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Abstract: This study evaluated the effects of water and fertilizer 

managements on grain yield and nutrient accumulation in upland and 

wetland rice varieties. The two rice varieties representing upland (KH 

CMU) and wetland (CNT1) ecotypes were grown in different water 

conditions and fertilizer managements. The interaction between variety 

and water condition had significantly affected on grain yield and straw dry 

weight. The water condition and fertilizer management were also affected 

on grain nutrient concentrations differently between the two varieties. The 

difference in responses to grain nutrients between the two rice varieties 

representing their original ecotypes of wetland and lowland is the key 

factor with respect to the proper management of water and fertilizers in 

order to maximize in both grain yield and nutrition. This knowledge is 

useful for the proper management of water and fertilizers for improving 

grain yield and nutrient accumulation. However, increasing the number of 

rice varieties in each upland and wetland ecotypes is needed to confirm the 

responses to water and fertilizer management in the future study. 
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Introduction 

Nitrogen (N), Phosphorus (P) and potassium (K) are 
the common macronutrient fertilizers used by farmers 
to improve rice crop production. In Bangladesh, 
applying of 87 kg N, 20 kg P and 25 kg K ha

-1
 in rice 

crops increased grain yield from 3.6 t ha
-1
 with no 

fertilizer application to 7.5 t ha
-1
 due to improving of 

plant height, number of tillers and panicles per hill and 
grains per panicle (Islam et al., 2011). This has also 
been observed in China where N, P and K fertilizer 
application was found to increase grain yield by 10.1, 
5.0 and 8.6%, respectively, compared with no fertilizer 
application (Xu et al., 2016). Direct broadcasting of 
fertilizers in the crop soil is the practice followed by 
farmers which has effect on the transport and 
movement of nutrients from the soil solution into plants 
and effectively improved crop yield (Moraghan and 

Mascagni, 1991; Comerford, 2005). On the other hand, 
foliar fertilizer application is an alternative fertilizer 
application in rice by spraying the fertilizer directly 
onto the leaf, especially in the case of micronutrients in 
which the nutrients are diffused through the cuticle, 
then transported through the cell wall by passive 
transport and finally move through the plasma 
membrane by active transport to enter the plant cell 
(Fageria et al., 2009). This technique has been reported 
as an efficient method as it allows the absorption to 
occur rapidly into the inner cell layers of the leaf and 
other reproductive organs (Ahmad and Jabeen, 2005; 
Ganapathy et al., 2008), which consequently results in 
an increase in both the quality and quantity of 
production, reduce in the loss of nutrients (Tejada and 
Gonzalez, 2004)  and rapidly bringing a solution to the 
problem of nutrient deficiency caused by soil fertilizer 
application due to highly acidic or alkaline condition 
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(Xiang et al., 2009). Recently, foliar fertilizer 
application was found to be suitable not only in the 
case of micronutrients but also macronutrients as it has 
been reported that foliar application of N, P and K after 
the flowering stage improved 10% grain yield of rice 
due to improvement in the grain-filling percentage and 
the grain weight when compared with no foliar 
fertilizer treatments (Cruz et al., 2012). In addition, 
foliar application of N fertilizer in rice has been 
reported to have resulted in 4% increase in the grain 
yield, 5% increase in the grain starch concentration and 
22% increase in the grain protein concentration as it 
improved the photosynthesis rate (Tejada and 
Gonzalez, 2004). Thus, foliar fertilizer application may 
not be able to completely replace soil fertilization, but 
it is a way to promote the efficiency of nutrient 
absorption into plant cells, which would certainly have 
an effect on grain yield and quality in rice crops. 
However, most reports have been focusing only on 
foliar fertilizer application in the wetland rice crops 
grown under waterlogged conditions, while there are no 
reports available on the responses of grain yield and 
quality to foliar fertilizer application as compared 
between wetland and upland rice varieties which are 
originally different in their ecotype systems. Upland 
rice is grown in the aerobic conditions with naturally 
well drained soils and low availability of nutrients, 
while wetland rice is grown in flooded conditions 
where oxygen (O2) becomes the limiting factor for root 
functions such as uptake of ions (Yoshida, 1981; 
Marschner, 2012). In this study, the KH CMU and 
CNT1 were selected as representatives of upland and 
wetland rice varieties, respectively. The responses of 
grain yield and nutrient accumulation between these 
different rice ecotype varieties to water conditions and 
fertilizer managements were expected differently. The 
results of this study would be useful for proper 
management of fertilizers in rice fields to increase 
productivity, improve grain quality and reduce 
nutrient deficiency in upland and wetland rice 
varieties grown in different conditions. 

Materials and methods 

The pot experiment was conducted during the wet 

season (June-December) in 2017 at Chiang Mai 

University, Thailand, during the period from July 2016 

to September 2017. The experiment was arranged in 

factorial combination based on a randomized complete 

block design with three independent replications. 

Plant culture 

Two rice varieties (CNT1, wetland rice and KH 

CMU, upland rice) were used in this study. The rice 

plants were grown in two different water conditions 

(flooded and aerobic) and four fertilizer managements 

(Table 1). Seeds of both the varieties were germinated 

in plastic glasses for 7 days. The seedlings were then 

transplanted into a cement pot with 0.8 m in diameter 

and 0.4 m in height, with approximately 0.50 m
2
 of 

pot surface area. A single seedling was planted with 

0.2×0.2 m spacing between hills. In the waterlogged 

condition, water was maintained about 10 cm above 

soil surface throughout the experiment, while in the 

aerobic conditions was manually provided water at 

about field capacity twice daily. The fertilizers 

nitrogen (urea), phosphorus (sodium dihydrogen 

orthophosphate) and potassium  (potassium chloride) 

were applied directly into the soil in all the treatments 

at three stages (tillering, booting and flowering), while 

foliar fertilization of N, P and K in similar form as 

above was carried out in four stages (tillering, booting, 

heading and flowering). The details of fertilizer 

application are given in a (Table 1). The solution was 

prepared by dissolving powders of the fertilizer in 

Triple Distilled Deionized (TDI) water. The prepared 

solution was poured into a sprayer. The foliar 

application was carried out by evenly spraying the 

solution until all of the plants were wet and the solution 

just began to drip from the leaves, in the morning 

around 10 o’clock. The rates of application were 280, 

640 and 220 ml m
-2
 for N, P and K, respectively. The 

soil used in this study was sandy loam, having pH 5.8, 

1.38% organic matter, 0.07% total nitrogen, 35.06 mg 

kg
-1
 available phosphorous and 39.87 mg kg

-1
 

exchangeable potassium. 

Sample Collection and Preparation 

The samples were harvested at maturity. Thereafter, 

the grain yield, straw yield and yield components were 

evaluated. The subsample of 50 g unhusked rice grains 

was dehusked manually to avoid micronutrient 

contamination to yield brown rice before it was 

subjected to oven drying at 70°C for 72 h. 

Nutrient Analysis 

Samples of brown rice grains were analyzed for N 

concentration by Kjeldahl method (Bremner and 

Mulvaney, 1982). P concentration by vanado-molybdate 

method (Watanabe et al., 1998) and K, Fe and Zn 

concentrations by using an atomic absorption 

spectrophotometer (A A) (Delhaiz et al., 1984) after the 

dry ashing procedure. 

Statistical Analysis 

Analysis of significant difference was conducted by 

analysis of variance (ANOVA), the different means of the 

data at p<0.05 were compared by the Least Significant 

Difference (LSD). The correlation coefficients was 

examined by Pearson’s correlation analysis.  
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Table 1: Description of growing condition with different water conditions and fertilizer managements in two rice varieties 

Water condition Fertilizer management Symbol 

Flooded Local treatment Control 

 Nitrogen, phosphorus and potassium fertilizers were directly 

 applied into  soil at 6.8, 15.8 and 5.2 g pot−1, respectively. 

 Local treatment + Foliar 0.5% nitrogen Foliar N 

 Local treatment + Foliar 0.5% phosphorus Foliar P 

 Local treatment + Foliar 0.5% potassium Foliar K 

Aerobic Local treatment Control 

 Nitrogen, phosphorus and potassium fertilizers were directly 

 applied into  soil at 6.8, 15.8 and 5.2 g pot−1, respectively. 

 Local treatment + Foliar 0.5% nitrogen Foliar N 

 Local treatment + Foliar 0.5% phosphorus Foliar P 

 Local treatment + Foliar 0.5% potassium Foliar K 

 

Results 

Grain Yield and Straw Dry Weight 

There was a significant interaction effect between 

rice variety and water condition on grain yield and straw 

dry weight (p<0.05) (Table 2). The variety CNT1 had an 

average grain yield at 19.5 g plant
-1 
without the effect 

from water condition. The similar grain yield was found 

in KH CMU grown in the aerobic condition, but about 

32% grain yield was decreased when grown in the 

flooded condition. The straw dry weight of CNT1 was 

dominantly higher than in KH CMU which was slightly 

decreased from the aerobic to flooded condition in 

CNT1, while almost half was decreased in KH CMU. 

However, no effect of fertilizer management was 

observed on both grain yield and straw dry weight. 

Grain Nutrient Accumulation 

The grain N, P and K concentrations were affected 

differently by rice variety, water condition and fertilizer 

management. The interaction effect between rice variety 

and fertilizer management and between water condition 

and fertilizer management was found on grain N 

concentration (p<0.05) (Fig. 1 A, B). In KH CMU, foliar 

N did not effect on grain N, but it improved 13% of 

grain N concentration from the control treatment in 

CNT1. On the other hand, foliar N in the aerobic 

condition was found to have 12% higher grain N than the 

control treatment, while the effect was not found in the 

flooded condition. The variety KH CMU was found to 

have higher both grain P and K concentrations than in 

CNT1 (Fig. 1C, D). In KH CMU, both treatments of 

with and without foliar P in the flooded condition had 

grain P concentrations higher than those in the aerobic 

condition, while water condition and fertilizer 

management had no effect on grain P in CNT1 (Fig. 1C). 

Foliar N treatment was carried out to analyze grain 

Fe and Zn concentration in comparison with the control 

treatment. Grain Fe was significantly affected by the 

interaction between variety and fertilizer management 

and between water condition and fertilizer management 

(p<0.05) (Fig. 2A, B). The concentration of Fe in KH 

CMU was higher than in CNT1 and it was not affected 

by foliar N, while foliar N increased 14% of grain Fe 

from the control treatment in CNT1. On the other hand, 

foliar N in the aerobic condition resulted in the highest 

grain Fe, while the lowest was found when foliar N in 

the flooded condition. The concentration of Zn had 

affected by the interaction between the three factors. In 

KH CMU, grain Zn was not affected by water condition 

and fertilizer management, but foliar N in the aerobic 

condition had about 20% grain Zn higher than the other 

treatments 164 in CNT1 (Fig. 2B). 

Grain N content was significantly affected by rice 

variety and fertilizer management, while rice variety 

dominantly affected on grain content of P and K 

(p<0.05) (Table 3). CNT1 had about 21% higher grain N 

content than in KH CMU, while around the similar 

percentage of grain N content was increased from the 

flooded to aerobic condition. CNT1 had about 19% grain 

P content higher than KH CMU, but the opposite result 

was observed in grain K content. Grain Fe content had 

significantly affected by both water condition and 

fertilizer management, while grain Zn content had 

affected by fertilizer management (p<0.05) (Table 4). 

The higher grain Fe content was found when rice was 

grown in the aerobic condition compared with flooded 

condition and foliar N had higher grain Fe and Zn 

content than the control treatment. 

Correlation Between Grain Yield and Nutrient 

Concentration 

The correlation analysis between the grain yield and 

the grain nutrient concentration was different between 

the two rice varieties (Table 5). In KH CMU, the grain 

yield was significantly negative correlated with the grain 

N concentration (r = -0.62, p<0.05), P concentration (r = 

- 0.88, p<0.05) and Zn concentration (r = -0.77, p<0.05) 

and positively correlated with the grain Fe concentration 

(r = 0.93, p<0.05). In CNT1, the positive correlation 

between grain yield and grain P concentration was also 

found (r = 0.72, p<0.05).  
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Table 2: Grain yield and straw dry weight of two rice varieties grown under different water conditions and fertilizer managements 

Variety Water condition Grain yield (g plant−1) Straw dry weight (g plant−1) 

CNT1 Flooded 19.4 a 30.6 b 

 Aerobic 19.7 a 34.5 a 

KH CMU Flooded 11.8 b 12.8 d 

 Aerobic 17.4 a 21.2 c 

F-test 

Variety (V)  ** ** 

Water condition (W)  ** ** 

Fertilizer management (F)  ns ns 

V x W  * * 

V x F  ns ns 

W x F  ns ns 

V x W x F  ns ns 

Note: “*” and “**” denote “significant difference at p<0.05 and p<0.01, respectively,” and “ns” indicates “no significant difference.” 

Different lowercase letter indicate significant difference within each column at p<0.05 
 
Table 3: Grain N, P and K content in brown rice of two varieties grown under different water and fertilizer managements 

  N P K 

Variety Water condition (mg plant−1) (mg plant−1) (mg plant−1) 

CNT1  344.9 A 80.5 A 42.4 B 

KH CMU  271.7 B 65.1 B 54.0 A 

 Flooded 271.5 b 

 Aerobic 345.1 a 

F-test 

Varieties (V)  ** * * 

Water condition (W)  ns ns ns 

Fertilizer management (F)  * ns ns 

V×W  ns ns ns 

V×F  ns ns ns 

W×F  ns ns ns 

V×W×F  ns ns ns 

Note: “*” and “**” denote “significant difference at p<0.05 and p<0.01, respectively,” and “ns” indicates “no significant difference.” 

Different lowercase letter indicate significant difference within each column at p<0.05 
 
Table 4: Grain Fe and Zn content in brown rice of two varieties grown under different water and fertilizer managements 

  Fe Zn 

Water condition Fertilizer management (mg plant−1) (mg plant−1) 

Flooded  0.35 B - 

Aerobic  0.48 A - 

 Control 0.37 b 0.64 b 

 Foliar N 0.46 a 0.78 a 

F-test 

(p<0.05) 

 Varieties (V) ns ns 

 Water condition (W) ** ns 

 Fertilizer management (F) * * 

 V×W ns ns 

 V×F ns ns 

 W×F ns ns 

 V×W×F ns ns 

Note: “*” and “**” denote “significant difference at p<0.05 and p<0.01, respectively,” and “ns” indicates “no significant difference.” 
 
Table 5: Correlation analysis of grain yield (g pot−1) and concentration of N, P, K, Fe and Zn in grains of two rice varieties grown 

under different water and fertilizer managements 

Variety N (%) P (%) K (%) Fe (mg kg−1) Zn (mg kg−1) 

CNT1 0.39ns 0.72** −0.04ns −0.34ns −0.31ns 

KH CMU −0.62* −0.88** −0.19ns 0.93** −0.77** 

Note: “*” and “**” denote “significant difference at p<0.05 and p<0.01, respectively,” and “ns” indicates “no significant difference.” 

Different lowercase letter indicate significant difference within each column at p<0.05. 
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 (A) (B) 

 

 
 (C) (D) 

 
Fig. 1: The concentrations of nitrogen (A, B), phosphorus (C) and potassium (D) in brown rice grain of two varieties grown under 

different water conditions and fertilizer managements 
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 (B) 
 
Fig. 2: The concentrations of iron (A) and zinc (B) in brown rice grain of two varieties grown under different water 

conditions and fertilizer managements 

 

Discussion 

Rice varieties are commonly characterized into 
upland and wetland types by their original ecosystem. 
The upland rice variety is grown in aerobic conditions, 
naturally well drained soils and low availability of 
several nutrients such as N, P, K, Fe and Zn is observed 
while, the wetland rice variety is grown in flooded 
conditions where oxygen (O2) becomes the limiting 
factor for root functions such as uptake of ions 
(Marschner, 2012; Yoshida, 1981). This study has shown 
that grain yield and straw dry weight are independent of 
the fertilizer management, but dependent on the 
interaction effect between variety and water condition. 
The traditional upland rice variety (KH CMU) had 32% 
and 39% grain yield and straw dry weight in the aerobic 
condition higher than in the flooded condition, 
respectively, but the effect was not showed in the 
modern improved rice variety (CNT1). This evident 
confirmed that the rice varieties could adapt well to their 
growing condition to fulfill the nutrient requirement for 
their development and yield production, especially the 
modern improved variety as CNT1. The upland rice 
variety is usually grown under naturally drained soils 
with water supply through rainfall resulted in less well 
adapt for its productivity in the flooded condition may 
probably due to several reasons such as the adaptive of 
root zone condition and deep root system (Fageria, 
2001). However, the ability for the uptake, translocation 
and accumulation of nutrients between rice varieties may 
probably depend on water and fertilizer management. 

Nitrogen is a critical component in plants in the form 

of proteins, Adenosine Triphosphate (ATP), nucleic 

acids, amino acids and several plant hormones and it is 

also a component of chlorophyll as the pigment in the 

photosynthesis process (Takehisa et al., 2013). 

Therefore, N deficiency has been reported to 

substantially affect grain yield in rice (Yoshida, 1981; 

Nursu’aidah et al., 2014). This study found that foliar N 

improved the grain N concentration in CNT1, but not 

KH CMU and the effect could be observed in the aerobic 

condition, but not in the flooded. This finding is 

supported by a previous report that total N uptake in rice 

crops grown in the aerobic soil could be enhanced by the 

provision of ammonium (NH4) and nitrate (NO
3-
) of the 

N fertilizer simultaneously which consequently had an 

effect on the grain N concentration (Trung and Koji, 

1982; Qian et al., 2004). Thus, foliar N could effectively 

improve grain N, especially when soil N is in limited 

supply such as in the aerobic growing condition which is 

a common practice in upland rice growing. 

In contrast, the concentration of grain P in KH CMU 
was higher when rice was grown in the flooded 
condition compared with the aerobic, but neither the 
water condition nor the fertilizer management was found 
to have an effect on grain P concentration in CNT1. On 
the other hand, grain K almost doubled in KH CMU in 
comparison to CNT1 without any effect from either 
water or fertilizer managements. This reveals the 
contrasting behavior between the two rice varieties in 
accordance with the difference in their original ecotype. 
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Phosphorus is an important component of DNA and 
RNA (Brown and Weselby, 2010) help to accelerate 
growth, spreading of roots and control of flowering and 
fruiting to create seeds (Rowley et al., 2012). The benefit 
of grain P in decreasing grain chalkiness and improving 
head milled rice, gel consistency and protein content has 
been reported (Hao et al., 2009; Zhang et al., 2012). 
Potassium helps in the synthesis of starch, sugar and 
protein and it promotes the movement of sugar from the 
leaves to the fruit (Pettigrew, 2008). Accumulation of 
potassium in the grain helps to increase aroma, 
whiteness and glossiness (Rohilla et al., 2000); 
accumulation of potassium also reduces the rate of 
chalky grains and increases the milling quality, amylose 
content and protein content (Bridgemohan and 
Bridgemohan, 2014; Thao et al., 2015). The results of 
this study indicate that upland rice adapted well to the 
flooded condition, which is not a common condition for 
its growing, but accumulated high grain P, while higher 
grain K was found in upland rice independent of both 
water management and fertilizer management. As 
reported, rice roots are well modified to suit their 
morphological characteristics in the aerobic condition by 
the forming of stronger and longer root length to 
facilitate the uptake of water and nutrients, which is 
especially found in upland rice varieties (Colmer, 2003; 
Thang, 2006). Thus, this could be the reason for the 
better grain P and K accumulation in the KH CMU 
variety. However, the positive correlation between grain 
yield and grain P accumulation in CNT1 and grain yield 
and Fe concentration in KH CMU indicating that higher 
grain P and Fe accumulation enhancing grain productivity 
in CNT1 and KH CMU, respectively. On the other hand, 
higher grain N, P and Zn accumulation may result from 
the dilution effect from the lower grain yield in KH CMU 
as it was indicated by the negative correlation between 
grain yield and grain N, P and Zn concentration. 

Along with being the key factor having an effect on 

grain yield and biochemical processes in plants, N is also 

found to affect the accumulation of other nutrients in plants 

such as Fe and Zn (Nantachan et al., 2016; Hao et al., 

2007). This experiment found that foliar N increased 

grain Fe and Zn concentrations when compared with no 

foliar N, especially in CNT1 grown under the aerobic 

condition, but that there was no effect in the flooded 

condition. The same was observed in previous studies 

that applying soil N fertilizer at 62.5 and 125 kg ha
-1
 

increased the grain Zn concentration by 11-42% among 

the rice varieties in northern Thailand (Nantachan et al., 

2016). On the other hand, applying N at 62.5 kg ha
-1
 

increased the Fe accumulation in the leaf, husk and 

brown rice by 85.5%, 30.9% and 28.9%, respectively 

and increased the grain Zn in brown rice from 16 to 20% 

when compared with no nitrogen application (Hao et al., 

2007). In the aerobic condition, Fe availability is higher, 

in the range of acidic and neutral range soil pH, but 

alkali soil has the serious problem of Fe deficiency. In 

addition, Fe and Zn uptake has been reported to be 

especially affected by redox-pH interaction and it has 

been observed that the uptake of the two elements 

decreased markedly as the pH was increased 

(Marschner, 2012). Foliar fertilizer application was 

carried out by spraying the fertilizer directly onto the 

leaf as it allows absorption to occur rapidly into the 

inner cell layers of the leaf and other reproductive 

organs (Ahmad and Jabeen, 2005; Ganapathy et al., 

2008). It seems that the impact of foliar N fertilizer 

application on grain Fe and Zn can vary between the 

two selected varieties with variation in the ability of 

leaf absorption and seed deposition of foliar applied Zn, 

which has been demonstrated in a previous study 

(Phattarakul et al., 2012). 

Conclusion 

The difference in responses between the two rice 

varieties representing their original ecotypes of upland 

and wetland is the key factor with respect to proper 

management of water and fertilizers in order to 

maximize grain yield and nutrition. Grain yield of 

wetland rice was independent from both the water and 

fertilizer managements, while it was reduced from the 

aerobic to flooded condition in upland rice. However, 

higher grain nutrient accumulation in rice could impact 

both seedling quality and intake of nutrition in rice 

consumers, which are affected by both variety as well as 

water and fertilizer managements. In the aerobic 

conditions, it may be required to make foliar N 

application a common practice while growing upland 

rice in order to improve the grain N concentration, but 

the same is not the case in the flooded conditions. At the 

same time, growing the upland rice variety in the flooded 

condition could result in higher grain P than growing it 

in the aerobic condition, but the same was not the 

response in wetland rice. Grain K was predominantly 

higher in upland rice than in wetland rice. Improving Fe 

and Zn accumulation in rice grains could be managed in 

wetland rice by foliar N application in aerobic growing 

conditions, but upland rice does not response the same. 

This knowledge is useful for proper management of 

water and fertilizers for improving grain yield and 

nutrient accumulation. However, in the future studies, 

increasing the number of rice varieties in each ecotype is 

needed to confirm the responses to water and fertilizer 

management in upland and wetland rice ecotypes. 
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