotypes (Liangyoupei 9 & 
Huayu # 1) exhibited potential of cultivating on upland 
without significant yield decline. Application of K fertilizer 
in the water-deficit conditions (upland) enhanced the yield 
of Bing 004. It infers that upland cultivation and K 
fertilization practiced together could improve WUE of rice 
genotypes. These findings suggest that some rice genotypes 
hold the potential of performing efficiently in upland water-
deficit cultivation system and K fertilization help improve 
water productivity. 
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