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ABSTRACT 
Nine fertilizer treatments comprising levels, time of application and one 

control were evaluated on cultivators' fields of western Uttar Pradesh to study 
the effect of potassium application in rice (Oryza sativa L.)-wheat [Triticum 
aestivum (L.) emend. Fiori, Paol.] cropping system. The highest values of yield 
attributes, yield, and N and K uptake were recorded at K,, irrespective of the 
time of K application in both the crops. Simultaneous application of nitrogen 
and potassium proved superior to lone application of nitrogen. The maximum 
K-use efficiency and benefit : cost ratio were obtained with N,K,. The absolute 
control treatment showd the lowest values of yield attributes, yield and N and K 
uptake in both the crops. The depletion of exchangeable K was more in K 
control (53-97 kg Klha) and low in the treatment receiving K (18-47 kg m a ) .  
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Rice and wheat are the main cereal food 
crops in India but their productivity is very 
low compared with that in other advanced 
countries like the USA, China and Japan. 
These crops are generally fertilized by 
farmers either with niirogen or with 
nitrogen and -phosphorus only, though 
potassium is equally important because it 
stabilizes yield and is a quality nutrient. In 
fact continuous application of K improves 
all soil properties and permits the use of 
higher rates of nitrogen. Application of 
potassium along with nitrogen has become 

very necessary due to intensified agriculture 
with high-yielding varieties. Keeping these 
points in view, this study was undertaken. 

MATERIALS AND METHODS 

The field experiment was laid out in 
randomized block design (RBD) with nine 
treatments replicated thrice, at farmers' 
fields of western U.P during rainy season 
(kharij) 1992 to winter season (rabo 1993- 
94. There were nine treatments, viz. 

K,20%, N120K60 (K as N12~%iO+3~ 
(Y2 K at tillering + 112 K at panicle initia- 
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tion), Nl,o~o+,5+15 ( '/z K as basal + ?4 K at 
tillering + ?4 K at panicle initiation), 

N80&)9 N80K40 (K as N80K2,+20 ('/z 
K at tillering + ?4 K at pa6cle initiation) 
and N8,~,+,,,, (% K as basal + !A K at 
tillering + !A K at panicle initiation) includ- 
ing a control (no fertilizer application). 
These treatments were allocated radomly 
to each plot. The experimental soil was .5 
sandy loam, medium to high in available N, 4 

g high in available P and K, and with ;H of - 
the soil 8.2. The nutrient status was very 
rich only due to excess addition of farm 8 
yard m a n u r < ( ~ ~ ~ )  by farmers before .& 
beginning of the experiment. 1 

In both the crops P,05 and ZnSO, were 8 
applied 8 60 and 25 kgha respectively in f 
each plot except control. Whole of P20,, 3 

8 through single superphosphate (SSP), and 2 
ZnSO, and half of nitrogen through urea 
were applied at the time of transplanting/ 
sowing. Rest of the nitrogen was applied in 

-3 two equal splits, i.e. ?4 at tillering and ?4 at 
E 

panicle initiation. However, q0 through 
muriate of potash was applied as per 5 
treatments. 8 Y 

The seedlings of 'Saket 4' were 3 .- 
transplanted manually at the distance of 20 2 
cm (row to row) in puddled field, and P 
wheat ('PBW 226') was sown in furrows s 20 cm apart, at a seed rate 'of 120 kgha. A 
Trasplantirig of rice seedlings was done a 

during second week of July and sowing of 
wheat during third week of November in 
both the years. To keep a check on the 
weed infestation in rice and wheat, 
butachlor @ 1.5 kg a.i./ha (3-4 days after 
transplanting) and isoproturon @ 1.25 kg 
a.i./ha (30-35 DAS) were uniformly 
applied in all the plots respectively. 

Nitrogen and potassium content in grain 
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and straw was determined by autoanalyser 
and flame photometer respectively after di- 
gestion of the samples with H,S04 + 
q0,. The amount of nitrogen and potas- 
sium uptake by each crop at harvet was 
worked out by multiplying the nitrogenlpo- 
tassium content with grain and stpw 
yields. Crude protein content in grain was 
calculated by multiplying the factor 6.25 

ear length, graindear and test weight were 
recorded at N,, K, irrespective of the time 
of K application in both the years. -Ear/ 
bearing tillers produced at N,,,P0 were 
significantly higher than at- Nao Po during 
1992. Treatment N,? K4, enhanced the 
tillering in rice crop compqed with N,,, 
&. It was due to interaction effect of 
nitrogen and potassium (Shivakant and 

with nitrogen content in grain. Singh, 1983; Mondal and Dasmahapatra, 
1984). The values of earharing tillers, ear m 

RESULTS AND DISCUSSION 
-, 

length, graindear and 1,000-grain weight 
Rice were significantly higher in the fertilizer 

Yield-contributing characters: Yield- treatments ov& the control. Basal as well 
contributing characters of rice were as split application of K at either of N level 

I influenced significantly by the application could not affect the yield attributes of rice 
of nitrogen and potassium during both the during both the years. 
years except ear length in 1993 (Table 1). Yield: Grain and straw yields of rice 
Singh et al. (1994) also observed similar were also significantly affected during 
results. Ear length and ear-bearing tillers 1992 and 1993 (Table 1). These were high- 
were higher in 1992 than in 1993, due to er in 1992 than 1993 due to higher number 
the lack of irrigation at tillering stage in the of effective tillers. The highest grain yield 
second year. The highest earlbearing tillers, was obtained with the application of 120 kg 

Table 2. Potassium-use efficiency and economics of K application in rice as influenced by different 
reatrnents I .  

Treatment K-use efficiency Response Economics 
Ckg grainlkg K) (qiha) 

Net returns (qiha) Benefit : cost 
1992 1993 

1992 1993 1992 1993 1992 1993 

Nl, K, 8 - 
N120 %* ' 18.90 17.80 9.45 8.90 2,101.5 2,288.8 4.67 6:45 

N1zo %c+~o** 21.52 11.92 10.76 5.96 2,455.2 1,547.6 5.46 4.18 

N,, ~ , S + , S * * *  25.82 14.42 12.91 7.21 3,035.7 1,935.1 6.75 5.22 

Nno %0+20** 27.75 21.15 -9.16 6.97 2,173.2 1,913.9 7.24 7.75 

N80&,,10*** 33.85 22.15 11.17 7.31 1,715.9 2,019.3 9.05 8.18 

No K, - 
*K as basal; **fi K at tillering + ?h K at panicle initiation; ***% K as basal + '/4 K at t i l l e ~ g  + '/4 K 

at panicle initiation 
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\-L Nlha and 60 kg q O h a  irrespective of the tillering + ?A K at panicle initiation, 
time of K application. Amin and Amin followed by two splits (% K at tillerink + 
(1990). Prasad and Prasad (1997) and Ya- % K at pamicle initiationo. Sarmah and 
dav et al. (1993) also reported the highest Baruah (1997) also observed similar trend. 
yield of rice when N and K were applied in In 1993 the highest Kluse efficiency was 
balanced amount. The application of recorded at N8,K, (K as basal), followed 
N12,K, produced significantly highfr grain by three splits (% K basal + '/z K at panicle 
yield than that, N8,&. The grain yield ob- initiation) (Table 2). . * 
tained at N8,K4, was significantly higher Economics of K application : In 1992 
than'at N,,,&. Grain yield was not sig- the maximum net return of Rs 3,035.7 was 
nificantly influenced by time of K applica- obtained withhe application of 60 kg $0 

r . tion. Straw yield also followed a similar (% K basal + ?4 K at tillering + ?A K at 
trend like grain yield. The lowest values of panicle initiation) followed by 40 kg q O /  
grain and straw yields were noted in the ha (4i K at tillering + '/z K at panicle 
absolute control treatment. initiation). In 1993 the maximum net return 

Potassium-use eficiency : The efficiency of Rs 2388.80 was noted with 60 kg q 0 1  
of potassium application to rice was judged ha (K basal), followed by 40 kg q 0 h a  Ph 
by the quantity of rice grain produced per K basal+% K at tillering + ?A K at panicle 
kg K applied. In 1992 the highest K-use initiation). Benefit : thorn cost ratio was 
efficiency was obtained at N80~o+lo+,o  maximum with 40 kg q O h a  (% K basal 

- (three splits, i.e % K basal + ?4 K at +?A at tillering + ?4 K at panicle initiation) 

Table 3. Nitrogen and potassium uptake (kglha) by rice as influenced by different treatments 

Treatme~t Nitrogen Potassium 

Grain Straw Grain Straw 

1992 1993 1992 1993 1992 1993 1992 1993 

N,m Ko 66.44 59.02 62.64 52.12 24.41 15.38 410.00 167.15 

Nlzo I&,+,,** 75.62 @.28 67.05 63.60 30.37 17.170 447.31 207.11 . 
N120 K30+15+15*** 80.79 66.75 74.29 60.1 2 31.68 17.27 478.82 207.80 

N,O K, 58.23 56.57 59.75 47.07 22.77 15.40 396.68 158.16 

&o* 68.08 63.23 66.59 56.19 26.60 16.52 433.22 179.32 

%+20* * 67.97 58.22 59.72 55.09 26.48 16.08 450.08 181.70 

Nso K20+,o+lo*** 72.42 60.10 64.89 55.20 28.49 16.15 454.82 181.66 

No % 48.02 41.02 47.82 39.65 19.48 11.35 354.73 138.42 
'k CD (P = 0.05) 4.97 11.27 4.24 8.94 2.14 3.85 17.10 18.23 

- *K as basal; **% K at tillering + M K at panicle initiation; ***M K as basal + % K at tillering + L/4 K at 
panicle initiation 



Table 4. Yield and yield-contributing characters of wheat as influenced by different treatments 

Treatment Ear-bearing Ear length Grainsfear Test weight Grain Straw 

CD (P=0.05) 25.25 22.12 0.85 1.20 5.20 5.58 4.59 3.39 4.15 4.65 10.12 11.02 - 
*K basal; **% K at tillering + 95 K at panicle initiation; ***% K basal + '/s K at tillering + '/s K at panicle initiation 

s 
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,*, in (1992) and basal followed by two splits Crude protein (in grain) and chrolophyll (in 
in 1993. leaf) content was not significantly affected 

Nitrogen and potassium uptake: The by different fertilizer treatments during 
application of nitrogen and potassium both the years. 
significantly influenced the uptake of N and Leaf area: Leaf area in rice was also not 
K in both grain and straw of rice (Table 3). significantly influenced, by different 
Nitrogen uptake by grain and straw of rice treatments during both the years. 
was significantly higher in the plots that 
received both these elements (either of Wheat 
levels) over application of nitrogen alone Yield-contributing characters: Earl 
during both the years. The highest bearing tillers, ear length; grainstear and 

- -  nitrogen uptake (in grain and straw) was 1,000-grain weight were significantly 
observed at N,,,K, followed by N,,K,,, influenced due to the different treatments 
irrespective of the time of K application. during 1992-93 and 1993-94 (Table 4). 
Nitrogen uptake was higher in grain than in Singh et al. (1993 a, b) also observed 
straw. The highest potassium uptake in similar effect of potassium along with 
grain and straw was also observed in the nitrogen application on the yield attributes of 
same treatment (N,,, I&). But Gotassium wheat. The highest number of earbearing 
uptake was higher in straw than in grain. tillers was produced by the application of 
The lowest nitrogen and potassium uptake nitrogen- and potassium @ 120 and 60 kg/ 

- was recorded in the absolute control. ha respectively during both the years. 
Crude protein and chlorophyll content: Significantly higher number of tillers were 

Table 5. Potassium-use efficiency and economics of K application in wheat as influenced by different 
treatments 

Treatment K-use efficiency Response Economics 
(kg grainkg K) (qlha) 

Net returns (@a) Benefit : cost 
1992-93 1993-94 1992-93 1993-94 

1992-93 1993-94 1992-93 1993-94 

N,,o K, - 
N120 Km* 9.52 -13.38. 4.76 6.69 1,001.8 1,804.0 2.22 4.87 

NIzo K30+30** % 5.42 13.92 2.71 6.96 376.6 1,891.8 0.84 5.11 

N ~ t ~  K30+~s+1s *** 2.58 13.92 1.29 6.30 056.5 1,677.3 0.12 4.53 

N80 
,. - 

Nso &o* 24.70 30.52 8.15 10.07 2,185.8 3,026.0 7.28 12.26 

Ngo &+to** 13.18 29.03 4.35 9.58 1,026.8 2,866.7 3.42 11.60 

Nso Kzo+~o+~o *** 13.33 26.64 4.40 8.99 1,042.0 2,610.0 3.47 10.58 

' - \  NoKO 

*K as basal; **M K at tillering + !h K at panicle initiation; ***M K as basal + '/4 K at tillering '/4 K at 
- panicle initiation 
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observed at N,,K4, compared with N12,&. 
Treatment Nl2,K0, which significantly 
produced higher tillers than N,,K,. Ear 
length, grainstear and 1,000-grain weight 
recorded in treated plots were found to be 
nodsignificant in both the years. The 
lowest values of all the yield-contributing 
characters were noted in the 'absolute 
control treatment. Time of K application 
could not show any significant impact on 
the yield attributes during both the years. 

YielGErain and straw yields of wheat 
were significantly affected by different 
treatments during both the years (Table 4). 
The highest grain yield was obtained at 
N12,K,, irrespective of the time of K 
application. The grain yield of wheat was 
significantly higher in the plots receiving 
both nitrogen and potassium compared with 
those receiving application of nitrogen 
alone. Bhargava et al. (1985) and Pradhan 

et al. (1990) also reported similar findings. 
Significantly higher grain yield was 
recorded at N12, than at N,,. Basal and split 
application /of K at either levels of N was 
found to be non-significant in respect of 
yield. The lowest grain yield was obtained 
in the absolute control treatment. Straw 
showed almost similar trend like grain 
yield. 

Potassium-use eficiency : The highest 
K-use efficiency was recorded at N,,K4, 
(K basal) during both the years except in 
1993 where K-use efficiency was similar 
with basal and split (% K at tillering + Y2 K 
at panicle initiation) application of 
potassium (Table 5). 

Economics of potassium application: In 
wheat the highest net returns of Rs 2,185.8 
and 3,026.0 followed by 2,866.7 were 
recorded with the basal and split application 
of 40 kg q O h a  during 1992-93 and 1993- 

Table 6. Nitrogen and potassium uptake (kgha) by wheat as influenced by different treatments 

Treatment Nitrogen Potassium 

Grain Straw Grain Straw 

1992- 1993- 1992- 1993- 1992- 1993- 1992- 1993- 
93 94 93 94 93 94 93 94 

Y 2 0  Ko 65.65 68.10 41.58 30.29 13.33 18.54 180.62 110.99 

N120 K,o* 70.95 73.90 47.91 32.81 16.07 22.02 210.17 125.50 

N,, K3,,,** 68.45 .79.20 44.67 32.53 15.79 22.18 195.01 125.75 

NlZo K30+15+15*** 64.3 1 73.20 43.85 32.61 14.21 22.12 199.48 129.74 

N80 56.77 57.72 37.87 28.46 11.58 17.75 175.3 107.69 

N80 K40* 66.40 77.12 38.62 30.58 15.42 21.32 193.44 123.47 

Nso K20+20* * 59.38 70.45 41.67 29.90 14.05 21.15 194.78 120.27 

N,, K20+,o+,o*** 59.56 65.64 42.13 31.21 14.98 20.98 188.28 121.99 

No b 39.59 48.30 29.25 20.74 8.81 14.22 141.13 83.32 
CD (P = 0.05) 9.05 10.02 8.04 7.55 2.65 3.44 20.05 14.01 

*K as basal; **Yz K at tillering + '/z K at panicle initiation; ***% K as basal + ?4 K at tillering '/4 K at 
panicle initiation 
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Table 6. Dynamics of K in soil as influenced by different treatments 

Treatment Exchangeable K . Change Total K Total K Contribution of 
added through removal nonexchange- 

Initial After 2 cycles fertilizer by crop able K to crop 
or rice-wheat (kg) &g) (kg) . removal (kg) 

- - 

*K as basal; **k K at tillering + Yz K at panicle initiation; ***% K as basal + % K at tillering + L/s K at 
panicle initiation 

Values in parentheses indicate percentage contribution of non-exchangeable K to crop removal 

94 'respectively. The similar trend was ako content in leaf were not significantly 
observed in benefit : cost ratio (Table 5). influenced by different treatments during 

Nitrogen and potassium uptake: The both the years. 
uptake of nitrogen and potassium was Leaf area: Like crude protein and 
significantly affected due to the application chlorophyll content, leaf area was also not 
of N and K (Table 6). The highest values of significantly influenced. No definite trend 
both nitrogen and potassium uptake were 
noted in N,,,K$, irrespective of time 0f.K 
application. The application of K increased 
the nitrogen uptake (in both grain and 
straw). This might be due to increased 
nitrogen utilization by wheat crop (Beringer, 
1978; FAO, 1984; Mengel and Kirkby, 
1987). The potassium uptake was 
maximum in straw, whereas nitrogen 
uptake was in grain. The lowest values of 
nitrogen and potassium uptake were 
recorded in the plots that did not receive 
any N, P or K fertilizer. 

Crude protein and chlorophyll content: 
Crude protein in grain and chlorophyll 

was observed. 
Dynamics of K in soil: In control 

treatment the exhangeable K decreased 
from 265 to 168. In only K control 
treatment the exchangeable K also 
decreased by 60 and 53 kg Klha with N,,, 
and N,, respectively (Table 7). The 
depletion in exchangeable K was also 
recorded by 23.6 and 44.6 kg Klha with 
N,,,K, and N,,K,, irrespective of the time 
of K application. But the depletion of 
exchangeable K was lower than of no K 
application with or without NP. Depletion 
in K even on application of 60 kg &O 
along with 120 kg N and 60 kg P,O,/ha 
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may be due to exhaustive cropping system. 
Similar observations were also reported by 
Subba Rao et al. (1993). 

Nodexchangeable K contribution was 
obtained by deducting the change in ex- 
changeable K and added K from total K 
removals. The nodexchangeable ycontri- 
bution was more in control (85.8.-92.0%). 
and low in K added @ 40 kg &O/ha 
(78.8-79.9%) and 60 kg &O/ha (73.1- 
75.1 %). Contribution of non-exchangeable 
K was 360.5.349.0 and 272.5 kg Khalyear 
in the absence of Kaddition with N,,,P,. 
N,,P,, and without NP, respectively (Ta- 
ble 7). Ghosh and Biswas (1978) and 
Talukdar and Khera (1991) also reported 
similar findings. 
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