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Role of benzyl adenine and gibberellic acid in alleviating water-stress effect in gram 
(Cicer arietinum) 

NEELAM Y fillAVI, V GUPT Nand V K Y ADAV3 

Sri Karan Narendra College 0/ Agriculture, Rajasthan Agriculture University, Jobner 303329 

Received: 5 Februazy 1997 

ABSTRACT 

Two gram (Cicer aerietinurn L.) genotypes, 'C 235' (susceptible) and 'RSG 143-1' (moderately tolerant to water 
stress), were grown in earthen pots. One set of plants were subje.::ted to water stress only once (SI) at 45 days after sowing 
and another set twice (S2) at 45 and 80 days after sowing. Both the control (non-stress) and stressed plants were sprayed 
with benzy1adenine and gibberellic acid separately at the time of imposing stress. Water stress increased the proline, 
amino acids and total soluble sugars but decreased the soluble proteins and starch content in the leaves. Spray ofhor­
mones stimulated accmnulation of all these metabolites, especially under water stress in both the genotypes. Stress­
induced increase in amino acids, particularly of proline and soluble sugars, might be responsible for osmotic adjustment. 
Spray of benzyl adenine and gibberellic acid could alleviate adverse effect of water stress partly in both the genotypes 
especially in 'RSG 143-1'. Gibberellic acid was more effective in ameliorating water-stress effect than benzyladenine in 
both the genotypes. 

Key words: gram, water stress, benzyladenine, gibberellic acid, osmoticum, Cicer arietinum 

Water stress leads to accumulation of some organic 
substances (Joyce et ai. 1992), including proline and reducing 
sugars in plants. It also influences functional properties of 
several enzymes, which are responsible for change in 
inorganic ions (Reddy and Veeranjaneyulu 1990). Plant 
growth-regulators possibly act as modulators of plant 
responses and have potential to increase crop production 
through redirecting the metabolism and Partitioning of 
assimilates (Nowak alld Lowson 1983). Information is 
lacking on modulation of biochemical processes by cytokinin 
and gibberellin under water stress of crop plants in contrasting 
genotypes. The present investigation was therefore 
undertaken to study the effect of benzyl adenine and gibberellic 
acid on biochemical attributes of drought tolerance in 2 
genotypes of gram (Cicel' arietinum L.). 

MATERIALS AND METHODS 

Two genotypes, 'C 235' (susceptible to water stress) and 
'RSG 143-1' (relatively tolerant to water stress), of gram were 
sown during winter season (rabi; November-March) of 1993-
94 in earthen pots containing loamy sand with farmyard 
manure (5 : 1). The soil in the pots had pH 8.2, bulk density 
1,48 g/cm3, field capacity 11.8% alld pelmanent wilting point 
2.8%. One set of plants was subjected to water stress once 

I Associate Professor; 2 M Sc student, Department of Plant 
Physiology; 3 Associate Professor, Department of Biochemistry 

(81) at 45 days after sowing and another to 2 cycles of stress 
(S2)' one at 45 and another at 80 days after sowing. Water 
stress was created by withholding water supply for 
4-5 days before at the 2 stages. The control plants were kept 
at optimal soil moisture throughout. One-third pots were under 
the control and one-third under water stress were sprayed 
with benyzladenine (465 j.tM). Similarly, other one-third pots 
were sprayed With gibbere1lic acid (290 j.tM). The remaining 
pots without any hormone spray under non-stress and water 
stress were used as the control. Honnones were sprayed at 
the time of imposing water stress. 

Plant leaves along with the twigs were collected at 45, 
55 and 65 days after sowing from SI pots and from 80 days 
after sowing till 120 days at an interval of 10 days from S2 
pots tor estimation of biomolecules. Methods described 
earlier were followed for estimation offree proline (Bates et 
al. 1973), amino acids (Yemm and Cocking 1955), protein 
(Lowry et al. 1951), total soluble sugars (Dubois et al. 1951) 
and insoluble sugars (Clegg 1956) in leaves. The experiment 
was conducted in 3 replications. One replication consisted 
of 2 pots and each pot maintained 2 plants. Data were 
analysed using complete randomized design. 

RESULTS AND DISCUSSION 

Water stress led to accumulation of proline in both.the 
genotypes, but it was more in 'RSG 143-1' than in "C 235' 
(Fig 1). This increase was further stimulated with 
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benzyl adenine and gibberellic acid sprays, and was maximum 
in S2. eye! e in both the genotypes. The increase in proline was 
more due to benzyladenine than to gibberellic acid, but this 
effect was greater in 'e 235' (14%) than in 'RSG 143-1' 
(8%). The evidence linking changes in benzyl adenine and 
gib berellic acid on accumulation of proline is tenous. Earlier 
studies have shown increase (Gu et al. 1984) as well as 
decrease (Singh et al. 1973) in proline. Benzyladenine and 
GA) increased the total soluble sugars and starch, which might 
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have prevented proline oxidation and stimulated proline 
synthesis, leading to its accumulation. Such effect of 
carbohydrates on metabolism of proline was observed in 
kidney bean (Phaseol~ vulgaris L.) (Stewart 1972) and 
barley (Hordeum vulgare L.) (Stewart 1978). 

Water stress increased the total free amino acid content 
also in both the genotypes (Table 1); however, this increase 
was greater in 'RSG 143-1' than in 'e 235'. Both the 
hormones further stimulated the accumulation of amino acids 

'C 235' 

"RSG 143-1' 

45 55 65 80 90 100 110 1 20 45 55 65 80 90 100 110 1 ~ 

Davs after sowing Days after sowing 

Fig I Effect ofbenzyladenine (BA) and gibberellic acid (G~) on proline under non-stress and water stress in gram varieties 'e 235' and 
'RSG 143-1' 
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'C 235' 

'RSG 143-1' 

55 65 80 90 100 110 120 

Days after sowing 

Effect of benzyl adenine 

23 

22 

21 

20 

45 

C 235' 

'RSG 143-1' 

Ii' 
55 65 80 90 100 110 120 

Days after sowing 

Effect of gibberelliic acid 

Fig 2 EtTect of benzyl adenine (BA) and gibberllic acid (GAl) on total soluble sugars (TSS) under non-stre:ss and water stl'ess in gram 
varieties 'C 235' and 'RSG 143-1' 

under water stress and the increase was more with gibberellic 
acid than with benzyl adenine. The increase due to water 
stress and the hormone in amino acids was highest in S) 
cycle. Genotype 'C 235' responded equally to both the 
honnones, whereas ';R.SG 143-1 responded more to GA3 than 
to benzyl adenine. This increase in free amino acids seems 
mainly due to proline accumulation. Gu et al. (1984) reported 
increase in amino acids on applying cytokinins to wheat 
(Tritium aestivulIl L. emend. Fiori & Paol.) coleoptile. 

Soluble proteins and starch content decreased due to 
water stress in both tht: genotypes (Tables 2,3). This decrease 
was highest in SI cycle, ie early growth stages in both the 
genotypes. Spray of the hormones could reduce the decrease 

in starch and protein. The increase! in protein was more due 
to the benzyladenine and in genotype 'C 235' than in 'RSG 
143-1' in 8) cycle. But the increase in starch w~ more due 
to gibberellic acid, and in genotype 'R8G 143-1' compared 
with 'C 235' in the 82 cycle. But increase in starch was more 
due to gibberellic acid and in ge:notype 'RSG 143-1' than 
'C 235' in S2 cycle. Khalil and Mandurach (1990) made 
similiar observation in cowpea [Vigna tmguiclilata (L.) 
Walp.]. 

Both the gram genotYP,es recorded increase in total 
soluble sugars due to water stress (Fig 2). Singh (1993) made 
similar observatiqn.s in' grai,t or chickpea. ~pray' of 
benzyl adenine and ,gibberel1ii~ acid further stimulated the 
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accumulation of soluble sugars under water stress in both 
the genotypes. The accumulation was more with gibberellic 
acid than with benzyl adenine, and in 'RSG 143-1' than in 
'e 235' in the 82 cycle. There are reports of increase in 
soluble sugars in zeatin-treated wheat coleoptile (Rayle et 
al. 1982) and G~-treated pea (Pisum sativum L. var arvense 
Poir.) (Rao 1973). 

Accumulation of total soluble sugar and starch with 
spray of these hormones indicates increase in the 
photosynthesis. This is further substantiated by increased 
water potential and decrease in diffusive resistance (increased 
stomatal conductance) with spray of these hormones under 
water stress (unpublished data). The present investigation 
showed increase in total soluble sugars and decrease in starch 
content under water stress without hormone spray in both 
the genotypes. This is possibly due to stress-induced 
conversion of starch into soluble sugars, which also serve as 
osmoticum (Gu et al. 1984), in addition to free amino acids 
including proline. 

It was concluded that adverse effect of water stress is 
manifested at early stages in 'C 23~' (55 days after sowing) 
and at later stages (90-110 days after sowing) in 'RSG 143-
1 '. Both the hormones could decrease or ameliorate the 
adverse effect of water stress; however, gibberellic acid was 
more effective than benzyl adenine and the genotype 'RSG 
143-1' more than 'C 235'. 
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Influence of neem oil-coated urea and maxican lilac (Gliricidia sepium) as 
green-manure on transformation of soil nitrogen in rice (Oriza sativa)­

wheat (Triticum aestivum) system in Typic Hapluestert 

MUNESHWAR SINGW and P N TAKKAR2 

Indian Institute oj Soil Science, Bhopal, Madhya Pradesh 462 038 

Received: 21 January 1997 

ABSTRACT 

A l,tudy was carried out to evaluate the influence ofneem oil-coated urea and green-manure on N-use efficiency and 
transfotwation oforganic fractions of soil nitrogen. and their residual effect under rice (O':w;a sativa L.)-wheat (Triticum 
aestivum L. emend. Fiori & Paol.) system in Vertisol. Application ofneem oil-coated urea and lac-coated urea increased 
the grain yield of rice respectively by nearly 15 and 16%, with a residual effect of 41 and 48% compared with prilled 
urea. Incorporation of green-manure tlrrough mexican lilac (Gliricidia sepium L.) also increased the grain yield of both 
the crops. The coating ofneem oil on Ul'ea increased the N-use efficiency by 13.8%. Application ofN through neem 
oil-coated urea and lac-coated urea and the incorporation of green-manure to rice increased the total hydrolyzable N, 
amino acid N, amino sugar N, hydrolyzable ammonia N, hydrolyzable unidentified N and non-hydrolyzable N. Theil' 
application after wheat reduced the amino acid N, amino sugar N and hydrolyzable ammonia N, but their level was 
more than under prilled urea and the initial level. Incorporation of mexicallilac increased the hydrolyzable unidenti­
fied N after rice as well as wheat. Correlation studies between different fractions of organic N and yield and the uptake 
of rice and wheat indicated that total hydrolyzable N, amino sugar N, hydrolyzable ammonia N and amino acid N are 
the active components of the available pool ofnitl'ogen in the plant. 

Key words: N transtormation, neem oil-coated urea, green-manure, rice-wheat system, OlJ1za sativa, Triticum aestivum 

The extent of removal of nutrients from the soil is con­
siderably larger than the quantity added through fertilizers, 
which has resulted in net negative balance not only of nitro­
gen but of all other plant nutrients. This has led to decline in 
the productivity levels of rice (Oryza sativa L.)-wheat 
(Triticum aestivum L. emend. Fiori & Paol.) system. The gap 
between demand and supply of N has widened in the last 
decade and recycling of organic materials otfers an alterna­
tive source ofN to meet its requirement tor crops and to bridge 
the future nutrient gap. The negative balIDlce of nitrogen is 
due to addition offertilizer N in low quantity and poor utili­
zation efflciency of fertilizer N, due to its loss through 
volatilization, leaching and denitritlcation. The moditication 
of urea by coating neem oil checks the volatilization loss 
(Singh et al. 1996) and the incorporation ofleafofmexican 
lilac (Gliric idia septum L.) as green-manure also helps in re­
tention of applied N in addition to its transfonnation into more 
resistant material like hydrolyzable unidentified and non­
hydrolyzable organic N (Pathak and Sarkar 1995) to supple­
ment nitrogen to the crop as well as to increase the efficiency 
of applied fertilizer. Theretore a study was conducted to evalu-

I Senior Scientist, l Director 

ate the intluence of coating neem oil on urea on the N-use 
efficiency IDld of green-manure on transtonnation oforgIDlic 
fraction of the soil in rice-Wheat system in a Typic 
Hapluestert. 

MATERlALS AND METHODS 

A pot study was conducted during 1993-94 using sur­
face soil (0-0.15 m) collected from Islamnagar soil series 
(Typic Hapluestert). The processed soil was passed through 
2 mm sieve, and 4.6 kg soil was tilled in 7 kg capacity plastic 
pot. The soil is clayey, with pH 8.1 (1 : 2; soil: water), elec­
trical conductivity 1.18 dS/m, orgIDlic carbon4.5 glkg, avail-
able P 7 ppm, CaC0

3
2.12%. . 

The treatments comprised the control (T 1) and I 00 ppm 
N through prilled urea (T2), neem oil-coated urea (T3) and 
lac-coated urea (T); and 4 levels of green-manure through 
mexicrullilac leaves, viz the control (G,), 5 tOllnes (G2), 10 
tOllnes (G3) and 15 tonneslha (G4); superimposed in tripli­
cates in a completely randomized block design. Thus total 
48 pots were prepared. The green leaves of Gliricidia sepium 
were chopped to 5-10 em before incorporating into the soil. 
All the pots received P, K and Zn basal @ 30, 40 and 5 ppm 
respectively, through single superphosphate, muriate of 
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potash and zinc sulphate before puddling. Three seedlings 
of 'Kranti' rice at 21 days were transplanted and were re­
moved atler a week. Two plants were grown till maturity. 
Ailer harvesting rice, wheat were sown and grown up to 60 
days. Dry-matter yield of wheat was recorded. Grain and 
straw samples of rice and plant samples of wheat were ana­
lysed 10r nitrogen and soil samples after rice as well as wheat 
were fractionated tor inorganic (N), amino acid (N2)' amino 
sugar (N3)' hydrolyzable ammoniacal (N4), hydrolyzable 
unidentified (Ns)' total hydrolyzable (N6) and total (N

7
) ni­

trogen, using the procedure outlined by Bremner (1965). 

RESULTS AND DISCUSSION 

Influence a/neem oil coating and green-manure 
Grain and straw yields a/rice and ell)1 matter a/wheat: 

Modi1:Ication of urea by coating with neem oil and lac 
increased the grain yield of rice and dry matter of wheat sig­
nitlcantly in comparison with urea (Table 1). Coating of 
neem oil increased the grain yield of rice by 15.46% and 
dry matter of subsequent wheat from 10.8 to 15.3 g/pot 
(41.6%), which was statistically at par with lac-coated urea. 
Similar effect of neem oil coating was also seen on straw 
yield of rice. Incorporation of green-manure @ 5, 10 and 15 
tonnes/ha also increased the grain yield of rice by 25.7, 49.0 
and 67.5% and dry-matter yield of wheat by 25.5, 74.0 and 
114% respectively in comparison with the control. 

N uptake and use efficiency: Coating ofneem oil and 

lac significantly increased the uptake ofN by rice 17.1 and 
18.85% 2nd by wheat 39.9 and 40% respectively in compari­
son wi th prill ed urea (Table 2). Coating of neem oil increased 
the N-use eiliciency ofprilled urea by 13.8% and residual 
eirect by 46%, which was statistically at par with lac~coated 
urea. In the subsequent wheat crop 39.8% higher recovery of 
N was recorded in the treatment receiving neem oil-coated 
urea and lac-coated urea in comparison with urea. 

The increase in grain yield of rice on application ofneem 
oil-coated urea is due to slow release rate of urea trom gran­
ule. The coating of neem oil acted as physical barrier be­
tween urea granule and soil solution, which reduced the 
solubilization of urea and the plant had longer time to utilize 
the N, which resulted in higher growth. Neem oil coating 
reduced the concentration ofNff4 + in soil water by reducing 
the release rate, which led to signiticant reduction of 
volatilization loss (Singh et ai. 1996). 

NH4 concentration: Ammonium-ion concentration in 
flood water increased from 1 mg to 18 mg/litre at 4 days 
after application, and thereafter declined sharply on sixth 
day and reached below 2 ppm at ninth day in pot receiving 
the N through prilled urea; whereas in neem oil -coated urea 
and lac-coated urea the increase in ammonium ion was also 
recorded but with a very slow rate (Fig 1). The sudden 
increase in NH4 ion in prilled urea treatment was possibly 
due to rapid hydrolysis of urea, which required 48-72 hr 
(Patnaik et al. 1966), and sharp decline in concentration of 

Table 1 Grain and straw yields of rice as aftected by green-manure of mexican lilac and modifed urea materials and their residual effect 
on wheat 

Treatment Green-manure (tonnes/ha) 

°1 G2 Go °4 Mean 

Rice graill (glpot) 
T 

I 
6.4 10.8 15.4 20.6 13.3 

27.2 22.7 T2 16.7 21.4 25.6 
T, 20.7 25.6 28.5 30.2 26.2 

T4 21.4 '24.5 27.8 31.4 26.3 
Mean 16.3 20.5 24.3 27.3 

Rice straw (glpot) 

Tl 11.5 19.4 27.7 37.1 23.9 

T2 31.7 40.!) 48.6 51.2 43.0 

T3 39.3 48.6 59.2 57.2 49.8 

T4 42.0 49.0 55.6 62.8 52.6 
Mean 31.3 39.4 46.5 52.2 

Wheat (glpot) 

Tl 5.6 7.2 11.5 13.6 9.2 

T2 6.6 9.8 12.5 15.6 10.8 

T3 10.5 13.5 17.8 20.6 15.3 

T4 11.8 12.5 18.2 22.5 16.0 
CD (M.05) 

Materials (M) Green-manure (GM) MxGM 

Rice grain 2.8 3.1 1.8 
Rice straw 3.9 4.5 1.8 

Wheat dry matter 2.2 2.3 1.6 

Details of treatments are given under Materials and Methods 
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Table 2 Int1uence of application of modified urea and green­
manure of Gliric:idia sepiul7l on N uptake and utilizations 
eft1ciency in rice and residual eftect on wheat ---_. 

Factor Rice Rice 
N uptake N-use N uptake 
(mg/pot) efficiency (%) (mg/pot) 

Residual 
eil'ect(%) 

------------------
Treatment 

T
J 

178.6 
T 374'.9 

2 

T3 439.2 
T4 445.6 

CD (P=O.05) 21.8 

Ut'ea materials 
G

J 
189.9 

Go 350.1 
G: 409.9 
G

4 
435.3 

CD (.P=O.05) 12.0 

42.8 
56.6 
58.1) 

2.1 

143 
168 
235 
235 

12 

142.3 
168.5 
234.0 
2&2.3 

14.0 

18.3 
64.3 
65.5 

18.3 
64.4 
98.4 

Details of treatments are given under Materials and Methods. 
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Fig 1 Ammonium-ion concentration (ppm) in flood water as 
influenced by urea materials 

ammonium ion due to loss of ammonia from the system to 
the atmosphere, as recorded by Fillety et al. (1986) and 
Chauhan and Misra (1989). The slow and steady increase in 
ammonium ion in the pot receiving N through neem oil-

. coated urea and lac-coated urea is due to their slow release 
nature, as both lac and neem oil are immiscible in water and 
form a layer around the granule and act as physical barrier 
between urea granule and water, leading to reduction in 
release ofurea-N from granule. Neern oil not only controls 
the rate of reI ease but also inhibits the nitrifIcation (Vyas et 

al. 1991), which ruled out the possibility of denitriIlcation 
loss ofN from oxidized layer in rice culture. The coating of 
neem oil on urea does not allow build-up of concentration 
of ammonium ion in water and reduces the volatilization 
loss (Singh et al. 1996). Coating ofneem oil and lac helped 
maintain ammonium ion in water below a threshold value 
of volatilization, which reduced the possibility of 
volatilization; as a result the plants get long period to utilize 
N from the supplied fertilizer. 

Transformation o/soil organic N 
Afler harvesting rice, there was increase in all organic 

fractions ofN in the pots receiving fertilizer N irrespective 
ofthe source of nitrogen, but the increase was larger in the 
treatment receiving N through neem oil-coated urea and lac­
coated urea compared with prilled urea. The incorporation 
of green-manure also increased the total N, total 
hydrolyzable, amino sugar, amino acid and hydrolyzable 
ammonia N compared with the control (Table 3). Incorpo­
ration of green-manure increased the hydrolyzable unideu· 
tined N ruler harvesting rice as well as wheat, indicating 
that application of green-manure induced transformation of 
applied nitrogen into resistant material that may be avail­
able during the stress condition. After harvesting wheat, 
17.37 and 18% reduction was noted in amino sugar, mnino 
acid and hydrolyzable ammoniacal N from their respective 
status at rice harvest, indicating that wh.eat received nitro­
gen from these 1ractions. An increase in hydrolyzable uni­
dentHied N after harvesting rice as well as wheat indicates 
that it may be due to partial transformation of amino sugar 
and acid and hydrolyzable ammoniacal N into hydrolyzable 
unidentified N due to biological decomposition of native 
and added organic fractions (Table 3). Jain and Sarkar (1984) 
and Pathak and Sarkar (1995) reported that subsequent wheat 
derived most of its nitrogen from these organic tractions of 
nitrogen and incorporation of green-manure increased the 
non-hydrolyzable fractions ofN considerably in rice-wheat 
system. 

The simple linear correlation coefiicients (Table 4) of 
grain yield office and dry matter of wheat and their uptake 
with organic fractions of N, viz total hydrolyzable, anlino 
sugar, amino acid and inorganic nitrogen, were positively 
correlated. However, a negative correlation of rice grain and 
dry-matter yield of wheat was tbund with hydrolyzable un­
identit1ed Nand non-hydrloyzable N. This finding confirms 
that of Pathak and Sarkar (1995). It indicates that the coat­
ing of neem oil and lac on urea and incorporation of green­
manure played an important role in transformation of soil 
organic tractions. The study also revealed that in rice-wheat 
system the application of neem oil and lac-coated urea not 
only increased the utilization of fertiJjzer N by reducing the 
volatilizatiollioss but also conserved the soil N in different 
fractions. Incorporation of Gliricidia sepium as green­
manure increased the hydrolyzable unidentified fraction of 
soil nitrogen, which may help ill sustaining the health and 
productivity of the soil. 
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Table 3 Organic and inorganic lhctions of soil N (kg/ha) as aftected by application of moditied urea and green·manure (Gliric::idill 
sepillm) ailer wheat 

----~ .~--------~-------------------------------------------------
Treatment NI N2 N, N4 Ns N6 N7 
Initial 25 78 78 154 275 615 902 

-'ltier rice 
TI 12 68 62 135 265 530 872 
T2 21 125 90 175 234 624 930 
T.l 27 145 108 185 236 674 960 
T4 28 160 112 178 226 676 960 

CD (P=O.05) 5 12 9 16 ... ., 
;)~ 42 

G I 14 55 70 142 341 585 905 
Gz 20 145 90 165 329 729 925 
G, 32 168 118 195 304 785 972 
G4 38 188 128 220 329 865 968 

CD (P=0.05) 7 14 11 18 41 43 
Aflerwheat 

TI 10 52 45 125 298 520 860 
T2 15 102 52 125 331 625 907 
T , 25 131 58 145 327 661 928 
T4 26 135 62 151 316 664 920 

CD (P=O.05) 4 8 6 9 29 NS 
GI 12 45 48 130 343 566 890 
G2 

18 107 57 135 366 665 905 
G3 

30 l35 68 145 322 726 928 
G 4 35 145 85 178 378 745 925 

CD (P=O.05) NS 6 5 14 NS 31 NS 

Details of treatments are given under Materials and Methods 

Tahle 4 Relationship of soil-N fractions with grain yield and N uptake ofl'ice and dry-matter yield of wheat 

Soil 
traction 

Grain yield Dry matter N uptake 
(rice) (wheat) 

_---__ . 
Total N 0.94*'" 
Inorganic N 0.88*'" 
Total hydrolyzable N 0.96** 
Hydrolyzable NI:I4 - N 0.92** 
Amino sugar N 0.63* 
AminoacidN 0.67* 
Hydrolyzable unidentified N -0.98** 
Non-hydrolyzable N ""().28 
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ABSTRACT 

A long-telm tield experiment was conducted at university farm, Ludhiana, for 4 years (1988-92) with rice (Ory:::a 
sativa L,) and wheat (Triticium aestivum L. emend, Fiori & PaoL) in rotation with 20 feliilizer treatments, These 
treatments comprised 5 levels ofN, 4 levels ofP and 3 levels ofK with and without addition oftrumyru'd manure (ill 
addition to 4 control plots) in 4 ruiificially created feliility strips of a uniform Held, Both rice and wheat responded 
significantly to N application, The yield response, value ofthe additional produce over preceding N level, protitlha and 
rate ofmru'ginal response declined shru-ply with increase in fertilizer N level. Similru'ly, marginal rate ofretum also 
declined sharply with increase in fe11ilizer N dose, Considering the marginal rate of retum ofRs 2.50 or more tl)1' each 
rupee spent on fertilizer N as optimum, feliilizer N dose was worked out to be 125 ruld 100 kg Nlha in rice and 125 kg NI 
ha in wheat without and with farmyard manure respectively. Addition of fmmyru'd manm'e raised the production 
potential of both rice and wheat and saved about 25 kg Nlha in rice. 

Key words: farmyard manure, fertilizer N, yield response, economics, rice, 01)/;;a sativa, wheat, TritiCUIIl aestivlIm 

Indian soils are generally det1cient in available N (Sekhon 
and Singh 1987), and thus all cereal crops including rice 
COryza sativa L.) and wheat (TriticulIl aestiVlI11l L. emend. 
Fiori & Pao!.) show significant response to applied N. Farm­
ers usually add both chemical feltilizers (for N, preferably 
urea) and organic manures (mainly farmyard manure) to 
maintain soil productivity. Due to the high costs of chemical 
fertilizer nitrogen, there may be need to adjust fertilizer N 
dose taking into consideration the contribution from added 
farmyard manure. In the present investigation an effort was 
made to study the response and economics offertilizer-N use 
in rice and wheat grown in rotation with and without addi­
tion offarmyard manure and fertilizer calibrations made for 
high yield and profit. 

MATERIALS AND .METHODS 

A long-term Held experiment was conducted on the 
university farm at Ludhiana in a Typic Ustochrept to study 
the effect of graded levels of fertilizer nitrogen in the 
presence or absence of farmyard manure on grain yield of 
rice and wheat grown in rotation for 4 years (1988-92), The 
surface soil (0-0. 15 m) was sandy loam with pH 8.3, electri­
cal conductivity OJ dS/m and low in available nutrients 
(KMn04-N 100 kglha, Olsen's P lOAkglha and lNNH

4
0Ac­

K 107 kglha). 

1 SoU Scientist, 2 Senior Soil Chemist, Department of Soils 

In a uniform field with same cropping history, 4 adj [\­
cent fertility strips were created by applying differential 
anlounts off arm yard numure, N (as urea), P (as single super­
phosphate) and K (as muriate of potash). In fertility strip I, 
no organic or inorganic fertilizers were added. In fertility strip 
II, 10 tonnes/ha farmyard manure, 50 kg N/ha, 52 kg Plha 
and 70 kg K/ha were added. Likewise, in fertility strips III 
and IV, farmyard mmlUre and fertilizer doses applied were 2 
and 4 times respectively compared with that in fertility strip 
n. The t1eld was given 3 wetting and drying cycles by plough­
ing and irrigation to stabilize the treatment effects. A non­
experimental crop of pearl millet [PennMetwll glallclll1l (L.) 
R. Br. emend. Stuntz] for fodder was raised and harvested 
at 60 days of growth. Thereafter each fertility strip was fur­
ther subdivided into 24 plots, to receive selected 20 fertilizer 
treatments, comprising 5 levels ofN (0, 50, 100, 150 and 200 
kg Nlha), 4 levels ofP (0, 22, 44 and 66 kg P/ha) and 3 levels 
of K (0, 42.5 and 85.0 kg Klha), keeping 4 plots untreated 
(the control). Lay-out of the experiment was planned in a 
partial factorial randomized block design. The yield data of 
rice and wheat were recorded from plots receiving 5 graded 
doses of N, viz 0, 50, 100, 150 and 200 kg N/ha us urea, 
along with a basal dose of 22 kg P/ha and 42.5 kg KJha 
without or with farmyard manure applied @ 9.0 tonnes/ha 
before transplunting rice, and its residual effect was studied 
in wheat for 4 years, The crops were raised to maturity as per 
package of practices and grain yield was recorded plot-wise. 
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Pre-sowing soil analysis showed that the sanlples drawn from 
each plot tested low « 250 kg KMn0

4 
-Nih a) in available N 

(Subbiah ruldAsija 1956) every year, both beforetnmsphmt­
ing rice in July and seeding wheat in November in manured 
as well as unmanured plots. Soil-test values for available N 
were, however, slightly higher in manured plots compared 
with unmanured plots. Theret(1re the data on grain yield of 
wheat and rice t{)r fertility strips were pooled lor statistical 
analysis. 

RESUL TS AND DISCUSSION 

Yield re,\]Jonse I~rrice 
Grain yield of rice showed signi1icant response to 

applied N both in manured and unmanured plots in all the 
years of experimentation I;llld the nature of response was cur­
vilinear (Fig 1). In unmanured plots, grain yield increased 
from 3 580 kg/ha in the control to 5 770 kg/ha with rul appli­
cation of 150 kg N/ha in 1988. Similarly, this increase in 
grain yield was from 4 340 to 6 570 kg/ha in 1989, 5 920 to 
9 050 kg/ha in 1990 and irom 6 080 to 8 750 kglha in 1991 
with nn application of 100 kg Nlha. In manured plots, grain 
yield increased from 4 000 kgiha in the control to 6 280 kg/ 
ha with 200 kg N/ha in 1988. Similarly, this increase in grain 
yield was irom 5570 to 8410 kglha in 1989, tram 6 540 to 
9 610 kglha in 1990 and irom 6 760 to 9 220 kg/ha in 1991 
with 150 kg N/ha. 

Fitting of these data on grain yield of rice for 4 years 
into a quadratic equation led to the tollowing relationships: 

Y
I 
= S051**+40,70FN**-O,1451;}'P** 

(R2 = 0.805**) 
Y, = 7468** + 43.36 FN** - O.lS5 FNl** 

- (R2 = 0.698**) 

... (1 ) 

,.,(2) 

where Y
I 

tUld Y
2

, grain yields (kglha) in unmanured and 
manured plots respectively; and FN, fertilizer N dose (kg! 
ha). 

The rice yield in the control ,plots increased with the 
application of farmyard manure irom 5 051 to 7468 kglha, 
indicating beneficial etTect of manure on rice-grain yield. 
Further, fertilizer N dose for obtaining maximum yield in 
farmyard mtmure plots was lower (108 kg Nlha) in com­
pm1son with that of 140 kg Nlha, where no farmyard ma­
nure was applied, leading to economy of fertilizer N use by 
farmyard mrulure in rice. Gill and Meelu (1982), Dev et al. 
(1984) nnd Maskina et al. (1988 a, b) also reported similar 
results. 

Using Eq 1, expected grain yield of rice at various fer­
tilizer N levels without farmyard manure addition was 5 051,' 
5979,6726, 7291, 7 676, 7 879, 7741 and 7 740 kglha in 
comparison with fertilizer N application @ 0, 25, 50, 75, 
100, 125, 150 and 175 kg N/ha respectively (TabId). The 
response yardstick applied to N was 37.1,29.9,22.6, 15.4, 
18.2 and 0.88 kg rice grain per kg applied N at 25, 50 75, 
100, 125 and 150 kglha respectively. It indicates that' the 
magnitude of marginal response with successive levels of 

applied N dec lined sharply and there was no incre;:lse in yield 
with addition offertiJizer N aner 150 kg Nlha. The value of 
additional produce per hectare over the preceding level de­
clined irom Rs 3340 \l.1th 25 kg Nlha to Rs 317 with 150 kg 
Nlha. Similarly, marginal net return in rupees per rupee spent 
on fertilizer N also declined sharply trom 18.55 to 1.76. 

SimihU'ly, using Eq 2, expected grain yield of rice at 
various levels ofappJied N in the presence offannyard ma­
nure was 7 468,8211,8760,9115,9277,9239,9020,8 
600 and 7 988 kg/ha with application of fertilizer N @ 0, 
25,50,75, 100, 125, 150, 175 and 200 kg!ha respectively. 
The marginal response to applied N (kg per kg applied N) 
compared with the preceding N level was 29.7, 21.9, 14.2 
and 6.5 at 25, 50, 75 and laO kg Nlha respectively. This 
result indicated that the magnitude of marginal increase with 
applied N declined sharply with successive levels of applied 
N and it was negligible after application of 100 kg N/ha. 
Similarly, the marginal response to per kg applied N de­
creased sharply with successive levels of N. The value of 
additional produce obtained with fertilizer N also declined 
from Rs 2 675 Iha at 25 kg Nlha to Rs 583 at lOO kg Nlha, 
and thus the marginal net return in Rs per Re spent on ferti­
lizer N decreased ii·om 14.87 to 3.24. The result showed 
that N application at relatively lower level gave cOlnpara­
tively high marginal return, and it becomes negligible for N 
application beyond 100 kglha in farmyard manure-treated 
plots. 

Yield response afwheat 
Grain yield of wheat showed signiticant response to ap­

plied N in all the years of experimentation and the nature of 
response was curvilinear (Fig 1). Grain yield increased from 
1 390 kg/ha in the control to 5 090 kglha in 1988-89, trom 
1 620 to 5 030 kglhain1989-90 and 1 700 to 4400 kg/hain 
1990-91 with application of 150 kg/ha in the unmanured 
plots. However, this increase in grain yield was from 1 930 
to 5 330 kglha in 1991-92 at 200 kg N/ha. In manured plots 
the grain yield of wheat increased trom 2 680 kg/ha in the 
control to 5 830 kg/ha in 1988-891 from 2 160 to 5 440 kg! 
ha in 1989-90, irom 2 360 to 4 720 kglha in 199():-91 with 
150 kg Nlha and from 2 660 to 5 850 kglha in 1991-92 with 
200 kg Nlha, showing the beneticial effect of farmyard ma­
nure application to the preceding rice crop. 

These data on yield of wheat tbr 4 years Htted into a 
quadratic equation gav~ tht: relationships: 

Y
I 
= 1 844** + 33.2 FN** -:0.103 FN2** 

(R.2 = 0,801 **) 
Yz = 2424** + 38,6 FN** - 0,190 FN2** 

(Rl = 0,747**) 

. .. (3) 

.,,(4) 

where Y I and Y2' grain yields (kg/ha) in unma1mred and 
manured plots respectively; and FN, fertilizer N dose (kg! 
ha). 

The wheat-grain yield in control plots increased with 
residual effect of farmyard mmmre applied to the previous 
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Table I Profitability of fertilizer N use in rice 

Treatment Expected lVfarginal increase over preceding N level :Marginal rate 
yield ofretum*** 

Yield Marginal Value of 
response rate of additional 
(kglha) response* produce** (Rs/ha) 

Without fonnyard manUJ'e 

N(kg/ha) 
a 5 051 

25 5979 928 37.1 3340 18.55 
50 6726 747 29.9 2689 14.94 
75 7291 565 26.6 2034 11.30 

100 7676 385 15.4 1386 7.70 
125 7879 203 8.1 731 4.06 
150 7901 22 0.88 317 1.76 
175 7741 

With fonnyard manure 

a 7468 
25 8211 743 29.7 2675 14.87 
50 8760 549 21.9 1976 10.98 
75 9115 355 14.2 1278 7.10 

100 9277 162 6.5 583 3.24 
125 9239 

* kg grain/kg applied N; ** price urea N Rs 7.20/kg, rice grain Rs 3. 60/kg; ***Rs/Re spent on fertilizer N 

Table 2 Profitability of fertilizer N use in wheat 

Treatment Expected Marginal increase over preceding N level Marginal rate 
yield ofreturn*** 

Yield Marginal Value of 
response rate of additional 
(kglha) response* produce** (Rs/ha) 

Withoutfannyard manure 

N (kglha) 
0 1844 

25 2611 767 30.7 2765 15.36 
50 3260 638 29.9 2300 12.78 
75 3758 509 20.4 1835 10.19 

100 4142 384 15.4 1384 7.69 
125 4388 246 9.8 887 4.93 
150 4510 121 4.8 436 2.42 
175 4502 

With.fanllyard manure 

0 2424 
25 3246 822 32.9 2963 16.46 
50 3919 673 26.9 2426 13.48 
75 4443 524 20.9 1889 10.49 

100 4819 376 15.0 1 355 7.53 
125 5046 227 9.1 818 4.55 
150 5104 58 2.3 209 1.16 
175 5052 

'" kg grainlkg applied N; ** price urea N Rs 7.201kg, rice grain Rs 3.60Ikg; ***RslRe spent on fertilizer N 
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Fig 1 Response of rice and wheat to N application in different years 

rice crop from 1 844 to 2 424 kglha, indicating beneficial 
et1'ect of farmyard manure. Further, fertilizer dose for ob­
taiJling maximum yield in farmyard manure-treated plots was 
lower (150 kgtha) in comparison with that of 160 kglha where 
no farmyard manure was applied. The result showed the 
economy of N use by wheat where farmyard manure was 
applied to the previous rice crop. Gill and Meelu (1982) and 
Maskina et aI, (1988 a, b) also reported similar results. 

Using Eq (3), expected grain yield of wheat at various 
fertilizerN levels in unmanuredplots was 1844,2611,3 250, 
3 758, 4 142, 4388,4510,4502 and 4 364 kg/ha with N 
application @ 0,25,50, 75, 100, 125, 150, 175 and 200 kg! 
ha respectively. The marginal response. yardstiCk due to ap­
plied N.(kg grain per kg N) was 30.7, 25.5, 20.4, 15.4,9.8 
and 4.8 kg of wheat grain per kg applied Nat 25,50, 75, 
100, 125 and 150 kglha respectively. Thus the magnitude of 
marginal response with successive N levels declined sharply 

with no increase in yield with addition of N beyond 150 kg! 
ha. The value of additional produce per Iiectare over previ:­

. ous level also declined from Rs 2 765 with application of 25 
kg Nlha to Rs 436 with 150 kg Nlha. Similarly, marginal 
rate of return in Rs per Re spent on N also declined fl:om 
15.36 to 2.42. 

Similarly, using Eq (4) the expected grain yield of wheat 
at various levels of applied N in farmyard-manured plots was 
2424,3246,3919,4443,4819,5046,5 104,5052 and 
4832 kglha with application of fertilizer N @ 0, 25, 50, 75, 
100, 125 150, 175 and 200 kglha respectively. The mar­
ginal response to applied N over preceding level was 32.9, 
26.9,20.9,15.4,9.1 and 2.3 kg grain perkgN at 25, 50, 75, 
100, 125 and 150 kgtha respectively. Thus the marginal in­
crease with applied N declined sharply with successive lev­
els of applied N and there was no response beyond the ap­
plication of ISO kg Nlha, Similarly, the magnitude of re-
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sponse (kg grain per kg applied N) decreased sharply with 
successive N levels. The value of additional produce ob­
tained with N also declined trom Rs 2 963 with 25 kg N/ha 
to Rs 209 with 150 kg N/ha. Similarly, the marginal rate of 
return in rupees per rupee spent 011 N declined from 16.46 to 
1.16. Thus N application at lower levels gave higher mar­
ginal returns, but not beyond 125 kg/ha. 

To get at least Rs 2.50 for each Re spent on fertilizer N, 
N application in rice @ 125 kg N/ha is necessary where 
farmyard manure is not applied, but with the addition of 
farmyard manure this dose can be reduced to 100 kg Nlha, 
with a saving of 25 kg N/ha. Similarly, optimum N dose in 
Wheat was worked out to be 125 kg N/ha both without and 
with farmyard manure addition. Moreover, farmyard ma­
nure addition raised the total production potential, magni­
tude of yield response, protltlha, marginal rate of response 
and marginal retums ofN application of both rice and wheat 
crops in a tIxed rotation, showing an overall improvement 
in fertilizer N-use efficiency. 
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ABSTRACT 

A field experiment was carried out during winter 1995-96 (December-Februruy) and wet (July-August) season 
1996 at Jashipur in Orissa to work out the fertilizer requirement of baby com (Zea mays 1.) for increasing its produc­
tivity. Treatments consisted of application of7levels ofN, P, K, viz NloKo, N20PHKa.3' N4l s., KID." N6l 13.tK"s, Nso 
P K N P K , and N P K.o kglha. Application ofNI2l 26 /-<so brought about a significantly higher yield 

I'.~ ~·".J3.3' 100 21.8 ~1. 120 26.~~> . •• 

compaIed with. oth.er fertilizer level~, givmg 1 634 and 1491 kglha in. wmter ffilU wet ~ea\',\)'UlI, Wllli a c~rre':l})l)ndmg net 
profit ofRs 10 300 and Rs 7 700 /ha respectively. 

Key words: babycom, fertilizer requirement, Zea mays 

Babycom (Zea mays L.) is the dehusked young cob har­
vested just after the emergence of white silk. Although it is 
getting popular due to its varied uses, not much is known 
regarding its production technology in general and fertilizer 
management in particular. Hence a study was Wldertaken to 
work out the fertilizer requirement of baby com for optimizing 
its productivity. 

MATERIALS AND METHODS 

A fleld experiment was carried out in the North Central 
Plateau agro-climatic zone of Orissa at the research farm of 
the substation at Jashipur during winter season of 1995-96 
and wet season of 1996 to work out the fertilizer requirement 
of baby com. The field had a red sandy-loam soil, acidic in 
reaction. The treatments consisted of application of 7 levels 
ofN, P and K, viz N'o~' (N, P and K @ 0, () and 0 kglha 
respectively), N2l4.4~3' N4ls.,KI6.7' N6QP13.1Kzs, Nall,J ~~.3' 
NlDl2l.SK41.7 and NJ2l26.2Kso . Seeds of a composite 'Kiran' 
were sown on 2 December 1995 for winter crop lUld 11 July 
1996 for wet-season crops, The seed was sown at a depth of 
3 em from soil surface with a spacing of 40 cm from row to 
row and 20 cm from plant to plant, Nitrogen, phosphorus 
and potassium were applied through urea, single superphos­
phate and muriate of potash respectively. All the P and K. and 
halfthe N as per treatment were applied in lines before sow­
ing the seed. The remaining halfnitrogen was top-dressed 25 
days after sowing. TIle experiment was laid out in randomized 
block design replicated thrice, with a plot size 01'20 m2, 

The winter crop was irrigated at fortnightly intervals. The 
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wet-season crop was provided with proper drainage to avoid 
water stagnation. The tassels were pulled out after emergence 
of male inflorescence. Babycom was harvested just after 
emergence of white silk. Biometric observations such as plant 
height and popUlation were recorded before that. 

After harvest the babycom was dehusked and observa­
tions on its length, girth and weight were taken. The fresh 
yields of baby com and green fodder were also recorded. 

The fertilizer-use efficiency (FUE) was calculated as : 

Yield in treatment -yield in control 
(kg) (kg) FUE (kg fresh earl 

kg nutrient applied) = Nutrient applied (kg) 

RESULTS AND DISCUSSION 

The babycorn yield increased progressively with 
increase in the rates of application of fertilizers (Table 1). 
The green-fodder production also followed a similar trend. 
The highest yield of I 634 kglha in winter and 1 491 kglha 
in wet season were realized with application of NJ2l26.2Kso' 
Thakur (1995) reported optimum yield with application of 
N[jl26.2~3.3' This indicates its high fertilizer requirement. 
Single ear of baby com on treatment with N12l26.2Kso weighed 
8:9 g during winter and 6.6 g during wet season, being 53 % 
heavier in winter and 65% in wet season compared with the 
respective control. The individual cob weight, however, 
remained comparable at higher levels of fertilizer 
application, ie at NlOl218K411 or above. The number of ears 
of babycom/plant, however,' was more with N 12l26.2KSO in 
winter, but in wet season the fertilizer rates more tlum 
NBl17.1~3.3 did not ditler among themselves. 

The plant stand at harvest was not int1uenced by the 
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Table 1 Effect of fertilizer on yield and net profit of baby com in different seasons 

Fertilizer Babycorn yield Fodder yield Ears/plant Weight of ear Net profit Fertilizer-use efficiency 
(kglha) (kglha) (tonneslha) (g) ('000 Rslha) (kg ear/kg nutrient) 

Winter Wet Winter Wet Winter Wet Winter Wet Winter Wet Winter Wet 

NI2oP25,2K,O 1634 1 491 29.1 27.1 2.l 2.6 8.9 6.6 10.3 7.7 2.8 3.6 

NlOOP~1.8K4U 1597 1279 28.0 25.5 1.8 2.5 8.2 5.9 7.6 6.0 3.2 3.3 

N8l17.5~3.3 1 385 1 140 26.6 24.6 1.8 2.1 7.3 4.8 8.6 4.6 2.7 3.2 

N6l l).II<.s 1324 1058 25.8 22.0 1.7 2.1 6.8 4.7 8.4 4.0 3.1 3.6 

N4ul'a,7K16,7 1318 909 24.4 21.3 1.5 2.1 7.3 403 8.5 2.6 4.5 3.5 

N2oP44Ka,~ 1272 779 22.0 20.2 1.7 1.8 6.1 4.4 6.7 1.7 7.9 3.8 
NoPoKq 957 628 19.1 17.9 1.3 1.4 5.8 4.0 5.8 0.7 

CD (P=O.05) 12 114 5.4 , 1.7 OJ 0.6 0.9 1.1 

Table 2 Effect of fertilizer on crop growth and size of baby com in different seasons 

Fertilizer Plant stand Plant height 
(kg/ha) ('OOOlha) (cm) 

Winter Wet Winter 

NI:!l26,2KSO 122 119 159 

NlooP 21,sK41 ,7 121 119 163 

N80PI7.S~3.3 120 119 159 

N60Pl].I~ 121 117 147 

N4DPa.,K16.1 118 117 147 

N20P4,4Ksl 119 116 108 

NloKu 115 115 93 
CD (P=O.05) NS 1.2 17 

application of different doses offertilizer during winter sea­
son, whereas the plant population was significantly higher 
with application of rates higher than N8lI7.5~3.3 during wet 
season (Table 2). The increase in babycorn yield with appJi­
cation of higher doses of nutrients was due to more number 
of ears/plant and relatively more ear weight of babycorn. 
During wet season, however, relatively more plant popula­
tion added to babycorn yield further at higherrates offertlizer 
application. 

Application of N12l26.2K,o produced 29.1 and 27.1 
tonnes/ha of green fodder during winter and wet season re­
spectively. During wet season the fodder yield at a fertilizer 
dose ofNIOl2l.8K4]'7 and above remained at par, whereas in 
winter comparable fodder yieldS were obtained with 
application ofN4oPs.,KI6., and above. Plant height at harvest 
(Table 2) also followed a similar trend. 

The duration for production of babycom decreased at 
higher rates of plant nutrients (Table 2). During winter and 
wet seasons the babycom was harvested at about 62 and 42 
days, which were early by 5 and 6 days respectively 
compared with the control. 

Application of different rates of nutrients did not have 
any signiticant int1uence on the ear git1h. The length of ear, 
however, tended to increase with increase in the rate of 

Wet 

125 
125 
116 
96 
96 
77 
50 
23 

Days to harvest Length of ear 
(cm) 

Winter Wet Winter Wet 

62 42 8.1 7.7 
62 42 8.1 6.9 
63 42 7.6 7.0 
64 44 7.3 6.9 
64 45 7.6 6.6 
65 46 7.1 6.6 
67 48 6.5 5.4 

1.2 1.2 0.7 0.9 

fertilizer application. The longest ear of baby corn (8.1 cm in 
winter and 7.7 cm in wet season) was obtained with 
NI2l26.2Kso· 

The fertilizer-use eft1ciency (Table 1) was 3.2-3.8 
during wet season and 2.7-7.9 during winter season. In gen­
eral it was higher at lower levels of fertilizer application in 
winter season, whereas no definite trend could be observed 
during the wet season. Fertilizer-use eff1ciency was more in 
wet season compared with winter at levels beyond N60P I~.I~I' 

Thus the winter crop proved superior to wet -season crop 
for yields of babycom and green fodder, weight of ear and 
crop density. The winter crop produced 30% more ears, 10% 
more green fodder, 11 % longer and 45% heavier ears with 
103% higher net protlt than wet-season crop. The duration 
of the crop, however, was extended by 45% in winter 
compared with the wet season. Hence babycom needs high 
rates of fertilizer application, ie N 120P 26.2KSO or above. The 
optimum dose, however, needs to be determined through 
further experimentation. Winter crop though takes little more 
time is more protitable. 
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ABSTRACT 

A field experiment was conducted during the raillY season of 1994 atld 1995 at Raigarh to study the efficiency of 
different herbicides in rainfed groundnut (Arachis hypogaea L.). The herbicides were applied as pre-planting 
incorporation, pre-emergance and post-emergence to control atlllual weeds especially coxcomb (Celosia argentea L.). 
The major weed species obselved in the field were coxcomb, barnyard grass [Echinochloa crus-galli (L.) Beauv.], 
jungle rice [Echinochloa colona (L.) Link], bermuda grass [Cynodon daceylon (L.) Pel's.] and purple nutsedge (Cyperus 
rotundus L.), in decreasing order. Oxyfluorfen @ 0.4 kg ailha as pre-emergence showed maximum weed-control 
efficiency, particularly for coxcomb atld minimum weed index (92.3 and 13.2% respectively) but lagged behind the 
control (weed-free plot) in pod yield. The pod yield under the control and oxyfluorfen was 1 561 and 1 361 kglha 
respectively. Lactofen @ 0.15 kg ai/ha applied as post-emergence recorded weed-control efficiency of 53.2, but was 
inferior in pod yield to pendimetllalin @ 1.5 kg ai/ha as pre-emergence and fluchloralin @ 1.0 kg ai/ha as pre-planting 
incorporation, which recorded 1 182, 1 327 and 1 314 kg/ha pod yield respectively. 

Key words: herbicides, weed-control efficiency, weed index, rainfed groundnut, Arachis hypogaea 

Groundnut (Arachis hypogaea L.) is an important oilseed 
crop grown in trans-Mahanadi belt of Chhattisgarh region 
of eastern Madhya :Pradesh, under rainfed condition during 
rainy season. Rainy-season groundnut is heavily infested with 
several annual weeds, particularly with coxcomb (Celosia 
al'gentea L.). The crop-weed competition in groundnut crop 
is maximum during early stage of the crop (first 45 days after 
sowing) because ofits slow initial growth habit. Competitional 
stress of weeds leads to 17-84% reduction in pod yield 
(Guggari et al. 1995). The occurrence of intermittent rains, 
prohibitive cost and scarcity oflabour during crop-growing 
season makes manual weeding less effective and 
uneconomical. Thus the use of herbicides has immense scope 
in groundnut cultivation. Therefore the present investigation 
was undertaken to evaluate the efficiency of diffrerent 
herbicides including oxyfluorf'en and lactofen for controlling 
annual weeds, particularly coxcomb in comparison with weed­
free treatment in rainfed groundnut. 

MATERIALS AND METHODS 

A field experiment was conducted for 2 years during 
the rainy season of 1994 and 1995 at Raigarh. The soil was 
sandy, low in available N (171.3 kglha) and P (3.6 kglha) 
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and medium in K (306 kglha), havingpH 6.2. 'The experiment 
was laid out in randomized block design with 3 replications. 
The treatments consisted of pre-planting incorporation 
(before sowing) of fluchloralin @ 1.0 kg ailha; pre­
emergence application (24 hr after sowing) ofpendimethalin 
@ 1.5 kg, alachlor @ 2.0 kg, metalachlor @ 1.0 kg, 
ciomazone @ 1.0 kg and oxyfiuorfen @ 0.4 kg ailha; and 
post-emergence application (20 days after sowing) of 
sethoxydim @ 1.0 kg, fluazifop butyl @ 0.5 kg and lactofen 
@ 0.15 kg ailha along with a weed-free control and a weedy 
control. The herbicides were sprayed as per schedule using 
500 litres waterlha. 'leGS 11' groundnut was sown at 30 
em x 10 em spacing using 120 kglha seed rate. Before sowing 
the seeds were treated with ceresan @ 3 g and Rhizobium 
culture @ 5 g/kg seed. The crop was fertilized with N, P and 
K@ 30, 60 and 30 kg/1m through urea, single superphosphate 
and muriate of potash respectively as basal. Weeds were 
counted by using least-count quadrat method. Weed-control 
efficiency (WCE) and weed index (%) were calculated as 
suggested by Somani (1992). 

RESULTS AND DISCUSSION 

The predominant weed species observed in the 
experimental field were: coxcomb (Celosia argentea L.), 
spider flower (Cleon!e viscosa L.) and day±lower (Commelina 
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Table 1 Pod yield, weed-control efticiency and weed index as intluenced by different herbicides in groundnut 

Treatment Weed-control Weed index (%) Pod yield 
(kg ftiiha) efficiency (%) (kg/ha) 

1994 1995 Mean 1994 1995 Mean 1994 1995 Mean 

Fluch10ralin @ 1.0 kg 34.1 45.0 39.6 13.88 17.23 15.56 1 129 1499 1314 

Pendimcthalin @ 1.5 kg 52.3 44.3 48.3 3.05 23.63 13.34 1271 1383 1327 

Alachlor @2.0kg 46.8 35.3 41.1 10.68 28.27 19.48 1 171 1299 1235 

MetalacWor @ 1.0 kg 30.5 24.9 27.7 9.61 25.79 17.70 1 185 1344 1265 

C1omazone @ 1.0 kg 41.5 21.9 31.7 16.71 40.53 28.35 1099 1077 1088 

Oxytluorfl:n @ 0.4 kg 92.5 92.1 92.3 15.33 11.04 13.19 1 110 1611 1361 

Sethoxydim @ 1.0 kg 20.2 28.0 24.1 9.08 27.00 18.04 1 192 1 322 1257 

Fluazifop butyl @ 0.5 kg 10.2 39.8 25.0 8.70 31.31 20.01 1 197 1244 1221 

Lactafen @ a.IS kg 76.2 3a.2 53.2 13.81 31.92 22.87 1130 1233 1 182 
Weed-free control 1 311 1 811 1 561 
Weedy control 25.25 50.30 37.78 980 900 940 

SEm± 6.03 7.37 86 100 74 
CD (P=O.05) 17.91 22.09 252 295 217 

PPI, Preplanting incorporation; PE, pre-emergence; PO, post-emergence at 20-21 days after sowing 

henghalensis L.) among dicotyledons; jungle rice 
[Echinochloa c%num (L.) Link], barnyard grass 
[Echinochloa crus-galli (L.) Beauv.J, crabgrass [Digitaria 
ciliaris (Retz.) Koelar], crow footgrass [Dactyloctenillm 
aegypticum (L.) P. Beauv.] ~d bermuda grass [Cynodon 
dactylon (L.) Pel's.] among grasses; and purple nutsedge 
(Cypel'us l'otundus L.) and yellow nutsedge (Cyperus 
esculentus L.) among sedges. 

Effect on crop yield 
The pod yield of groundnut differed significantly due to 

diiIerent weed-control treatments during 1994 and 1995 
(Table 1). Maximum dry-pod yield was obtained with weed­
free treatment, which was similar to all the herbicide 
treatments during 1994, but significantly superior to other 
treatments during 1995 except pre-emergence application of 
oxyfluorfen @ 0.4 kg ailha. However, on mean basis higher 
podyield(1561 kglha) was obtained with weed-free treatment 
(Table 1). Among the pre-emergence herbicides, highest pod 
yield (1 361 kg/ha) was obtained with the application of 
oxytluorfen @ 0.4 kg ailha, though initially it showed 
temporary phytotoxic effect on germinating seedlings of 
groundnut, followed by pendimethalin @ 1.5 kg ai/ha (1 327 
kglha) and t1uchloralin @ 1.0 kg ai/ha (1 314 kg/ha). Guggari 
et al. (1995) also obtained higher pod yield of groundnut 
with the pre-emergence application of pendimethalin, 
whereas Murthy et al. (1992) found higher pod yield under 
pre-sowillg incorporation of fluchloralin @ 1.0 kg ailha. 
Herbicides applied ·it post-emergence stageof groundnut 
were found inferior in recording yield comparable to pre­
emergence herbicides. 

Weed-control efficiency and weed index 
The highest weed-control efticiency of 92.3 % including 

for coxcomb was registered with the application of 
oxyfluorfen @ 0.4 kg ailha with lowest weed-index value 
of l3.19% among the pre-emergence and post-emergence 
herbicides. Pendimethalin @ 1.5 kg ai/ha, alachlor 2.0 kg ail 
ha and t1uchloralin @ 1.0 kg ai/ha proved equally good but 
lagged behind oxyt1uorfen, giving 48.3, 41.1 and 39.6% 
weed-control efi1ciel1cy with weed-index values of 13 .34, 
19.48 and 15.56% respectively. Kondap et al. (1989) also 
reported similar results. Among the post-emergence 
herbicides, lactofen @ 0.15 kg ailha proved the best, giving 
53.2% weed~control efficiency and 22.87% weed index 
compared with sethoxydim and tluazifop butyl, which gave 
24.1 and 25.0% weed-control etl1ciency and 18.04 and 
20.t)! % weed index respectively. Girijesh and Patil (1991) 
also registered 32.60 and 24.86% weed~control etliciency and 
weed index respectively with the application oftluazitop butyl 
@ 0.25 kg ailha. 

It was concluded that pre-emergence application of 
oxyl1uorfen is benet1cial tor etl'ective control of annual weeds 
along with coxcomb, though it showed initial splash injury. 
Further post-emergence ,application of lactofen provides 
another opportunity to manage weed infestation in groundnut 
under rail1fed condition. 
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ABSTRACT 

A field experiment was conducted during winter season (rabi of 1991-92 and 1992-93) on clayey soil ofJunagadh 
to studytbe effect of irrigation (1.0,1.2 and 1.4 IW: CPEratio), nitrogen (25,50 and 75 kgN/ha) and phosphorus (11, 
22 and 33 kg PIha) on garlic (Allium sativum L.). The crop irrigated at 1.4 irrigation water: cummulative pan evapo­
ration (IW : CPE) ratio produced significantly higher bulb yield but remained at par with 1.2 IW : CPE. Maximum net 
return was secured with irrigation at 1.4 IW : CPE. whereas maximum water-use efficiency at 1.2 IW ; CPE. Different 
levels ofN did not exert significant intluence on bulb yield; however, application of 50 kg Nlharecorded maximum net 
return and water-use efficiency. Application of 11 kg PIha recorded significantly equivalent bulb yield to that of33 kg 
P/ha and realized maximum net return. 

Key words: inigation, nitrogen, phosphorus, garlic, Allium sativllm 

Garlic (Allium sativum L.) has aroused interest among 
farmers of Gujarat state because of its high market demand 
along with remunerative prices. The success of its cultivation 
depends mainly on proper irrigation schedule and nutrient 
management to ensure sustainable production, especially 
under semi-arid tropics. Since the information on these 
aspects is very meagre, the study aimed to determine proper 
irrgiation schedule and optimum nutrient requirement for 
maximizing garlic productivity and water-use efilciency was 
undertaken under south Saurashtraagro-climatic conditions, 
where irrgiation water is the main limiting factor in crop 
production. 

MATERIALS AND METHODS 

The field experiment was conducted during the winter 
season (rabi) of 1991-92 and 1992-93 at the instructional 
farm of the college at Junagadh on clayey soil, having pH 
8.2, electrical conductivity 0.30 dS/m with 0.42% organic 
carbon, 9.6 kglha available P and 225 kglha available K. The 
field had saturation point of 60.55% and bulk density of 1.42 
glcm3. The treatments comprising 3 levels each ofirrigation 
[1.0, 1.2 and 1.4 irrigation water: cumulative pan evaporation 
(IW: CPE) ratioJ. nitrogen (25,50 and 75 kg N/ha) and 
phosphorus (11, 22 and 33 kg PJha) were tried in split-plot 
design replicated 4 times. Irrigation levels were assigned to 
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main plots and combinations of nitrogen and phosphorus 
levels were assigned to subplots. Treatment-wise halfthe N 
and full amount ofP were applied at sowing and the remaining 
halfN was top-dressed 30 days after sowing. Urea and single 
superphosphate fertilizers were the sources of N and P 
respectively. 'G l' garlic was sown at 15 cm x 10 cm using 
450 kg clovesJha. A measured quantity of water (50 mm) 
was applied at each irrigation to the desired treatments. Initial 
3 common irrigations were given to all plots to achi eve better 
germination and establishment of crop. Then 10, 12 and 14 
irrigations were given during 1991-92 and 8, 10 and 12 
irrigations during 1992-93, as per 1.0, 1.2 and 1.4 IW: CPE 
ratio respectively. The total quantity afwater applied at 1.0, 
1.2 and 1.4 IW : CPE was 650, 750 and 850 mm during 1991-
92 and 550,650 and 750 mm during 1992-93 respectively. 

RESULTS AND DISSCUSSION 

Effict o/irrigation 
Irrigation at 1.4 IW : CPE ratio recorded the highest 

bulb yield during all the years of study, but the increase in 
garlic productivity due to this schedule compared \\jth 
irrigation applied at 1.2 IW : CPE was significant during 
1991-92 only. Maksound et al. (1986) and Panchal et al. 
(1992) also reported similar results. Better moisture 
availability under 1.2 and 1.4 IW : CPE schedules compared 
with 1.0 IW : CPE might increased the nutrient availability 
and growth, which ultimately reflected in higher yield. 
Maximum net return of Rs 11 401Jha was realized with 
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Table 1 Effect of irrigation, nitrogen and phosphorus on bulb yield of garlic, net return and water-use efficiency 

Treatment Bulb yield (kg/ha) Net return (Rslha) Water-use efficiency (kglha-crn) 

1991-92 1992-93 Pooled 1991-92 

Irrigation (IW: CPE) 
1.0 3289 4433 3861 1210 
1.2 4366 5385 4875 6653 
1.4 5039 5594 5316 9875 

SEm:!: 131 212 189 
CD (M.05) 514 834 583 

N(kg/ha) 
25 4132 5076 4604 5719 
50 4272 5298 4785 6361 
75 4290 5039 4664 6333 

SErn:!: 69 106 73 
CD (P=O.05) NS NS NS 

P(kg/Jla) 
11 4109 5289 4699 5313 
22 4224 4921 4572 5540 
33 4361 5203 4782 5887 

SErn:!: 69 106 73 
CD (P=O.05) 197 302 203 

irrigation at 1.4 IW : CPE ratio. In general, scheduling 
irrigation at 1.2 IW : CPE ratio recorded the highest water­
use eniciency, except during 1991-92. On an average, the 
maximum water-use efficiency of 70.5 kglha-cm was 
recorded with irrigation at IW : CPE 1.2. 

EjJectofN 
Different levels of N did not differ significantly in 

inf1uencing the bulb yield during both the years and in pooled 
results. The result confirms the finding of Panehal et ai. 
(1992). It clearly showed that N requirement of the crop might 
have been fulf1lled with the lowest level of25 kg Nlha. The 
maximum Rs 9 183/ha was obtained with 50 kg Nlha. 
Application of 50 kg Nlha recorded the highest water~use 
etl1ciency during 1992-93, with the highest 69.3 kglha-cm 
in average of 2 seasons. 

EffectofP 
Very inconsistent results were obtained due to the effect 

ofP level on bulb yield. Application of33 kg Plharecorded 
significantly highest yield during 1991-92 and in pooled 

1992-93 Mean 1991-92 1992-93 Mean 

7502 4356 50.6 80.6 65.6 
12258 9456 58.2 82.8 70.5 
12927 11401 59.3 74.6 67.0 

10911 8315 55.1 78.1 66.6 
12004 9183 57.0 81.5 69.3 
10 452 8393 57.2 77.5 67.4 

11803 8558 54.8 81.4 68.1 
9373 7457 56.3 75.7 66.0 

10518 8203 58.1 80.0 69.1 

results, whereas 11 kg Plha recorded significantly highest 
yield during 1992-93; but both these levIes were at par during 
both the years and in pooled results. The result confinns that 
ofDas et al. (1985). Since the crop did not respond to the 
higher levels ofP fertilization, application of the lowest dose 
ofll kg P/ha was the optimum level ofP for garlic by securing 
the maximum mean net return ofRs 8 558/ha. The maximum 
water-use efficiency was recorded by 33 kg Plha during 1991-
92 whereas by 11 kg Plha during 1992-93. Application of33 
kg Plha recorded the highest mean water~use efficiency of 
69.1 kg/ha-cm. 
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Growth, flowering, corm yield and corm-rot incidence as affected by level and 
frequency of potassium application in gladiolus (Gladiolus grandijlorus) 
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ABSTRACT 

Significantly higher corm weight and less incidence of corm rot were noticed when potassium was applied @ 100 
kglha to 'Pink Friendship' gladiolus (Gladiolus granPijlorus L.). But significantly higher number and weight of cormelsl 
plant were obtained when K was applied @ 200 kgJha. Other parameters like vegetative growth and floral characters 
were not significantly influenced by graded levels and their methods of potassium application. The interactions between 
graded levels and meful)dl) \)f Tll)iaSl)'mID. applicatiDn were non.-mgront;an't 1m riJ.\ the 'PWwmet~\) 'i:,.~~ti!Aw.. 

Key words: potassium, gladiolus, Gladiolus grandiflonls 

Gladiolus (Gladiolus grandij/ol1ls L.) is an important 
bulbous flower crop, being grown mainly for use as out­
flower and beautification of surroundings. The significance 
of potassium application in gladiolus has been reported by 
several researchers. Wilfret (1980) stated that deficiency of 
potassium in gladiolus reduces the number of florets in the 
spike, shortens the spike length, delays f10wering, and leads 
to yellowing of older leaves and interveinal yellowing of 
younger leaves. Ansetta (1958) reported that potassium 
should be applied 1 month before flowering, for obtaining 
quality flowers in gladiolus. The reports on the effect of 
potassium in gladiolus under Indian conditions are 
contradictory (Motial etal.1979, Bose 1984, Patti and Arora 
1986). The present study was therefore taken up to determine 
the influence of graded levels and methods of potassium 
application on vegetative growth, floral parameters, corm 
and cormel production and the incidence of corm-rot disease 
in gladiolus cultivar 'Pink Friendship'. 

MATERIALS AND METHODS 

A field trial was conducted at Hessaraghatta Farm, 
Bangalore, during 1992-93 and 1994-95. The soil belongs 
to Alfisol, being sandy loam, having apR 6.74, electrical 
conductivity 0.089 mm, organic carbon 0.45%, nitrogen 
73 ppm, phosphorus 21.9 ppm, potassium 162 ppm (low), 
calcium 537 ppm, magnesium 52 ppm, sulphur 25 ppm, 

1 Scientist Senior Scale (Horticulutre), Floriculture labora­
tory; 2 Senior Scientist (plant Pathology), Laboratory for Onta­
mental, Medicinal and Aromatic Crops Pathology 

1 Scientist Senior Scale (Horticulutre), NatiOnal Research Cet1tre 
on Banana, Podavur, Tamil Nadu 639103 

ferrous 3 ppm, molybdenum 7 ppm, zinc 1.1 ppm and copper 
1 ppm. The treatments consisted of 4 levels of potassium, 
viz the control (Ko)' K 100' ~oo and K3OD, and their 3 
frequencies of application, viz full dose at planting time (M!), 
full dose at 30 days after planting (~) and half the dose at 
30 days and the remaining half at 60 days after planting 
(~). There were 12 treatments, replicated 3 times in factorial 
randomized block design. The graded levels of potassium 
were supplied through muriate of potash (60% K). Full dose 
of phosphorus (100 kg P /ha) was suppli ed through single 
superphosphate (l6%P) at planting time, whereas nitrogen 
(400 kg N/ha) was supplied through urea (46% N) in 2 equal 
split doses, ie at the stage of 3 and 6 leaves. Healthy and . 
uniform-size corms (4.0-4.5 em diameter) were selected and 
planted 30 cm x 20 cm apart at 5 em depth in 1 m xl m size 
plots. Observations on various growth and floral parameters 
were recorded during t10wering stages, whereas those 
pertaining to corm and carmel production and the incidence 
of corm-rot disease were recorded a few days after litling the 
crops (75 days ruler flowering). Data 01'2 seasons were pooled 
and analysed statistically. 

RESULTS AND DISCUSSION 

The pooled data of 2 seaS011S (Table 2) revealed that 
potassium @ 100 kg/1m gave significantly higher weight of 
corm (64.57g), though the treatments of~oo and ~oo were 
statistically at par with that of K loo ' Higher number (46.41) 
and weight (18.55 g) of cormels / plant were obtained with 
200 kg Kiha, but ~oo and ~oo treatments gave statistically 
equal results for number of connels/plant. Bhattacharjee 
(1981) obtained signiticantly higher average weight of corm 
and number of cormels/plant in gladiolus when potassium 
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Table 1 Influence of level and fi'equency of potassium application on vegetative growth and floral parameters in gladiolus (pooled data 
of 2 season) 

Days tor Plant Leaves / Leaf Days for Days for Floret Flowering Florets I Spike Rachis 
Treatment 100% corm height plant breadth spike floweling diameter duration spike length length 

sprouting (cm) (cm) emergence (no.) (cm) (day) (no.) (cm) (cm) 

K(kg/ha) 
Ko (control) 27.00 85.00 8.74 4.37 66.90 75.37 12.76 9.21 15.98 69.54 38.44 
K IOO 26.64 8$.34 8.68 4.31 67.76 75.57 13.19 9.09 15.90 69.27 39.12 

~un 26.80 85.86 8.76 4.42 68.21 76.48 13.02 8.91 15.64 69.82 38.30 

ISDn 26.30 84.63 8.71 4.41 67.10 75.69 12.83 8.98 15.84 69.34 38.29 
SEm± 0.37 0.76 0.04 0.06 0.60 0.61 0.10 0.13 0.19 1.09 0.75 
CD (P==O.05) NS NS NS NS NS NS NS NS NS NS NS 

F,.eqllency of K application 

Ml 26.47 85.47 8.70 4.39 67.54 75.24 12.96 8.85 15.83 69.46 39.04 

~ 26.63 85.19 8.76 4.31 67.69 76.79 12.92 9.18 15.73 69.88 38.08 

~ 26.97 85.36 8.68 4.43 67.84 76.09 13.16 8.94 15.83 69.17 38.56 
SEm± 0.32 0.66 0.04 0.05 0.52 0.52 0.09 0.11 0.16 0.94 0.78 
CD (P=O.05) NS NS NS NS NS NS NS NS NS NS NS 

Details oftreatments are given under Materials and Methods 
TIle interaction between levels and frequencies was found non-significant in all parameters 

Table 2 Influence of level and frquency of potassium application on conn and cOlmel development and corm-tot in gladiolus (pooled 
data of 2 seasons) 

Treatment COl1n diameter Corm weight Conns/plant Connels/plant Weight of Corms infected! 
(em) (g) (no.) (no.) cormels/plant (g) plot(%) 

K(kglha) 
Ko (control) 
K IOO 

~oo 
~ilO 

SEm± 
CD (P=0.05) 

6.04 
6.30 
6.26 
6.37 
0.12 

NS 

50.22 1.05 
64.57 1.17 
59.37 1.09 
58.89 U5 
2.17 0.02 
6.36 NS 

34.36 12.73 28.00 
34.73 11. 70 18.~5 
46.41 18.55 19.53 
43,39 14,81 41.78 

1.75 0.76 1.61 
5.14 2.23 4.73 

F,.equency ofK application 

Ml 
M:z 
~ 

SEm± 
CD (M.05) 

6.20 55.16 
6.22 56.67 
6.23 55.65 
0.10 1.88 

NS NS 

Details of treatments are given under Materials and Methods 

was applied @ 150 kglha compared with the control. Potti 
and Arora (1986) reported that application of potassium @ 
200 kg/ha produced significantly higher weight of connels 
of gladiolus compared with the control. Our result also 
supports this tinding. 

Compared with the control (Ko)' where infected corms 
per plot (28%) were the highest, the disease incidence was 
significantly lower at all the levels of potassium tried. Though 
the lowest illcidence of conn rot was obtained by application 
of potassium at 1 00 kg/ha, different frequencies of potassium 
application did not show significant differences in corm-rot 
incidence (Table 2). All the growth and floral parameters 
and also size of conn and number of corms/plaht were not 
significantly intluenced by graded levels of potassium 
application (Tables 1,2). Motial et al. (1979) observed that 

1.12 37.55 12.89 23.10 
1.17 39.68 13.&7 22.43 
1.11 35.27 12.47 23.78 
0.02 1.51 0.66 1.39 

NS NS NS NS 

application of potassium fertilizer had non-significant effect' 
on floral parameters of gladiolus. 

The present investigation revealed that frequencies 
(methods) of potassium application and also their interactions 
with graded levels did not have significant influence on any 
of the various parameters pertaining to plant growth, floral 
parameters, corm and cormel development and the incidence 
of conn-rot disease. 
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Effect of row skipping in tree cotton (Gossypium arboreum) on effiracy of chemical 
control of spotted bollworms (Earias vittella and E. insulana) and pink bollworm 

(Pectinophora gossypiella) 
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ABS1RACT 

'TIle effect of skipping a row at sowing to provide a path for spray operation was studied on the efficacy of chemical 
control ofbollwOlms on 'LD 327' tree cotton (Gossypium arboreum L.) dUllng 1992 and 1993. Skipping the fOlnth, fifth. 
sixth and seventh rows was compared with no skipping at 31ocations during 1992. However. skipping of fourth row was 
omitted in subsequent trials in 1993. Average data of locations and years showed that skipping every fifth row at 
sowing proved significantly better than no skipping as well as skipping of sixth and seventh rows in lowering the 
incidence of spotted bollwonns (Earias villella Fabr. and E. insulaJ1a Boisd.) and pink bollworm (Pectinophol'a 
gossypiella Saund.) as well as stained seed-cotton. Besides compensating for the missing row, this treatment also 
increased the seed-cotton yield by 15.2 and 20.1 % dUling 1992 and 1993 respectively. 

Key words: row skipping, tree cotton, bollworms, chemical control, Gossypium arboreum 

Cotton (Gossypium spp) crop suffers from severe insect­
pest damage, particularly from bollworms, the spotted 
bollworms (Eariasvittella Fabr. andE. tnsulana Boisd.) and 
pink bollworm (Pectinophara gossypiella Saund.). Often it 
becomes diftlcult to raise a good crop without their control. 
In India about 45% ofthe pesticide is used on cotton alone 
(Narayanan 1991), though it occupies only 5% of the total 
cropped area. According to Ramachandran etal. (1980) and 
Narayamm and Jayaswal (1984), insecticides account for 
30-40% ot'the cost of cultivation in irrigated cotton and 10-
25% in rainfed cotton. 

. In Punj ab the cotton crop when raised under high­
fertility conditions in years of heavy rainfall attains luxuriant 
growth and it becomes diflicult to enter into the field for 
spray to control bollworms with manually operated knapsack 
sprayer even by making pathways through pressing branches. 
The spray material is therefore not properly dispersed in the 
central rows. The improperly covered plants bear a few 
pickable bolls and contribute less towards yield, but greatly 
help the pest by acting as reservoirs. Keeping this problem 
in view, an experiment was planned during 1992 and 1993 
to study the eifect. of skipping a row after some rows at 
sowing to provide a path for spray operations of insecticides 
and on the ef:t1cacy of chemical control of bollworms in tree 
cotton (Gossypium arboreum L.). 

I Entomologist (Cotton) and 2 Senior Cotton Breeder, 
Department ofFIant Breeding 

MATERIALS AND METHODS 

The skip-row experiment was conducted on Gossypiella . 
'LD 327' tree cotton (Gossypium arboreum L.) during 1992 
at Ludhiana and at its 2 research stations Kheri and Jalandhar 
in Punjab. 

The treatinents involving skipping of every fourth, fifth, 
sixth and seventh rows and no skipping were replicated 4 
times at all the locations. In the subsequent trials conducted 
at Kheri and Jalandhar during 1993, skipping of fourth row 
was omitted in the light of results of 1992, and the treatments 
were replicated 6 times. All the treatments received 5 sprays 
for controlling bollworms at Kheri and 6 each at Ludhiana 
and Jalandhar. The recommended package of practices was 
followed for successful cultivation of the crop (PAU, 
Ludhiana 1992). 

To.judge the efficacy of chemical control in various 
treatments,·IO plants were tagged at random from each plQt, 
leaving aside the border row and plants. At maturity all the 
opened bolls of these plants were removed and examined 
for bollworm infestation on boll as well aslocule basis, 
stained seed-cotton and diapausing population of pink 
bollworm. The yield of seed-cotton per plot was also 
recorded. After the final pick, len-over bolls or burs on the 
tagged plants were plucked and examined to record larval 
population of pink bollworm. Pooled data on aU the 
parameters were analysed after appropriate transiormation. 
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Table 1 Effect of row skipping on boIlwOlm infestation, stained seed-cotton, diapausing pink bollworm population and yield during 
1992 (pooled data of 3 locations) 

Row skipped Bollworm infestation (%) Stained Population of pink Seed- Increase in 
at sowing seed-cotton bollworm larvae!l 0 cotton yield over no 

(%) plants in yield skipping 
(kglha) (%) 

Boll basis Locule basis Seed cotton LeU-over 
bolls or burs 

4 8.12(16.46) 4.60 (12.32) 2.89 (9.74) 1.25 1.50 1461 -1.2 
5 8.71 (17.27) 4.99 (12.88) 3.13 (10.12) 1.67 1.58 1 703 15.2 
6 10.11 (18.47) 5.37 (13.81) 3.79 (11.18) 1.58 1.67 1648 11.5 
7 11.28 (19.55) 6.53 (14.77) 4.43 (12.11) 2.00 2.08 1624 9.9 
None (control) 13.77 (21.63) 8.21 (16.58) 5.70 (13.73) 2.75 2.92 1478 

CD (P=O.05) (1.46) (1.05) (0.85) NS NS 111 

Figures in parentheses indicate angular tranfOl'lllation 

Table 2 Effect of row skipping on bollworm infestation, stained seed-cotton, diapausing pink bollworm population and yield during 
1993 (pooled data of 2 locations) 

Row skipped 
at sowing 

5 
6 
7 
None (control) 

CD (.P=O.05) 

Bollworm infestation (%) 

Boll basis Locule basis 

8.72 (17.06) 5.68 (13.70) 
10.08 (18.40) 6.44 (14.62) 
11.72 (19.89) 7.46 (15.80) 
17.29 (24.46) 10.54 (18.85) 

(1.94) (1.32) 

Figures in parentheses indicate angular tranformation 

RESULTS AND DISCUSSION 

The pooled effect of various skipping treatments showed 
significant ditferences tor bollworm infestation, stained seed­
cotton and yield, but for diapausing popUlation of pink 
bollworm differences were not significant during 1992 and 
1993 also (Table 1) •. Skipping of fourth and fifth rows 
recorded significantly lower bollwonn infestation on boll 
(8.12-8.71 %) as well as locule basis (4.60-4.99%). The latter 
treatment was, however, at par with the sixth row skipping, 
which in turn was at par with skipping of seventh row, and 
all were better than no skipping. The treatments involving 
skipping of iourth and fifth rows had lower stained seed­
cotton (2.89-3.13%). Skipping of sixth and seventh rows, 
though less effective, was better than no skipping. All the 
skipping treatments had less population of pink bollworm 
in seed-cotton (1.25-2/10 plant) as well as in the lefl-over 
bolls or burs (1.50-2.08/10 plants) than 110 skipping (2.75 
and 2.9211 0 plants) but the ditIerences were not signiticant. 
The highest seed-cotton yield of 1 703 kglha (15.2% increase 
over no skipppil1&) was recorded in skipping of tifth row, 
but it was at par with skipping of sixth and seventh rows 
(increases being 11.5 and 9.4% respectively). Skipping of 

Stained 
seed-cotton 

(%) 

4.00 (11.42) 
4.54 (12.18) 
5.54 (13.50) 
7.62 (15.80) 

(1.22) 

Population of pink 
bollworm larvae/l 0 

plants in 

Seed cotton Left-over 
bolls or burs 

2.66 2.16 
2.92 2.33 
3.25 2.50 
4.25 3.42 

NS NS 

Seed- Increase in 
cotton yield over 110 

yield skipping 
(kglha) (%) 

1 716 20.1 
1577 10.4 
1482 3.7 
1429 

91 

fourth row was least effective, resulting in 1.2% reduction 
in yield than no skipping. This treatment though highly 
effective tor bollworm control, was omitted in the subsequent 
trials due to poor yield. 

During 1993, skipping of fifth row with 8.72% boll 
infestation, 5.68% locule infestation and 4% stained seed· 
cotton proved the best, though it was at par with sixth row 
skipping (Table 2). Skipping of seventh row recorded 
bollworm incidence at par. with that of sixth row, but had 
higher stained seed-cotton though significantly lower than 
in no skipping. Skipping of fifth row also gave the highest 
yield of seed cotton (l 766 kglha), reflecting an increase of 
20.1 % compared with no skipping. It was followed by sixth 
row skipping with 10.4% increase, and skipping of seventh 
row with only 3.7% increase being the lea'lt effective. 

It was concluded that skipping of every fifth row was 
the best for low bollworm infestation as well as stained seed­
cotton and higher seed-cotton yield. This treatment not only 
compensated tor the missing row but also gave 1 () and 15.2-
20.1 % more seed-cotton yield. The effect of skipping may 
be attributed to better penetration into the crop, resulting in 
uniform and ei11cient dispersal of pesticides. 
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ABSTRACT 

To study the root -growth behaviour of crops for devising environmentally sound strategies for efficient input-use 
and high yields, a rhizotron facility was established at Ludhiana tor in-situ monitoring of root-growth dynamics. It 
consists of 16 rhizotron chambers and was developed by using indigenous design and materials, and is the tirst of its kind 
in India. Each rhizotron cell hasI. 2 m wide and 2.4 m deep viewing-window, specifically designed to study root growth, 
nutrient and water dynamics in tield crops raised on deep alluvial soils. Besides root-growth monitoring, it has a provision 
ofmetered water supply, soil-water measurement and manually operated mobile rain shelter and hence can be used as 
lysimeter. 

Key words: rhizotron, root growth, lysimeter 

Information on root-growth dynamics can be exploited 
to devise practices for managing soil, water and nutrients to 
increase crop yield, ensure efficient input-use and safeguard 
the environment (G~ri and Prihar 1985, Gajri et al. 1989, 
Arora et aZ. 1991). Owing to difIiculty involved in studying 
below-ground plant growth and absence of suitable method 
for its quantification. there is general lack of such an 
information (Hamblin 1985). Since the sixties, varlous kinds 
of sophisticated underground chambers, rhizotrons, have 
been developed that permit plant roots to be studied under 
replicated conditions, whereas shoots are exposed to the field 
environment (Huck and Taylor 1982). 

Basically a rhizotron is a root-observation facility, 
consisting of series of soil compartments Htted with 
transparent windows along with an access tunnel. These are 
valuable tools for studying root-shoot physiological 
relations, root-system responses to the physical, chemical 
and biological environments of the soil, varietal comparisons 
and mass-balance studies of cropped soils (Klepper and 
Kaspar 1994). Many such facilities exist in the developed 
countries (Soileau et aT. 1974, Huck and Taylor 1982, 
Klepper and Kaspar 1994), but these are almost non-existent 
in most of the developing countries due to high financial 
investment and technological or material limitations. As no 
such pre-farbicated facility exists any where in India, 
rhizotrons were established during 1992-93 after 
experimenting with various prototypes using different 

1 Senior Soil Physicist, 2 Soil Physicist, Department of Soil 
3 Former Professor, 136-DKitchlooNagar, Ludhiana 141 004 

designs and materials for 2 years. The experimentation with 
prototypes included standardization of design for size of 
viewing-window, screening of glass panels tor visibility of 
roots, thickness and strength vis-a-vis enormous soil load 
and entrapped air pressure, tunnel roof and rain-shelter 
design, phytotoxicity of sealants, and the procedure for 
reconstitution of soil protlles. Within the fInancial and 
technological limitations, attempt was made to incorporate 
the best features of the existing facilities (Huck and Taylor 
1982). The main obj ectives for creating this facility are : (i) 
to study root-growth behavior in relation to soil physical, 
chemical and biological environments; and (U) to quantify 
the effect of different management practices on root growth 
and nutrient-water balance in different crops. 

Fig 1 General view ofrhizotron at Ludhiana 
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DESCRIPTION 

This facility consists ofl6 rhizotron chambers, 8 each on 
either side of a 3 m wide tunnel (Figs 1, 2) designed tor 
studying root growth, nutrient and water dynamics in field 
crops raised on deep alluvial soils, Besides root-growth 
monitoring, it has a provision of metered water supply, soil~ 
water measurement and manually operated mobilerain shelter, 
The.facility costs about Rs 0.5 million at 1992-93 prices, 

Rhizotroll chamber 
Each rhizotron chamber is 2.4 m deep, 1.2 m thick and 

has a 1.5 m wide viewing~window, The underground 
structure is surrounded by 0.15 m thick retaining wall of 
reinforced concrete which acts as back wall for rhizotron 
chambers and separates the structure from the adjoining soil. 
The rhizotron chambers are separated from each other by 
0.11 m thick reinforced concrete side-walls. The front portion 
of each chamber is provided with a 0.006 m thick glass­
fitted viewing- window, held in place by a 0.10 m x 0,10 m 
X 0.006 m mild steel-angle frame. The 0.l5 m thick roof of 
the tunnel is designed in the shape of a 0.30 m deep trough 
(Figs 2, 3), which is filled with soil for growing crop to 
reduce advection to the crop growing in the chambers. The 
design and thickness of the roof does not prevent the visibility 
of the growing root system. The soil proiiles in the chambers 
were reconstituted by filling the lower p art with subsoil and 
the upper part with top soil in the sequence as existed in the 
field. The soil in the chambers was· stabilized with wetting 
and drying cycles. 

Viewing-window 
The viewing~window is 1.5 m wide and is divided into 

5 segments, each having 0.25 m viewing width (Fig 4). Four 
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segments are titted with 0.006 m thick clear transparent glass­
sheet, and the iitth with 0,006 m thick transparent acrylic 
sheet. The acrylic sheet facilitates drilling of holes tor 
installation ofinstruments and obtaining root, soil andsolute 
samples. The viewing-glass and acrylic sheets are properly 
tixed to the window frame with glazer's put(l' (clay + 
synthetic adhesive) and are kept in place by pressure of the 
soil. The end-to-end viewing panels have been sealed with 
thin coat of synthetic adhesive. Both the materials were tested 
to be non-phytotoxic. 

Lighting 
There is a provision of proper lights in the tunnel in the 

walk-way and at the head of each rhizotron chamber for 
recording root-growth observations (Fig 2), Individual 
rhizotron chamber can be illuminated while the other lights 
are switched otl: There is also a provision of power supply 
for hand-held lights, A black opaque cover is attached to 

the viewing-window to act as a barrier tor light, which is 
removed· at the time of recording the observations, 

Water-control system 
Addition of water to the rhizotron chambers CtUJ be 

controlled and monitored, as there is provision of metered 
supply and rain shelters (Fig 2), Controlled irrigation facility 
has been installed through a water-storage tank on the roof 
of the stairway, T~e water-supply pipeline having water­
meters and control valves is installed in the centre of tunnel 
roof; Each row of rhizotron chambers is provided with 
specially designed manually operated rain shelters made from 
steel and acrylic sheets. These shelters can accommodate a 
maximum crop height of 1.5 m. To monitor soil-water 
content, neutron-probe access-tubes have been installed in 
the centre of each rhizotron chamber. There is a provision 
tor installation of tensiometers tor monitoring water fluxes 
across a given plane. These provisions for water control 
and monitoring features ofrhizotron chambers permit their 
use as lysimeter . 

Drainage or seepage 
The facility is constructed in the middle of a 4000 m2 

tleld, The soil dug out of the ground for construction is piled 
along the rhizotrons tlush, with its top with a gentle outwardly 
slope on both sides. To avoid advection effect in the crop 
growing in the rhizotron chambers, the same crop is planted 
in the surrounding structure. The structure stands 0.5 m 
above the ground level (Fig 2) to provide gravity drainage 
to the roof top to prevent tlooding due to heavy monsoon 
rains. The prevent lateral seepage between rhizotro'1 
chambers as well as to and trom the adjoining field, all 
concrete surfaces are plastered with water-proof cement ~md 
treated with 2 coats of bitumen, The bottom of each rhizotron 
chamber is tlush with subsoil to provide tor natural drainage. 
T~e tloor oflhe tunnel is provided with a drainage ch~mnel, 
WIth arrangement of pumping out water trom the structure. 
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Air exhaust 
Exhaust fans are installed at the entry of the tunnel to 

remove any toxic gases before entering the underground 
structure. 
Instntment and sample storage rooms 

There is a instrumentation room having facility of 
weighing and drying ofsmnples. It also includes root scanner, 
neutron probe and leaf-area meter. 
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ABSTRACT 

A 7.S kW rotary-type power tiller t1tted with seating attachment was field evaluated for rotapuddling and rotatilling 
operations under soil conditions of Bhopal region and its performance was compared with that of power tiller without 
seating attachment. For rotapuddling operation, effective field capacity and fuel consumption of power tiller with 
seating attachment were 0.098 halhr and 1.350 litreslhr respectively compared with the respective values tor power 
tiIler without seating attachment 0.099 ha/hr and 1.300 litres/hr. For dly rotatilling the etTective field capacities of 
power tiller with and without seating attachment were 0.097 and 0.099 ha/h1' when operated in the plots of more than 
0.3 ha size. However, on per-day basis the toal area covered by power tiller with seating attachment was more, because 
the operator required less frequent rests of shorter duration (2 rest periods aggregating to 0.78 hr in a working day of 
6.65 hr) compared with that without seating attachment (4 rest periods aggregating to 1.95 hI' in a working day of 7.33 
hr). Depth of operation was more uniform when power tiller was fitted with seating attachment, as the rotavator was 
restrained fi'om coming out from the soil even at hard soil spots. Fuel consumption of power tiller with seating attachment 
during dry rotatilling was slightly more (1.280 litreslbr) than that of power tiller without seating attachment (1.200 
litres/hr). 

Key words: power tiller, seating attachment, tleld capacity, tleld efficiency, fuel consumption 

The drudgery involved in the operation of power tillers 
and fatigue produced during the operation are major 
problems for power tiller operators, which ultimately reduce 
the productive capacity of man-machine system. While 
operating the power tiller with a 600 mm size rotavator at a 
field efficiency of more than 70-80%, an operator has to 
walk behind the tiller a distance of 20-25 km to cover 1 ha. 
This creates a lot oftatigue to the operator, and the operators 
often show reluctance in operating power tillers. Keeping 
these problems in view and to make powertiller an attractive 
power source, a seating attachment matching the rotary-type 
power tillers was designed and developed by Tiwari et al. 
(1995). The design of seating attachment is mainly based 
on the anthropometric data of Indian farm workers as reported 
by Gupta et ai. (1983) and Gite and Yadav (1989), and 
general requirements of seat design as recommended by 
Murrel (1965) and Grandjean (1988). Power tiller equipped 
with seating attachment was field evaluated for land 
preparation under wetland and dryland conditions and its 
pertonnance was compared with that of power tiller without 
seating attachment under similar soil conditions. 

MATERIALS AND METHODS 

The seating attachment to power tiller mainly consists 

1.3 Scientist and 2 Principal Scientist 

of a trough-type metallic seat, a scooter wheel mounted on 
a vertical telescopic shaft for depth control, a hand-wheel 
mounted over the telescopic shaft to assist in controlled 
steering of power tiller on road as well as in the field and 2 
fbot-rests having provision for adjustment of popliteal height 
(Fig 1). The complete assembly is mounted over the upper 
longitudinal beam of power tiller rotavator with the help of 
2 angle-iron braces and nut-bolts fbr easy attachment and 
detachment. The tel escopic shaft, which is made of standard 
screw shaft, can be tlxed at 3 veFtical positions, one each fbr 
rotavating, for moving on fann road as well as 011 undulating 
ground surface. Further vertical adjustment of about 20 cm 
can be made at these positions by moving the shaH assembly 
as a whole and locking it at the desired height with the help . 
ofalatch. 

The seating attachment was titted to a 7.5 kW rotary­
type power tiller. The power tiller was field evaluated in 
1995-96 tbr the perfonnance of rota vat or and its pertbnnance 
was compared with that of power tiller without seating 
attachment for rotapuddling and rotatilling operations. The 
soil was black cotton with 55% clay, 30% silt and 15% s1:U1d. 
For rotapuddling operation the field was submerged with an 
average water depth of 10.00 cm. The average moisture 
content and bulk density of soil ill the plots ofdry ratatilling 
were 18.80% and 1.54 glcc respectively. Average weed 
intensity on wet-weight basis was 873 glm2 in the plots where 
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Leaf sprin 

Telescopic shaft 

Fig I Power tiller with operator's seat 

rotapuddling operations werc conducted, compared with 
65 glm2 in the plots of dry rotatilling operations. 

The power tiner equipped with seating attachment was 
operated in the plots for rotapuddling as well as for dry 
rotatilling. The seat was then removed and the same power 
tiller without seating attachment was operated in other plots 
having similar soil conditions. Lugged iron wheels were used 
during rotapuddling operation, whereas pneumatic wheels 
were used during rotatiIIing operation. As per prevailing 
practice of operation, power tiller without seating attachment 
was operated adjacent to the previous pass by turning the 
power tiller by 1800 at the ends, as the rear portion of power 
tiller could be lifted at tOOlS. With seating attachment however, 
since lifting of rear portion was not convenient, the method 
of operation was fl)llowed similar to the operation by tractors 

in small blocks. The lever position of engine throt1le wus set 
to obtain three-tburths of rated engine spet:d (2 000 rpm). 
Tests were conducted in second low gear of power tiller with 
rotavator in low speed gear. VariOllS performance parameters 
as specitied by the Bureau ofIndian Standards, New Delhi 
(BIS, New Delhi 1988) were recorded. 

Power tiller rotavatorwith and without seating attachment 
was also evaluated in large-size (0.6 ha) plots for dry rot atilling 
to fInd out the area covered on per-day basis, when appropriate 
rest pauses were given to the operator to avoid any undue 
fatigue. The rest pauses to operator were given on the basis 
of subj ective assessment. Under these tests the operator was 
asked to perform the rotatilling operation continuously .as long 
as he could operate the power tiller with and without seating 
attachment. When the operator felt tired he was advised to 

Table 1 Performance of power tiller rotavator with and without seating attachment during l'otapuddling and l"Otatilling operations 

Parameter Rotapuddling Rotatilling 

With seating Without seating With seating attaclunent Without seating attachment 
attachment attachment 

First Second First Second 
rotatiIling rotatillil1g ro t atilling rotatilling 

Average weed intensity (wb) 795 952 68 62 
(g/m 2

) 

Plot size (m2) 989 751 1050 1050 1050 1050 
Forward speed (m/sec) 0.55 0.53 0.53 0.52 0.55 0.54 
Width of operation (em) 60.00 60.00 67.75 67.5 67.25 67.50 
Depth of operation (em) 10.44 10.23 10.36 10.40 10.00 10.00 
Duration of test (hr) 1.01 0.76 1.20 1.22 1.05 1.08 
Effective field capacity (ha!111') 0.098 0.099 0.088 0.086 0.100 0.097 
Field efficiency (%) 82.90 85.94 68.23 67.88 75.10 74.07 
Fuel consumed (litres/hr) 1.350 1.300 1.280 1.260 1.200 1.160 

The depth of ponded water was 9.80 em on rotapuddling with se21ting attachment and 9.85 cm without seating attaclunent;a low gear . 
(II) was selected for operation 
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take rest for a duration until he again felt Iresh and was 
willing to operate the tiller. The process was continued for 
the whole day. Depth of operation was maintained similar 
in both the cases, ie power tiller with and without seating 
attachment. Total area covered during the whole day was 
measured. Time for work and rest periods was noted. 

RESULTS AND DISCUSSION 

Performance during rotapliddling 
Performance results indicated that tleld capacities of 

power tiller rotavator with and without seating attachment 
during rotapuddling operation under submerged soil 
conditions were 0.098 and O.099halhrrespectively (Table 1). 
The corresponding forward speeds were 1.97 and 1.92 km! 
hr. Field efficiency of power tiller with seating attachment 
was lower (82.90%) than that without seating attachment 
(85.94%). The major reason for low field efi1ciency with 
seating attachment was greater turning time than that without 
seating attachment. Fuel consumption of power tiller with 
seating attachment was slightly higher (1.350 litresfhr) than 
that without seating attachment (L300 litresfhr). The result 
indicates that power tiller rotavator may be successfully 
operated with seating attachment without much effect on 
tield capacity and fuel consumption with added advantage 
of operator's comfort. As per operator's opinion the seating 
attachment is better in terms ofless spillage of wet soil over 
the operator and less tiredness. At spots oflowwater depth, 
however, Ii ttie ditllculty in turning the power tiller rotavator 
with seating attachment was observed. Power tiller with 
seating attachment should be operated under the conditions 
of suf1icient water depth (>5 cm). At spots of low water 
depth the operator has to get down from seat to avoid bogging 
of power tiller. 

Performance during dry rota tilling 
The 11 eld perfonnance of power tiller rotavator with and 

without seating attachment during dry rotatilling indicated 
lower effictive Held capacity with seating attachment (0.088 
and 0.086 hafhr during first and second rotatilling 
respectively) than without seating attachment (0.100 and 
0.097 haJhr during tirst and second rotatilling respectively) 
when operated in plots of 0.1 ha with length and width ratio 
1 : 1 (Table 1). The lower field capacity of power tiller 
rotavator with seating attachment was mainly because of 
more time lost during turning compared with power tiller 
without seating attachment. 

Fuel consumption of power tiller rotavator with seating 
attachment was slightly more (1.280 litreslhr) in comparison 
with power tiller without seating attachment (1.200 litres/ 
hr). The higher consumption of the former was due to more 
loading of power tiller engine, owing to maintenance of 
uniform depth of operation even at the spots of hard soil, 
more weeds and root stumps due to inability of power tiller 
rotavator to move out because of the weight of seat and 

Table 2 Perfol1nance of power tiller rotavator for dry rotatilling 
with and without operator's seat during long-duration 
testing 

Parameter 

Engine speed (rpm) 
Forward speed (m/sec) 
Width of operation (em) 
Depth of operation (cm) 
Area covered (ha) 
Total time required (lrr) 
No. ofrest periods 
Total duration ofrest periods (hr) 
Net dm-ation of work (hr) 
Ratio of work and "rest periods 
Field capacity [haJday (8 h1'») 
Fuel consumption (litreslhr) 

With seating Without seating 
attachment attachment 

2010. 
0.540 

67.50 
12.0 
0.5722 
6.65 
2 
0.78 
5.87 
7.53 
0.6848 
1.50{) 

2010 
0.545 

67.75 
11.0 

0.5326 
7.33 
4 
1.95 
5.38 
2.76 
0.5811 
1.450 

operator. Another reason may be the pulling force required 
for pulling the operator's weight. Without seating attachment 
the general tendency of rotavator is to vary the operating 
depth with the variation in upward force due to different 
soil strengths. Under the very hard soil conditions when the 
upward force exceeds the weight applied by the operator 011 

the handle, the power tiller without seating attachment 
completely moves out of the soil and runs forward at a speed 
much higher than the nonnal. Sometimes it even tilts i()rward, 
which may result in fatal accidents if the operator is not 
very much alert. 

Long-duration testing for d,y rotatilling 
Long-duration testing was conducted to find out the 

work output ofman-machlne ~'Ystem of power tiller rotavator 
with and without seating attachment tor dry rotatilling. The 
work output of man-machine system 011 per-day basis was 
more with the seating attachment than without seating 
attachment (Table 2), Its reason is the higher ratio of work 
and rest periods compared with that without seating 
attachment. The operator was able to operate the power tiller 
rotavator with seating attachment with shorter and less 
frequent rests compared with that without seating attachment. 
In a day of 7.33 hr the operator required 4 rest periods 
aggregating to 1.95 hr and gave an output of 0.53 ha when 
operatil1g the power tiller rotavator without seating 
attachment compared with an output of 0.57 ha in a working 
day of 6.65 hr with total rest period of 0.78 hr with seating 
attachment. In spite of longer and frequent rests during 
rotatilling without seating attachment the operator felt more 
pain in pel vis, shoulder, knee, thigh and whole vertebral 
col umn compared with rotatilling by power tiller with seating 
attachment. Higher fuel consuption during long-duration 
testing was owing to the pressure of stumps of indian mustard 
crop [Brassica junceq (L.) Czernj. & CossonJ in the test 
fleld and relatively less soil moisture content than that during 
field-performance tests. 
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Precautions 
Since power tiller is basically a walking-type machine, 

precautions are essential while operating the machine with 
seating attachment. As the constant depth of operation is to 
be maintained even at the hard soil spots, depth of operation 
should be selected considering the limitations of power tor 
maintaining the operating depth at these spots. Though the 
provision of seating attachment improves the longitudinal 
stability of power tiller, its lateral stability is reduced 
especially when the seat is at its highest position, road is 
uneven and taking turn at high forward speeds. Such 
situations must be taken care of and the wheel tread should 
be kept at its maximum to increase the lateral stability of 
the power tiller. 

Conclusions 
The field capacity ofpower tiller rotavator with seating 

attachment will remain unaffected if operated in plots of 
bigger size (> 0.30 ha size); however, in smaller plots the 
field capacity will be lower with seating attachment than 
without seating attachment. For rotapuddling operation 
effective field capacity and fuel consumption of power tiller 
with seating attachment were 0.098 halhr and 1.350 litreslhr 
respectively, and for power tiller without seating attachment 
0.099 haJhr and 1.300 litreslhr. For dry rotatilling the 

effective field capacities of power tiller \"ith ,md V\lithout 
seating attachment were 0.097 and 0.099 halhr when operated 
in the plots of more than 0.3 ha Size. Depth of operation was 
more uniform when power tiller was 1itted with seating 
attachment. Fuel consumption of power tiller with seating 
attachment during dry rotatilling waS slightly more (1.280 
litre/ha) th311 that of power tiller without seating attachment 
(1.200 litreslhr). 
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Mutation breeding is a valuable supplementary approach 
in kidney bean or raimash (Phaseo/us vulgaris 1.), where 
interspecitic and inter~varietal incompatibility pose problem 
in getting desired recombinants (Singh 1991). Biotechno­
logically also kidney bean is a problematic crop for its 
improvement. In such a situation induced mutation can prove 
fruitful for improving 1 or a few traits of the existing and 
adaped varieties. Among various mutagens, radiation has 
been used commonly for· the induction of variations and 
resulted in the development of new varieties (Micke et al. 
1990). Hence the gamma-rays were used in the present 
investigation to know the nature of induced variability and 
the appropriate stage of etfecti ve selection in kidney bean. 

The experiment was conducted with 2 adapted varieities, 
'lawala' and 'HPR35', of kidney bean. For each variety 200 
dry seeds under each dose were irradiated with 5, 10 and 15 
kR doses of gamma-rays at the Indian Agricultural Research 
Institute, New Delhi. The irradiated seeds were sown to raise 
Ml generation. The surviving M, plants were harvested 
separately and sown in single-plant completely randomized 
design to raise ~ generation at the experimental farm of 
the department of Plant Breeding and Genetics at Palampur 
during summer 1991. The single plants of ~ generation 
were harvested separately and sown in completely 
randomized block design to raise ~ generation at Research 
Substation, Katrain, during summer 1992. Data in ~ were 
recorded on single-plant basis, whereas in ~ on the available 
or 5 randomly selected plants for seed yield/plant (g), harvest 
index (%) and seeds/pod. Dose-wise analysis based on 
individual plant in each generation was carried out. The data 
were analysed statistically as per Johanson et al. (1955) and 
Yonezawa (1979). Yonezawa (1979) advocated the use of 
~ generation for estimation of parameters of induced 
variability for better reliability, and the same approach was 
followed in the present study, thOUgll the use oflv4 generation 
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was also made wherever required. The parameters of 
variability were not computed where mean sum was non­
signiiicant. 

Analysis of variance indicated the induction ofsui'tlcient 
genetic variability for seed yield/plant, harvest index and 
seeds/pod. The results obtained on the parameters of induced 
variability in ~ of 'Jawala' and 'HPR 35' varieties under 
ditTerent radiation doses (Table 1) showed increased variation 
for seed yield and related traits. In the present investigation 
phenotypic coefficient of variation (pcv) and genotypic 
coefficient of variation (gcv) were higher within the lines 
than between lines under different radiation doses for both 
the varieties (Table 1). High magnitudes (>20%) ofpcv and 
gcv were observed in almost all the cases. In general, pev 
and gcv estimates were high under 10 kR dose for' Jawala', 
whereas no particular trend was evident fbr 'HPR35' variety. 

Another parameter of variability that needs consideration 
for the induced polygenic variation is the heritability, ie the 
magnitude of genetic variance generated or induced. In the 
present study heritability estimates were low to high and 
these were higher within lines than between lines (Table I). 
This indicates that selection would be more effective within 
lines in tijis generation. 

Johanson et al. (1955) indicated that tor estimating the 
real effect of selection, heritability along with genetic 
advance is more useful. The estimates of genetic advance 
expressed as percentage of parental mean were very high 
tor the most traits between and within lines in both the 
varieties (Table 1). However, these estimates were low in 
between lines for seed yield under 10 kR tor 'Jawala' and 
seed yield and harvest index under 5 kR for 'HPR 35'. High 
genetic advance along with higll heritability were observed 
in some. More than 100% genetic advance over the parent 
was noticed within lines tor seed/pod under 5 kR ill 'HPR 
35'. Several earlier workers also observed an increase ill 
genetic parameters ill mutagenized popUlations of grain­
legume crops, viz Williams and Hanway (1961) in soybean 
[Glycine max (L.) Merr.] , Malik (1988) in green gram 
(Phaseolus radiants L.), Kalia and Gupta (1989) in lentil 
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Table 1 Estimates of parameters of variability under different doses of gamma-rays in ~ generation of kidney bean vmieties 'JawaJa' 
and 'HPR 35' 

Treatment Shift in pev gcv Heritability GA (%) based on 
mean (%) (%) (%) parental mean 

._------
Seed yield I plant 

'Jawala' 
SkR -4.18'" A 

B 44.20 37.12 70.58 28.39 
10kR -4.01'" A 27.73 15.76 32.33 8.58 

B 48.08 42.33 77.50 35.67 
15kR -4.34'" A 

B 51.87 45.34 76.40 34.34 
'HPR3S' 

SkR -0.76 A 30040 15.12 24.74 13.32 
B 

10kR G.42 A 
B 

15kR -1.37'" A 
B 

Harvest index 
'Jawala' 

5kR -1.34'" A 
B 29.84 25.11 72.52 43.01 

lOkR -1.97* A 
B 29.48 24.82 70.88 40.94 

lSkR 0.92 A 
B 37.36 34.01 82.86 62.24 

'HPR3S' 
SkR -10.49* A 16.89 8.37 24.55 6.83 

B 
lOkR -4.47* A 

B 
ISkR -8.61'" A 

B 27.90 24.11 74.67 35.83 

Seedslpod 
'Jawala' 

5kR -0.47'" A 
B 35.84 35.51 82.28 51.22 

10kR -0.26 A 
B 28.50 25.20 76.87 41.67 

15kR -0.51 '" A 
B 29.55 21.48 73.00 36.80 

'HPR35' 
5kR -0.07 A 

B 91.31 90.14 97.44 178.73 
10kR 0.06 A 

B 
15kR om A 

B 26.08 21.88 70.37 37.91 

A, Between lines; B, within lines; pCV, phenotypic coefficient of variation; gcv, genotypic coefficient of variation P::; 0.05 

(Lens culinaris Medikus), Gupta et ai. (1996) in horsegram doses was negative for most of the traits, as also reported by 
(Macrotyloma uniflonlltl L.) Crocomo et al. (1978) in kidney bean. In 'HPR 35' under 

Di±l'erent doses of gamma-rays showed relationship with all the doses the shift in mean in M,. was either neutral or 
shift in mean of irradiated population from its parental mean. toward negative direction. As per Brock (1965), the 
The shift of mean in 11, of , Jaw ala' (Table 1) under different theoretical expectation ofinducing random micromutations 
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Table 2 Frequency (%) of lines showing significant within-line variance and significlllt shift in mean in kidney bean varieties' .Tawala' 
and 'HPR 35' ------

Dose Seed yield/plant Hmvt:st index Seeds/pod 

~ M. ~ ]\If; M, ~ -_.!:!.._.--_ ... _. ~ 

'Jawala' 
5kR A 75.00 33.33 33.33 SO.OO 33.33 

B 12.5()'f to.OO@ 2.50'1' 33.33@ 7.S()'f SO.OO@ 
30.00@ 7.5()@ 

IOkR A 64.29 75.00 50.00 50.00 50.00 
B 57.14@ 75.()O@ 7.141;1 14.29@ 50.00'" 24.0D@ 

7.14@ 50.00@ 

15kR A 60.00 31.25 50.00 20.00 50.00 
B 20.00'" 87.50@ 20.00'" 37.5Qi<1J 20.0()'I' 62.50@ 

60.00@ 40.00@ 

'J-IPR35' 
5kR A 53.13 21.43 35.71 35.71 

B 25.00'" 28.571' 7.14" 35.71@ 
43.75@ 7.l4@ 50.00@ 

lDkR A 48.13 2S.00 12.50 
B 30.0(J'" 62.50';1 12.5001 12.50@ 

20J10@ 
15 kR A 20.00 22.22 37.04 33.33 

B 60.00@ 11.11'1' 37.04@ 22.22@ 
18.52@ 

A, Frequency (%) oflines with signiticant within-line variance; B, frequency (%) of lines with significant shin in mean; 'l'significant 
positive shift in mean; @ significant negative shin ill mean 

in self-fertilizing species with large number of genes, each 
having small individual poSitive or negative etTect tor a 
particular trait, will depend on the total number of genes 
involved or the realtive proportion of genes with positive or 
negative effect and on the degree to which the genes of the 
parental genome operate in balanced set. In such cases 
random mutation may increase the variation and shi:tl the 
mean away from the direction of previous selection history. 
Higher the selected or adapted traits, greater will be the shift 
in mean and also asymmetry of distribution ofvariances. In 
the present study, Brock's hypothesis :titted well in M, 
generation under different doses tor almost all the 3 traits in 
'.Tawala' and tbrharvest index in 'HPR35' (Table 1). Shitt 
in the mean f\uther indicated differential radio"sensitivity 
of the 2 varieties studied. 

In M'.z generation of '.Tawala', 75% lines under 5 kR, 
64.29% lines under 10 kR and 60% lines under 15 kR dose 
showed signiIicant vmiance within line for seed yield (Table 
2). None of the lines under any level showed significant 
variance within line for harvest index in M, of '.Tawala'. 
Under 5, 10 and 15 kR doses 33.33, 75, 31.25% lines 
respectively showed the induction of signiticant variation 
within line for seed yield in M; of 'Jawala'. In ~ of 'HPR 
35',53.13% lines under 5 kR, 48.33% lines under 10 kR 
and 20% lines uncjr 15 kR sho~ed signiticant variation 
within line for seed yield (Table 2), whereas the rest of the 
traits did not show significant variation within line under 
any dose. Further, 21.43% lines under 5 kR, 25% lines under 

10 kR and 22.22% lines under 15 kR dose showed significant 
variation within line for seed yield in 1\ of 'HPR 35'. 
However, significant variation within line was not observed 
for any line under 10 kR for seeds/pod in M3 generation of 
'HPR35'. 

In 'Jawala' seed yield and seeds/pod in M2 and M, and 
harvest index in M3 followed Brock's hypothesis under 
almost all the doses and ill 'HPR 35' it was operational for 
seed yield in M'.z and ~ under all the doses (Table 2). 

Estimates of heritability within the line were very high 
tor most of the traits, including seed yield in ~ generation 
of both the varieties at all doses. However, these estimates 
were moderate to very high under different doses in 1\ 
generation in both the varieties. The estimates of genetic 
advance of parental mean (%) were moderate to very high 
tor different lines under different doses in M'l and M, of 
both the varieties. These estimates were very high (>50%) 
tor seed yield under all the doses in M2 tor '.Tawala' mId 
high (>30%) for all the lines under all the doses in ~. The 
estimates of genetic advance for 'HPR 35' were also high 
tor all the lines for seed yield under all the doses in ~. A 
majority of the lines showed more than 100% genetic 
advance. In ~ of'HPR 35', very high genetic advance was 
observed tor all the lines Jbr seed yield under all the doses. 

Therefore it was concluded that selection within line 
would be more effective than between lines, and such a 
selection should be practised in generations from M3 onw~U'd 
as also reported by YOl1ezawa (1979). 
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Cauliflower [Brassica oleracea L. convar botrytis (L.) 
Aleb. var botrytis L.] is highly thermo-sensitive for curd 
inith~tion and development. Depending on the seasonal 
tetnperature, cauliflower is sown during May-November, 
which starts forming marketable curds trom September"":' 
November to March at a temperature of 1 0-27°C under north 
Indian conditions (ChatteIjee and Swamp 1983, Gill 1989, 
Lal 1993). The present study was taken up to breed a 
cauliflower variety suitable for May-June maturity when 
mean te~perature is 30-35°C. 

Available germp1asm of early cauliilower comprising 
63 genotypes was used, viz 'Early Kuwari', 'First Crop Ageti', 
'PusaEarly Synthetic', 'Pus a Katki', 'SeI23-7', 'SeI41-5', 
'Sel 98-4', 'Pusa Deepali', 'SeI97-4', 'SeI41', 'Se198-1', 
'Jawahar Moti', 'SellOO', 'Selll0', 'SeI99', 'Sel 96-4', 
'JM 92', 'Sel 819', 'Sel 824', 'Sel 9', 'SeI98-10', 'SeI5', 
'Se1820', 'Se198-T, 'SeIIO', 'Katiki Manoj', 'KW 1', 'KW 
2', 'Katiki Span', 'xx', 'vv', 'aa', 'Se135I', 'SeI113', 'Se1 
114', 'SeI328', ICC 12', cCC 13', 'CC 14', 'CC 15', 'Hissar 
1', 'Sel 327-14-8-3-1 " 'SeI327-14-8-3-2" '395 EE-I', '395 
EE-2', '754', '327-14-4-17'., '327-14-4-17-2', 'Pua1l:ea', 
'Katiki Jamun White" 'Sel 33-8', 'Kuwari Raj Beej', 
'Kanchan Kuwari', 'Sell'. 'Early.verma', 'Summer Sweet 
Heart', 'Phaguni Swam', '395-2', 'Early Market', 'Summer 
Deep', 'KD I', 'KD 2' and 'KD 7. It was sown at weekly 
intervals starting trom the first to fourth week of February 
during 1991 and 1992. Seedlings of each sowing at 5 weeks 
were transplanted in observational rows to work out the 
optimum sowing period and simultaneously identify 
promising genotypes. On the basis of better performance 
during 1991 and 1992, 15 genotypes including 'Pusa Early 
Synthetic' as the control were evaluated in a replicated trial 
during 1993 and 1994. The crop was sown on 16 February 
1993 and 25 February 1994 and transplanted on 30 March 
1993 all(~ 2 April 1994 respectively at a spacingof30 cm x 

45 cm. During both the years the experiment was laid out in 
randomized block design with 3 replications. Observations 

• Short note 
1.2 Senior Scientist, Division of Vegetable Crops 
3 Former Principal Scientist, 805, Phase. VI, Mohali, Punjab 

160 056 

were recorded on curd weight, yield/plot, ricey curds, harvest 
index, number of non -curding plan~,. buttons and leaves/plant. 
Colour and compactness of the curds were also studied. 

Twenty-six genotypes failed to produce marketable cur!is 
in any of the sowings in 1991 and 1992. This·can be attributed 
to the lower temperature requirement of these genotypes for 
curd initiation and development, which was absent during 
this period. Buttoning was observed in the remaining 37 
genotypes either before or after transplanting in the tlrst or 
second sowing in 1991, as also in 1992. The crop sown during 
third and fourth weeks of February and transplanted by the 
end of March or begining or April, when the average 
temperature was 16 and 21°C respectively, gave better 
performance. The curds were ready for harvesting either trom 
the end of :May or begining of June and continued till the end 
ofJune when the temperature was 30-3SoC; hence this may 
be the optimum sowing and transplanting time under north 
fudian plains. Sowing and transplanting atler this period 
resulted in poor curd quality, having bracts and late maturity; 
these curds were also prone to rotting caused by monsoon 
rains during July. Development of bracteate curds can be 
attributed to the available higher temperature after the curd 
initiation suitable tor vegetative growth (Nieu}Vhof 1969, 
Wiebe 1984, ChatteIjee 1986). 

All the enteries were superior to the control 'Pusa Early 
Synthetic' tor most of the characters (Table 1). 'Sel 23-7' 
wason top for yield (868 kglha) and low buttons (6.24%) but 
had cream-coloured curd, followed by 'Sel 98-4' and'Sel 
41-5' with white curds. The former was also superiormost 
for curd weight (276 g). All the 3 lines were at par for curd 
compactness, harvest index, ricey and non-curding plants. 
All the lines showed variation in maturity period; except 'Sel 
23-7', other genotypes showed a lot of variation in all the 
studied characters due to interaction of years. 'SeI98-4' and 
'Sel 41-5' also gave better pertormance tor September 
maturity in the last 3 years. 

To minimize disorders like riceyness, buttoning, bracting 
and non-curding plants, in-vitro clonal propagation (Kumar 
et al. 1994) of the selected plants in promising lines may be 
followed, since normal bolting, flowering and seed setting 
are not possible under prevailing high temperature and rainfall 
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Table 1 Mean perfOl1nance of cauliflower genotypes maturing in May-June (1993 and 1994) 

Genotype Yield Calculated Curd Harvest Non-curding Buttons Ricey Leaves/ Curd Curd 
(kg/plant) yield (kg/ha) weight (g) index plant (%) (%) curds (%) plants colour compactness 

'Se123-7' 8.68 8680 261.67 25.01 10.84 
'Se141-5' 6.50 6500 220.00 25.08 10040 
'Se198-4' 6.97 6970 276.67 27.82 14.39 
'Se133-8' 3.94 3940 267.50 24.41 27.67 
'SellO' 3.52 3520 260.00 22.25 33.50 
'SeI820-13' 2.43 2430 165.00 22.48 28.66 
'Sell13' 2.17 2170 140.00 20.61 19.72 
'SeI98-7' 4.99 4990 221.67 22.56 19.80 
'SeI754' 2.49 2490 221.67 27.09 37.83 
'SeI98-1 ' 6.73 6730 238.33 22.09 3.54 
'Se141 ' 5.59 5590 196.67 25.35 12.47 
'SeJ92' 3.63 3630 226.67 23.39 23.50 
'SeI98-1O' 5.71 5710 213.33 27.17 14.85 
'Sel 110' 2.29 2290 193.33 21.33 32.51 
'Pusa Early 1.50 1 500 175.00 18.13 32.27 

Synthetic' 
CD (P=O.05) 1.00 1000 27.70 3.83 11.48 

in this season. Hybrids or newer varieties can be bred 
involving these lines to achieve higher yields, uniform 
maturity and phmt type. The available superior genotypes 
c~m only be titted from August-December to March when 
the me~m temperature is less thal127°C (Gill 1989, Lal1993, 
Singh etal. 1994), Till better hybrids are evolved, 'Se123-T, 
'Sel 98-4' and 'ScI 41-5' may be considered for May-June 
maturity period (when average temperature is 30-34°C), as 
there is no genotype available for this temperature range and 
season. 
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A field experiment was conducted at Rajendranagar, 
Hyderabad, in rainy season (kharif) 1993 to study the 
pertormance ofnewly released hybrid 'DHM 107' of maize 
(Zea mays L.) in comparison with the control composite 
'Varon' at ditTerent levels of nitrogen. The experimental 
soil was sandy loam, with pH 7.6, electrical conductivity 
0.28 dS/m, lowin available N (271 kglha), low in phosphorus 
(8 kglha) and high in potassium (258 kglha). There were 10 
treatment combinations involving 5 levels of nitrogen (0, 
40,80, 120 and 160 kg/ha) and 2 genotypes (hybrid 'DHM 
107' and composite 'Varun '). The experiment was tested in 
split-plot design with N levels in main plots and genotypes 
in subplots, with 4 replications. The crop was sown on 6 
July 1993 adopting a inter-row spacing 60 cm and intra-row 
spacing 25 cm. The plot size was 6 m x 4 m. All the 
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experimental units received a uniform dose of26.2 kg P/ha 
and 33.3 kg K.Jha basal. N was applied as per treatment in 3 
equal splits, ie basal, at knee-high stage (24 days after 
sowing) and at pre-tasselling (44 days after sowing). The 
crop was harvested on 8 October 1993. 

Other recommended plant-production (weed-control) 
and plant-protection (pest-and- disease control) measures 
were adhered to. The total rainfall received during the 
experimental period was 388.7 mm in 26 rainy days. 

Application of 160 kg N/ha gave the highest grain yield 
but it was statistically at par with 120 kg N/ha and 
signiticantly superior to other N levels (Table 1). This trend 
could be traced to similar variation in growth and yield 
attributes under these treatments. Adequate supply of N 
might have helped the maize plants to increase their growth, 
which in turn put forth more photosynthetic surface and leaf­
area index (LAI), thus contributing more dry matter. 
Parthasarathy et al. (1984) repOlted that the LAl was the 
growth characteristic that limited the rate of dry-matter 
accumulation of maize under inadequate N supply. Improved 
vegetative structures (plant height, LAI and dry matter) 
favoured the early fonnation of reproductive structures, as 
evident from the advancement of silking under 120 and 160 

Table 1 Growth, yield attributes and yield of maize as influenced by nitrogen and genotypes 

Plant LAI Dry Days to Cobs/ Cob Grain Grain Cob Shelling Grain Halvest Protein 
Treatment height matter 50% plant length rows! weight/ weight (%) yield index content 

(em) (glplant) silking (cm) cob cob (g) (g) (kg/ha) (%) .(%) 
N(kg/ha) 

0 124.5 1.16 85.1 63.65 0.90 9.5 10.90 34.5 70.7 48.8 1675 19.6 9.65 
40 152.4 1.61 92.0 60.75 l.06 11.7 12.31 4l.2 78.3 52.6 2095 22.7 10.53 
80 167.0 1.67 106.4 58.25 1.11 13.8 13.52 53.4 89.2 59.8 3208 34.2 11.22 
120 179.3 1.70 119.4 55.75 1.13 15.7 14.75 68.8 97.5 70.5 4240 35.5 11.72 
160 179.6 1.72 122.9 55.25 1.13 15.8 15.80 68.8 97.6 70.5 4357 35.5 11.78 

SEm:l: 1.8 0.013 1.25 0.64 0.03 0.15 0.15 0.7 1.0 0.7 59 0.37 0.12 
CD(P==O.05) 5.4 . 0.040 3.76 1.97 0.08 0.46 0.45 2.2 3.0 2.2 180 1.15 0.38 

Genotype 
'DHMI07' 156.2 1.67 115.7 57.91 1.10 13.4 14.01 56.3 88.2 62.6 3452 29.1 11.24 
'Vanlll' 164.9 1.48 94.6 59.52 1.05 13.2 12.43 50.3 85.0 58.2 2778 28.3 10.73 

SEm:l: 1.11 om 0.7 0.35 0.02 0.11 0.10 0.42 0.65 0.44 36 0.21 (l.08 
CD(P=0.05) 3.35 0.04 2.2 1.06 NS . NS 0.32 1.26 1.96 1.34 110 0.62 0.23 

LA!, Leaf-area index 
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kg Nih a by 7.9 and 8.4 days respectively in comparison with 
the crop in no-N treatment (the control). Paradkar and Sharma 
(1993) reported similar tinding. The early set sink in 
conjunction with accumulated photosynthates might have 
been responsible tor cobs with greater size. Likewise the grain 
number was significantly high under 120 and 160 kg Nlha 
treatments. Theretore the higher grain number could be 
accounted for increased cob size. The higher test weight was 
associated with the crop under 120 and 160 kg N/ha in 
comparison with other levels. 

The result emphasizes the importance of adequate N 
supply tor the crop tor obtaining large-size cobs having more 
grains, with heavier and bold seeds that contribute to higher 
harvest indices and in tum higher grain yield. 

The cumulative effect of all these growth and yield 
components were reflected in maize yield, and the eiTect of 
adequate N supply wa~ well marked. Application of adequate 
N not only increased the yield but also improved the quality 
of grain, as evident trom the higher protein content in grain 
under 120 and 160 kg Nlha treatments. This is logical since 
N ionns the principal constituent of protein molecule (Swruny 
et al. 1989). 

Significant diiTerences in grain yield between 'DHM 
lOT and 'Varun' were noticed in the present study. The 
former gave significantly more yield than the latter, perhaps 
due to its higher genetic production potential. 

The shelling (%) and harvest index was also more in 
'DHM 107' when compared with 'Varun'. The superiority 
of former to the latter could also be due to its inherent 
efficient sink mechanism. The interaction between nitrogen 
x genotypes was found non-signit1cant. 
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Manganese has attained significance next to N, P and 2n 
in coarse-textured alkaline soils of Punjab, and its deficiency 
was observed in egyptian clover or berseem (Trifolium 
alexandrinum Juslen.) grown on such soils cropped with rice 
(Ol}'za sativa L.) tor more than 5 years (Takkar and Nayyar 
1981). The defIciency has resulted from leaching losses of 
Mn and on account of solubility during soil submergence for 
rice. Egyptian clover is a medium sensitive crop to Mn 
deficiency and is an important fodder crop of this region 
during winter season (rabi), giving highly nutritious and 
palatable fodder tor animals. Although the response of barley 
(Hordeum vulgare L.) and cereal crops to M.tl fertilization in 
such soils has been reponed (Nayyar et al. 1985, Bansal et 
al. 1987), no information is available 011 the Mil requirement 
of berseem grown in coarse-textured alkaline soils and its 
critical level; hence a study was conducted. 

Forty bulk soil samples, belonging to great group Typic 
Ustochrepts (0-15 cm), representing a range in DTPA­
extractableMJ1, were collected from Ludhiana. Each soil was 
air-dried and ground to pass through a 2 mm sieve. A 
greenhouse pot-culture experiment was conducted with 'BL 
I' bel'seem, as a test crop during winter season of 1993. In 
polyethylene-lined pot, 4 kg of each soil sample was tilled. 
Each soil was treated uniformly with a solution supplying 
25,32 and 5 mglkg soil of elemental N, P and 2n respectively. 
All the soils were adequate in Cu, Fe and B. Manganese in 
each soil was added @ 0, 20 and 40 mg/kg soil as MnS0

4
• 

H20 solution. There were 3 replicates. Twenty seeds were 
sown in each pot and were thinned to 10 ailer emergence. 
The soil was initially adjusted to approximately 60% of the 
saturation percentage moisture content and the pots were 
subsequently watered as and when required. 

The plants were harvested at 50 days by cutting at the 
soil surface. These were washed successively with 0.1 N HCI 
solution, rinsed with deionized water, dried at 70°C, and 
their weight was recorded. The samples were ground in a 
Wiley mill titted with stainless steel blades to pass through 
a 20-mesh sieve. The plant samples were wet washed with a 
triple acid mixture containing HNO , HCIO and H SO in 

3 4 2 4 

• Short note 
1,2 Senior Soil Chemist, Depru.1ment of Soils 

the ratio 9 : 3 : 1 as per procedure described by Piper (1966). 
Manganese in the soil t1ltrates l:U1d phmt extracts was 
measured by atomic-absorption spectrophotometery. 

Bray's yield (%) as well as Mn uptake were chosen to 
evaluate the parameter of Mn availability in the soil, 
calculated as: 

Yield or Mn uptake without Ml1 
x 100 

Yield ofMn uptake with optimum Mn 

The critical deiiCiency level ofMl1 in soil and plant was 
determined by the procedures of Cate and Nelson (1965, 
1971). 

TIle soils were coarse in texture, Is-s1; neutral to alkaline; 
pH 8.2-8.7; low to medium in org~mic carbon, 0.12-0.52%; 
non-calcareous; CaCO" 0.3-1.0%; low to medium in 
available P, 2.2-8.2 lUg/kg; and adequate in potassium, 62-
240 mg/kg. The soil-available Mn in the untreated soils was 
0.96-7.10 mg/kg soil. Consequently the dry-matter yield and 
Mn concentration in different soils varied greatly (Table I). 
In the soils containing 0.96, 1.14, 1.78, 1.86 and 2.58 mg 
Mn/kg soil, the plants in the control pots showed visible 
symptoms ofMn deficiency at 20 days of growth. The mid­
stem leaves showed grey to yellow mottling, leaving a small 
region around the margins and one-third area from the base 
that rermuned green. Later these spots spread on the entire 
leaf and developed pinkish brown buff colour, which 
coalesced to form necrotic lesions. 

The DTPA~extractable soil Mn was significantly 
correlated with Bray's dry-matter yield (%) (r = 0.80**), 
Bray's Mn uptake (%) (r = 0.90**) and dry-matter yield 
(r = 78**) as well as Mn content of plants (r = 0.88**) grown 
in the control treatments, indicating that the DTP A extractl:U1t 
was a good indicator ofsoil-Mn status. The critical deticiency 

, level ofDTPA-extractable Mn, calculated by the relationship 
between Bray's yield (%) and DTPA-tvIl1 by the graphical 
method of Cate and Nelson (1965), was 2.94 mg DTPA­
Mn/kg soil (Fig 1 left). Using the statistical model of Cate 
and Nelson (1971) the same critical value was found. 
Considering that a soil giving 85% maximum yield or more 
than that without Mn application is non-responsive to applied 
Mn, 82% soils containing 2.94 mg Mn/kg soil or less 
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_ "_". __ ._._ .. _____ .~~ble ~ ~ffe.ct of manganese applicatit)11 011 yield lUld conccntratio1l ofMn by her~ecm 
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D'IP A-exll'actablc DIy-matter yield (g/pot) at Bray's yield Mll cOl1centration (llg/g) at 
Mn (mg/kg soil) (%) -,-~---.-------. 

Omg 20mg 40 mg Omg 20mg 4llmg 
Mn/pot Mn/pot Mn/pot MIl/pClt Mll/pot Mn/pot 

_---
0.96 3.2 5.2 6.4 50 13.1 28.1 33.0 
1.10 4.3 7.8 7.3 55 15.3 24.7 26.7 
1.14 2.5 5.2 7.6 33 12.4 20.7 33.0 
1.36 4.3 5.0 6.5 66 9.3 15.2 20.9 
1.46 5.0 5.1 5.5 91 12.0 26.7 44.0 
1.60 5.0 6.6 6.4 76 14.0 32.0 37.3 
1.66 5.6 6.3 7.2 78 18.0 33.3 40.7 
1.78 3.7 6.5 7.0 53 10.3 16.3 27.3 
1.86 4.() 5.1 5.6 71 14.3 18.0 28.0 

1.90 5.6 7.n 6.8 80 22.0 27.0 37.0 

1.98 6.8 7.5 8.1 84 16.3 25.0 33.4 
2.04 5.1 6.2 6.3 81 13.0 23.0 29.0 
2.18 4.2 6.0 5.5 76 17.4 21.7 28.0 
2.20. 4.5 5.n 5.2 86 15.3 24.0 33.3 
2.28 5.3 5.8 7.2 74 13.8 20.7 25.0 

2.38 4.5 4.9 5.0 90 21.7 28.0 34.0 

2.54 5.1 6.1 7.2 71 18.0 26.7 36.7 

2.58 3.8 4.7 4.9 77 16.() 23.0 29.0 

2.60 4.5 5.0 6.1 74 17.7 31.0 37.0 

2,64 6.1 6.5 7.4 82 14,0 25,() 32.0 

2,114 5,4 6.1 6.2 87 20.7 24.0 31.0 

2.88 5.5 6.4 7.0 79 14.7 16.2 20.3 

3.DO 5.4 5.5 6,2 87 22.6 27.0 36.() 

3.10 5.5 5.7 5.9 93 28.0 34.0 38.0 

3.26 7,6 7.9 7.1 96 25.0 27.3 36.0 

3.34 5.3 6.0 7.3 73 23.8 38.0 41.0 

3.36 4,7 5.6 5.5 84 25.7 33,0 37.0 

3.62 5.7 5.8 6.6 86 25.7 33.0 40.0 

4.02 7.1 7.8 7,7 91 37,3 51.7 53.2 

4,24 6.0 6.5 6,9 87 20.3 29.3 36.0 

4.34 7.9 8.1 8.4 94 26.3 32.0 34.0 

4.86 5.6 5.8 5,8 96 24.3 32.0 35.0 

5.04 6.6 6,9 7.7 80 31.0 30.3 31.7 

5.20 6,7 6.8 7.0 96 26.0 . 28.0 30.0 

5.48 6.3 6.6 6.9 91 33.4 48.2 50.3 

5.52 8.0 8.4 8.2 95 25.3 28.() 29:0 

5.92 7.1 6.6 6.8 107 36.0 50.0 48.2 

6.18 6.0 6,2 5.8 104 35.3 36.3 37.0 

6.48 7.8 7.0 7.7 111 36.0 40,3 45.0 

7.10 11.2 11.1 9.5 118 42,0 44.3 46.0 

Means 5.6 6,4 6,7 21.7 28.2 33.8 

LSD (0.05) : DIy.matter yield, for 1vIn level = 0.5; manganese cone. for Mn level .. 4.0 

responded to Mn application, The response to Mn application DTPA-Mn for Entisol in predicting the response of wheat 

was observed in only 11 % soils containing more than 2.94 (Triticum aestivum L. emend. Fiori & Paol.) to :Mn. 

mg Mnlkg soil, thus indicating a 85% predictive value of Berseem responded signitlcantly to the application of 

the critical level established by DTPA method. Several 20 mg Mnlkg soil, testing 2,94 mg/kg DTPA-:Mn. Above 

workers have reported different critical values ofMn in the this level the responses were non-significant (Table 1). The 

soils and crops. Bansal et aZ. (1987) reported 2.05 mg/kg increase in the dry-matter yield over the control with Mn 
DTP A-extractable Mn for Ustipsamments and Ustifluvents fertilization in defIcient soils varied from 0.5 to 3,2 glpot with 

soils for barley (Hordeum vulgure L.), whereas a mean value of 1.8 g/pot, whereas in Mn·suftlcient soils the 

Gajendragadkar and Rathore (1988) reported 5.3 mg/kg . increase in dry-matter yield ranged frOln 0 to 2,0 glpot with a 
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Fig 1 Critical level ofMn in soil and plants ofberseem 

mean value of 0.5 g/pot. This indicates that in deticient soils Mn in coarse textured rice soils in India for predicting response 
the increase in yield was 3.4-fold more than in sufficient soils. of barley to Mn application. Fertilizer Research 11 : 61-7. 
Eighteen of the 22 det1cient soils responded to Mn Bottrill D E, Possingbam J V and Kriedesmann P E. 1979. TIle 
fertilization, and out ofthese soils sufticient in Mn only 2 effect of nutrient deficiencies on photosynthesis and respiration 
responded to Mn. In the Mn-deficient soils the mean dry- in spinach. Plant and Soil 32 : 424--38. 
matter yield in the control treatment was 4.7 g/pot, whereas Cate RB and Nelson LA. 1965. A rapid method of correlation of 
in sufficient soils it was 6.7 g/pot. This low dry-matter yield soil test analysis with plant response data. International Soil 
in the tormer might have resulted from the impaired Testing Series Technical Bulletin 1, North Carolina State 
photosynthesis, as Mn is involved in the Hill reaction activity University Experiment Station, Raleigh. 
(BottriU et al. 1979, Ohki 1982). Cate R B and Nelson LA. 1971. A simple statistical procedure for 

Mn application sharply increased the Mn concentration partitioning soil test cOlTelation data intL) two classes. 
of the plant in Mn-de±lcient soils, 2-fold on an average, at the Proceedings, Soil Science Society o.f America 35 : 658-60. 
hlghestrateofMnapplication. TherangeofMnconcentration Gajendragadkar GRand Rathore G S. 1988. Evaluation of 
in plants grmvn on deticient soils was 10.3-21. 7 j.!g/g, which extractants for predicting soil Mn availability and critical 

deficiency levels in Entisols. Journal of Indian Society o/Soi I increased to 15.3--40,7 I!g/g in Mn-treated pots. The increase 
. h ., h I fr' r' Science 36: 291-5. 
In t e Mn concentratlOn of t e p ant om Its app 1catlOo was Nable R 0, Bar-Akiva A and Loneragan J F. 1984. Functional 
more U'1.arked in the soils low in nati ve :Mn. manganese requirement and its use as a critical value for 

According to the graphical (Fig I right) and statistical diagnosis of manganese deficiency in subterranean clover 
methods of Cate and Nelson (1965, 1971), the critical (Trifoliumsubterralll!um L. cv Seaton Park). Annals o/Botany 
deticiency level ofMn in the plants at 50 days, below which 54 : 39-49. 

the response to Mn fertilization could be expected, was 19.0 Nayyar VK, Sadana US and Takkar P N. 1985. Methods and rates 
Jlglg dry matter. This critical level gave a predictive value of of application ofMn and its critical levels for wheat tbllowing 
90%. The Mn content in the plants grown in the control rice on coarse textured soils. Fertilizer Resem'ell 8: 173-8. 
treatments was also signiticantly correlated to both Bray's Ohki K. 1982. Soybean nitrate reductase activity and photosynthesis 
yield (%) (r = 0.75**) and Mn uptake (%) (r = 0.86**). related to manganese status detennined by plant analysis. 
Nable et al. (1984) determined a critical concentration of Proceedings 0/9th·International Plant Nutrition Colloqllillms, 
20 Jlg/g dry matter in young leafblade of subterranean clover held during 22-27 August at Warvick University, ConventIy, 
(Trifolium subterraneum 1.) from a close correlation with the USA, vol 2, pp 448-53. 
evolution of photosynthetic oxygen. Piper C S. 1966. Soil alldPlant Analysis. Hans Publishers, Bombay. 
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In addition to nitrogen, phosphorus and potassium, 
calciuIll, sulphur and zinc play signit1cant role in nutrition 
of ground nut (Arachis hypogaea L.). Allison (1985) reported 
benetlcial eifect of calcium application to the pegging zone 
at the first stage oftlowering. Sridhar et ai. (1985) reported 
that top-dressing of gypsum @ 500 kglha synchronizing with 
the first ±lowering is advantageous. The crop grO'WIl in red 
sandy loam soils also responds to zinc application. 
Application of zinc increases the nodulation, chlorophyll 
content and pod yield. In groundnut-growing soils, 30-35% 
area is deficient in secondary and micronutrients like S and 
2n. The present study was undertaken to tInd out the response 
of groundnut to calcium, sulphur and zinc in maximizing the 
yield. 

The field experiment was conducted at Jagtial during 
winter season of 1992-93 and 1993-94. The trial was laid 
out in randomized block design with 3 replications on red 
sandy loam soils. The soil hadpH 7.7, electrical conductivity 
0.17 dS/m, organic carbon 0.41 %, and organic matter 0.71%. 
The available N, pps and Kpwere 180, 7.92 and 105 kg! 
ha, respectively. The exchangeable calcium, available 
sulphur and extractable zinc were 3.25 C mole (p+) kg, 15 
ppm and 0.6 ppm respectively. There were 8 treatment 

• Short note 
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combinations, viz TI' soil application of ZnS0
4 

@ 25 kg! 
ha; T2, Tl + foliar application of ZnS0

4 
(0.2%); T

3
, foliar 

application of ZnS0
4 

(0.2%) 45 days afler sowing; T
4

, 

elemental sulphur 12.5 kg/ha at sowing + 12.5 kglha; T" 
gypsum @ 500 kgllla at sowing, band placement; T 6' gypsum 
@ 500 kglha at 35 days afler sowing in pegging zone; T

7
, 

gypsum @ 250 kglha, band placement at sowing + 250 kg! 
ha at 35 days after sowing; and Tg, only recommended dose 
(NlO P60 K40 the control). 

Nitrogen, phosphorus and potassium @ 30, 60 and 40 
kglha were applied through diammonium phosphate, urea 
and muriate of potash respectively. 'JL 24' groundnut was 
sown 011 19 October 1993 and 23 October 1994. The crop 
received 7 irrigations during both the years. All the 
recommended agronomic practices and plant-protection 
measures were followed. The calcium content in the soil was 
determined by Versanate (EDT A) titration method by using 
neutral nonnal ammonium acetate extractant (Jackson 1958). 
The available sulphur was extracted with 0.15% CaC1

2 
and 

estimated by turbidimetric method (Massoumi and 
Conmfield 1963). Standard methods were used tor other 
determinations. 

The result pertaining to pooled mean of pod yield, haulm 
yield, number of matured pods/plant, shelling and oil (%) 
(Table 1) showed that the mean pod and haulm yields (of 2 
years) differed significantly. Application of gypsum@ SOD 

Table 1 Effect of calcium, sulphur and zinc sulphate on pod yield, Mulm yield and other yield-contributing characters in groundnut (pooled 
mean data of 2 years) 

Treatment Pod yield 

Tl 
T 

2 

T3 
T4 
Ts 
T6 
T7 
Ts 

SEm:!: 
CD (P-=O.05) 

(kg/ha) 

1900 
2089 
I 839 
1807 
1926 
2178 
2085 
1 705 

89 
246 

Details of treatments are given in text 

Haulm yield 
(kg/ha) 

2172 
2334 
2138 
2155 
2194 
2550 
2482 
2070 

128 
353 

No. of matured 
pods/plant 

9.2 
9.5 
9.4 
9.1 
9.2 
9.7 
9.5 
8.4 
0.12 
0.35 

Shelling 
(%) 

66.7 
68.4 
66.2 
65.0 
66.1 
70.2 
67.0 
61.5 

1.2 
3.4 

Oil 
(%) 

46.8 
47.1 
46.3 
47.8 
47.1 
48.5 
48.1 
45.7 
0.7 
2.1 
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kg/ha at 35 days after sowing at pegging zone (T6) recorded 
significantly higher pod (2 178 kglha) and haulm yields 
(2 550 kg/ha), followed by soil application of zinc sulphate 
@ 25 kglha +foliar application of 0.2% zinc sulphate at 45 
days after sowing, giving 2 089 kgtba pod yield and 2 334 
kg/ha haulm yield. There was 28% increase in pod yield 
with T 6 compared with the control. Agasimani and Hosmani 
(1990) reported similar result. The increase in yield due to 
application of gypsum at pegging zone might be due to 
increase in availability of calcuim in the root zone for better 
development of pegs. Allison (1985) also reported beneficial 
effect of the application of calcium to the pegging zone at 
first stage of t1owering. 

As the experimental site is deficient in zinc status, the 
zinc application might have increased the pod yield under 
T

2
• The increase in pod yield may primarily be attributed to 

increase in shelling (%) and number ofpod<;/plant. TheresuIt 
contirms that of Radder and Biradar (1973). 

Mean number of pods/plant were significantly higher 
under T6 (9.7/plant), followed by T7 (9.5/plant) and T2 (9.5/ 
plant). The added advantage of top-dressing of gypsum might 
be due to the increased availability of calcium and sulphur 
in the fruiting zone, when it is most needed for proper pod 
tilling (Sridhar et al. 1985). 

Signiticant higher shelling (%) was realized with 
T

6
(70.2%), toll owed byT

2
(68,4%) and T

7
(67.0%). 

Treatment T6 recorded significantly higher oil content 
(48.5%) than the control. All the treatments produced 

significantly higher oil (%) compared with the control, except 
T

j
• Oil content in the kernels increased with S application 

(through elemental S, 2nS0
4 

and gypsum), due to higher 
conversion of carbohydrates to oil under the int1uence of 
increasing level of S (Misra and Singh 1987). 
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Application of organic materials to the soil will improve 
the hydro-physical environment and fertility level of the soil 
and sustain crop productivity level (Wani et al. 1994). 
However, due to paucity of organic sources to meet the total 
nutrient requirement of the crops, their integrated use with 
inorganic sources is desirable. In the subhumid zone oflndia, 
information on improvement of soil-fertility status and yield 
sustainability through integrated nutrient management is 
inadequately documented. Keeping these points in view a 
tleld experment was conducted to evaluate the change in soil­
fertility status lmd sustainable-yield index of rice (OIJlza sativa 
L.)-Lentil (Lens culinaris Medikus) cropping sequence 
through sole and conjunctive:use of organic and inorganic 
nutrient sources under dryland conditioll. 

A fIeld experment was conducted during 1986-87 to 
1993-94 at the research farm ofthe university at Varanasi. 
The soil was tine loamy mixed hyperthermic UdiC-u~1ochrept. 
The surface (0-15 cm) soil had sand 15.21 %, silt 22.37%, 
clay 62.42%, bulk density 1.42 Mg/m3, pH 7.7, electrical 
conductivity 0.11 dS/m, organic carbon 2.77 g/kg soil, and 
total N, P and K respectively 1.31, 0.25 and 4.16 g kg/soil. 
Plant nutrients were applied through inorganic, orgtUlic and 
conjunctive usc of inorganie and organic sotirces. The 
treatments were: T

I
, the control, ie no applicatioll ofnutrient 

source; T2• application ofrccol11mcndcd inorganic fertilizer 
@ 80 kg N/ha, 40 kg P/ha and 30 kg Klha (Nsl 40K30); T", 
50% of T2 (N4l2oKI5); T4, sole application of wheat straw 
@ 5 Mg/haj T5• sole applkation of farmyard manure @ 
5 Mg/ha; Tr,. T" + T4 ; T7• T" + Ts; Ta, only 20 kg N/ha 
(farmer's practice). These 8 treatments were laid out in 
randomized block design with 3 replications each. The 
treatments were applied only during the rainy season before 
sowing rice. The organic materials were incorporated 15 
days earlier thml the date of sowing the rice seed. Rice 
('Akashi') <Uld lentil ('PL 72') were taken as the test crops. 
Soil pH, electrical conductivity, organic carbon and the total 
nitrogen, phosphorus lllld potassium contents were estimated 

• Short note 
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after completion of 1993-94 crop year, by following the 
standard methods (Pa.ge.et al. 1982). Grain yield was 
recorded at the end of each 'croppiqg in rainy and winter 
seasOlls (kharifand rabO each year. Sustainable yield indexes 
as (SYI) of individual crop as well as of the total sequence 
were analysed by following the equation proposed by Singh 
et al. (1990) as: 

... (1 ) 

where Y, the estimated average yield during 1986-87 to 
1993-94; cr, its estimated standard deviation,' and Y 

ma.'C:' 
observed maximum grain yield. . 

During the course of the experimen,ation s9le 
application of wheat straw and farmyard manure (T

4 
imdTs) 

decreased the soil pH respectively to 6.5 and 6.6 compared 
with the initial status (6.7) ofthe soil (Table 1). The release 
of organic acids by these sources could be responsible for 
the decrease in soil pH value. Conjunctive use of inorganic 
fertilizer along with the organic one led to an increase (6.6-
6.8) in soil pH value compared with the application of the 
nutrients either through the sole· application of organic or 
inorganic source. Conjunctive use of both organic and 
inorganic sources decreased the concentration of released 
organic acids as well as hydrogen-ion concentration· in the 
soil solution and thus was resopohsible for higherpH vaJ.ue 
under T6 and T7 treatments compared' with T~, T4 or Tr 
Electrical. conductivity depends on the concentration of 
different bases ill.the soil solution. Incorporation of organic 
sources helps addition of cations like K+, Na+, Ca2+ and Mg21. 

(Sarkar etal. 1989). Therefore electrical conductivity values 
under sole and conjunctive use of organic sources (T4' Ts. TQ 
I:md T 7) were notably higher compared with the initial status 
of the soil. Conjunctive or sole application of or gallic materials 
as nutrient sources increased the level of organic carbon ill 
the soil by 6.8 under T4 to 14.4% under Ts than the inital 
status. Continuous applicatiol1 of inorganic fertilizer decreased 
the soil C : N ratio and also imprOVed the activity of the micro­
orgmlisms responsible for nitrogen mineralization (Sarkar and 
Rathore 1992). As a result there was a decrease in organic 
carbon status by 19.4 and 11.9% respectively under T] and 
T 2 treatments compared with the initial status. Application of 
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Table 1 Change in soil-fertility status in relation to integrated nutrient management 

Treatment pH Electrical Total nutrient (g/kg) 
conductivity 

(ds/m3
) OrganicC N p K 

T, 
T2 
Tl 
T4 
Ts 
T6 
T, 
Ts 

LSD (P=O.Ol) 
CV(%) 

6.1 
6.0 
6.2 
6.5 
6.6 
6.6 
6.8 
6.9 
0.2 
3.39 

Details oftreatmcnts are given in text 

0.09 
0.065 
0.055 
0.1 
0.145 
0.105 
0.14 
0.09 
0.009 
8.53 

organic material helped in addition of organic forms of 
nitrogen, phosphorus and potassium to the soil.The organic 
fonn ofN is available to the plant only through mineralization. 
Under dryland condition the rate of mineralization is also 
slow. Therefore the total N status increased in the soil. 
Similarly, total P content of the soil also increased under T

4
, 

Tj , T6 and T7 • Field crops mostly consumed more K1Tom the 
soil. Besides, this addition of organic materials increased the 
value of cation exchange capacity of the loamy soil. These 2 
factors independently (as with Tj and T

7
) or collectively (as 

with T4 and T
6

) are responsible tor higher K concentration in 
the soil under these 4 treatments compared with the initial 
status. Addition of inorganic fertilizer for 7 years did not have 
any effect on total soil- nitrogen status but improved the total 
P status marginally and decreased the total K status of the 
experimental soil. Cultivation of rice and lentil in a sequence 
without the application of nutrients made no significant 
change in the chemical properties of the soil. 

The mean grain yield of rice (Table 2) was the highest 
under Tz, where the nutrient sourc'e was recommended 
fertilizer dose (N8l40~O)' This was closely followed (3.2% 
less) by T 7l where farmyard manure along with 50% of the 
recommended inorganic fertilizers were applied to the soil. 
In the first year (1986-87) the gap in yield of rice between 
T2 and T7 was wider (9.1 %), which subsequently nan'owed 
down with the continuation of the experimental trial. In the 
seventh year (1993-94), however, T, gave 2.8% more grain 
yield of rice than T2• Grain yield of rice was at a moderate 
level With application of nutrients either through organic 
source, ie farmyard manure (Ts) or half the recommended 
(N4l20K1S) fertilizer dose (T;, Table 2). Sole application of 
undecomposed organic materials like wheat straw (T4) 
increased the period of immobilization, particularly under 
dryland condition, decreasing the mean yield of rice (0.872 
Mg/ha). Addition of N4l20Kl.l as inorganic fertilizer (T6) 
increased the rice-grain yield to 1.164 Mglha, which was 
33.5% higher than that of T

4
• A slow and steady nutrient­

release pattern under T7, was responsible tor higher residual 
nutrient status of the soil after harvesting rice. As a result, the 

2.77 
2.73 
2.46 
3.06 
3.11 
2.96 
3.02 
2.68 
0.13 
4.00 

1.26 0.17 3.87 
1.30 0.23 4'()6 

1.29 0.21 4.23 
1.71 0.34 6.94 
1.58 0.29 5.88 
1.65 0.3 6.14 
1.54 0.26 5.56 
1.28 0.19 4.12 
0.05 0.03 0.16 
3.68 10.30 2.77 

Table 2 Mean grain yield in rice-lentil cropping sequence as 
influenced by integrated nutrient management 

Treatment Mean grain yield (mg/ha) 

Rice Lentil Total 

T, 0.761 0.656 1.417 

T2 1.488 0.912 2.4 
T3 1.126 0.804 1.93 
T4 0.872 0.718 1.59 
Ts 1.17 0.968 2.138 
T6 1.164 0.826 1.99 
T7 1.439 1.141 2.58 
T8 1.017 0.673 1.69 

LSD (P=O.OI) 0.103 0.097 0.184 
CV(%) 6.71 7.52 8.38 

Details of treatments are given in text 

magnitude of lentil-grain yield was highest under T7 in all 
the years. Tj gave the second highest yield, and it was 5.8% 
more than that of ,N8l40~O' The grain yield oflentil under 
the sale application of wheat straw (T4) was even better than 
that of the control, when compared with that of rice. The total 
grain yield was highest under T7 in the rice-lentil cropping 
sequence under dryland farming (Table 2). Sale application 
of farmyard manure was also useful as per the total yield of 
the component crops. Application of wheat straw along with 
N4l20Kl.I gave moderate yield ofthe cropping system. 

The highest result in terms of sustainable yield index 
(Fig 1) in the rice-lentil cropping sequence was attained by 
the sole application of decomposed organic material, ie 
farmyard manure (T5) as the nutrient source in the tIne ID~mlY 
mixed hyperthennic Udicustochrept of the subhumid zone 
of eastern Uttar Pradesh. This was closely ibllowed by T7 
(Fig 1). The recommended (T

2
) as well as lower dose of 

inorganic fertlizer (T3) and sources (T
B
) resulted in moderate 

degree of sustainable yield index. The magnitude of 
sustainable yield index was lowest when undecomposed 
organic materials (T4) were solely applied to the soil, whereas 
addition of N4l20K1S as the inorgMic fertilizer along with it 
increased the sustainable yield index by 11.5% (Fig 1). 
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Fig 1 Effect of integrated nutrient management on sustainable yield index in rice-lentil sequence 

It can be concluded that application of farmyard manure 
with or without the inorganic fertilizer helps improve the soil ~ 
fertility status and gives higher yield potential andbetteryield 
sustainability in the rice-lentil cropping system under dryland 
farming in the subhumid zone of eastern Uttar Pradesh. 
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Soil Organisms and Litter Decomposition in tl!e Tropics. 1996. Reddy M V. Oxford & IBH Publishing Co 
Pvt. Ltd, 66 Janpath, New Delhi 110 001. i-xi + 274 pp. 23.6 em x 15.3 cm. Rs 750. ISBN 81-204-0999-X. 

Two m~or concerns recorded at the International Crop 
Science Congress, Iowa, the USA, on the future of global 
agriculture, especially of developing countries, are the 
decreasing soil fertility and diminishing natural resource base 
(soil, water and biodiversity). As this is largely due to greed­
based and energy-intensive agriculture, the US Food Security 
Act of 1984 initiated alternative agriculture with reduction in 
the use of chemicals for agriculture, with a fresh look towards 
biology and ecology ofthe soil as primary and soil chemistry 
as secondary factor. This is gaining momentum allover the 
world despite ways and policies adopted to promote fertilizer 
and pesticide use beyond imperative and economic levels. It 
is in this context that the book Illider review otlers a timely 
and effective combination of eco-biology of the soil and its 
agronomic fIeld management. . 

The text of 12 chapters covers the di1Ierellt areas of 
research of each component of soil life from bacteria to 
Mollusca, with its functional role of litter decomposition 
and nutrient dynamics related to soil fertility. Each chapter 
is a contribution ofaspecialist on the subject, and the editor's 
job was executed with care and devotion. 

The introductory chapter elucidates the role of soil 
organisms on physical properties ofthe soil, and biological 
activity with special reference to complex and integrated 
system of nutrient dynamics. The review on the role of 
bacteria and actinomycetes by Dr Martin Wood and of fungi 
by Dr Sharma and others. in litter decomposition merits 
attention. This life component is the most prolifIc in number 
and the biochemical versatility as intluenced by seasonal 
changes and management practices is decribed in detail. 
Special reference to calculation of nitrogen budget where a 
large amount of nitrogen is miheralized by bacteria (p 26) 
seems appropriate. Six chapters (in 8 pp) devoted to the role 
of different invertebrate groups from Protozoa to Mollusca 
in litter decomposition is the precious part of the text, as this 
is always the most neglected aspect of decomposition. The 
work of nematodes in close associatioq ~th other organisms, 

dead and alive, is so great that only a few can realize that if 
they all qisappear the life on earth would be disastrous (p 74). 

The role oftropical earthwonns in litter decomposition 
is widely recognized recently as more important in the final 
stages of decomposition process (mixture of soil with humus 
fraction) than in the litter system. The role of arthropods 
presented by the editor on the structure, int1uence of moistrue 
and rainfall, temperature andpH on their bioactivity provides 
detailed intormation, with emphasis on energy relationship 
and role in mineralization. The research needs in this area are 
identitled tor furture work. This chapter is noteworthy, as on 
it rests heavily the furture of management of soil biology and 
related fertility. 

On the role of Mollusca the review claritIes the indirect 
effect of this group on the associatedmicroflora on nutrient 
mineralization. 

The concluding chapters on the management of tropical 
ecosystems and the future studies on soil fertility with results 
of case study at the International Institute of Tropical 
Agriculture abundantly support the recent rewarding trends 
toward the inevitable concem for disposal ofurball mld rural 
solid waste. 

The text is heavily packed with data and iniormation tor 
guidance to scientists, to orient their research programme to 
achieve the object of sustaining soil productivity. The 
vicissitude ofthe balance in soil~organic matter under tropics 
is well presented by Hans JelUlY (the USA). Hence the use of 
organic manures aiong with inorganics is necessary under 
the accelerated demographic pressure and economic activities. 
The book is well produced and is a valuable addition to 
agricultural scientists as well as biologists in promotion of . 
sustainable agriculture. 

A SANKARAM 

10 V K Iyer Av, Luz Church Road 
Chennai 600 004 
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Global Silk Scenario - 2001: Proceedings of the International Conference on Sericulture--94. 1996. Brought 
out by Central Silk Board and Swiss Development Corporation, and published by Oxtord & IBH Publishing 
Co. Pvt. Ltd, 66 Janpath, New Delhi 110001. xvi + 522 pp. 24.50 cm X 16.25 cm. Rs 250. ISBN 81-204-
1052-1. 

The International Conference on Global Silk Scenario-
2001, conducted at Mysore during 25-29 October 1994, is 
no doubt a noble attempt to make an assessment of silk 
situation at present and in the future. The conference was 
well attended with participation by 27 foreign delegates and 
184 Indian experts including some administrators. In all, 61 
papers were contributed including many original 
contributions. 

The conference was organized under 5 major sections, 
viz (i) changing pattern in international demand tor silk and 
silk goods, (ii) production strategies in the changing 
environment, (iii) strategies tor technologyupgradation, (iv) 
role of non-government sectors in sericulture development, 
and (v) international co-operation among silk producing 
processing and consuming countries. 

The present book is the proceeding of the conference, 
which, though may not directly benefit the sericulture farming 
community, will be a useful acquistion for libraries and 
academic insititutes and especially those interested in silk 
development, the students and extension workers as a 
reference book. 

In this proceeding many useful general 
recommendations were made, with emphasis on need to 
improve the quality ofIndian silk, and expectations from the 
corporate sector to step up the production of quality bivoltine 
silk. Currently 14 000 million tonnes raw silk is being 
produced in India, and nearly 50% of this quantity is being 

imported as bivoltine silk. Switching over to bivoltine si,lk 
production would involve improvement in both quality and 
productivity. 

The corporate sector, however, has some limitations. 
Even at a higher productivity of! 00-120 kglha bivoltine siI14 
8-10 ha of irrigated land is required to produce 1 tonne 
bivoltine raw silk with all the necessary inputs required tor 
rearing the worms to produce high -quality bivol tine cocoons. 
Ifthe country is short by 6 000-7 000 tonnes high~qua1ity 
bivoltine silk today, the corporate sector should immediately 
develop 60 000 ha ofmulberry-sericulture under irrigation, 
which is not an easy task in view ofits current slow progress. 
Currently 400--500 tonnes bivoltine silk and more than 2 500 
tonnes bivoltine cocoons (pure cocoons and not hybrids) are 
being produced for preparing multi x bivoltine cross~bred 
layings. 

Therefore the correct strategy would be to encourage 
the sericulture farmers to give up the rearing ofrnultivoltine 
cross-bred layings and take to bivoltine hybrid layings 
through proper input servicing and effective extension 
methodology. 

The conference however did not spell out specific 
strategies to achieve the objectives in near future. 

DRAlAGOPAL 

Prof & Rd, Dep Apicult 
VAS, Bangalore 560 065 



ANNOUNCEMENT 

A National Symposium on Microbes in Plant Improvement and Environmental Protection is being 
planned to be held during 23-24 December 1997. For further information, please contact Dr Ved Pal Singh, 
Organising Secretary, Department of Botany, University of Delhi, Delhi 110 007. 

CORRIGENDUM 

The pagination of August 1997 issue (voI67, no. 8) of The Indian Journal oj Agricultural Sciences may be read 
pp 331-80, in place ofpp 287-336. 

~ Extremely Useful Books on Environment, Forestry & Horticulture ~ 

I. 

2. 

Drought-Prone India: Problems and Perspectives 
by Kathakali S Bagchi 
Ecological and Social Problems of Agroforestry 
by E S Pavlovsky 

3. Environmental Deterioration in India - Causes and Control 
by Gian Singh 

Rs 1000 per set of 2 volumes 

Rs 200 

Rs 300 
4. Planning and Management of Natural and Human Resources in the Mountains: 

A Micro Level Approach With Special Reference to Central Himalaya 
by S L Shah 

5. PopUlation Explosion: A Contemporary Concern by Arti Laroia 
6. Wasteland Development by S P Singh 

~Iease send your orders 
For Mint Fresh Copies: and Write for Complete Catalogue to: 

Rs 200 
Rs 100 
Rs 200 

AGRICOLE PUBLISHING ACADEMY 
208 DEFENCE COLONY FLYOVER, NEW DELHI 
Telephones: 469 4825 and 643 6800 

110 024 
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