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ABSTRACT 

A field experiment on rice (Oryza sativa L.) - linseed (Linum usitatissimum L.) crop sequence with 8 treat- 
ments was conducted for 3 consecutive years in silty loam soil having 0.85 ppm Zn between 2002-03 and 2004- 
05 at Kanpur. Application of zinc (through zinc sulphate @ 25 kglha) and farmyard manure (FYM) @ 5 t/ha to 
rice in rice-linseed crop sequence recorded maximum linseed equivalent yield (2.71 tlha) and net monetary re- 
turn (Rs 17,419lha) which were on par with Zn in both the crops + FYM in rice and Zn in linseed + FYM in rice. 
Like linseed equivalent yield (LEY), oil yield of linseed (mean of 3 years) was also recorded higher with treat- 
ment of Zn in both the crops + FYM while other treatments of FYM followed it closely. Application of Zn alone irre- 
spective of crop season also brought numerical increase in the yield of rice and linseed, LEY and N M R  over rec- 
ommended dose of fertilizer (RDF). However, net monetary return (NMR) recorded was higher when Zn was ap- 
plied to rice alone when compared with Zn application in rice and linseed as well as linseed alone. The uptake of 
zinc was recorded maximum when it was applied to both crops either with or without FYM @ 5 tonnelha than 
single crop alone. The nutrient status of the soil after the harvest of third crop of linseed was better when both Zn 
and FYM were applied to rice crop. Thus, it would be better to apply Zn (through zinc sulphate @ 25 kglha) and 
FYM @ 5 t/ha to rice in rice - linseed crop sequence for higher productivity and profitability of the system along 
with enriched soil as well as good oil yield from linseed. 
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Linseed (Linum usitatissimum L.)crop can be sown 
successfully upto 15 November in double cropping sys- 
tem with an acceptable loss in yield (Dixit et al., 1994) and 
thus may be fitted well in the rotation after medium dura- 
tion rice (Oryza sativa L.). The extent of zinc deficiency 
varied from 60 to 68% in the soils of Uttar Pradesh 
(Takkar and Nayyar, 1984) and linseed crop is sensitive to 
zinc deficiency that causes khaira disease in rice. Like 
major plant nutrients, zinc deficiency in soil may be the 
key factor for poor yield. FYM improves the soil proper- 
ties and finally crop yield (Bhatia and Shukla, 1982). The 
present field study was undertaken to find out the effect 
-of zinc and FYM in rice - linseed crop sequence. 

MATERIALS AND METHODS 

A field experiment was conducted for 3 consecutive 
years between 2002-03 and 2004105 at Chandra Shekhar 
h a d  University of Agriculture and Technology, Kanpur at 
faed site. The experimental soil was silty loam in texture, 
low in organic carbon (0.39%); medium in available 
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phosphorous (20 kglha) and potassium (240 kglha) and 
above critical limit in Zn (0.85 ppm) with slightly alkaline 
reaction (pH 7.8) initially. The experiment consisting 8 
treatments was laid out in randomized block design with 3 
replications. Three schedules of Zn application were 
tested in the absence and presence of FYM in ric-linseed 
crop sequence (Table 1) and compared with recom- 
mended dose of fertilizer application (RDF) as well as ab- 
solute control. Zinc through zinc sulphate @ 25 kgha and 
FYM @ 5 tlha were also applied as per treatment. The 
nutrient composition (NPK%) of FYM was 0.50 (N), 0.25 
(P), 0.40 (K) and 3 lppm Zn during 2002-03; 0.56 (N), 
0.30 (P), 0.45 (K) and 33 ppm Zn during 2003-04; 0.54 
(N), 0.28 (P), 0.44 (K) and 32 ppm Zn during 2004-05. 
Thus FYM added 21.25 kg N, 10.63 kg P, 17 kg K and 
0.132 kg Zn during 2002-03; 23.80 kg N, 12.75 kg P, 
19.13 kg K and 0.140 kg Zn during 2003-04; 22.95 kg N, 
11.90 kg P, 18.7 kg K and 0.136 kg Zn during 2004-05 
ha. The rice crop 'Pant -4' was transplanted at a spacing 
of 20 cm x 10 cm during first week of July while linseed 
crop 'Shekhar' was sown in lines 25 cm apart during sec- 
ond week of November after the harvest of rice crop dur- 
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ing third week of October followed by pre-sowing irriga- 
tion. ~he'linseed crop was harvested during second week 
of April every year. Rice and linsed received a RDF of 
120-26.4-50 and 80-17.6-25 kg N-P-Kha respectively ev- 
ery year. Oil-content of linseed was estimated with the 
help of NMR (Oxford model : MQA 7005) while 41 yield 
was calculated by multiplying seed yield with oil content. 
Cost of cultivation and net monetary returns were based 
on prevailing market price of inputs (labour : Rs 58ilabourl 
day, bullock: Rs 1501 pair of bullockslday, seed cost : Rs 
30lkg , average cost of N, P, K, ZnSO,(Rs/kg): 9.80, 
36.32, 8.00 and 25.00) and produce (rice grain : Rs 
5,500lt and linseed seed : Rs 16,000lt). The straw yield of 
linseed was not taken into account for the purpose, be- 
cause it has no economic value in this area, whereas, B: C 
ratio was calculated by dividing net monetary return with 
cost of cultivation. 

RESULTS AND DISCUSSION 

Grain yield of rice 
The yield of rice increased significantly under all the 

treatments over control during all the years of experimen- 
tation as well as on pooled basis (Table 1). Grain yield of 
rice recorded in 2002-03 and 2003-04 was significantly 
higher when Zn and FYM both were applied in rice but Zn 
in both the crops and FYM in rice excelled all the treat- 
ments during 2004-05. However, all the treatments except 
RDF and control during all the years along with Zn to lin- 
seed (2002-03), Zn to both the crops (2003-04) and Zn to 
either both the crops or individual crop (2004-05) were 
on par among themselves. Application of Zn to either one 
or both crops recorded numerically higher yield than 100 
% of recommended dose during all the years of experi- 

mentation except 2004-05 where Zn to rice or linseed 
only were observed significantly superior to 100% RDF. 
Thus, Zn application only either in both the seasons or one 
season could not increase yield of rice significantly be- 
tween 2002-03 and 2003-04 because the status of Zn of 
the spil was above the critical limit initially. The FYM ap- 
plication in rice along with Zn increased the rice yield nu- 
merically over all the schedules of Zn only. On pooled 
basis, Zn to rice only + FYM (T,) was found 9.72%, 
8.10%, 15.41% and 62.98% significantly superior to Zn 
to both crops, Zn to linseed only, recommended dose of 
NPK to both the crops and control. It is also clear that Zn 
to rice along with FYM increased the yield of rice signifi- 
cantly over recommended dose of NPK which was on par 
with all the treatments except Zn to both the crops with- 
out FYM. Thus, Zn application to both the crops i.e. 50 
kglha zinc sulphate for the system, could not increase 
yield of rice significantly over recommended dose of 
NPK, whereas increase was significant when zinc sul- 
phate was applied in one season only i.e. 25 kgha for the 
system. Similar results were also observed by Chaphale 
and Badola (1999). Application of FYM @ 5 t/ha along 
with Zn improved the yield of rice over respective Zn 
schedules but differences were not significant. Application 
of FYM might have improved the properties of soil 
(Bhatia and Shukla, 1982) which ultimately increased the 
yield of the crop. 

Linseed yield 
All the treatments were found to increase the seed yield 

over control and recommended dose of NPK but differ- 
ences of all the treatments were significant only with con- 
trol. Seed yield recorded in Zn to both the crops + FYM in 
rice (1.36 t/ha) during 2002-03 and Zn to linseed only + 

Table 1. Impact of zinc and FYM in rice-linseed sequence on yield (tha) of rice and linseed. 

Treatment Grain yield of rice Seed yield of linseed 

2002-03 2003-04 2004-05 Pooled 2002-03 2003-04 2004-05 Pooled 
p p p p p  - 

T, : Zn to both the crops 

T, : Zn to rice only 

T, : Zn to linseed only 

T, : Zn to both the crops + FYM in rice 

T, : Zn to rice + EYM in rice 

T, : Zn to linseed + FYM in rice 

T, : Recommended dose of NPK to both the crops 

T, : Control (No NPK, Zn, FYM) 

SE m + 
CD (P=0.05) 

Note: Zn, through zinc sulphate @ 25 kglha and FYM @ 5 tha. 
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Table 2. Effect zinc and FYM on linseed equivalent yield (t/ha) and economics (x103 Rs /ha) of sequence 

Treatment Limed equivalent yield Cost of Net B:C Oil Oil 
2002-03 2003-04 2004-05 pooled cultivation monetary ratio* content yield* 

* return* (%I* ( k g W  

T,  : Zn to both the crops 2.46 2.49 2:47 2.47 29.81 13.76 0.46 39.03 462.0 

T, : Zn to rice only 2.37 2.65 2.57 2,53 29.37 15.25 0.52 39.50 464.7 

T, : Zn to linseed only 2.24 2.61 2.56 2:47 29.37 14.32 0.49 39.11 460.3 

T,: Zn to both the crops + FYM in rice 2.67 2.69 2.76 2.71 30.91 16.70 0.54 39.15 527.3 

T,:Zn to rice + FYM in rice 2.51 2.85 2.78 2.71 30.46 17.42 0.57 38.99 508.7 

T, : Zn to linseed + FYM in rice 2.50 2.83 2.80 2.71 30.46 17.29 0.57 38.42 513.3 

T, : RDF to both the crops 2.25 2.42 2.28 2.32 28.92 12.03 0.42 38.67 422.3 

T, : Control (No NPK, Zn, FYM) 1.53 1.45 1.38 1.45 21.19 4.60 0.22 39.28 231.0 

*Mean of 3 years 

FYM in rice during 2003-04 (1.30 t/ha) as well as 2004-05 
(1.46 tha) were observed the highest but treatments of 
Zn to linseed + FYM during first as well as third year 
and all treatments except control during 2003-04 were ob- 
served at par in the respective years (Table 1). Application 
of FYM along with Zn increased the yield over respective 
schedule of Zn alone but increases were significant only 
during 2004-05. On pooled basis, Zn to both the crops + 
FYM in rice excelled all the treatments and was 14.41%, 
23.85% and 128.81 % superior to Zn application to both 
the crops, Zn to rice crop, Zn to linseed crop, recom- 
mended dose of NPK to both the crops and control, re- 
spectively. It is also clear that Zn application without 
FYM could not bring significant treatment differences over 
recommended dose of NPK mainly due to the initial Zn 
content of the soil which was above the critical limit. 
Nandanwar et al. (2000) achieved the similar results and 
observed increase in seed yield of linseed due to zinc ap- 
plication at Nagpur. Addition of FYM in zinc treatments 
brought increase in the linseed yield over respective 
schedule of Zn alone but the increase was significant when 
FYM was added along with Zn to both the crops and Zn 
to linseed only. Badiyala and Kumar (2003) also recorded 
increase in seed yield of linseed due to FYM application. 

Linseed equivalent yield (L E v  
LEY differed among all the treatments significantly 

(Table 2) but was not observed consistent during all the 
years of experimentation. Application of Zn to both the 
crops + FYM in rice (2.67 t/ha) was observed superior 
during 2002-03, whereas Zn to rice only + FYM (2.85 t/ 
ha) m d  Zn to linseed only + FYM (2.80 tlha) were ob- 
served superior between 2003-04 and 2004-05, respec- 
tively. However, these treatments were observed at par 

among themselves during all the years of experimentation. 
LEY recorded in the treatments of Zn without FYM was 
also numerically higher than recommended dose of NPK 
to both the crops. Application of Zn and FYM both in rice 
excelled all the treatments with 2.713 t/ha LEY on pooled 
basis, but was on par with Zn to both the crops + FYM 
in rice and Zn to linseed only + FYM in rice. The increase 
in the LEY due to treatments of Zn to both the crops + 
FYM in rice, Zn to rice + FYM in rice and Zn to linseed 
+ FYM in rice were in order of 16.85%, 17.19% and 
17.06% over RDF of NPK to both the crops (2.32 t/ha), 
respectively. The LEY recorded in Zn to both the crops 
and Zn to linseed only were also numerically higher over 
recommended dose of NPK to both the crops by a mar- 
gin of 6.70%, and 6.65%, respectively. Application of RDF 
to both the crops brought increase in LEY by 59.32% 
over control. 

Net monetary returns and 9: C ratio 
The effects of treatments were also observed signifi- 

cant in respect of net monetary returns (Table 2). Rice-lin- 
seed crop sequence fetched significantly maximum net 
monetary returns (Rs 17,4191ha) with Zn to rice only + 
FYM in rice over recommended dose of NPK to both the 
crops but it was on par with Zn to both the crops + 
FYM in rice and Zn to linseed + FYM in rice. The magni- 
tude of increase due to application of Zn to both the 
crops + FYM in rice, Zn + FYM to rice and Zn to linseed 
+ FYM in rice was found to be 38.81,44.82 and 43.23%. 
In case of net monetary returns (NMR), Zn application 
alone resulted in significant increase of NMR with treat- 
ments of Zn to rice only (T,) and Zn to linseed only (T,). 
Addition of FYM in every Zn schedule brought numerical 
increase in NMR over zinc only in the order. The benefit 
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:cost ratio of the system was observed maximum when Zn 
was applied either to rice or linseed along with FYM to 
rice (1.57) against 1.42 of recommended dose of NPK in 
both the crops and 1.22 of control. 

Oil content (Oh) and oil yield 
Oil content recorded could not exhibit any significant 

treatment effect but oil yield differed among all the treat- 
ments significantly (Table 2). Application of zinc irrespec- 
tive of season increased the oil content may be due to the 
beneficial impact of sulphur present in zinc sulphate in one 
hand and zinc on the other. Dubey et al. (2000) also ob- 
served increase in oil content of linseed due to sulphur 
application whereas, Saren and Sarkar (2007) recorded 
positive impact of Zn application on the oil content of 
groundnut. However, recommended dose of NPK to both 
the crops recorded lower oil content than control which 
confirms the finding of Redain et al. (1993). Zn to both 
the crops + FYM gave significantly higher oil yield than 
recommended dose of NPK to both the crops during all 3 
years, however, Zn to linseed only + FYM was observed 
superior to all during 2004-05. The higher oil yields of 
these treatments seem to be associated with the higher 
seed yield of these treatments. Application of zinc to both 
the crops + FYM recorded maximum oil yield (527.33 kg/ 
ha) on the basis of three years mean but Zn to rice only + 
FYM (508.67 kglha) and Zn to linseed only + FYM 
(5 13.33 kglha) followed it very closely. 

Nutrient uptake 
In general, nutrient removal by rice crop was recorded 

higher than linseed crop mainly due to higher yield of rice 
than linseed (Tables 1 and 3). The uptake of nutrients 
were increased significantly under all the treatments with 
the control both in rice and linseed. Both the crops were 
observed to remove significantly higher nutrients when 
treated with Zn + FYM when compared with recom- 
mended dose of NPK to both the crops, whereas the plots 
treated with Zn only could exhibit numerical superiority in 
this respect. However, the removal of NPK due to Zn 
application during both the seasons was observed numeri- 
cally lower than its application during one season. Con- 
trary to this, Zn application during both the seasons was 
observed significantly superior to its application during 
one season in respect of removal of Zn by both the crops. 
The maximum uptake of N, P and K was recorded with 
treatment Zn to rice + FYM. The Zn uptake in rice was 
found maximum with application of zinc in both crops 
with FYM. The uptake of N, P, K and Zn was recorded 
maximum with Zn to both the crops + FYM. Among the 
different schedules of Zn either with or without FYM, ap- 
plication of Zn to rice along with FYM removed higher N, 

P and K but removal of Zn was higher when Zn was ap- 
plied during both the seasons along with FYM to rice. It is 
also clear from Table 3 that application of FYM increased 
the uptake of the nutrients over their respective schedules 
of Zn application but difference between with and with- 
out FYM treatments were non significant. This may be 
due_to favourable effect of physical and chemical environ- 
menr of soil with FYM application which causes continu- 
ous supply of nutrients (Singh et al., 2001). 

Nutrient balance 
The availability of nitrogen, phosphorus, potash and 

zinc in the soil after harvest of third crop of linseed was 
increased where these nutrients were added. The maxi- 
mum gain in the availability of these nutrients was ob- 
served when FYM was added along with zinc. This in- 
crease was owing to better soil health due to application of 
FYM and partially due to application of recommended 
dose of NPK in both the crops whlch might have balanced 
the nutrient removal by these crops. Singh (2006) also re- 
ported the beneficial impact of FYM incorporation along 
with recommended doses of fertilizers in rice - wheat 
crop system. The availability of Zn in the soil was more 
pronounced when Zn was applied to both the crops than 
individual crop. However, it was maximum in the treat- 
ments of Zn to both crops along with FYM. The avail- 
ability of N,P,K and Zn were decreased in the control 
plots from initial values on continuous cropping of rice and 
linseed grown in sequence. This decrease was due to non- 
supplement of these nutrients artificially. The availability of 
Zn was further decreased when recommended dose of 
NPK was given to both the crops may be due higher yield 
and uptake by both the crops in one hand and no applica- 
tion of Zn on the other. 
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