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Abstract 

The present study was carried out on aerobic rice during 2019-20 at research farm of Bihar Agricultural 

University, Sabour, Bhagalpur (Bihar) to study the impact of different potassium (K) management 

practices on K status of soil, profitability and productivity of aerobic rice. The study comprised 10 

treatments in Randomized block design (RBD) and replicated thrice. The aim of the study was to find the 

suitable potassium dose for getting optimum productivity and higher profitability. Among all treatments 

K8 (KSB inoculated with 150% RDK at basal) and K5 (150% RDK incorporation with two equal split) 

performed better in terms of productivity and profitability of rice and 60 kg K2O (150% RDK) is the new 

recommendation of K in the Indo Gangetic plain to obtain optimum yield and monetary value. Split 

application and KSB (Frateuria aurantia) ensure the continuous supply of K throughout the crop 

cultivation and also reduces the K losses. K management in DSR become a challenging due less 

availability of water so most of K has fixed in the inter layer clay lattice. K is a crucial macronutrient that 

plays an important role in the yield attributes components apart from this, it regulates the ionic balance, 

opening and closing of stomata and also act as co factor to activate the more than 60 enzymes. 
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Introduction 

Rice (Oryza sativa L.) is most prominent cultivated crop and lifeline of the Asian people. At 

present scenario total rice production is 116.4 Mt that was 4 times more since 1950 and 

cultivated under 43.8 Mha acreage with productivity is 2550 kg ha-1 (Annual report of 

Ministry of Agriculture and Farmers’ Welfare 2018-19).The intensive crop cultivation 

(flooded rice) depletes the ground water tableand enhanced the methane emission (CH4) that 

contributes in the global warming to over coming this problem aerobic rice is an alternative 

and feasible approach over the flooded transplanted rice (Farooq et al. 2011) [5]. The aerobic 

rice requisites the least input demand, low water requirement, less CH4 emission, curtail the 

number of labours and evacuate the field 7-10 days before over flood transplanted rice. Rice 

needs a large quantity of potassium but in aerobic rice potassium deficiency appears more 

frequently observed at Indo Gangetic plain region due to the availability of less amount of 

water that responsible for fixation of more potassium in the inter layer lattice. The myth is the 

Indian soil abundant in potassium so farmers only emphasized on the other primary macro 

nutrients like nitrogen (N) and phosphorous (P). The continuous skipped of potassium 

application that declines the available potassium from the soil reservoirs. The impact of N 

clearly observed on morphology so blanket application of N is most prevailed in agriculture 

and it creates imbalance of other nutrients in the soil solution pool. But potassium plays a 

crucial role in the yield attributing components of rice. Mahajan and Khurana (2014) [8] noticed 

that foliar application of potassium contributing in grain filling, reduce pollen sterility, 

increased total rice biomass. Apart from this potassium plays a significant role in different 

metabolic function of the crop, act as a Co-factor that activating more than 60 enzymes and 

translocation of sucrose through phloem in the rice crop. Split incorporation of potassium 

improves the potassium status in the soil and also ensures the potassium availability 

throughout the crop cultivation. Excess application of potassium helps in the luxury 

consumption but doesn’t contribute in the optimum yield. Hou et al. (2019) [6] revealed that 

higher dose of potassium incorporation shows the positive response for N and improve its 

efficiency. Potassium solubilizing bacteria (KSB) means the biofertilizers contains living 

entity that helps in the availability of potassium with the involvement of various mechanism 
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i.e. secretions of organic acid and enzymes that contributes in 

the solubilization of insoluble and potassium bearing 

minerals. 

 

Material and Methodology 

The present research trial was performed at experimental farm 

of Bihar Agricultural University, Sabour province, Bhagalpur 

(Bihar) during 2019-20 on aerobic rice (Rajendra Sweta). The 

experimental farm was placed at an altitude 52.73 meter 

above mean sea level with latitude of 25o15′40′′ N and 

longitude 87o2′42′′E and comes under agro climatic zone III-

A. This region rice-wheat cropping system is most prevailed 

in Bihar. The whole research trial was conducted on silty clay 

loam in texture (22% sand, 49% silt and 29% clay), slightly 

alkaline in nature (pH = 7.2) and status of N, P and K were 

211, 32.2 and 165 kg ha-1 respectively. The research was 

carried out in randomized block design (RBD) that 

incorporated ten treatments and each treatment replicated 

thricely in randomized manner. The treatments where N and 

P2O5 were incorporated at recommended basis while 

potassium varied from 0 to 80 kg K2O ha-1 viz., [K1]: control, 

[K2]: 40 kg K2O ha-1 at basal, [K3]: 40kg K2O ha-1 with two 

equal split, [K4]: 60 kg K2O ha-1 at basal, [K5]: 60kg K2O ha-1 

with two equal split, [K6]: 80 kg K2O ha-1 at basal, [K7]: 80kg 

K2O ha-1 with two equal split,[K8]: 60 kg K2O ha-1 at basal + 

KSB (Frateuria aurantia) used as seed treatment @ 20g kg-1 

seed, [K9]: 40 kg K2O ha-1 at basal (75% MOP + 25% 

Vermicompost) + KSB (F. aurantia) used as seed treatment 

@ 20g kg-1 seed and [K10]: Absolute control (No NPK). Two 

different sources of K fertilizers were used i.e. Murate of 

potash (MOP- 60% K2O) and vermicompost (1.75% N, 1% 

P2O5 and 1% K2O) while N and P supplied through urea (46% 

N) and DAP (18% N and 46% P2O5) respectively. The normal 

recommendation rate of N: P2O5:K2O on aerobic rice was 

120:60:40 kg ha-1 respectively in Indo Gangetic plain. 

 

Result and Discussion 

Potassium status in soil 

At the time of green revolution Indian soil were enriched with 

K and categorized as high K status, so farmers mainly 

emphasized the application of N and P. The continuous 

skipping of K incorporation it under go negative decline in 

soil and reached to -10.2 Mt (Tandon 2007). The data of 

available potassium status was recorded at different growth 

stages from 30 DAS to 135 DAS of the rice crop. The 

available K status was computed from the 0 to 15 cm depth of 

soil. The obtained data was statistical analyzed and mentioned 

in table 1. The status of available potassium in the research 

trial decreased continuously towards the maturity. This 

depletion occurred due to plant uptake from soil solution pool, 

fixation in the clay lattice and losses by surface runoff and 

leaching at some extent. At 30 DAS, among all treatments, K6 

showed the maximum available K (279 kg K2O ha-1) due to 

application of 200% RDK at basal but was significantly at par 

with K4 i.e. 150% RDK (60 kg K2O ha-1) as basal (261 kg 

K2O ha-1) and K8 (257 kg K2O ha-1). The maximum available 

K from 60 DAS to 135 DAS was found in K7 (200% RDK 

applied with two equal split) followed by K5. At 120 and 135 

DAS, the K availability in soil didn’t vary significantly 

among all potassium management treatment. Split application 

provided the available K in adequate quantity at critical 

growth stages of the plant. Absolute control (K10) observed 

low K status in the soil at all growth stages except 30 and 90 

DAS.  

 
Table 1: Potassium status in soil at different time series 

 

Treatments 
Time series available K2O 

30 DAS 60 DAS 90 DAS 120 DAS 135 DAS 

K1 Control 135 154 124.4 129.4 131.6 

K2 40 kg K2O ha-1 (basal) 230 134 136.0 127.4 151.0 

K3 40 kg K2O ha-1 (2 split) 192 175 151.9 142.7 148.4 

K4 60 kg K2O ha-1 (basal) 261 144 130.5 136.2 127.0 

K5 60 kg K2O ha-1 (2 split) 229 183 167.7 147.8 129.5 

K6 80 kg K2O ha-1 (basal) 279 146 162.5 134.4 143.2 

K7 80 kg K2O ha-1 (2 split) 219 213 170.5 158.6 154.1 

K8 60 kg K2O ha-1 (basal)+KSB 257 150 149.6 144.6 121.8 

K9 40 kg K2O ha-1 (75% MOP + 25% VC)+KSB 218 147 143.6 142.6 139.6 

K10 Absolute control 150 132 125.4 118.2 107.4 

SEm(±) 18.34 10.60 10.25 9.41 15.26 

LSD (p= 0.05) 54.48 31.51 30.46 NS NS 

 

Total nutrient uptake by plant 

The total nutrients uptake by crop significantly depends on 

the differentK management practices (Table 2). It was noticed 

that nutrients uptake by rice in split application has 

considerably higher than the basal application of respective 

dose of K. Among all treatments, total N and total K uptake 

showed a positive response with the increased of the K up to 

60 kg K2O ha-1 but total P uptake showed augmenting effect 

up to 80 kg K2O ha-1. Significantly higher total N and K 

uptake were recorded 98.4 and 103.8 kg ha-1 respectively in 

K5, this happen due to split application of 60 kg K2O ha-1 

provided the adequate amount of K throughout the crop 

duration as well as 20 kg extra K2O added with the 

recommended dose (40 kg K2O ha-1) that gives the positive 

correlation with N availability and its agronomic nitrogen use 

efficiency and similar result was obtained by Hou et al. 

(2019) [6]. Among these three-nutrient uptakes, rice crop 

uptake slightly more K than N and P under aerobic condition. 

Singh et al. (2004) [11] also finding the same output in rice- 

wheat cropping system and revealed that most of field crops 

generally uptake the K faster with respect to N and P apart 

from this K plays a crucial role and establishing the efficient 

utilization of N. 
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Table 2: Effect of different potassium management practices on nutrient uptake by crop of aerobic rice 

 

 

Treatments 

Nutrients Uptake by Crop 

Total N (kg/ha) Total P (kg/ha) Total K (kg/ha) 

K1 Control 72.8 12.2 81.6 

K2 40 kg K2O ha-1 (basal) 76.3 13.6 87.3 

K3 40 kg K2O ha-1 (2 split) 84.9 14.3 93.2 

K4 60 kg K2O ha-1 (basal) 91.6 16.6 101.0 

K5 60 kg K2O ha-1 (2 split) 98.4 16.7 103.8 

K6 80 kg K2O ha-1 (basal) 88.4 16.4 97.0 

K7 80 kg K2O ha-1 (2 split) 94.3 17.2 95.2 

K8 60 kg K2O ha-1 (basal) +KSB 95.1 16.3 99.7 

K9 40 kg K2O ha-1 (75% MOP + 25% VC) +KSB 84.1 15.4 93.3 

K10 Absolute control 44.3 8.7 46.7 

SEm(±) 5.21 1.05 5.40 

LSD (p= 0.05) 15.49 3.11 16.05 

 

Nutrients content in grain and straw 

The nutrients content i.e. N, P and K in grain and straw 

aerobic rice was obtained at harvest stage and obtained data is 

described in table 3. The nutrients content of rice did not vary 

significantly with different doses of potassium management 

treatments. The N, P and K contents in rice grains that varies 

from 1.05-1.19, 0.191-0.230% and 0.266-0.322 respectively 

and straw 0.61-0.68, 0.094-0.120 and 1.22-1.44% 

respectively. The highest N, P and K content in grain and 

straw have found in K8, K10, K7 and K5, K7, K8 respectively. 

 
Table 3: Effect of different potassium management practices on nutrients content in grain and straw by aerobic rice 

 

Treatments 

Nutrients Content 

N Content (%) P Content (%) K Content (%) 

Grain Straw Grain Straw Grain Straw 

K1 Control 1.05 0.62 0.191 0.094 0.276 1.29 

K2 40 kg K2O ha-1 (basal) 1.10 0.61 0.200 0.102 0.284 1.39 

K3 40 kg K2O ha-1 (2 split) 1.16 0.62 0.195 0.104 0.292 1.34 

K4 60 kg K2O ha-1 (basal) 1.13 0.63 0.200 0.116 0.296 1.37 

K5 60 kg K2O ha-1 (2 split) 1.18 0.68 0.206 0.114 0.305 1.42 

K6 80 kg K2O ha-1 (basal) 1.09 0.62 0.203 0.115 0.311 1.33 

K7 80 kg K2O ha-1 (2 split) 1.17 0.63 0.208 0.120 0.322 1.27 

K8 60 kg K2O ha-1 (basal) +KSB 1.19 0.67 0.207 0.114 0.318 1.44 

K9 40 kg K2O ha-1 (75% MOP + 25% VC) +KSB 1.15 0.64 0.209 0.118 0.280 1.41 

K10 Absolute control 1.06 0.66 0.230 0.117 0.266 1.22 

SEm(±) 0.08 0.03 0.01 0.01 0.01 0.08 

LSD (p= 0.05) NS NS NS NS NS NS 

 

Yield 

K plays a crucial role in the increments of rice biomass and 

encouraged the filled grain panicle. Split application of 

potassium considerably augmented the economic yield over 

basal application. The above statement is supported by 

Biswas (1976) [4]. Under experimental investigation we found 

that 60 kg K2O with two equal split (50% at basal and 50% at 

active tillering stages) and 60 kg K2O at basal with KSB was 

sufficient to achieve the comparable optimum grain yield 

4647 kg ha-1 and 4653 kg ha-1 respectively which was 28.73% 

and 28.89% more over the control (K1) and presented in fig.1. 

Pal et al. (2002) [10] performed an experiment in West Bengal 

on Rice and observed that two equal split of 60 kg K2O ha-1 

incorporation received the maximum grain yield. 

Kamalanathan and Arivazhagan (2003) [7] noticed that two 

split of potassium with equal dose incorporated at two 

different stages i.e. 50% at active tillering and remaining 50% 

at panicle stage encouraged the higher economic and 

biological yield due to adequacy of potassium at critical 

growth stage. In 1997, Mutunal confirmed that two equal split 

of 65 kg K2O ha-1 at 50% at basal and 50% at tillering stage to 

gain 8% significantly higher yield over basal application. The 

above result is supported by Awan et al. (2007) [2]. The KSB 

inoculated seeds performed better with higher potassium 

application (60 kg K2O ha-1) and provided the optimum yield 

and comparable with two equal split of 60 kg K2O ha-1. The 

KSB treated seed helps in seedling vigour, improve 

germination percentage and plant growth. The similar 

conclusion was obtained by Awasthi et al. in the year 2011. 

 

 
 

Fig 1: Effect of different potassium management practice on the 

grain and straw yield at harvest stage 

 

Economics 

From table 4 the gross return, net return and return per rupee 

invested (Benefit cost ratio) influenced significantly with 

different potassium management practices. The maximum 

gross return (₹90654 ha-1) and net return (₹56188 ha-1) under 

aerobic rice (Rajendra Sweta) in K5 where 60 kg K2O ha-1 was 

incorporated with two equal split at two different growth 

stages of crop (50% at basal and 50% at active tillering stage) 
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and comparable gross and net return was obtained in K8 (KSB 

inoculated seed combine with 60 kg K2O applied at basal). 

However similar B: C ratio (1.61) was recorded in K5 and K8. 

Absolute control treatment performed inferior among all 

treatment and obtained least gross return, net return and B: C 

ratio were ₹ 40446 ha-1, ₹ 12256 ha-1 and 0.43 respectively. 

Excess incorporation of potassium i.e. 80 kg ha-1 (200% 

RDK) has not a feasible approach for farmers in terms of 

profitability and similar yield was obtained with 60 kg K2O 

ha-1 (150% RDK). 

 
Table 4: Effect of different potassium management practices on gross return, net return and B:C ratio 

 

Treatments Gross Return (₹ ha-1) Net Return (₹ ha-1) Return per Rs invested (B:C) 

K1 Control 71152 38576 1.18 

K2 40 kg K2O ha-1 (basal) 77475 43639 1.29 

K3 40 kg K2O ha-1 (2 split) 79870 46034 1.36 

K4 60 kg K2O ha-1 (basal) 89510 55044 1.60 

K5 60 kg K2O ha-1 (2 split) 90654 56188 1.61 

K6 80 kg K2O ha-1 (basal) 88372 53276 1.52 

K7 80 kg K2O ha-1 (2 split) 90216 55120 1.57 

K8 60 kg K2O ha-1 (basal) +KSB 90391 55875 1.61 

K9 40 kg K2O ha-1 (75% MOP + 25% VC) +KSB 80417 38846 0.93 

K10 Absolute control 40446 12256 0.43 

SEm(±) 2836.02 2836.02 0.08 

LSD (p= 0.05) 8426.24 8426.24 0.24 

 

Conclusion 

Based on the experimental finding we can conclude that 60 kg 

K2O ha-1 with two equal split (K5) and KSB inoculated with 

60 kg K2O ha-1 (K8), both treatments provided the almost 

similar optimum yield as well as also give the highest net 

return along with same benefit cost ratio (1.61). 
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