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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 Ky, 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 Ny K,,. The absolute
control treatment showed 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
contral (53-97 kg K/ha) and low in the treatment receiving K (18—47 kg K/ha).
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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 nitrogen -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 nccessafy 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
(kharif) 1992 to winter season (rabi) 1993
94. There were nine treatments, viz.

Ki20Kp» NyzKep (K as basal), Ny26Ksot+30
(*2 X at tillering + 1/2 K at panicle initia-
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tion), NypoKsgurs.is (Y2 K as basal + 14 K at
tillering + %4 K at panicle initiation),
NgoKo, NgoKyo (K as basal), NgoKog,5 (V2

" K at tillering + % K at panicle initiation)
and Ng K, o, 0,10 (V2 K as basal + %4 Kat -

tillering + % K at panicle initiation) includ-
ing a control (no fertilizer application).
These treatments were allocated randomly

to each plot. The experimental soil was .
" sandy loam, medium to high in available N,
- high in available P and K, and with pH of
 the soil 8.2. The nutrient status was very
‘rich only due to-excess addition-of farm -

yard -manure (FYM) by farmers -before
beginning of the experiment.
- In both the crops P,O, and ZnSO, were
applied @ 60 and 25 kg/ha respectively in
each plot except control. Whole of P,0,,
through single superphosphate (SSP), and
ZnSO, and half of nitrogen through urea
were applied at the time of transplanting/
sowing. Rest of the nitrogen was applied in
two equal splits, i.e. %4 at tillering and % at
panicle initiation. However, K,O through
muriate of potash was applied as per
treatments. -

The seedlings of ‘Saket 4° were

transplanted manually at the distance of 20

cm (row to row) in puddled field, and

wheat (‘PBW 226’) was sown in furrows

20 cm apart, at a seed rate ‘of 120 kg/ha.
Trasplanting of rice seedlings was done
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

Table 1. Yield and yield-contributing characters of rice as influenced by diffei'gnt treatments

Test weight

‘Ear bearing

tillers/m?

1992

Straw -

Grai_n
- (g/ha)

1992

Treatment

Grains/ear

Ear length

(g/ha)

(e

(no.)

(cm)
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1992
136.33
141.88

1993
-53.96
62.86

1993

1992 1993

1993
21.85

1992
22.99

26.14

1993

1993 .
78.41

- 79.01

22.84
25.02

1992
. 2295
24.17

13

91.88
88.59
87.34
74.72
80.02
79.91
80.45
67.71
8.5

144.69
146.28
132.89
136.86
14028 -
141.75
120.72
75

59.92

61.17
48.61
56.35
55.58
55.92
4242
47

64.74
4.1

- 88.46
- 89.77
91.92
74.00
81.54 .
83.16
85.17

23.90
23.94

23.85.
20.11
2.1

2504

25.15
22.81

2418
2420
22.84
23.9
23.70
23.90
20.22

20

01
109
112
113

98
104

07
106

87

13.8

101
106
105
106

97
103
103
103

85

7.4

22.78

22.33
21.82

22.58
22.68

2241
21.25

. NS

28.25
28.27
28.31
25.93
26.62
26.75
26.71
23.18
2

502 360
537 381
542 376
545 379
480 359
513 n
495 370
493 372
350 310
1001 11.50

0.05)
*K asbasal; **¥2 K at tillering + % K at panicle initiation; ***¥2 K as basal + % K at tillering + % K at panicle initiation
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* and straw was determined by autoanalyser
and flame photometer respectively after di-

.. gestion of the samples with H,SO, +
* . ‘H,0,. The amount of nitrogen and potas-

- sium uptake by each crop at harvet was

‘worked out by multiplying the nitrogen/po-
tassium content with grain and straw

ynelds Crude protem content in grain was

“ " calculated by multtplymg the factor 6.25

e Wlth mtrogen content m grain.

RESULTS AND DISCUSSION |

" of n1trogen and potassium during both the

o years except ear length in 1993 (Table 1). .
- ..-Singh et al. (1994) also observed similar
- results. Ear length and ear-bearmg tillers

_* were hlgher in 1992 than in 1993, due to
the lack of i irrigation at tillering stage in the
“second year The highest ear/bearmg tillers,

ear length, grains/ear and test w_eight were
recorded at N, ,, K‘50 irrespective of the time
of K application in both the years. Ear/ -

bearing tillers produced at NP, were
- significantly higher than at. Ng, P, during.

1992. Treatment Na0 Ko enhanced the

tlllenng in rice crop compared with N120 .
Ko It was due to interaction effect of - -
‘nitrogen and potassxum (Shivakant and =~
. Singh, 1983; Mondal and Dasmahapatra, .
" "1984). The values of ear/bearing tillers, ear _

-+ length, grains/ear and 1,000-grain weight -

- were significantly higher in the fertilizer

treatments over the control Basal as well

~ as split apphcatlon of K at either of N level

could not affect the yield attnbutes of rice

;dunng both the years. _
- Yield: -Grain and straw yields of rice - .

were also significantly affected during

1992 and 1993 (Table 1). These were high-

er in 1992 than 1993 due to higher number
of effective tillers. The highest grain yield -
was obtamed w1th the application of 120 kg

L Table 2 Potassxum-use efﬁclency and econormcs of K apphcanon in rice as mﬂuenced by dlfferent

. reatments ) ’, .
" Treatment K-use=efﬁciency ‘Response . - "Eccnonﬁcav
* (kg grain/kg K) - (gha) — —
— 9i - 9‘9 - '1992. 1993 Net returns (g/ha) Benefit: cost - -
T *',1,9 A T 1992 1993 - 1992 1993
'.',leoKoﬁ_. - -"_;', - - P - T
Ny Kg* - 1890 17.80 9.45 890 12,1015 2,2888 . 4.67 - 645
NipKyup** 2152 1192 1076~ 596 24552 '1,547.6 - 546 4.18
Ny Kpupsus®™* - 2582 14.42 12.91 721 30357 19351 - 675 522
. Nso‘Kt)‘ I ‘_: - T - e o _ }_, -
Ny Kg* ' 2285 2345 - 754 774 17358 21526 579 872
-NsaKm;zo** 2775 2115 U906 0 697 21732 19139 724 175
L .N,“,K20+lo+10 **. 3385 2215 1117 7.3,’1;_:1,715.9 20193 . 905 '8.1:_3_

*K as basal; **¥4 Kat ttllenng +¥%2Kat pamcle nutlatton, ##415 K as basal + UK at tlllermg +¥%K

CLoatp pamcle initiation -
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N/ha and 60 kg KzO/ha 1rrespect1ve of the '
time of K application.' Amin and Amin.

(1990). Prasad and Prasad (1997) and Ya-

~ dav et al. (1993) also reportéd the highest .
- yield of rice when N and K were applied in

balanced amount The application of
- N;,K,, produced significantly higher graln_-‘“

. yield than that, Ny K,. The grain ylcld ob-

- tained at Ng K, was significantly hlgher .

than at N, 0K, Grain . yield was not -sig-

" nificantly influenced by time of K applica-
~tion. Straw yield also followed a similar:
trend like grain yield. The lowest values of‘_
. grain and straw y1e1ds were, noted in the

absolute control treatment. .
- Potassium-use eﬁiczency The efﬁcnency

of potassmm apphcatlon to rice was Judged :

~ by the quantity of rice grain produced per
kg K applied. In 1992 the highest K-use
efficiency was obtained at NgyKyq, 10,10
(three splits, i.e %2. K basal + 4 K at

Table 3. Nltrogen and potassmm uptake (kg/ha) by rice as mﬂuenced by deferent treatments o -

EFFECTOFKINRICE—WHEAT ii.f R .‘ 15

tlllerlng * % K at panlcle 1n1t1atlon SN
- followed by two splits (2 K at tlllenng +
Y% K at pamicle initiation0. Sarmah- and .

Baruah (1997) also observed similar trend
In 1993 the highest K/use efficiency was

recorded at Ng K,, (K ds basal), followed -
by three splits (2K basal +% K at panlcle .

mt1at10n) (Table 2). -
Economzcs of K appltcatton In 1992 ~

" the maximum net return.of Rs 3, 035. 7was I

obtained with the application of 60 kg K,O

{2 K basal + ¥ K at tillering + % K at * o
panicle 1mt1atlon) followed by 40 kg K,Of -
ha (2 K at tillering + 1 K at panicle

initiation). In 1993 the maximum net return

- of Rs 2388.80 was noted w1th 60 kg KZO/ _
ha (K basal),- fo]lowed by 40 kg K,Oha(¥s -

K basal+% K at tlllenng +UKat panicle

“initiation). Benefit thom cost ratio was- ~‘
maximum with 40 kg KZO/ha (V2K basal -~
+4 at tillering + l/4 Kat panicle ~initiation)o .

Treatment =~ » Nltrogen Y Potassmm
' Grain Straw . © Grain . Staw
1992 . 1993 1992 . 1993 1992 - 1993 1992 1993
N K, 6644 5902 6264 5212 2441 1538 - 41000 167.15
Ny Kg* 7671 7146 7649 5951 2986 ~ 1850 - 41740 21079
Ny Kiupo** 7562 6628 - 67.05 6360 - 3037 - 17.170 44731 207.11 -
N Kajiisigs*** 8079 0 6675 - 7429 6012 . "3168 - 17.27  478.82 20780
Ngo Ko 5823 5657 5975 - 4707 - -2277 1540 39668 158.16
- N K, o* 6808 6323 6659 | 5619 . 2660 1652 43322
Ny Kopupo** . 6797 5822 5972775509 2648 . 1608 45008 181.70 - . -
Ny Kpguouo™* 72420 6010 . 6489 5520 ~ 2849  16.15. 45482 18166
Ny K, 4802 4102 4782 3965 1948 . 1135 35473 13842
CD(P=005) 497 1127 424 894 214 385 1710 18230,

*K as basal; **%Kattlllenng+VzKatpamc1euut1atlon ***‘/zKasbasal+%Kattlllenng+l/4Kat :

panicle initiation

17932 .



Table4. Yield and yield-contributing characters of wheat as influenced by different treatments

Straw

Treatment Ear-bearing Ear length Grains/ear - Test weight ' G.ra'in’
titlers/m? (cm) (no.) @® (g/ha) (g/ha)

‘. '1992.93 1993-94 1992-93 199394 1992-93 1993-94 1992-93 1993-94",:1'_9'9'2-.93 1993-94 1992-93 1993-94
NoK, - 459.89 41933 988  9.02 3410 3620 3660 4075 37.06 40.43 11490 ° 67.06
Njz0 Keo* 50589 45775 1020 926 3664 3836 4220 43.68 '41.82 46.72 121.73 7415
Niz0 Kaguzo™ 48789 45883 995 936 3416 - 3842 41.73 '43.88 3977 745,-9; 116.68  75.04
‘Nu;, Kyoisus™* 48955 44817 997 9.9 3451 3818 4250 4356 3835 4633 11810 775
Ny Ky 42232 41082 934 889 3263 35.3_1' 39.03 40',0;1‘. 3243 3492 11143  65.70
Ny Kyo* 48644 44491 969 904 3497 3748 4183 4316 '46.58 44.99 11945 7420
Ngo Kpouzo™* 46498 43550 o4 904 3394 312 4093 4325 3678 4450 11390 7216
Nop Kpuiosio™** ~ 46178 43808 941 896 3397 37.12 080 4304 3603 471 11_5.69i 73.45
N, K, 35455 372.17 818  7.66 2716 2584 3277 3331 é6.97 3291 9154 5450
”’CD(kP=0.05) 2525 2212 085 120 520 558 459 339 415 465 1012 11702

HONIS ANV HONIS

*K basal; **4 K at tillering + %2 K at panicle initiation; ***Vﬁ K basal + %4 K at tillering + %4 K at paniéle initiation

e

91
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in (1992) and-basal followed by two splits
in 1993. '

Nitrogen and potasszum uptake: The
-application of nitrogen and potassium

 significantly influenced the uptake of N.and

K in both grain and straw of rice (Table 3).

- Nitrogen uptake by grain and straw of rice

- was significantly higher in the plots that
received both these elements (either of
levels) over application of nitrogen alone
during both the years. The highest
nitrogen uptake (in grain and straw) was

. observed at N,,0K,, followed by Ng,K,
- imespective of the time of K application.
. Nitrogen uptake was higher in grain than in

- straw. The highest potassium uptake in

grain and straw was also observed in the °

- same treatment (N, 120 Keo)- But potassium
_ uptake was higher in straw than in grain.

" The lowest nitrogen and potassium uptake
~ was recorded in the absolute control. -

Crude protein and chlorophyll content:

EFFECTOFKINRICE—WHEAT o 17

Crude protein (in gram) and chrolophyll (in
leaf) content was not significantly affected
by different fertilizer treatments during

-both the years.

 Leaf area: Leaf area in rice was also not
significantly influenced: by different

treatments during both the years.

- Yield-contributing characters: Eat/
bearing tillers, ear length, grains/ear and
1,000-grain weight were significantly

“influenced due to the different treatments

during 1992-93 and 1993-94 (Table 4).
Singh et .al. (1993 a, b) also observed
similar effect of potassium along with
nitrogen application on the yield attributes of
wheat. The highest number of ear/bearing
tillers was produced by the application of
nitrogen and potassium @ 120 and 60 kg/

_ ha respectively during both the years.
' Significantly higher number of tillers were

" Table§. Potass1um~use efficiency and economics of K apphcatlon in wheat as mﬂuenced by dxfferent

‘treatments - - ]

Treatment K-use efficiency Response Economics

(kg grain’kg K) (g/ha) -

" " . ”94' 7-.199 o3 1993.94 Net returns (g/ha) Benefit : cost

- 1992-93 1993- 293 - —— ~
~ - 9929 - - 199293 - 1993-94 199293 1993-94

Ny Ko S - - - - T
N Keo* 952 1338, 4.76 6.69  1,001.8  1,804.0 222 487
Niz0 Kygeao™™ 542 1392 27 696 ° 3766 1,891.8 084 5.11
N2 Kagusars*** 2,5$ 13.92 1.29 630 - 0565 11,6773 0.12 - 453
N80K0 : N - E - - . - ' - . - . - -
Ngo Kyo* 12470 - 3052 815 1007 21858 3,0260 728 1226
Ngo Kppi20** 1318 29.03 435 958 11,0268 28667 342 11.60
Ngq KZMMFO*** 1333 26.64 4.40 8.99 11,0420 2,610.0 347 1058
Ny Ky - - - - - - - -

- *K as basal; **% K at txllenng +Y K at panicle 1mt1at10n, ***Vz 'K as basal + “Kat tlllermg “Kat

: panicle initiation
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observed at Ny K,, compared with N, K.
Treatment N, K,, which significantly
-produced higher tillers than Ng K. Ear
length, grains/ear and 1,000-grain weight
recorded in treated plots were found to be
non/significant 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.
Yield: Siram and straw yields of wheat
were significantly affected by different
treatments during both the years (Table 4).
The highest grain yield was obtained at
N,,Kqo 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

[Vol. 45, No. 1

et al. (1990) also reported similar findings.
Significantly higher grain yield was
recorded at N,,, than at Ng,. 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 efficiency : The highest
K-use efficiency was recorded at Ny K,
(K basal) during both the years except in
1993 where K-use efficiency was similar
with basal and split (2K at tillering + 2K
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 K,O/ha during 1992-93 and 1993-

Table 6. Nitrogen and potassium uptake (kg/ha) 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

N, K, 65.65 68.10 41.58 30.29 13.33 18.54 - 180.62 110.99
Nz Kgo* 7095 73.90 4791 32.81 16.07 22.02 210.17 125.50
Nz Kspia0* . 6845 79.20 44.67 32.53 15.79 22.18 195.01 12575
Nizo K30+15 astrr 6431 7320 43.85 3261 14.21 22.12  199.48 129.74
Ny Ky 56717 51712 37.87 28.46 1158 1775 1753 '107.69
Ngo Ko 6640 77.12 38.62 30.58 1542 2132 19344 12347
Nio Kygeao* 59.38 7045 41.67 29.90 14.05 21.15 19478 120.27
Nigo K20+10+10 ** 5056 65.64 4213 31.21 14.98 2098 188.28 121.99
Ny K 39.59 4830 29.25 20.74 8.81 14.22 - 141.13 8332
CD.(P = 0.05) 9.05 10.02 8.04 7.55 2.65 34 2005 14.01

*K as basal; **¥2 K at tlllenng +%Kat pamcle initiation; ***}2 K as basal + % 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 bycrop ableKtocrop:
or rice-wheat (kg) (ke) kg) . removal (kg)
120Ky 262 202 60 0 781 721 (92.3)
120 Keo* : 260 242’ -18 199 ‘ 872 - 655(75.1)
120 Kyguae®** 250 219 =31 199 855 625(73.1)
120 Ksossans™** 2_54 233 -21 199 914 693 (74.8) -
o Ko 254 201 =53 - 751 698 (92.9)
g0 Kao* 240 197 -43 133 838 662 (78.9)
30 Kap.20 243 199 - —44 133 _ 850 673(79.2)
20 Koor1o410™** 247 200 =47 - 133 852- 672 (78.9)
N, K, o 265 168 -97 - 640 543 (85.8)

*K as basal; *44K at tillering + % K at panicle initiation; ***¥3 K as basal + %4 K at tillering + % K at

panicle initiation

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

| 94"’respectively. The similar trend was also

observed in benefit : cost ratio (Table 5).
Nitrogen and potassium uptake: The

uptake of nitrogen and potassium was

significantly affected due to the application

" of Nand K (Table 6). The highest values of
~ both nitrogen and potassium uptake were

noted in N, Ky, irrespective of time of 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

content in leaf were not significantly
influenced by different treatments during
both the years.

Leaf area: Like crude protein and
chlorophyll content, leaf area was also not
significantly influenced. No definite trend
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 K/ha with N,,,
and N, respectively (Table 7). The
depletion in exchangeable K was also
recorded by 23.6 and 44.6 kg K/ha with
N,,0Kgo 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 K,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).
Non/exchangeable K contrlbutlon was
obtained by deducting the change in ex-
changeable K and added’ K from total K
removals. The non/exchangeable K contri-
bution was more in control (85.8-92.0%),
and low in K added @ 40 kg K,O/ha
(78.8-79.9%) and 60 kg K20/ha (73.1-
*75.1 %). Contribution of non-exchangeable

K was 360.5, 349.0 and 272.5 kg K/ha/year

in the absence of K -addition with N,,,P,,
NgoPgo and without NP, respectively (Ta-
ble 7). Ghosh and Biswas (1978) and
Talukdar and Khera (1991) also reported
similar findings. '
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