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ABSTRACT 
A field experiment was conducted on a sandy loam soil at Indian Agricultural Research Institute, New Delhi 

during rainy (kharif) season of 2003 and 2004. The treatment combinations comprised two cropping systems 
[pearlmillet sole (50 cm row spacing) and pearlmillet paired row (30170 cm row spacing) + one row of mothbean] 
and three fertility levels (control, 40 kg N + 20 kg P20gha and 80 kg N + 40 kg P20,/ha) in main plots; and four 
moisture-conservation practices (no mulch, dust mulch + straw mulch, kaolin + straw mulch and farmyard ma- 
nure (FYM) Q 5 tlha + dust mulch + straw mulch) in subplots. Split-plot design was followed with three replica- 
tions. The planting of one row of mothbean between paired rows of pearlmillet proved superior to sole 
pearlmillet in respect of pearlmillet-equivalent.yield (29.60 qlha), water use and economics. Application of 80 kg 
N + 40 kg P,OJha as also FYM Q 5 tlha + dust mulch + straw mulch recorded significantly higher pearlmillet- 
equivalent yield, nutrient uptake, water use and economics compared with the rest of the treatments. 
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Indian agriculture is dominated by farming. Rainfed 
agriculture contributes to 42 per cent of the national 
foodgrain production, mainly through sorghum, millets 
and pulses. Therefore dryland areas are important for the 
economy of the country and will continue to be so in fu- 
ture. Agricultural land area is inelastic and hence enhance- 
ment of productivity is the only alternative. Hence special 
attention is needed to achieve the goal of increasing and 
stabilizing agricultural production in moisture deficit areas. 

Pearlmillet [Pennisetum glaucum (L.) R. Br. emend. 
Stuntz] is the fourth most important cereal after rice, 
wheat and maize in India. It is the staple food for millions 
of people in the semi-arid tropics. Pearlmillet survives in 
rainfed areas because of its drought escaping mechanism 
but still responds well to all inputs including fertilizers. Soil 
moisture is the most important factor for successful crop 
production in drylands. Use of organic manure as well as 
mid-season corrections through mulches, anti-transpirants 
and planting methods are effective in increasing the pro- 
ductivity and water use by pearlmillet. 

A good deal of research work has been done on 
mulches as well as anti-transpirants. Yet sufficient infor- 
mation is lacking regarding their efficiency in pearlmillet 
production under north Indian conditions. Therefore it 
was deemed desirable to investigate the effect of nutrient 

management and moisture-conservation practices on 
rainfed pearlmillet. 

MAERIALS AND METHODS 

The field experiment was conduced on a sandy loam 
soil at the research farm of the Division of Agronomy, 
Indian Agricultural Research Institute, New Delhi in two 
consecutive rainy (kharifl seasons (2003 and 2004). This 
location has a typical semi-arid and subtropical climate, 
characterized by hot, dry summer and cool winter. The 
soil was sandy loam (61.48% sand, 12.6% silt and 25.8% 
clay) with adequate internal drainage and was poor in or- 
ganic matter (0.40% organic carbon), medium in available 
nitrogen (251.0 kgha), phosphorus (16.4 kgka) and po- 
tassium (316 kgka), and neutral in soil reaction (pH 7.7). 
The rainfall received during the growing period (June to - 
October) was 810.3 mm in 2003 and 425.4 rnrn in 2004. 
Split-plot design was adopted with three replications. The 
treatment combinations comprised two cropping systems 
[pearlmillet sole (50 cm row spacing) and pearlmillet 
paired row (30170 cm row spacing) + one row of 
mothbean] and three fertility levels (control, 40 kg N + 20 
kg P20,ha and 80 kg N + 40 kg P20/ha) in main plots; 
and four moisture-conservation practices (no mulch, dust 
mulch + straw mulch, kaolin + straw mulch and FYM @ 
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5 tlha +dust much+straw mulch) in subplots. 
Fertilizers were drilled 8-10 cm below the 

surface in bands. All the fertilizers were applied 
as per treatment through urea and single super- 
phosphate, just before sowing. M M  was incor- 
porated in the plots after preparing lay-out as 
per treatment in both the years. Hybrid 'Pusa 
605' pearlmillet and 'RMO 40' variety of 
mothbean were used. The crops were sown on 
15 July 2003 and 31 July 2004. The pearlmillet 
seeds were sown @ 5 kglha by kera (dropping 
the seeds in furrow behind the plough). The 
spacing between row to row in sole pearlmillet 
was maintained at 50 cm, whereas in paired 
row sowing 30 cm apart, maintaining a distance 
of 70 cm between two pairs of rows. One row 
of mothbean was sown between two paired 
rows of pearlmillet. 

The first dust mulch was created at 25 days 
after sowing (DAS) and second at 40 DAS in 
both the years. Wheat straw @ 5 tlha was 
spread over the soil surface at 42 DAS accord- 
ing to treatment. Kaolin (6 per cent suspension) 
was sprayed as per treatment over the crop fo- 
liage at 50 DAS in both the years. 

RESULTS AND DISCUSSION 

Crop yield 
The cropping system did not influence the 

grain and stover yields of pearlmillet (Table I), 
perhaps due to the effect of constant level of 
plant population. Goswami et al. (2002) also 
reported similar results. 

Application of fertilizers (Table 1) signifi- 
cantly improved the grain and stover yields of 
pearlmillet as well as seed yield of mothbean 
compared with no fertilization. A dose of 80 kg 
N + 40 kg P20/ha recorded significantly higher 
grain (28.81 qlha) and stover (82.78 qlha) 
yields over the control (2 1.80 and 54.97 qlha re- 
spectively) and was on a par with that of 40 kg 
N + 20 kg P20,1ha. Similarly, this treatment also 
gave significantly higher grain yield of mothbean 
(1.67 qka) than the control. It could be attrib- 
uted to the availability of more amounts of N 
and P for better growth and development, which 
ultimately resulted in higher yield. Sharma and 
Gupta (2002) reported linear increase in the 
yield of millet with increase in the dose of N and 
P over the control. 

Grain and stover yields of pearlmillet as well 
as grain yield of mothbean were influenced re- 
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markably due to moisture-conservation practices (Table 
1). Anlong these, FYM @ 5 tlha + dust mulch + straw 
mulch recorded significantly higher grain (30.17 qha) and 
stover (86.51 qlha) yields, followed by Kaolin + straw 
mulch (27.11 and 74.69 qha), dust mulch + straw mulch 
(25.94 and 69.77 qha), and (minimum) no mulch (20.76 
and 55.93 qha) respectively. Similar results were also ob- 
served in seed yield of mothbean. The increased produc- 
tivity of grain and stover with moisture-conservation prac- 
tices was owing to the use of dust mulch and straw 
mulch, which helped extend the period of storage of wa- 
ter in soil profile due to reduction in evaporation; as Kaolin 
reduces transpirational loss of water and FYM increases 
water-holding capacity of soil. Jat and Gautarn (2001) re- 
ported similer results in pearlmillet. 

Nutrient uptake 
Cropping system had no marked influence on N and P 

uptake by grain as well as stover of pearlimillet, but the 
total uptake of N and P was significantly higher with sole 
crop compared with that of pearlmillet + mothbean inter- 
cropping system (Table 1). 

Application of 80 kg N + 40 kg P205ha  recorded sig- 
nificantly higher uptake of N and P by grain and stover as 
well as by total dry matter over the control and 40 kg N + 
20 kg P205ha, except in N uptake by grain, in which 80 
kg N + 40 kg P,O$a and 40 kg N + 20 kg +P205ha re- 
mained on a par with each other. This could be attributed 
to the fact that added nutrients increased the N and P 
content in grain and stover of pearlmillet, by providing 
balanced nutritional environment inside the plant and lugher 
photosynthetic efficiency, which favoured better growth 
and crop yield. Application of fertilizers significantly im- 
proved the protein content in grain compared with the 
control. 

Moisture-conservation practice markedly influenced the 
nitrogen and phosphorus uptake by grain and stover as 
well as total uptake and protein content in grain of 
pearlmillet (Table 1). The maximum uptake was recorded 
under FYM @ 51ha + dust mulch + straw mulch, fol- 
lowed by Kaolin + straw mulch, dust mulch + straw 
mulch and no mulch. This could be attributed to higher 
grain and stover yields, apparently due to increased avail- 
ability of water to the plants, as also reported by Yadav 
(2000). 

Pearlmillet-equivalent yield 
Cropping system owed measurable improvement in 

pearlmillet-equivalent yield (Table 1). Pearlmillet inter- 
cropped with mothbean recorded significantly higher 
equivalent yield (29.60 qha) than sole pearlmillet (26.60 ql 
ha). This was due to additional yield of mothbean and its 

higher price. Tetarwal and Nanwal (2002) also recorded 
similar observations. 

Application of 80 kg N + 40 kg P205ha recorded sig- 
nificantly higher pearlmillet-equivalent yield (3 1.40 qha) 
over the control (23.14 qlha), which was on a par with 
that of 40 kg N + 20 kg P205ha (Table I), probably due 
to increase in economic yields of both the components on 
nitrogen and phosphorus application. 

Various moisture-conservation practices showed re- 
markable improvement in pearlmillet-equivalent yield 
(Table I), the maximum being with FYM @ 5 t/ha + dust 
mulch + straw mulch (32.89 qha), followed by Kaolin + 
straw mulch (29.36 qha) and dust mulch + straw mulch 
(28.09 qha), and minimum with no mulch (22.08 qha). It 
might be due to significant increase in the yield of 
pearlmillet and mothbean. 

Soil-moisture use 
Water-use efficiency (WUE) in terms of pearlmillet- 

equivalent yield showed marked variation due to all the 
practices (Table 2). Pearlmillet paired row + one row of 
mothbean recorded higher WUE over sole crop. This 
might be due to higher grain yields of both the crops than 
the amount of water used for biomass production. Con- 
sumptive use and rate of moisture use were higher in the 
intercropping system than sole crop because both the 
crops absorbed more moisture during the crop period. 
Goswami et al. (2002) reported similar findings. In gen- 
eral, soil-moisture utilization by crops was maximum 
from the top soil layer (0-30 cm) than from 30-60 and 60- 
90 cm layers. The intercropping system depleted more 
moisture from deeper layers than pearlmillet sole. The 
moisture stress in upper (0-30 cm) soil profile might have 
compelled roots to go deeper in search of moisture. 

The highest WUE, consumptive use and rate of mois- 
ture use were recorded with 80 kg N + 40 kg P205/ha, 
followed by 40 kg N + 20 kg P205ha and the control. It 
might be because that increase in pearlmillet-equivalent 
yield was more than the corresponding increase in con- 
sumptive use of water due to fertility level. The increased 
activity, growth and proliferation of root system due to 
greater translocation of photosynthates to roots owing to 
balanced nutrition might have resulted in extraction of 
more moisture from deeper soil profile. 

FYM @ 5 t/ha + dust mulch + straw mulch treatment 
gave the highest average values of all the three moisture 
characteristics and lowest with no mulch. The increase in 
these parameters due to moisture-conservation practices 
could be attributed to vigorous crop growth, resulting 
from increased availability of soil moisture. Our results 
support the finding of Das and Gautam (2003) in 
pearlmillet. Soil-moisture depletion from 0-30 cm soil 
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layer was maximum with no mulch and lowest with 
FYM @ 5 tlha + dust mulch + straw mulch. However, 
the reverse was true in 30-60 and 60-90 cm soil layers, 
where maximum percentage of moisture was depleted 
with FYM @ 5 tlha + dust mulch + straw mulch,-fol- 
lowed by Kaolin + straw mulch, dust mulch + straw 
mulch and no mulch. 

Economics 
Pearlmillet + mothbean intercropping system fetched 

higher net return (Rs 8,375lha) as well as benefit : cost 
(B:C) ratio (0.87) over sole pearlmillet (Rs 7,477lha and 
0.83 respectively) on pooled mean basis (Table 2). This 
might be due to additional yield of mothbean and its higher 
price in the market. These findings are in close agreement 
with those of Ramulu and Gautam (1999). 

An increase in dose of nitrogen and phosphorus and 
moisture-conservation practices, increased the net returns 
(Table 2). Application of 80 kg N + 40 kg P20,/ha, being 
at par with 40 kg N + 20 kg P205,ha, recorded signifi- 
cantly higher net return (Rs 9,126ha) and B:C ratio (0.88) 
than the control. This might be due to significant increase 
in yield under this treatment over the control and low cost 
of treatment. 

Significantly higher net return (Rs 10,05l/ha) and B:C 
ratio (0.97) were recorded with FYM @ 5 tlha + dust 
mulch + straw mulch over the rest of the moisture- 

conservation practices. This might be due to significantly 
higher pearhlet-equivalent yield. 
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