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ABSTRACT

On farm studies were conducted during kharif and rabi seasons for four consecutive years from 2013-14 to 2016-17 in 24
farmer’s fields each year in unified Warangal district of Telangana state to study and demonstrate the influence of balanced
fertilization on rice-rice cropping system. The seven treatments consists of control, recommended N alone, recommended N and
P, recommended N and K, recommended N, P and K, recommended NPK+ ZnSO, and farmers practice. Balanced application
of recommended dose of NPK (120-60-40 kg ha'*) along with ZnSO, (50 kg ha®) to rice-rice cropping systemrecorded significantly
higher mean grain (5.10t ha* and 5.84 t ha*) and straw yield (6.46 t ha! and 7.49 t ha? ) during both kharif and rabi seasons.
Over theyears, maximum System Rice Grain Equivalent yields (12.19t ha'?), higher gross (Rs 1 64, 590 ha') and net returns (Rs
90,260 ha*) were also recorded with recommended NPK+ ZnSO,. In addition to improvement in thefertility status of soil,
higher sustainable yield index during both kharif (0.47) and rabi (0.71) seasons and per day system productivity (33.40 kg ha:
'day) were recorded with recommended dose of NPK+ ZnSO,.
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Rice-riceisamajor cropping seguence grown in an
areaof 14.15 lakh hain Telangana state under bore well
source of irrigation eco system. In India, grain yields
have been improved for the past three decadesin cereal
based irrigated intensified agriculture with cultivation
of highyielding varieties and enhanced usage of chemical
fertilizer. The cereal production in the Indiaincreased
by five timeswhere asfertilizer consumption increased
by 322 timessince green revolutionimplieslow fertilizer
use efficiency (Prasad, 2009). In cereal based cropping
systems, the soil available reserves of carbon and NPK
areshoveled heavily. Especially adeficit of about 10M
t of NPK isestimated in the recent past for the estimated
NPK requirement of 30 M t every year. Further,
subsidized avail ability coupled with instant response of
N fertilizers prompted indiscriminate N and P
applicationsto cerealsand habituated application of DAP
and low or ignoring of K resulted in nutrient imbal ance.
Decreasing of factor productivity or response ratio to 6
kg is another alarming situation. Further, continuous
mining of secondary and micro nutrients are seldom
replenished. In post green revol ution eramultiple nutrient
deficiencies including micro nutrients is one of the
important problems making systems unsustainabl e (Jat
et al., 2016). Moreover, deficiency of Znisvery frequent
inrice-based cropping systemwith no or little application
of Znfertilizer (Sahaet al., 2015). In view of thesefacts,
aparticipatory research was carried out in farmer’sfields
to quantify the productivity potential of rice-rice
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cropping systems with set of nutrient combinations
treatments for continuous four years.

MATERIALSAND METHODS

On-farm experiments were conducted during kharif
and rabi seasons of 2013-14, 2014-15, 2015-16 and
2016-17 in peasant’ sfields of Hanam konda (Vanamala
kanparthi and Tekulagudem villages), Station ghanpur
(Rajavaram and Chinna pendyala villages), Dharma
sagar (Dharmapuram village) and Wardhannapeta
(Kadarigudem villages) mandals of the then Warangal
district, situated in Central Telangana Zone of southern
deccan plateau of Telanagana. Every year the study was
conducted in 24 farmer’s fields selecting four farmers
in each village. The mean initial physical and chemical
properties of soils indicated that soils are sandy clay
loams in texture and slightly alkaline reaction with pH
of 8.08 and non saline (EC- 0.36 dSm™) in nature.
Fertility status indicated that the soils were medium in
organic carbon (0.67%), low in available N (190 kg
hat), highin available P (44.23 kg ha') and medium in
available K (285.74 kg ha?).

Theexperiment was conducted with seven trestments
viz., control (no fertilizer), recommended N, NP, NK,
NPK, NPK+Zn SO, and farmers practice. In farmers
practice nitrogen doseisranged from 125 kg ha' to 160
kg ha with mean dose of 148 kg ha. Phosphorous dose
isranged from 50 kg ha* to 100 kg ha* with mean dose
of 85kg ha. K level isranged from 0 to 30 kg ha' with
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Table 1: Grain and straw yield of rice during kharif season asinfluenced by different NPK combinations

Treatment Grainyield (t ha?) Straw yield (t ha?) System  Sustainable
2013 2014 2015 2016 Pooled 2013 2014 2015 2016 Pooled rice yield
-14 -15 -6 -17 Mean -14 -15 -16 -17 Mean grain index
equivalent (SYl)
yield (t ha?)
Control 352 242 277 280 287 467 379 417 349 403 3.24 0.21
N 490 292 372 344 374 599 449 505 410 491 4.25 0.34
NP 523 326 388 363 400 639 475 529 444 522 4.6 0.38
NK 570 347 420 374 428 6.94 493 558 457 550 4,94 0.39
NPK 597 392 471 427 472 730 532 620 510 598 5.39 0.52
NPK + ZnSO, 654 423 498 467 510 777 588 6.62 558 6.46 5.80 0.47
Farmerspractice 550 4.11 483 453 474 645 545 6.67 567 6.06 5.41 0.48
SEm(z) 029 011 122 008 015 037 020 013 012 0.20
L SD(0.05) 08 032 036 025 045 107 060 037 035 0.60

Table 2: Grain and straw yield of rice during rabi season asinfluenced by different NPK combinations

Treatment Grainyield (t ha) Straw yield (t hat) System  Sustainable
2013 2014 2015 2016 Pooled 2013 2014 2015 2016 Pooled rice yield
-14 -15 -6 -17 Mean -14 -15 -16 -17 Mean grain index
equivalent (SYl)
yield (t ha?)
Control 257 301 334 234 28 35 391 466 549 439 31 0.39
N 313 400 461 261 359 4.05 485 529 6.04 506 3.97 0.45
NP 378 439 492 392 425 441 523 599 689 563 4.58 0.57
NK 428 486 523 423 465 507 601 6.78 7.99 6.46 5.12 0.6
NPK 504 582 64 54 567 5.88 7 796 914 749 6.02 0.58
NPK+ ZnSO, 538 613 638 548 584 621 681 798 897 749 6.39 0.71
Farmerspractice 407 546 591 491 509 502 677 7.68 86 7.02 5.69 0.54
SEm(t) 034 010 012 009 017 036 019 o011 011 017
L SD(0.05) 100 031 037 027 049 106 057 034 032 051

mean dose of 20 kg ha?. Gross and net plot areas were
10m?x 10 m? and 9m? x 9m?. The datawere statistically
analyzed in RBD with each farmer’s field as one
replication. Popular varietiesof riceviz., BPT 5204 (long
duration) and MTU 1010 (short duration) were grown
as test cultures during kharif and rabi respectively.
Recommended dose of fertilizer to rice crop was
120:60:40 of NPK and 120:60:40:50 of NPK and Zn
SO, for kharif and rabi seasonsrespectively. Urea, SSP,
MOP and Zn SO, were used as source for NPK and Zn.
Nitrogen wasapplied inthree equal splitsat basal, active
tillering and panicleinitiation stages. While, entire P,O,
was applied as basal and K,O was applied in 2 equal
splits as basal and at panicle initiation. Entire ZnSO,
was applied as basal. Rice crop was transplanted after
attaining sufficient age of nurseries (30-35 days during
kharif and 25-30 daysduring rabi). I rrigation, weed, pest
and disease management was done as per
recommendations of PJTSAU(Professor Jayashnkar
Telangana State Agricultural University). Mean total of
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40 and 60 irrigations were given to kharif and rabi
respectively.

Every season, the dataon grain and straw yieldswere
recorded at harvest. The datawas analyzed statistically
by the standard procedure outlined by Gomez and Gomez
(1984). Initial and after harvest soil samples were
analyzed for available N P and K. Soil organic carbon
was determined by the Walkley—Black method (Nelson
and Sommers, 1982), available N by Alkaline
permanganate method (Subbaiah and Asija, 1956),
available POlsen’sextractant method (Olsen et al., 1954)
and available K by extracting with neutral normal
ammonium acetate and using Flame photometer
(Jackson, 1967).

RESULTSAND DISCUSSION

Productivity of rice during kharif season

During all the yearsof study, highest grain yields
during kharif season (Table 1) were recorded with
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Table3: Productivity and profitability of rice-rice cropping sequence as influenced by different NPK
combinations

Year /Treatment Control N NP NK NPK NPK+ Farmers
Zn SO, practice

Productivity (kg ha?)

System Rice Grain Equivalent Yield (t hat) 6.34 822 918 10.06 1141 1219 11.10
System per day productivity (kg ha day™) 17.37 2252 2515 2756 3126 3340 3041
Cogt of Cultivation (X x10° ha?)

2013-14 59.00 61.39 67.19 6390 6955 74.04 7520
2014-15 5957 6221 6747 6442 6998 7443 75.18
2015-16 60.05 6302 6776 6494 7051 7482 7540
2016-17 59.58 62.69 67.80 6498 70.03 74.63 7537
Pooled 5955 62.33 6755 6456 7002 7448 7529
Grossreturns (X x10% ha?)

2013-14 8540 112.10 127.04 14050 154.20 168.29 144.19
2014-15 83.38 105.87 116.52 126.97 148.78 15751 147.02
2015-16 98.19 134.06 141.12 151.40 17835 18220 172.04
2016-17 77.05 91.20 11353 120.11 14514 150.95 141.76
Pooled 86.00 110.81 12455 134.75 156.62 164.74 151.25
Net returns X x10° ha?)

2013-14 2640 50.71 59.85 76.61 8465 9425 68.99
2014-15 2381 4367 49.05 6255 7880 83.08 7184
2015-16 38.14 7104 7336 86.46 107.84 107.38 96.64
2016-17 1747 2851 4573 5513 7511 7632 66.39
Pooled 2645 4848 57.00 70.19 86.60 90.26 7597
B:C ratio

2013-14 145 183 189 220 222 227 1.92
2014-15 140 170 1.73 1.97 213 212 1.96
2015-16 164 213 2.08 2.33 253 244 2.28
2016-17 129 145 1.67 1.85 207 202 1.88
Pooled 144 178 1.84 2.09 224 221 2.01

Table 4: Post harvest soil nutrient status asinfluenced by NPK combinations (pooled data of 4 years)

Treatment Organic carbon Avail N Avail P Avail K
(%) (kghat) (kghat) (kghat)
Control 0.64 185.9 36.6 275.7
N 0.66 192.7 40.2 282.2
NP 0.68 189.1 447 280.8
NK 0.71 190.3 42.8 296.3
NPK 0.70 193.0 435 307.4
NPK+Zn SO, 0.70 193.4 45.6 310.4
Farmers practice 0.71 187.5 45.2 276.4
SEm(t) 0.02 1.2 0.5 1.8
L SD (0.05) 0.06 35 14 5.2
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application of recommended dose of NPK+ZnSO, (4.23
to6.54t ha') andlowest wererecorded in control (2.42
to 3.52 t ha'). Mean grain yield over years was
significantly higher with application of recommended
dose of NPK+ZnS0O, (5.10 t ha') than NK, NP, N and
control. However, the treatments recommended NPK
(4.72) and farmers practice (4.74) also registered on par
averagegrainyieldto that of NPK+ ZnSO,. Straw yield
also followed similar trend as that of grain with higher
straw yields over years (5.58 to 7.77 t ha') and mean
straw yield (6.46 t ha!) with application of
recommended dose of NPK+ZnSO, Rice grain
equivaentyield ( grain + grain equivalent of straw) was
also with recommended dose of NPK+ZnSO, (5.80 t
ha?). Sustainable yield index (SY1) was higher with
recommended dose of NPK (0.52) followed by farmer’s
practice (0.48) and recommended dose of NPK+ZnSO,
(0.47). Control treatment registered lowest SY1 (0.21).
Percent increase in grain yield with the application of
recommended dose of NPK+ZnSO,was 77.7, 36.3, 21.5,
19.1, 8.0 and 7.5 over control, N, NP, NK, NPK and
farmers practice respectively.

Productivity of rice during rabi season

During rabi season, ricegrain yield wassignificantly
higher in recommended dose of NPK+ZnSO, (5.84 t ha
1) and was ranging from 5.38 to 6.38 t ha' over years
(Table 2). Recommended NPK also recorded on par
grainyield (5.67 t ha') with that of recommended dose
of NPK +ZnSO, and both the treatments were superior
over farmers practice (5.09 t ha? ) and rest of the
treatments. Grain yield in unfertilized treatment was
ranging from 2.34t0 3.34t ha' over years. Theincrease
in grain yield of rabi rice with recommended dose of
NPK+ZnSO, was 107, 62.6, 37.4, 25.5, 2.9 and 14.7
percent higher over the control, N, NP, NK, NPK and
farmers practice correspondingly. Straw yield also
followed similar trend asthat of grain with higher mean
straw yield (7.49 t ha') in treatments recommended
dose of NPK+ZnSO, and recommended dose of NPK
Ricegrain equivalent yield was al so with recommended
dose of NPK+ZnSO, (6.39 t ha') was followed by
recommended dose of NPK (6.02 t ha'). Higher
Sustainableyield index was recorded with recommended
dose of NPK+ZnSO, (0.71) and was followed by
recommended dose of NK (0.60) and recommended
NPK (0.58).

System productivity

Productivity of rice-rice system (Table 3) was higher
inrecommended dose of NPK+ZnS0O, (12.19t ha') and
was followed by recommended dose of NPK (11.41 t
ha?) and farmers practice (11.10). Application of
recommended dose of NPK+ZnS0O, increased thegrain
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yield to the tune of 92.3, 48.3, 32.8, 21.2, 6.8 and 9.8
percentage over control, recommended N, NP, NK, NPK
and farmers practice. Per day productivity was also
higher with recommended dose of NPK+ZnSO, (33.40
kg ha' day*) followed by NPK (31.26 kg ha' day*) and
farmers practice (30.41 kg ha day?). Lowest per day
productivity wasrecorded in control (17.37 kg ha* day”
1.Higher yieldswith recommended dose of NPK during
both the seasonsand in turn system productivity may be
ascribed to improvement of Pin better root development
and therewith absorption of N, whereasK isinvolved
in N hesperidins in cereals. Further, experimental soil
sites were marginally deficient (0.61 PPM) in Zn, the
application of this scarce nutrient helped rice-rice
cropping systemto record 5.1 to 8.0 percent higher yields
over recommended NPK alone. The results are in
agreement with Ravisankar et al. (2014), Hiremath et
al. (2016) and shinde et al. (2015). Singh et al. (2017)
also concluded that application of recommended quantity
of nitrogen, phosphorus and potassium together with
supplementation of location specific deficient
micronutrient isessential for realizing higher production,
in major food production systems of the country.

Profitability of rice-rice system

Among the different treatments tested cost of
cultivation was highest (Rs 75290 ha?) with farmer’s
practice and was lowest in control (Table 3).
Recommended dose of NPK+ZnS04 resulted in higher
gross (Rs 164740 ha) and net return (Rs 902600 ha?)
with a cost of cultivation of Rs. 74480 ha! and was
followed by recommended dose of NPK with Rs 156620
ha of gross returns and Rs 86600 ha'of net returns.
However, Benefit Cost ratio was higher in recommended
dose of NPK (2.24) due to less cost of cultivation (Rs
70020 ha') when compared with recommended dose of
NPK+ZnSO, (2.21). In farmers practice the cost of
cultivation was high when compared to other NPK
combinations but the productivity was lesser than
recommended NPK with or without ZnSO, hence
resulted lower net returns and B:C ratio Likewise in
control, though cost of cultivation was less due to no
fertilizer application, thistreatment recorded lesser grain
yield and net benefit was also the lowest. These results
arein agreement with findings of Sharmaet al. (2011).
Hiremath and Hosamani (2015) in their study on maize-
chickpea system stated that recommended dose of NPK
along with ZnSO, recorded significantly higher net
returnsand benefit cost ratio than other treatments. Singh
et al. (2017) also confirmed that application of
recommended quantity of nitrogen, phosphorus and
potassium together with supplementation of location
specific deficient micronutrient enhanced marginal
returnsin cereal based cropping systems.
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Soil nutrient status after harvest

Post harvest analysis indicated higher status of
organic carbon and available N, P, K with application
of recommended dose of NPK+2ZnSO, followed by NPK
over other treatments (Table 4). Balanced application
of NPK resultsin better root and shoot growth and build
up the sail fertility over aperiod. Gangwar et al. (2014)
reported that the continuous use of under and less number
of nutrients to soil erodes the nutrient base and effects
the productivity. In higher doses of fertilizers application
significant improvement in soil fertility status after
harvest was reported by Hile et al. (2007), Jain et al.
(2012), Dibaba (2014), Kumar and Hiremath (2016).

It is concluded that in rice-rice cropping systems,
application of NPK+ZnSO, (120-60-40+50 kg ha') is
recommended to obtain higher grain yield, net returns
and to preserve the soil fertility under southern deccan
plateau of Telangana.
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