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ABSTRACT

The review suggests improved management practices for the coastal saline soils. In the soils showing
poor waterransmission property, addition of amendments like sand, rice husk or rice straw ‘was found
beneficial to improve leaching under limited water availability. Presence of subsurface draing also helped
in increasing the leaching of salt¢ in silty clay-loam soil. To increase nitrogen-use efficiency of waterlogged
rice (Oryza sativa L.), volatilization loss could be effectively checked through its placement at 5 cm soil

" depth, Slower mineralization of organic nitrogen in saline soil and inadequate use of fertilizer nitrogen are
the other reasons for poor nutrition of the crop. Availability of phosphorus depends on the pH and salinity
of the soil, whereas potassium reserve in the soil is normally high, and therefore its application may be
avoided in most of the soils. In view of the rising energy cost and limited input availability, recycling of
organic wastes and use of renewable sources'of bio-fertilizers as an- integrated putrient“management
package prove useful for sustained production. Since imrigation water is scarce, additional surface resource
may be created by storing the excess minwater in monsoon in the dug-out pond in one-fifth of the farm
holdings formultiple cropping. Underground wateris under-utilized in coastal areas, and if properly utilized,
along with surface sources, 43,86 million ha (forming 50% of the total cultivated ares) may be brought
under irigation by 2010 AD. The coastal lands need protection against tidal inmmdation through protecsive
embankments, designed suitably, preferably brick-pitched, with 1 m free board above the high-tide lavel.
Planting of wind-breaks is useful in preventing wind erosion, particularly in areas having sand dunes. Excess
rainwaler in monsoon should be channclized through primary and secondary drains and let out through
one-way sluice gate, dosigned to meet the drainage coefficient of the catchment. The existing low cropping
intensity with generally only 1 crop of rainfed rice should be improved through mulli-tier cropping systents,
involving arable, horticultural, plantation and forest species along with improved soil, fertilizer and water
management for greater land nse ead increased productivity.

In India coastal region covers more Bengal, Orissa, Andhra Pradesh, Pondicherry
than 6 000km strip along the East Coast (West  and Tamil Nadn) and West Coast (Gujarat,
Maharashira, Karnatakaand Kerala), It also

Uprincipal Scientist (Soil Physics) and Offieer-incharge, OCCUDieS considérable area under Lakshad-
ZScientist Senior Scale (Soil Chemistry) weep in the Arabian seg and the Andaman and
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Nicobar group of islands in the Bay of Bengal.
Yadav et al. (1983) reporied that the coastal
saline soils are spread over 3.1 million ha,
comprising ‘'more’ than 30% of the total
salt-affected soils in India. This estimate in-
cludes 0,26 million ha of acid sulphate soils in
Kerala and the Andaman and Nicobar group
of islands (Singh et al. 1987), and 0.573 mil-
lion ha under mangrove vegetation.

The area gencrally lags much behind the
inland areas in terms of crop productivity,
mainly because of unfavourable climate and
the poor soil and hydrological conditions.

PROBLEMS OF COASTAL REGION |

Climate

The coastal region is characterized by
diverse ecosystems, having humid, subhumid
ot arid climate (CSSRI, Canning 1988). The
annual rainfall is high in the coastal areas of
Kerala, Andaman and Nicobar gronp of is-

lands and West Bengal (1 750-3.000 mmi) to .
very low in those of Saurashtra (650 mm) in -
‘Gujarat, Besides, its annual distribution is

wnimodal or bimodal, causing severe water-
logging to exireme moisture stress in the soil
during differcnt times in'a year. The typical

‘maritime climate of mild and short winter,

fairly high relative humidity, low sunshine
hours (3-7 hr daily) and high annual evapo-
transpiration (1 350-2 150 mm) are important
considerations influgncing the cropping pat-
tern and the method of cultivation. Cyclone,

particularly along the eastcoast, often dictates

the cultivation at a few vulnerabic places,

Physiography and soils :

Most of the coastal areas have problematic
soils, such as saline, alkaline,-acid sulphate,
and marshy and waterlogged soils, situated in

low-lying areas, mainly along the deltas. Soil
characteristics of this region vary widely,

depending on their physiographic - and
climatic conditions. They are mostly heavy

textured with salinity (electrical conductivity)
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0.5 dS/m in monsoon to 50 dS/m in summer.
Mostly NaCl followed by Naz2S804 are the
dominant soluble salts. However, in acid sul-
phate soils of Kerala and Andaman and
Nicobar group of islands Na2SO4 is the
dominant salt. Normally there is abundance of
cations in soluble salts in the order: Na> Mg
> Ca> K, Chloride is the predominant anion,
whereas bicarbonate occurs in traces and car-
bonate is absent. The soils in general are free
from sodicity, except in afew pockets of south
and west coast, where the sodium-absorption

" ratio exceeds 15 ang attains value as high as

40. Most of the soils along the coast are slight-
ly acidic to neutral or neutral to slightly
alkaline (Yadav et ql. 1983). Besides, there
are location-specific problems, viz sea-water
intrusion in unbunded low-lying areas, iron
toxicity in Orissa, impeded drainage in 0.36
million ha area in coastal Andhra Pradesh and
Tamil Nadu along the east coast as well as in
parts of Kerala and Gujarat along the west
coast, highly permeable sandy soils.in parts of
Gujarat, and highly leached low-fertility
lateritic ‘soils ‘with: severe erosion problem
along with undulating topography in some
parts of Maharashira, Goa, Karnataka and
Kerala (Kadrekar 1994, Subba Rao et al.
1994). Inafeéw pockets of Sundarbansin West
Bengal, subsurface soils show acidic layers
(Bandyopadhyay and Sarkar 1987). The

‘pyrites and other metal sulphides present.in

the reduced subsoils, when brought on to the

- surface, undergo oxidation and produce free

sulphuric acid, which imparts strong acidic

. character to the soil. Further, in a few areas
though the surface horizons are acidic, subsur-

face horizons still show the presence of free
calcium carbonate (Majier al. 1990). The soils
of Lakshadweep islands are essentially coral
sandy, calcareous and alkaline, whereas those
of the Andaman and Nicobar group of islands
are acidic, as well as low in organic mattér and
available phosphorus (Singh et al; 1988).
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In view of poor nitrogen recovery by the
crops due to heavy loss of the nutrient, par-
ticularly in saline and alkaline soils and also
in deep waterlogged areas, by volatilization,
leaching and run-off, fertilizer consumption is
usually low. Out of 132 districts in the coastal
states, 82 have fertilizer consumption of less
than 50 kg/ha and 36 even less than 25 kg/ha
(Dhar 1991).

Hydrology

Hydrology in the coastal areas is related
mainly torain-water management. Mostof the
area except north Gujarat is situated in humid
and subhumid tropical regions and is low-
lying with elevation of 4 m above the mean
sea-level to even below the sea level. As a
result, these areas suffer from (f) flooding by
the river waters because of limited carrying
capacities of river channels, having silted-up

beds with flat gradients, (ii) inundation with.

sea-water, as a major portion of the area may
be below the maximum high-tide level, (iif)

serious surface-water congestion during the -

monsoon due to lack of surface drainage and
outlets, (iv) ground water of high salinity, and
(v) lack of irrigation facilities, Thus flood

* control, adequate drainage, rain-water conser-
vation and ground-water utilization are the
different components requiring appropriate
attention (Rao 1991).

Cropping system : ‘
- The net sown area of the east coast plains
is 8.58 million ha, with a cropping intensity of

134%. The west coast has a net sown area of -

* 277 million ha, with a cropping intensity of
125% (Subba Rao ef al. 1994). Rice (Oryza
- sativa 1..)-based cropping system is by far the
most common in coastal areas, but the yield is
- much lower than in many countries, Mono or
multiple rice cultivation, in vogue in several
. areas, impairs soil fertility greatly, declining
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the productivity (Yadav 1994), Small size of
average -operational holdings, as found in
Kerala (0,36 ha) and West Bengal (0.92 ha),
requires farther change in the cropping sys-
tem. Research focus for a long time has been
on a single crop, and was not directed towards
multiple cropping to meet the requirement of
amixedsystem that the fatmer is interested in.

MANAGEMENT AND RECLAMATION
PRACTICES "

Soil management

Soil salinity is the main problem limiting
crop growth in the coastal saline belt. Since
the source of soil salinity is primarily the
ground water-table enriched with salis present
at shallow depth, the permanent reclamation
of land is difficult and expensive. It is there-
fore necessary to- reduce soil salinity to
improve crop productivity. Suitable soil- -
management practices are to be evolved for
successful crop cultivation. Under the condi-
tion of limited water availability, leaching of
salts in the fine silty clay-loam soils, charac-
terizing poor transmission property, with ad-

-~ dition of amendments like sand, tice husk or

rice straw, and its effect in crop. yield was
studied by Bandyopadhyay and Sén (1977)
and Sen and Bandyopadhyay (1984). The role
of spacing of 1.8 m deep open subsurface
drains in removal of salts from the profile of
asilty clay-loam soil was also stadied (CSSRI,
Canning 1988), showing leaching of 14 075
kg salt/ha at 15 m spacing. In 1964 (Talati
1971) .attempts were madé in Gujarat to
reclaim 240 ha coastal saline soils by leaching
in the presence of shallow drains 75 cm deep,
spaced 65 and 115 m apart, During the 2 'years
of ponding, the initial salt content of 4.7 ~
7.4% in the root zone decreased to 0.6 ~ 1.2%.
With adequate gvailability of water, con-
tinuous ponding ushder multiple rice cropping
proved useful in a silty ctay-loam soil, since
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salts were leached from the entire soil profile
up 1o 75 cm depth from an initial electrical
conductivity 10 dS/m to a final value of 3
dS/m (Bandyopadhyay and Scn 1977).

Fertilizer management

Nitrogen: Most of the coastal saline soils
are deficient in- nitrogen. Besides, lesser
- utilization' of nitrogenous fertilizer, min-
eralization of organic nitrogen in the soil
and thus the rclease of native soil nitrogen to
the plant in available form is very much slow
in the salt-affected soils due to decrease in
micrabial population and their activities at the
. high salinity level. Bandyopadhyay and Ban-
dyopadhyay (1983) revealed that the rate of
both mineralization and immobilization of
nitrogen in soil decreased considerably at
salinity of ECe 10'dS/m and above. The in-
creasing loss of nitrogen throngh NH3
volatilization from applied nitrogenous fer-
tilizer with increase in soil salinity was studied
by Sen and Bandyopadhyay (1987), wha fur-
ther showed that this loss conld be effectively
reduced through placement of fertilizers at 5
cm soil depth (Sen and Bandyopadhyay
- 1986),
Phosphorus: The level of phosphorus in

 the coastal saline soils is highly variable and.

depends greatly on the nature and degres of
salinity (Yadav 1980). The availability of soil
phosphorus largely depends on the pH of the

. soil developed after hydrolysis of the salt. The
.~ increase in soil pH on hydrolysis reduces the
. availability of soil phosphorus. Very little
-work has been done on the transformation and
availability of P to crops in coastal saline soils.
Potassium: The availability of potassium
depends largely on the parent materials, clay
minerals and weathering conditions, Tt also
depends on the nature and amount of salis in
~ the soil, Bandyopadhyay et al. (1985) reported
that the coastal saline soils are rich in water-
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soluble, exchangeable, non-exchangeable and
available K. ngh potassium-buffering
capacity PBCK ) and Gibb’s free energy (AF)
also indicate that the coastal saline soils have
high potassium-supplying capacity.

In a long-term.experiment conducted for
11 years, Bandyopadhyay ‘and Maji (1990)
observed that grain yield of crops in rice~
barley (Hordeum vulgare L. sensu lato) rota-
tion increased significantly only due to the
application of N, Application of P did notlead
toany significant increase in the yield of crops
in the initial 8 years, after which the yield of
barley alone increased. Available K content
was high in the soil. The result indicates that
a basal dose of 11 kg P/ha forrice and 5.5 kg
P/ha for barley or for similar upland crops
should maintain the fertility status of the soil,
whereas” K application may be omitted
without any detrimental effect on soil fertility
or crop yield. The K removal by the crop was
compensated by K added through salt ac-

_cumulation and release of non—exchéngeable

SOuICes.

‘Micronutrients: Very little work has been
domne on the role of micronutrients in coastal
salinc soils. The soils are generally rich in
micronutrients such as Fe, Mn, Zn, Cu, B and
Mo, Maji and Bandyopadhyay (1989, 1990)
revealed that the application of micronutrients
to crops like safflower (Carthamus tinctorius
L.) and rice either through soil application or
foliar spray may not be beneficial to the crops.
The coastal saline soils are subjected to great
change in the chemical environmentof the soil

-on submergence. Maji and Bandyopadhyay

(1992) further found that on submergence the

diethylene triamine pentaacetic acid extrac-

table Fe and Mn contents. of the soil increase’.
but Cu content decreases.

Alfernqtzve source; Use of green-manufe
crops like prickly sesban [Sesbania can-
nabina (Retz.) Pers,, syn S. aculeata Pers. var
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cannabina Baker] proved highly suitable for
saline alkali soils (Keating and Fisher 1985,
Evans and Rotar 1986). In favourable climate
with proper management these crops accumu-
late more than 100 kg N/ha, mostly through
biological N fixation, in 50-55 days, thereby
increasing the yield of the following rice crops
significantly. (Singh et al. 1991), Likewise,
application of green leaves of madre tree
[Gliricidia maculata (H.B. & X.) Stend.] @
10 tonnes/ha to the puddled soil before rice
transplanting gives yicld comparable to that
given by inorganic fertilizer N, P and K @
100, 50 and 50 kg/ha respectively (Chavan
and Dongale 1994). Buresh and De Datta
(1991), however, reported that N from
leguminous green- manure and its residue nor-
mally meets only partial requirement of N for
the following high-yielding rice variety, They
reported high loss of N under the anaerobic—-
aerohic soil cycles typical of legume~lowland
rice sequence, as well as higher production of
methane and nitrous oxide from the lowland
rice field. However, in view of the rising ener-
gy cost and limited input availability, recy-
cling of organic wastes and use of renewable
sources of bio-fertilizers, viz rhizobium cul-
tures for pulse or legume and blue-green algae
for waterlogged rice field, may play sig-
nificant role in terms of integrated nutrient
management for rice field (Kundu and Plllzu
1992) in coastal saline areas.

Water management
rrigation: In the east coast the areas sub-
. stantially irrigated are south coastal Andhra
Pradesh (56%), north coastal Tamil Nadu
{57%) and Thanjavur delta (86%). In the west
coast the extent of irrigation is much less,
‘except ‘the coastal districts of Kamataka
(33%) (Raman et al. 1988).
. Asa'significant portion of the river water
~is not chemically suitable for irrigation, and
~small and scattered land holdings generally

MANAGEMENT OF COASTAL SALINE SOIL

oceur in coastal areas, minor irrigation should
assume greater importance than major irriga-
tion in these areas, If all the surface and un-
derground water resources are folly utilized,
43 .86 million ha (50%) of total cultivated area
may be brought under irrigation by 2010 AD
(Raman ef al, 1988).

Out of the different sources for minor ir-
rigation, dug-out farm pond is particularly

‘relevant for marginal and small farmers in

coastal areas (CSSRI, Canning 1988). Ac-

cording 10 this method, irrigation resource

may be created within the farm by harvesting

excess rain-water and storing it in these ponds

excavated up 1o '3 m depth on one-fifth land
holding. The stored rain-water may be used to

raise a second irrigated crop, with water re-

quirement preferably not exceeding 15-20

cm. Even a third irrigated crop may be raised

with the remaining water on one-third area of

the land holding. It is estimated that even if
50% of the rain-water harvest is utilized, near-
ly 1 million ha-m irrigation soutce may be
created in the coastal belt by this method. For:
life-saving irrigation of crops, improved
(doruvu) technology (Rao 1991, Subba Rao et
al. 1994) may be used, in whlch seeped-in
water is collected in a conical pit, that may
occupy one-fifth 1and holdmg to ungatc the
rest.area.

Flood control and dramage leferent
aspects of flood control and drainage in coas-
tal areas have been discussed and improved
methods have been suggested (CSSRI, Can-
ning 1988, Rao 1991), The land should be
protected from tidal inundation through
protective embankments with 3 : 1slopeatthe
river-end and 2 : 1 slope in the country-end,
having 1 m free board above the high-tide
level. Brick-pitching of earthen embank-
ments, wherever possible, and planting of
wind breaks (Nanda and Rai 1979) in areas
having problems of cogstal sand dunes proved
useful. Excess rain-water, after retaining
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20-25 cm water onrice fields, should be chan-
nelized .through primary and secondary
drains, appropriately designed, and let out
through one-way properly designed sluice
gate, installed on the river banks or any other
suitable location, to meet the drainage coeffi-
cient for the area (Dhruvanarayana 1977, Rao
and Dhruvanarayana 1979).

Crop management

The existing cropping intensity in coastal
areas is low. The scope to increase the inten-
sity in a rice-oriented cropping system should
depend largely on the soil conditions and
water availability. Multi-tier cropping sys-
tems involving arable cropping, horticultural
and plantation crops, as well as agro-forestry
should be given greater attention for better

land use in these areas (Ghosh et al. 1991,

Yadav 1994).

. RESEARCH GAP AND FUTURE LINES OF WORK

Tt is necessary to prepare an inventory on
the fertility staws and waler resource of the -
coastal belt on which informations are not.

adequate. Location-specific researches are
warranted to. develop integrated nutrient-
management package, involving. inorganic—
organic-biofertilizer sources for sustainable
crop production. Acid sulphate soils should be
characterized in greater details, to help
develop appropriate and - location-specific
*_management for improved crop productivity
of: these - soils. Research is required for
developmg appropriate models on salt and
water dynamics in soil and suggest improved
water management in a giverl walershed.
Study is necessary to improve leaching ef-

ficiency of the heavy.textured soils under

limited water availability, It is necessary to
develop low-cost. irrigation technology with
higher efficiency. Additional water resources
through harvest of excess rain-water may be
created. Improved irrigation methods for con-
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junctive use of poor-quality water needs em-
phasis in future. For drainage and flood con-
trol, location-specific designs should be
developed on a long-term perspective. Little
attention has been paid in the past to meet
these challenges scientifically. It is also im-
portant to develop contingency plans with the
help of advanced telecommunication facilities
to avoid cyclone and flood damage in sensi-
tive areas, The feasibility of alternative land
use with multi-tier cropping system has to be
developed. Improved high-yielding lines with
higher tolerance to galinity and moisture stress
should be adopted. The future breeding
strategies for rice (Siddiq 1994) in the coastal
areas should concentrate on consolidation of
already achieved yield gains in the irrigated
ecosystem, evolution of better varieties under

. rainfed. ecology, development of genotypes

with higher genetic yield ceiling under ir-
rigated and shallow lowland conditions, and
anticipatory breeding to meet lhe impact of
changing global chmatz ‘
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ABSTRACT

An experiment was.conducted during the winter seasons of 1987-90 o study the effect of irrigation and
foliar spray of nutrients on growth and yield of “H 208’ gram (Cicer arietinum L.). Irrigation at branching
and pod-filling stages along with foliar application of 2% urea at 50% flowering gave the highest seed yield
(1.7 1onnes/ha), the N, P and K uptake and water-nse efficiency compared with otherireatment combinations
of foliar application (2% triple superphosphate, 2% potassium sulphate, water spray and no spray) and
irrigation (no irrigation, 1 irrigation at branching, 1 irrigation at pod-filling stage and 2 irrigations at the

branching and pod-filling stages).

The average yield of gram or chickpea
. (Cicer arietinum L.) is very low (741 kg/ha),
‘because it is grown mostly unirrigated with no
fertilizer (Prabhakar and Saraf 1991). It
responds positively to the application of both
fertilizer and irrigation (Singh et al. 1980,
Sharma and Bhargava 1981, Raghu and
Choubey '1983). Foliar application of nutri-
ents can play a greater role in rainfed gram at
. the time of acute soil-moisture stress, when
there is restricted nutrient uptake due to con-
tinuous dry spell. Since no work has been done
on this aspect in this plateau region, an

experiment was conducted to study the effect -

of nutrients on growth and seed yield of gram.

MATERIALS AND METHODS
The field experiment was conducted with

*H 208’ gram at Ranchi during winter seasons:

0f1987-88 10198990, with 4 levels of irriga-

Junior Scientist-cam-Assistant

L, Professor,
Professor, Department of Agronomy

tion (11, no irrigation; Iz, 1 irrigation at branch-
ing; Is, 1. irrigation at pod-filling; 14, 2 irrj-
gations, 1 each at branching and pod-filling); -
and 5 of nutrient spray (1, 2% urea, F2, 2% -
triple superphosphate; F3, 2% potassium sul-
phate; F4, water spray; and Fs, no spray). The
treatments were replicated thrice in split plots.
The soil was sandy loam, poor in available N
(220 kg/ha) and P (25 kg/ha) and moderate in
K (174 kg/a), with pH 6.1. Recommended
dose of fertilizer N, P and K @ 20, 17.6 and
16.8 kg/ha respectively was applied in fur- -
rows. at the time of seeding through urea,
single superphosphate and muriate of potash.
The seed was treated with Rhizobium culture,

-The crop was sown in rows 30 cm apart on 30
. October; 8 November and 5 November during

1987-88, 1988~89 and 198990 respectively,

‘The seed rate was 75 kg/ha, Measured quan-
tity of water (6 cm) was delivered. to each

experimental plot. Water-use efficiency was
calculated as yield per unit per centimetre
water used. Nutrient spray was given as per

219



SRIVASTAVA AND SRIVASTAVA

reatments at 50% flawering of gram crop.
The N, P and K content in seed and straw was
analysed by the method of Jackson (1973).
The total rainfalls received during the crop
period were 9.0, 17.0 and 122.2 mm during
198788, 1988-89 and 1989~90 respectively.
In the crop-growing period of 1987-88 there
was no rain during the meteorological weeks
40-1 and 3-6. Only 1 effective rainfall (9.0

mm) was reccived during the meteorological -

week 2. The maximum temperature was 21.2—
30.9°, and the minimum 5.6-19.8°C. The
average relative humidity was 53-82. In
1988-R9 there was no rain during the
meteorological weeks41-47,49--52 and 1-6.
Only 2 effective rainfalls (12,6 and 4.4 mm)
were received during meteorological weeks
40 and 1, The maximum temperalure was
21,2-29.4°C, and the minimum 5.6-20.2°C.
The average relative humidity was 53-82, In
'1989-90 there was no rain during the
meteoralogical weeks 42-47,49-51 and 1-6.

[Vol 64, No. 4

Only 4 effective rainfalls (48.7, 7.0, 30.8 and
35.7 mm) were received during the
meteorological weeks 40, 41,48 and 52, The
maximum gemperature was 19.8~30.4°C, and
the minimum 6.1-21,3°C. The average rela-
tive humidity was 45-80.

RESULTS AND DISCUSSION

Growth and yield attributes

Effect of irrigation: The valaes of all the
growth and yield attributes were significantly
higher at 2 irrigations applied at flowering and

- pod-filling stages of gram (Table 1). Irriga-

tions also influenced the rooting pattern of the
crop. The maximum horizontal spread of root
(10.8 cm) was recorded with 2 itrigations, and
the maximum vertical length of root (16.0cm)
in the control treatment (no irrigation), .
Effect of nutrient spray: The values of all
the growth and yield attributes were sig-
nificanily higher at 2% foliar spray of urea
applied at: 50% flowering stage (Table 1).

Table1 = Growh, yield-auributing characters and seed yield of gram as influenced by irrigation and nutrient spray
(mean data of 3 years)
Treatment Plnt'  Branches/,  Pods/  1000- Root (cm) Seed . WUE
height plant plant grain orizonta ertical yield (kgtha/
{cm) ‘ weight (g)  'spread length (kg/ha) cm)
Irrigation : ’
T ‘ 290 7 23 1204 5.6 16.0 780 30.2
T2 333 11 41 1322 7.5 13.0 1030 4.5
Ts 3538 12 49 1334 8.0 11.6 1180 17.9
Ts 394 13 55 1338 10.8 9.9 1340 115
CD (P=0.05) 0332 - 0175 0.599 ¢ 0330 0.072 0.103 31
Nugrient sprayf . ‘ :
F 361 12, 52 1339 2.0, 11,7 1330 25.1
B 352 1 47 1328 8.5 122 1170 19.8
By 344 1 41 1319+ 79 127 1050 16.5
Fs 33.6 10 37 1316 74 13.0 970 14.4
Fs 332 10 3 1310 6.9 136 900 127
CD (P=0.05) 0.298 0.195 0.670 0.369 0.080 0117 36

Details of treatments are given under Materials and Methods

"WUE, Water-use efficiency; tat 50% flowering

220



April 1954]

Foliar application of the nutrients also in-
fluenced the root length. The maximum
horizontal - spread of roots (9.0 cm) * was
obtained at 2% foliar spray of urea and the
maximum vertical length of root (11.6 ¢cm)
was in the control treatment (no spray).

Grain yield

Effectgfirrigation: Irrigation at branching
and pod-filling stages gave significantly
higher seed yield owing to the increase in
yield-attributing characters (Table 1). The
result confirms the findings of Singh ef al.
{1980).

Effect of nutrient spray: The maximum
seed yield was recorded at 2% foliar spray of

urea. The urea spray was significantly supe- .-

rior to the remaining treatments of foliar spray
(Table 1).

Interaction effect between irrigation levels
and nutrient spray: ‘The interaction between
irrigation levels and nutrient spray had sig-
nificant influence on the seed yield of gram
(Table 2). The. maximum seed yield was
obtained with the foliar application of 2%
urea, This interaction was significantly higher
than that obtained under the remaining irriga-
tion and nutriént-spray combinations. -

Water-use efficiency :
Effect of irrigation: The water-use ef-
ficiency decreased with the increase in levels

EFFECT OF IRRIGATION AND NUTRIENTS ON GRAM YIELD

of irrigation. The maximum water-use. ef-
ficiency (30.2 kg/ha/cm) was recorded under
no irrigation, whereas the lowest (11.5
kg/ha/cm) under 2 irrigations at branching and
pod-filling stages (Table 1),

Effect of nutrient spray: Water-use ef-
ficiency was affected by different nutrient
sprays. The maximum water-use efficiency
(25.7 kg/ha/cm) was obtained under 2% foliar
spray of urea, whereas the lowest (12,7
kg/ha/cim) under the control.

N, P and K uptake

Effect of irrigation. Irrigation Tevels sig-
nificantly increased the N, P and K uptake by
the gram crop. Among irrigation levels, 2
irrigations, 1 each at flowering and pod-filling
stages, helped in increasing the maximum fer-
tilizer uptake (Table 3). ,

Effect of nutrient spray: The significant
increase in N, P and K uptake was found at 2%
foliar spray of urea applied at S50% flowering
stage. Increase in the nutrient uptake due to
urea spray was 84, 180 and 117% more than .
under the control. This result confirms the
finding of Dobariya et al. (1985). N

On the basis of 3-year experimentation it
was concluded that maximum growth and.
yield attributes, grain yield and the N, P and
K uptake were obtained at 2 irrigations, 1 each

Table2  Interaction effect between irrigation levels and nutrient spray on seed yield (kg/ha) of gram (mean data of

3 years) .
Trrigation Nutrient at 50% flowering L
Fi Fa Fs. - Ry Fs Mean.
nooo 9 840 %0 730 . 660 780
L 1230 1100 1030 920. 860 - 1030 -
I 1470 1280 1130 1060 R/ R O 1
L 1700 1460 1260 1180 1110 T340 -
Mean 1330 1170 1050 970" L5 900 :
CD (P=0.05) 34 :

Details of treatmeuts are given under Materials and Methods -
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Table3 N, P and K uptake (kg/ha) as inflnenced by
irrigation and notrient spray in gram (mean
data of 3 years)

" Treatment Uptake (kg/ha)
N P K

Irrigatio

It 26.7 33 70
I 38.1 5.6 11.1
Is 45.6 13 14.2
L 526 9.1 16.8

Nutrient sprayr

Fi 54.4 9.8 174
P2 45,9 17 14.4
" Fa 395 6.0 117
Fy 34.4 4.8 9.8
Ps 29.5 35 8.0

s

Details of treatments are given under Materials and
Methods

YAt 50% flowering

7atbrzmchihgandpod-ﬁllingstages,alongwim
2% foliar application of urea. Maximum
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water-use efficiency was observed under
no imrigatdon and at 2% foliar application
of urea,
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ABSTRACT

A field experiment was conducted during the spring seasons of 1991 and 1992 at New Delhi to study
"the effect of irrigation regime and nitrogen on water use and yield of ‘Pusa Madhavi’ onion (Allium cepa
L.). Irrigations at 1.25 irrigation water : cumulative pan-evaporation (W : CPE) ratio (1416 irrigations)
and 1.751W : CPE ratio (1921 irrigations) were at par, giving 69.6 and 72,8 % higher bulb yield zespecu\'e.ly
than 0.75 TW : CPE ratio (9--11 imigaticns). The seasonal consumptive use was 500, 636 and 784 mim with
irrigation at0.75, 1.25 and 1.7SIW ; CPE ratio respectively, The water-use cfficiency was maximum (50.3
kg/ha/mm) at 1.25 IW : CPE ratio. N application up to 120 kg/ha gave significanily higher dry matter/bulb,
100-bulb ‘weight, bulb diameter and bulb yield than 60kg/ha. The net return/Re investment on N
was Rs 12.4 at the optimum level of 131.4 kg N/ha. In¢rease in N level from 0 to 120 kg/ha increased the
consumptive use and water-use efficiency from 560 to 628 mm and 38.1 to 52.1 kg/ha/mm respectively.

Trrigationisthe single most importantinput -

in onion (Allium cepa L.) that accounts for
30-35% of the cost of cultivation. Inadequate
~and untimely application of water limits the
productivity of onion (Palled er al. 1988).
Onion is very sensitive to nitrogen fertiliza-
tion, next to moisture. Increase in the demand
onthese inputs due o competing uses requires

their .more efficient .use without adversely
" affecting the production. Hence an experi-
ment was conducted to work out the gptimum
level of irrigation and. nitrogen for ‘Pusa
Madhavi’ onion, released for cultivation in
north-western India.

- MATERIALS AND METHODS

.. The field experiment was conducted
- during the spring seasons of 1991 and 1992 at

" Scientist, 7'Senjor Scientist, Division of Agronemy

New Delhi. The soil was well-drained, sandy
loam having organic carbon 0.43%, total N
227 kg/ha, available P 13.6 kg/ha and avail-
able K 212 kg/ha, with pH 8.3. The field
capacity, permanent wilting point and bulk
density of the top 0--30.cm soil were 17.2%,
6.9% and 1.51 g/cc respectively. The water-
table depth was below 2 m from the ground
surface during both the cropping seasons, The
effective rainfall during the cropping seasons
of 1991 and 1992 was 95.8 and 43.4 mm’
respectively, and the total pan. evaporation
830and815mm,

Three levels each of i n-ngauon [0.75, 125
and 1.75 irrigation water : cumulative pan-
evaporation (IW : CPE) ratios with 50 mm~
irrigation water at each mxgauan] and N,
60 and 120 kg/ha) were rephcated 3 times-in ;
randomized block design. Seedhngs of ‘Pusa
Madhav1 omon at 8 weeks were transpla\nwd
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in the ficld at arow spacing of 15 cm and plant
spacing of 10 cm on 15 January 1991 and 17
January 1992. The crop was harvested respec-
tively on 30 and 28 May. Basal application of
22 kg P/ha and 40 kg K/ha was given at the
time of transplanting, One-half N as per treat-
ment was applied I weck after transplanting
and the remaining half at 45 days after
wansplanting. Before differential irrigation, 2
common irrigations were applied for better
establishment of the seedlings. Irrigation was
suspended 2 weeks before harvesting the crop.
Data on . mean daily evaporation were
recorded with the help of USWB class A pan
evaporimeter, whergas 50 mm water at each
irrigation was applied with the help of Parshall
flume of size 7.5 cm. Soil samples were col-
lected from 0-60 cm depth before and after
each irrigation as well as at the time of
transplanting and harvesting, Water-use ef-
ficiency was worked out as the ratio of bulb
yield to consumptive use. Ten bulbs were
selected randomly from each plot at different
growth stages (50, 70, 85, 100, 115 days after
transplanting and at harvest) for computing
- the bulking rate as:
Wa Wi

Rate of bulking = Fop—

where Wz and W1, the bulb weight at time t2
and t1 respectively; and t2—1, the time inter-
val (days) between the 2 observations,

RESULTS AND DISCUSSION

Rate of bulking

Irrigation regimes and nitrogenapplication
appreciably influenced the rate of growth of
bulb per unit time at different growth stages
- ‘(Fig 1). The rate of bulking was the Jowest at
the initiation of the bulb, and increased with
the advancement of growth period, The max-
imurn butking rate was observed during 85—
100 days after transplanting at 1.25 IW : CPE
ratio and 120 kg N/ha. Later it declined con-
tinuously toward crop maturity. This pattern

[Vol 64, No. 4

W : CPE ratio

Rate of bulking (kg/ha/day)

Il [T
o e [=] L wn ey
T o2 or 2 0
Q
BEERE
Days after transplanting

Figl' Rate of bulking of bulbs (kg/ha/day) as in-

fluenced by soil- moisture regimes and levels of
_ nitrogen at different growth stages of onion

of rate of bulking might be ascribed to dif-
ferent amount of assimilates available for the
bulb growth at different growth stages on ac-
count of variation in leaf area, which con-
tinues to increase even after the initiation of

‘the bulb before entering the constant phase

and then declined continuously 100 days after
transplanting due to senescence of leaves in
potato. o

Realization of the bulb yield (%) during the
growth period followed a sigmoidal pattern
(Fig 2). Accumulation of bulb yield wasslow
tilt 70 days after transplanting, then increased
rapidly at uniform rate up to 1135 days after
transplanting, and became: slow again towards
matunty

Bulb yield and attributes

Yield attributes such as dry mattcr/bulb
100-bulb weight and buib diameter increased
significantly up to 1.25 TW : CPE ratio com-
pared with irrigation at 0,75 IW ; CPE ratio
(Table 1). Moisture deficit at 0.75 IW : CPE
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Fig2 Bulb yield (%) at different growth stagés. of
onion as influenced by soil-moisture regimes
and fevels of nitrogen

EFFECT OF IRRIGATION REGIME AND N ON ONION YIELD

ratio led to lower vegetative growth, which
adversely affected the yield components. On
an average, bulb yield increased by 69.6 and
72.8% with irrigation at 1.25 and 1.75TW :
CPE ratios respectively compared with that at
0.75 TW : CPE ratio. The result confirms the
findings of Hegde (1986) and Singh and
Sharma (1991).

Theincrease inN apphcanon alsorecorded
significant increase in 100-bulb weight, bulb
diameter and consequently bulb yield in both
the years as well as in the pooled data, On an
average, 37 and 53% increase in bulb yield
wasrecorded with 60 and 120 kg N/ha respec-
tively compared with the control, It confirms
the results -of Hegde (1986) and Singh and
Sharma (1991).

Water use .

On an average, total number of irrigations
increased from 10to 20 with increaseinirriga~ -
tion regime from 0.75 to 1.75 IW : CPE ratio
(Table 1). Seasonal consumptive use was
maximum (784 mm) at 1.75 IW : CPE ratio
owing to sufficient water supply available for
evapo-transpiration,- - The - increase in the

1380

Tablel  Effect of imigation and N levels on yield attributes, bulb yield and water use of onion (Pooled data of two

years)

Treatments 100-.  Dry. Bulb. Bulb No.of Imiga- Waler Con- Water-use . Moisture

bulb  weight/ dia-  yield irmiga- ton . require- sump-  effic- extraction (%)
weight - bulb - meter (kg/ha) ‘tions require- rent ‘tive - ieacy- - atsoil depth (cm)
- (ke) ()  (cm) ment. (mm) . use &g/ . 0I5 15-30 =30
e {mm) (mrm) * ha/mm)

Irrigation (IW : CPE) , .
0.75 434 487 438 18820 10 470 539 7 500 376 677 212
125 619 698 563 31970 15 TN 789 636 503 77 15 8
175 627 706 563 3250 20 970 1039 784 415 &2 12 6

"N (kgtha) o - ‘ SR

0 [462.-0 518 - 457 - 20360 560 ::38.1
60 572 648 542 29220 508 . 488
120 628 705 568 32720 628 521
CD(P=005) ‘052 029 0.6 '
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consumptive use with increase in moisture
supply from 1.25 ta 1.75 IW : CPE ratio did
not increase the yield proportionately due to
optimiim level of soil moisture at 1.25TW ;
CPE ratio, indicating 0.75 IW : CPE ratio a
suboptimal moisture regime, Water-use ef-
ficiency was maximum at 1.25TW : CPE ratio
followed by irrigation at 1.75 and 0.75 IW :
CPE ratios (Table 1).

Nitrogen fertilization increased the. con-
surnptive use of onion. Water-use efficiency
also increased with increase in N level due to
significant increase in bulb yield in relation to
consumptive use. The result confirms that of
Hegde (1986) and Palled et al. (1988),

Moisture-extraction pattern

Onion crop extracted maximum soil mois-
ture from the top 0-15 ¢m soil layer, indicat-
ing a larger oot density and evaporation loss
from the upper layer. About 82% of the soil
moistire was extracted from 0-15 ¢cm layer at
1.75IW : CPE ratio, whereas 77 and 67% from
1.25 and 0.75 TW : CPE ratios respectively

. (Table 1), Proportional coniribution from the

lower layers was more under reduced water
supply.: Palled et al. (1988) also reported
- similar pattern,

Re;pbﬁse analysis
The response equation of bulb yield and
nitrogen showed a quadratic nature.

Y = 21360+ 167.33N 061 N*

[Vol 64, No. 4

Application of N induced a linear increase
in the beginning, but with further increase in
level of N the subsequent increase in yield was
at a decreasing rate. However, the decrease in
marginal yield with each unit increase in N
was not conspicuous, resulting in economic
return beyond the maximum dose of N tried.
Such a type of response is expected where
economic product is located in underground
parts or vegetative produce. On an average,
economic optimum dose, N-use efficiency
and net return/Re invested at the optimum
dose of nitrogen were 131.4 kg N/ha, 87.2kg
bulb/kg N and Rs 12.4 respectively at sale
value of onionRe 1.00/kg and cost of fertilizer
NRs6.95/kg.

It was concluded that ‘Pusa Madhavi®
onion crop forbulb production requires 14-16
irrigations and 130 kg N/ha for optimum
production during spring season.
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ABSTRACT

The tate and duration of siliqua and seed-filling period wefe studied for different Brassica species
differing in flowering behaviour under field condition. ‘Varuna® indian mustard {Brassica juncea (L.)
Czernj. & Cosson), 'Pusa Kalyani' brown sarson [B. rapa (L.) Thell. emend. Metzger var wlti (Prain)
Schulz., syn B. campestris L. ssp oleifera (Metzger) Sinsk. var brown sarson], “BO 706’ rapeseed (B. napus
LY and “Tall U edhiopian musiard (B, corinota Al Bravn) were 3own in 2 &ifferent seasom during 13
October—12 December at aninterval of 10days. The rate of dry-matter accumulation and duration of siliqua
and seed-filling period decreased with delay in sowing. The actual and effective filling periods of siliqua
were correlated with yield. The predicted data indicated shortening of 1.8, 4.6 and 1.3 days in actial filling
period, effective filling period and seeds/siliqua respectively for every unit increase in mean temperature
during 13 October—24 December. The actual and effective filling periods of siliqua increased by 4-5 days
for every 1 hr increase in photoperiod abave its mean value of 10.7-12.8 hr/day.

Numerous studies have been made on the
contribution of the rate and duration of grain-
filling period to grain yield in wheat (Triticum
aestivum L. emend. Fiori & Paol.) (Saini and
Dadhwal 1986), greengram (Phaseolus radi-

- atus L.) (Nanda and Saini 1988) and Brassica
spp (Singh and Bhargava 1988). More infor-
mation is needed on the patiern of change in
growth and development of siliqua and seeds
in cytogenetically related oilseed Brassica
species, and its influence on seed yield under
different temperatures and photoperiods. This
experiment was therefore taken up.

MATERIALS AND METHODS

The seeds of ‘Varuna’' indian mustard
[Brassica juncea (L.) Czernj. & Cosson],

13Senior Scientist, 2Professor, Division of Plant
Physiology

‘Pusa Kalyani’ brown sarson [B. rapa (L.)
Thell. emend. Metzger var ulti (Prain)
Schulz,, syn B. campestris L. ssp oleifera
(Metzger) Sinsk. var brown sarson], ‘BO 706
rapeseed (B. napus L.) and “Tall 1’ ethiopian
mustard (B. carinata A. Braun) were sown in
the sequence during the first season on 13 and
23 October; 2,10 and 21 November; and 4 and
12 December 1989; and during the second
season on 25 October; 4, 14 and 24 November;
and 4, 14 and 24 December 1990. The plot size
was 4 m x 7 m. All plots received 87 kg/ha
urea, 250 kg/ha single superphosphate and 66
kg/ha muriate of potash, ie N, P and K @ 40,
40 and 40 kg/ha, The seeds were sown in rows
45 cm apart and thinned to targeted population
of 15 plants/m? after 2 wecks of germination,
keeping plant-to-plant spacing 15 cm. Irriga-
tion was given as and when necessary.
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Days to 50% flowering differed with
specics and sowing dates, ie 61-67, 4959,
71-81 and 78-97 days in ‘Varuna’, ‘Pusa
Kalyani’, ‘BO 706’ and “Tall 1’ réspectively.

About 250-300 basal {lowers of terminal
racemes opening on a single day were tagged
at 50% flowering in each plot. Beginning with
the first sample at 4 days after tag-

ging, 10 pods were collected from each of the -

3 replicates, followed by sampling on alter-
nate days till maturity, Samples were dried to
constant weight at 80°C. Siliquac and
seeds - (when present) were weighed
separately after drying.

The data on dry-matter accumulation of

siliquae and seeds/siliqua for each sowing and
variety were subjected to Richard’s function-
fitting analysis (Cavston e al. 1978). The
linear correlation coefficients were deter-
mined between actual filling period and effec-
tive filling period of siliquae and seed
yield/m?. A step-wise multiple regression was
carried .out o find out the impact of mean
temperature and photoperiod from flowering
to- maximum pod weight on actual -and
effective filling periods of siliquae and seeds/
siliqua,
As the general pattern of obscrvations was
‘similar in the 2 seasons, the results of only 1
cropping season (1989) are presented.

RESULTS AND DISCUSSION
Fitted growth curve using Richard’s func-

tion-fitting analysis (Causton et al. 1978)

showed that the pattern of dry-matter ac-
cumulation in 4 Brassica species sown on
. different dates was similar (Fig 1), Singh and
Bhargava (1988) also showed a sigmoid pat-
tern of dry-matter accumulation: in the sili-
quae, Duration of actual filling period from
flower opening to maximum pod weight was
39-79 (mean 57.2, ¢V 16%) and that of effec-
tive filling period 30-68 days in siliquae
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Figl Change in dry weight of siliQuae using

Richard’s function-fitting analysis of “Varuna® -
indian mustard

(mean 51.5, cv 16%) and 24-56 days in
seeds/siliqua (mean 42.2, cv 19%). In both
cases, depending on the species and planting
time, this period was longer in early-sown
crops. The late-maturing varieties ('BO 706’
rapesced and ‘Tall 1’ ethiopian mustard)
showed lesser effective filling period of sili-
quae and seeds/siliqua than the early maturing
ones (‘Pusa Kalyani’ brown sarson and
*Varuna® indian mustard) (Table 1).

In' general, the rate of dry-matter ac-
cumnulation (b-value) of siliqua and seeds/sili-
qua increased with delay in sowing, although
this increase was inconsistent in early matur-
ing ‘PusaKalyani’ brown sarson and “Varuna’
indian ‘mustard,. The mean maximum dry
weight of a siliqua was 130 mg (CV 10%) and
that of seeds/siliqua was 74 mg (Cv 13%). It
indicates that 43% of the total siliqua weight
was contiibuted by sitiqua wall and 57% by
seeds. ’ ‘

In all the species the dry-matter accumula-
tion in siliqua wall started 10 days after
flowering and continued till 45-55 days,.
whereas in seeds it started from 20-25 days,
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Tablel Rate of dry-matter accumulation (b value + standard error) in siliquae and its seeds, their maximum dry
weight, actual filling period (AFP) and effective filling period (EFP) of 4 Brassicaspecies sown on different

dates in 1989
Dateof Maximum dry b values of EFP + SB " AFP of EFP (days)
sowing weight (mg) (mg/siliqua/day) siliquae - Siliqua Seeds/
Siliqua Seeds/ Siligna Seeds/ (days) siliqua
siliqua siliqua -
‘Pusa Kalyant’ brown sarson ‘
130t 138 78 2.53+0.18 1.81+0.12 68 55 8
23 Oct 129 75 2.44+0.11 -1.63+0.09 68 53 46
2 Nov 136 75 2444012 1.56:007 65 56 48
10 Nov 132 73 2.24+0.16 1.37+0.06 63 59 53
* 21 Nov 115 60 186:0.12 097+005 56 52 53
4Dec 107 53 1.92+0.09 "1.13+0.03 58. 56 46
12 Dec 04 47 210:0.12 1.04+:0.03 52 49 44
» ‘Varuna' indian mustard
13 Oct 145 86 2.17+0.09 1.54+0.07 70 67 56
23 Oct. 131 73 1.98+0.09 1314004 71 62 55
2 Nov 123 75 185:0.12 1274002 70 66 59
10 Nov 132 76 2.22+0.09 1434003 -~ 65 60 5
21 Nov 127 3 2.21+0.08 1434005 . 58 ss 51
4 Dec 120 67 - 237006 1.66+007 55 500 40
12 Dec 126 66 - 2834010 1.85+0.10 51 M3
: ‘BO 706’ rapeseed : ‘
130c 158 96 2434017 1725011 68 65 56
23 Oct 142 4 2434012 1.72+0.08 65 58 49
2 Nov 150 B4 . 2.58+009 1.83+0.06 64 58 49
~ 10Nov 140 g7 261+0.11 1.85:009 56 53 43
21 Now 141 80 2794010 217+0.14 54 5136
4 Dec 133 79 2.76+0.13 - 1,8940.12 33 48 a2
12 Dec 131 73 2544024 1674015 54 52 43
, Tall I' ethiopian mustard - o ‘
13 Oct 125 65 2.30+0.07 1.5740.07 61 54 41
230ct 123 69 2214007 1.56+0.07 60 55 44
2Nov 125 68 2.3140.08 1.63+0.16 59 5 42
10 Noy 122 70 2.57:+0.12 2.00+0.09 53 49 35
21 Nov 122 72 2.66+0.14 1.8740.10 53 41 38
4Dec 121 67 2354+0.17 1.46+0.07 54 51 45
12 Dec o8 12 216+0.14 1.9240,10 48 45 37
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after flowering. Thus during the first 20-25
days dry-matter accumulation remained con-
fined to siliqua wall, The seeds showed 36%
of the total siliqua weight by the time the dry
weight of siliqua wall had reached maximum
(Fig 2). Overlapping of seeds or siliqua-wall
growth in the linear phase would result in

‘Pusa Kalyani’
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@==p Podwall
w4 Soed

70+
60-1
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40+
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20+
10+

100+

o0 BOTOE

80+
70+

Dry weighi/siliqua (mg)

607
50+
404
30+
201
10+
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competition for carbohydrates for 10 days.
Subsequent increase in siliqua weight was
entirely due to increase in seed weight without
any change in siliqua-wall weight.

The rate of dry-matter accumulation of sili-
qua and sceds/siliqua (b-value) showed an
inverse relationship with actual and effective

‘Varung'

‘Taill 1*

r T R i T L Al
10 20 30 40 50 60 70 80 890

7 T T T T T L B 1
10 '20. 30 40 50 60 70 80 90‘

Days aftertflowering

Fig2 Pattern of change in siliqua walt and diy weight of se&ds/xiliqtm of Brassica spp S
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Table2  Correlation coefficients between seed yield and actual filling period (AFP) and effective filling period (EFP)
of siliquae and seeds/siliqua for 4 Brassica species sown on different dates

Brown satson Indian mustard

Grain yield Rapesced . Ethiopian mustard

AFP 085" 0.88" 072" 069"

EFP (siliquae) 076" 0.75" 068" 053"

EEP (seeds/siliqua) 0.25™ 0.60 0.70 025N
*p=0.01 "'P=005

filling period of siliquac and seeds/siliqua,
The b-value of seeds/siliqua of 4 Brassica
species in different sowing dates was 1.8
mg/day. The smaller seed size (mean 5
mg/seed) of Brassicaspecies was due to leésser
rate of dry-matter accumulation (Table 1),
* although effective filling period was longer.
In all the species, the actual and effective
_filling periods of s1lxquae were positively cor-
related ‘with grain yield/m®. Guffy et dl.
(1991) confirmed the positive relationship
between seed-filling period and ‘yield in
soybean [Glycine max (L.) Merr.]. The effec-
tive filling period ‘of seeds/siliqua was not
associated with grain yield in ‘Pusa Kalyani’
and *Tall 1’ varieties (Table 1), However,
pooled data of 4 Brassica specxes showed
positive correlation: between grain yxeld/m
and actual filling period (R = 0.71), effec-

tive filling period (R = 0.70) and seeds/sﬂx-

qua (R=0.60) (Table 2),

Thus selection for a longer siliqua-filling

period might be helpful in breeding for in-
creased grain yield in Brassica species. Mean
temperature and photoperiod from flowering
to maximum siliqua weight were 14-25°C
and day-length 10.7-12.8 hr/day. These
parameters were negatively correlated with
actual and effective filling periods of siliquae
and seeds/siliqua (R =—80). Since both these
parameters showed positive association with
.. each other during these filling periods, it was
not possible to calculate the extent of in-

fluence of either temperature or photoperiod
as independent function on these durations,
The predicted data showed a shortening of
1.8, 4.6 and 1.3 days in actual and effective
filling periods of siliquae and seeds/siliqua
respectively for every unit increase in mean
temperature during these durations. Wiegend
and Cuellar (1981) indicated a shortening of
3.1 days of grain-filling/ °C increase in mean
daily air temperature during grain-filling in,
wheat. Thus an increase in temperature
decreased the pod and seed-filling periods in

- different species of Brassica.

Marginal changes of photoperiod. as ‘a:
function of temperature increased the actual
and effective filling periods of siliquae by

-4-5 days for every 1 hr incréase in photo- -
‘period above its mean value. This increase

was ‘only ‘for 2 days in seeds/siliqua.
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Ontogenetic approach to grain production in pearl millet
(Pennisetum glaucum) based on path-coefficient analysis
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ABSTRACT

Path-coefficient analyses, based on the ontogeny of psari millet [Pennisetumn glaucum (L.) R. Br. emend.
Swntz] plant, were carried out during rainy seasons (kharif) of 1990 and 1991 10 study the relationship
among grain yield, yield components, pre-flowering period and threshing ratio. Thirty genotypes were
grown for 2 years at Jodhpurundernatural moisture slmss during grain-filling stage. Vadation in groin yield
primarily depended on threshing (%) and panicles/m However, 500-grain weight had neghgxble influence
on seed yield. More days to flowering affected adversely the threshing (%), whereas pamcles/m positively
influenced it via pre-flowering period. High threshing ratio increased the 500-grain weight cons1dcmbly
The variation in panicle length did not significantly influence any trait.

A number of grain-production studies in

pearl millet [Pennisetum glaucum (L) R. Br.

emend. Stuntz] include correlations between
grain yield and various yield-contributing
characters (Virk 1988). - Path-coefficient
analysis allows separation of direct influence
of each yield companent on grain yield from
the indirect influences caused by the inter-
relationship among. them. In cereals yield
components are formed in succession and the
yield components developing earlier can in-
fluence those developing later, whereas con-
verse is not- true, This study was undertaken
toutilize path-coefficient analysis for inves-
tigating .the relationship among grain yield,
yield components, pre-flowering period and
threshing ratio (grain welght panicle weight)
in pearl millet,

YScientist, ZScientist Selection Grade, *Principal
Sdientist, Division of Arable Cropping System -

MATERTALS AND METHODS

Thirty genotypes of pearl millet were
grown during the rainy seasons of 1990 and
1991 at Jodhpur.

The amount of precipitation received
during the pre-flowering period was 721 and
164 mm and during post-flowering period was
57 and 17 mm in 1990 and 1991 respectively.
Total number of rainy days were.3 in 1990 and -
0 in 1991 during grain-filling period. There-

fore the crop experienced terminal drought.

during the grain-filling stage in both the years,

The experiment was laid outinrandomized
complete-block design with 3. replications.
Each plot consisted of 4 rows of 4 m length,
spaced 60 cm apart, Seeds were sown' with
hand-ploughin 1990 and with planterin 1991,
The plants were thinned to a spacing of 15 cm
2 weeks afters sowmg The plots were kept free
of weeds. Fertilizer was applxcd @40 kg N/ha
and 8.7kg P/ha each year, '
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The duration of pre-flowering period (days
to flowering) is equal to the number of days
from sowing to emergence of stigma in 50%
of the plants in a plot (Maiti and Bidinger

1981). Threshing (%) was: determined as the -

ratio of total grain weight : panicle weight of
the plants harvested from 2 central rows of 1
m length (1.2 m ) in both the years. Panicle
length (cm) was measured on main shoots of
5 competitive plants in a plot at the time of
maturity. At harvest, data were taken on
pamcles/m and grain yield and on 500-grain
weight (from duplicate samples of 500 grains
taken at random from the bulk plot har-
vested).

Correlation coefficients between all pos-
sible pairs of 6 characters were computed
from the mean of 3 replicates for each
genotype. Since the effects due 1o year were
significant in all the characters except days to
flowering and threshing (%), the correlation
coefficients were calculated using the mean
values of genotypes in each of the 2 years
(n = 60} rather than using the means of each
genatype for all the years (n= 30). Each set of
correlation coefficients was subjected to path-
coefficient analysis and . direct and indirect
effects were estimated as per Dewey and Lu
(1959): Grain yield, threshing (%) and 500-
grain weight were taken as dependent charac-
ters in path-coefficient analyses.

- RESULTS AND DISCUSSION

The analysis of variance revealed that
genotype had greater effect on all the traits
studied except panicles/m?. The environment
also inflnenced significantly all the characters
except days to flowering and threshing (%).
Change in rank and magnitude of genotypes
resulted in significant genotype X environ-
ment interactions for all the characters except
panicle length. Theresult confirms the finding
of Virk et al. (1988).

[Vol 64, No. 4

Grain yield was significantly related to
threshing (%) (Table 1). In cereals grain yield
depends strongly on the efficiency of the
genotype to remobilize pre- and post-anthesis
assimilates for the grain production under
condition where water is the hmmng factor
(Austin et al. 1980). Panicles/m? and 500-
grain weight also showed significant in-
fluence on grain yield. Mahalakshmi et al.
(1985) reported similar relationship of grain
weight with yield under moisture stress in late
season, Grain yield showed significant nega-
tive correlation with days to flowering. This
was not unexpected, as the early-maturing
genotypes complete their life-cycle when ade-
quate moisture is available in the soil profile
(Mahalakshmi et al, 1988). Panicle length was
not related to any trait studied. The result
confirms the finding of Virk (1988). '

Higher threshing (%) resulted in more 500-
grain weight (Table 1). This might be due to’
high remobilization of assimilates to the -
developing grains. Longer duration of pre-
flowering period  affected inversely ' the
threshing (%), 500-grain weight and panicles/
m?. This could be attributed to the setting and
grain-filling in late poor flowering genotypes
when the moisture siress becomes severe
towards the end of the growing season; and
thus' affecting adversely. threshing (%) and
consequently the seed weight. ,

The direct effect obtained in path analysis
indicated that grain yield depended mainly on
threshing (%) and pamcles/m (Table 2).
Number of panicles per unit area is a major
factor determining yield in pearl millet
(Soman et al. 1987). The 500-grain weight

- had no significant influence on grain yield.

When grain-filling takes place in cereals

‘under limited moisture supply, asin this study,

yield canconsiderably be stabilized by greater
contribution through assimilation before and
immediately after anthesis, leading to small
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variation in seed weight (Austin et al. 1980).
The duration of pre-flowering period had a
significant negative influence on threshing
(%) (Table 2) and threshing ratio had positive

influence on seed weight (Table 2). The.

longer duration of pre-flowering period in
cereals induces high water consumption in the
pre-anthesis period (Fischer 1981) and leaves
behind inadequate soil maisture durmg grain-

filling period. The pamcles/m did not sig-.

PATH ANALYSIS IN PEARL MILLET

nificantly modify threshing (%), panicle
length and seed weight (Table 1). Qur result
agrees with those of Mukherjiet al. (1982) and
Khairwal et al. (1990).

The indirect effect of each yield com-
ponent on grain yield was in general small,
except for the indirect effect of 500-grain
weight through threshing (%) (0.221; Table
2}. It confirms the influence of threshing ratio
on grain yield.

Tablel  Correlation coefficients among grain yield and other characters in pearl miller
Character Grain 500-grain Panicle Threshing Panicles/m®
yield weight length (%)
Days to flowering —0.549" —0475" 0.194 0334 —0.496"
Panicles/m® 0.510™ 0211 —0.160 0.166
Threshing (%) 0.642" 0.417" —0.107
Panicle length **0.070" —0.191
500-grain weight 0.417°

"P=0.05,"P =001

Table2  Path-coefficient analysis showing direct (bold) and indirect effects of tnms on grain yleld threshing (%)

and 500-gra1n weight of pearl millet

Character Days to Panicles/m” Threshing Panicle 500-grain Correlation

- flowering (%) length weight coefficient

Grain yield )

Paniclesfm® 0408 0088 ~0012 0.026 0510"
Threshing (%) 0.068 0.531 ~—0.008 0.052 0.642"
Panicle length —0.065 - —0.057 0.076 —0.024 —0,070
500-grain weight 0.086: 0221 . ~0014 0024 0417°

_ _ Threshing (%) _ ‘ .
Days to flowering —0.326 0.001 —0.008 —0.334
Panicles/m> 0162 ~ ~—0.003 0.007 © 0166
Panicle length —~0.064 ' 0.001 —0.044 L0107
o 500-grainweight = -+ S
Panicles/m? 0126 . - 0063 0021 0211
Threshing (%) 002 0382 0.014 et
Panicle length —0.020 -0.041 —0.130 s
- - ‘ - » ,.,wm ?asﬂ

=005, P =001

35




YADAV ETAL.

The indirect effect on threshing (%) and
500-grain weight by various traits was not so
important (Table 2), except for indirect effect
of panicles/m2 on threshing ratio through days
to flowering (0.162; Table 2). It indicates
good influence of panicles/m” through pre-
flowering period.

1t was concluded that threshing ratio and
panicles/m2 are the most important factors
that determine pearl millet yield under
drought-prone environment arid seed weight
exercises a negligible effect on grain yield,

REFERENCES

Austin R B, Morgan C 1., Ford M A and Blackwell R D,
1980. Contribution 1o grain yield from pre-anthesis
assimilation in tall and dwarf barley phenotypes in
two contrasting seasons. Annals of Botany 45 ;
309-19,

Dewey D R and Lu K H, 1959, A correlation and path
coefficient analysis of components of crested
wheat-grass seed production. Agronomy Jowrnal
51:515-8.

Fischor R A, 1981, Optimizing the use of water and
nitrogen through breeding of crops, Plant and Soil
58:249-78,

[Vol 64, No. 4

Khairwal I 8, Singh S and Parkash, Om. 1990, Path
analysis in pearl millet. Jownal of Research,
Haryana Agricultural University, Hisar 20 :
76-1. ’

Mahalakshmi V, Bidinger F R and Rao G D P. 1988,
Timing and intensity of water deficits during
flowering and grain, filling in pear]l millet.
Agronomy Journal 80 : 130-5.

Mahalakshmi V, Subramanian V, Bidinger FR and Jam-
bunathan R. 1985. Effect of water deficit on yield
and protein contentin pearl millet grains. Journal of
Science of Food and Agriculiure 36 : 1 237-42,

Maiti R K and Bidinger F R. 1981. Growth and develop-
meni of the pearl millet plant, p 14. Research Bul-
letin 6, International Crops Research Institute for
Semi-Arid Tropics, Patancheru, India.

Mukherji P, Agarwal R K and Singh R M. 1982,
Variability, cotrelation and path coefficient in in-
breds of pearl millet (Penniseium typhoides).
Madras Agricultural Journal 69 : 45-50, -

Soman P, Jayachandran R and Bidinger F R, 1987. Un-
even varation in plant-to-plant spacing in pearl
milles. Agrénomy Journal 79 ; 891-5.

Virk D S. 1988. Biometrical analysis in pearl millet—A
review. Crop Improvement 15: 1~29.

Virk D 8, Virk P S, Mangat B K and Harinarayana
G. 1988. Linear and non-linear regression analysis
of genotype environment intersctions in pearl mil-
let. Theoretical and Applied Genetics 75 : 73640,

236



Indian Journal of Agricultural Sciences 64 (4) : 237-9, April 1994

Stability analysis for yield and component characters in
ricebean (Vigna umbellata)
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ABSTRACT

An experiment was conducted during 1988-91 to siudy the stability parameters for yicld and 3
component characters in 11 genotypes of ricebean [Vigna umbellata (Thunb.) Ohwi & Ohaghi]. Genotype
¥ environment (G X E) interaction was significant for pods/plant, clusters/plant, pod length and yield/plant.
Both linear and non-linear components were predominant in (& % E interaction for all the characters, except
for clusters/plant where lincar component accounted for most of the G X E interactions. Genotypes ‘RB 49*
(19.89 g/plant) and ‘RB 40’ (20.40 g/plant) were high yielding and most stable for all the characters and
could be utilized in a brcedmg programme. No significant correlation was observed among the 3 stability
parameters (mean, bi and 52 4 ) for all the characters. These parameters may therefore be considered while

breeding stable varieties of ricebean,

Though work has been done on nutrition,
evolution, taxonomy and cultural practices of

ricebean [Vigna umbellata (Thunb.) Ohwi & .
Ohashi], information is meagre on the extent

of its genotype x environment (G x E) interac-
tion, The crop is highly sensitive to environ-
ment fluctuations (Chandel et al. 1988).

Hence an experiment was conducted to work -

~out the extent of G x E interaction {0 isolate
high-yielding, stable genotypes that may be
used either as a variety or as a donor parent in
abreeding programme. :

MATERIALS AND METHODS

The material consisted of 11 genotypes of
ricebean, viz ‘RB4’, ‘RB 56", ‘CxM 12 P
13°,‘RB4(’,°'RB 49", ‘CxM8P2’, '‘RB 26",
‘RB39°,‘RB 17°, ‘RB 53" and ‘RB 32’. These

Scienitist (Plam Breedmg) Scientist (Eccmomxc
Botany)

 were grown in randomized block design with

3 replications duting the rainy seasons of
1988-91. The plot consisted of 3 rows of 10
plants each, with 15 cm plant-to-plant spacing
and 50 cm row-to-row spacing. The crop
received a basal dose of 10 tonnes farmyard
manure and 20 kg N/ha, and was grown in
gravelled sandy-loam soil under rainfed con-
dition: Data were recorded on 5 random com-
petitive plants for clusters/plant, pods/plant,
pod length and - yield/plant at maturity.
Average data of 5 plants were utilized for
statistical analysis. The stability parameters
were worked out as suggested by Eberhaxt and -
Russell (1966).

RESULTS AND DISCUSSION |
Environment (year)-wise - analyms of
variance revealed that mgmfncant differences
existed among genotypes under each environ-
merit for clusters/plant, pods/plant, pod length
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and yield/plant. The pooled analysis of
variance also revealed significant differences
amang genotypes and environments, indicat-
ing the presence of genetic variability among
the genotypes. Highly significant mean
sguares due to environmenis + (G X E) inter-
actions suggested that the genotypes inter-
acted considerably with environmental
conditions, A major portion of these interac-
tions could be attributed to the linear com-
ponent, indicating that the prediction of seed
yield was possible in the environments,
Though the pooled deviations were nonsig-
nificant for all the characters, the genotype ‘C

x M 8 P2’ showed significant deviation from

[Vl 64, No. 4

clusters/plant. It indicates that both predict-
able (linear) and non-predictable (non-linear)
components contribute significantly to the-
differences in stability among genotypes.
Samuel et al. (1970) and Paroda and Hays
(1971) emphasized that linear regression (bi)
could simply be regarded as a measure of
respons¢ of a particular genotype, whereas the
deviation around regression line (S%g ) is the
most appropriate measure of stability,
Genotypes with bi=1 and lowest deviation
around regression line could be termed most
stable and vice-versa.. Accordingly, it was
possible to judge the stability of genotypes,
with due consideration to their mean perfor-

regression for all the characters ¢xcept for mance and linear response.
Table1 Estimates of mean and stability parameters in 11 genotypes of ricebean

Line Closters/plant Pod len ath (cm) Pods/plant ‘ Yield/plant (g)

~Mean  bi. §% Mean b S% Meam  bi 5% < Mean bi S%y
‘RB.4* 1210% 1,05 078 9.09% 090Y -015 47.58% 1.16¥ 7L 17.73% 113Y 232
‘RBS6 1254 1.00Y 016 907 L1OY 020 5228 1.14¥-1955 1933 139 -358
‘CxM12 1L00% 090 048 001 102Y 022  46.03%T 065 605 16700 0.87Y 570WY
P13 \ ‘
RB4D - 1268 0.89Y 096 933° L10¥Y 014 5198 1.27 -9.70 20.40° 1.12¥ -3.69
‘RB49" - 1206 1.03¥ 327 9.60° 094 0029 4818 1.14¥ 1416  19.89* 1.14¥ ~1.97
'CxMS 1265 127 172 9.06° 085Y  1.49%¥ 5123 159 105.75%¥ 20.68 0.87Y 6.04%¢
PY
'RB26' 1213 101Y 065 8827 111Y -0.02 5028™% 1.01Y -7.89  19.29% 048 -2.94
RB39 - 1276° 119 14D 9.08™  1.07Y —0.05  5263° 1.09¥ 5392 17.61° 1.10Y 4.94%¥
RBIT 11394 050 080 857 089¥ 026 42400 037 2448 1567 088Y 365
RBS53  1220% 126 156 3.93%% 063  0.69% 4825%¢ 1.07Y 3481 18.20% 1.09Y 3.90WY
'RB32' 10587 091 062 920% 139 015 43257 0.51 -14.60 16.85° 091Y -2.14
Mean 12.02 9,20 48.55 18.40
W, bi) 054 024 063 021
ix,8%) - 021 -0.05 017 =010
Wb,S5) 016 046 450 -0.42

Figures for mean followed by same letter are not significantly different from cach o(hc\', acoordmg to Duncan'’s

Muitiple Range Test at P=0.05

1, Correlation coefficient; bi, regression cocffmlent; S2;, deviation from regression “
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For clusters/plant the deviation from
. regression (Szdi) was non-significant for all

the genotypes, whereas regression (bi)

deviated significantly from unity in'4 out of
the 11 genotypes, indicating preponderance of
linear regression for the G x E interactions
(Table 1). The genotypes ‘RB 49°, ‘RB 40,
‘RB 56" and ‘RB 39’ were stable and had high
mean value for this character. For pod length,
all the genotypes except ‘Cx M8 P2’ and ‘RB
53" were stable. Genotypes ‘RB 53’ and ‘RB
32’ had their bi deviating from unity suggest-
ing that both linear and non-linear com-
ponents were responsible for G x E inter-
actions in these genotypes.

Genotypes ‘RB 4’ and ‘CxM8 P2, for
pods/ plant, showed s? 4i significantly deviat-
ing from 0 but were adaptable (bi=1), Lines
‘RB 17", ‘RB 32’ and ‘C x M 12 P 13’ were
better suited to poor-yielding environments or
stress conditions, as their bi were less than 1,
. But the genotype ‘Cx M-8 P2’ was unstable
and better suited to high fertility and better
management conditions, because its bi was
greater than 1, The genotypes ‘RB 56°, ‘RB

40’,“RB 39 and ‘RB 26’ were stable and had
higher mean values for the character.

For grain yield/plant 4 genotypes had $%4
deviating from 0, but had better adaptability.
‘RB 56°, though stable and high yielding, was
better snited to high fertility or better yielding
environments; whereas ‘RB 26" was better

suited to poor fertility. Considering all the

characters simultaneously, the genotypes ‘RB
49 and ‘RB. 40" appeared promising and

STABILITY ANALYSIS IN RICEBEAN

could either be used as variety per se or asa
donor in-a hybridization programme for
breeding high-yielding stable varieties. The
correlation coeffictents (r) among 3 stability
parameters (mean, bi and $2;;) indicated no
significant . association among these para-
meters (Table 1), indicating the involvement
of different genetic systems in the control of
these 4 characters, Hence all the 3 parameters
may be taken into account while breeding for
stable varieties of ricebean. The simple use of

-.mean values, as suggested in other crops (San-

ghi and Kandalkar 1983) may not be nseful in
ricebean.
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Regulation of flowering in chrysanthemum (Chrysanthemum indicum)
by gibberellic acid application
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The normal period of cropping in commer-
cial chrysanthemum (Chrysanthemum in-
dicuim L.}, a short-day plant in southem states
of India, is July-December. The peak produc-
tion resulting in a glut in the market is in
October. Regulation of flowering in florist’s
chrysanthemums throngh photoperiodic or
chemical means is well known, Photoperiodic
manipulation to advance or delay the flower-
ing in commercial chrysanthemum grown in
India is not practicable because the crop is
raised in faitly large areas in open fields.
Plant-growth regulators like gibberellins alter
ithe photoperiodic requirement of many
flowering plants (Krishnamoorthy 1981).
- This study was taken up to regulate the time
and duration of flowering in chrysanthemum
with gnbbcrclhc acid (GA3) 10 avoid markct
glut at peak production.

The experiment was laid out in completely
randomized design with 4 treatments and 10
replications. Rooted terminal cuttings of *‘Co
1” and “Co 2’ chrysanthemum were planted in
pots‘during the last week of July 1992, The

Part of Ph'D submitted by the first authior to Tamil
Nadu Agricultural * University, Coimbatore, in 1993
(unpuhhshed)

!Ph D student, 2Professor and Head, Depmment of
Spices, Plantation Crops and Floriculture

treatments consisted of GAs at 100, 150 and
200 ppm and a control. GA3 was sprayed on
whole plant at 30 and 45 days after planting.

Data on number of days to first flowering,
plant height, internodal length, number of
suckers, number. of flowers/plant, flower-
stalk length, floral diameter, flower yield/
planit and flowering duration were recorded.
The wreatment effects were compared using
‘F’ test at P = 0,01 and P.=0.05. ‘

The GA3 application at all ‘the 3 levels
increased the plant *height, number of
branches and internodal length 'in both the,
cultivars (Table 1). The effect of GA3 was
more pronounced in “Co 1’ than in ‘Co 2’ (Fig
1).In ‘Co 1° GA3at 150 ppm proved signific«
amly superior to 100 and 200 ppm in increas-
ing plant height and internodal length where-
as at 200 ppm it proved superior in ‘Co 2’.

*Co 17 plants sprayed with 100 ppm GA3
flowered earlier (25 days), gave higher flower
yield (39.8 g) and had a longer flowering
duration (32 days) than the control. In ‘Co 2
the same treatment showed earliness (27 days

_ earlier than the control), but flower yield as

well as duration of flowering were greater
and longer with GA3 at 200 ppm (Table 2).

GA3 200 and 150 ppm gave equal flower
yield. Both these levels increased the flower--
stalk length and floral diameter.
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Figl  Effect of GA3 (100, 150 and 200 ppm) on chrysaniherhuﬁx. Top, ,‘Cq 1% bation, “Co 2 v‘
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Table!  Effect of gibberellic acid (GAs) on growth Chrysanthemum requires long days for

characters of chrysanthemum vegetative growth and short days for flower-

Treatment Plant Branches/ Inter- Suckers ing. GA3 is known to substitute the long-day

height  plant  nodal  plam  grequirément of many crop plants (Krish-

(em) length namoorthy 1981). In this experiment

(em) sprays of GA3 at 30 and 45 days after

‘Col’ planting hastened the flowering with in-

Control 560 218 275 822 creased number of branches and internodal

GAs length. Sen and Maharana (1971) obtained

100 ppm 685 365 378 1038  increased growth and more number of

150 ppm 709 335 474 11535 npodes inchrysanthemum by GA3 at 100-200
200 ppm 704 340 463 1243

ppm. Nagarjuna ef al. (1988) recorded ear-

€h@=001) 199 354 012 033 o flowering by 17-21 days through GAs

‘Co2' at 200 ppm. At 100 ppm’ it induced early
Contral 3905 164230 280 goyering and increased the fresh and dry
GAs weight of flover stalk (Koriesh et al. 1989).
100 pprny 609 190 - 325 384 Oy giudy confirms these findings, but the
150 ppm 4480 183 341240 hlimum concentration of GAs for higher
200 ppm 4636 164 . 375 213

CD®=001) 165 2.8 008 014 flc.)wcr yxeld. and flowering duration varied
with the cultivar.

Table2  Effeet of GA3 on yicld characters of chrysanthemum

‘Treat- Days Flowers/ Flower Flower- TFloral Flowering
ment . for plant yicld/plant stalk diameter duration
{lowering ‘ ® length (cm) (cm) (days)
‘Co I’ ‘
Control 91 68.5 88.1 8.01 4.5 90
GAs
100 ppin 66 1111 1279 10.24 52 122
I5Cppa 70 108.5 1157 10.82 55 115
200 ppin ) 110.4 117.3 10.64 5.6 115
Ch 312" 5837 715" 2127 016" 6.12"
Col’
Comtiol 11t 76 ) 1167 741 4.3 93
GAs
A ppim 83 1151 1452 8.63 4.8 120
L ppea §7 1233 188.4 9.15 81 120
200 ppm KE 1284 194.9 0.26 53 125
) 385" 6.45" 8977 NS 015" 73"

P05, 7P =001

®J
i
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Effect of iron deficiency on photosynthetic characters, phytomass
production and nutrient composition of sesame (Sesamum indicum)
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Iron nutrition increases the root growth,
especially lateral roots, whereas its deficiency
reduces photosynthetic rate and total
chlorophyll content (Terry 1980). With in-
crease in iron concentration in the nutrient
solution, iron content increases in the plant
tissue but P concentration decreases (Clark

et al. 1988). Since no scrious cffort was -

made toinvestigate the effect of iron deficien-
cy on natrient composition’ and photosyn-
thetic characters in sesame (Sesamum indicum
L.), this experiment was conducted.

The experiment was carried out in solution
culture during 1989-90. Seeds of *TC 25
sesame were sown in plastic trays containing
acid-washed quartz sand, Sesame seedlings
were transferred 12 days after sowing to 7
litre-capacity plastic troughs containing 0,
0.05, 0.10, 0.15, 0.20 and 0.25 ppm Fe solu-
tion, Each treatment was replicated 5 times
with 3 planis in each replication, The nutrient
solution was a modified form of Hoagland’s
formulation (Johnson et al. 1957), The culture
solution was acrated by bubbling air into the
solution. The solutions were changed at week-
ly intervals and the plants were sampled 25

Based on complete M Sc (Agricilture) thesis
submitted to Andhra' Pradesh. Agricultural University,
Rajendranagar, in 1990 (unpublished)

M Sc student, 2Associate Professor, Depadment of
Plant Physiology; >Associate Professor, Department of
Agronomy

days after transplanting. The sampled plants
were separated into root, stem and leaf, dried
separately at 80°C for 48 hr in a hot-air oven
and their weights were determined.
Physiologically active Fe was estimated by
atomic-absorption ‘specirophotometer, as
described by Katyal and Sharma (1980).
Samples were digested in acid (10: 4 HNO3 ;
HCIQ4) for estimating total Fe, P, Zn, Mn and
Cu contents following the procedures of Jack-
son (1967). Specific leaf weight, net photo-
synthetic rate (calculated in terms of increase
in specific leaf weight per day) and chloro-
phyll content were also determined.

Plant height increased with increase in Fe
level in the growth medium (Table 1), The
reduction in plant height was 59 and 57% at 0
and 0.05 ppm Fe compared with other treat-
ments. The tap-root length and leaf area
increased with increase in Fe level, but the
effect’ was distinct from 0.20 ppm level
onwards.

The Fe deficiency decreased the chloro-
phyll a, b and total chlorophyll contents. It
sharply decreased the photosynthetic rate,
perhaps due to low chlorophyll content. Meh-

~ 1otra ef al. (1988) reported the.role of Fe in -

activation of photosynthetic enzymes and also
its deficiency, which causes severe reduction -
in photosynthesis and chlorophyil content. It
also decreased the specificleaf weight (which
was low at 0 ppm Fe), owing to low and
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negative photosynthetic rate and dry-matter
accumulation.

The Fe deficiency decreased the dry
weight of leaves, stem and root, leading to
reductionin dry weight of whole plant (Fig 1).
Leaves added maximum weight to dry mass
of the plant and the root-growth suffered the
maximum in Fe-deficient medinm. The latter
was caused by the decrease in taproot length
and its dry mass. Iron deficiency also affected
dry matter of stem and leaf, thongh to a lesser
extent than in root.

The total iron (Fe>*) content of the lamina
was related to the Fe concentration in the

Figl Effectof Pe ondry weight of whole sesameplant nutrient media, The leaves showed deficiericy

Table 1  Effect of Felevel on morphological and photosynthetic characters and nutrient composition “TC 25" sesame
TPlant character Fe concentration (ppm)

0 0.05 0.10 0135 0.30 025 CD (P=0.05)
Morphalogical character” ‘

" Plant height (cm) 7.6 7.9 113 12.0 129 133 1.1
Taproot length {cm) 79 82 8.7 9.2 102 109 09
Leaf area (cm®) 619 683 05 1716 883 1090 63

Photosynthetic character’ ‘ ‘ ‘ :
Total chlorophyll (mg/g) 190 231 268 4.18 453 501 048
Chlorophyll a (mg/g) 1.14 1.38 1.60 2.50 274 3.03 048
Chloraphyll b (mg/g) 076 093 1.08 116 179 198 0.18
Specific leaf weight 3.01 3.10 322 3.35 329 3.20 0.06
(mg/cm) ‘
Photosynthetic rate —870  —230 —9.0 15.0 94.0 1100 123
(mg COg/dm’/day)
Nutrient composilion‘ :
Total Fe** (ppm) 750 760 790 980 1210 1370 30
Tron' (ppm) 0.51 071 0.87 1.96 278 343 0.19
P (%) 0.62 059 0.56 0.55 0.54 053 0.04
Za (ppm) 118.0 107.0 95,00 92.00 88.00 85.00 3.00

~ Mn (ppm) 170.0 163.0 138.0 126.0 ¥120 10200 500
Cu (ppm) 28.0 26,0 250 23.0 20 21.00 400
P:Fe - 122 083 0.64 0.28 0.19 0.15
Zn:Fe?* 23137 15070 109.19 46.94 31.65 24.78
Mn: Fe** 333.33 22058 - 15862 6429 . 4029 . . 2974
Cu:Fe®* 5490 36.62 28.74 11.73 191 6.12
Fe**: Fe?* 147,06  107.04 90.00 ' 5000 33.94

43.53

38 days after sowing, 1OrlhophemmLhmline iron (ch)

2485



SURESH ET AL.

symptams when total iron was 98 ppm in
38-day-old secdlings. The physiologically
active iron (Fe?*) in the lamina was highestat
0.25 ppm Fe and decreased significantly with
decrease in Fe level. Its content was sig-
nificantly low even at 0.05 ppm, where mild
chlorosis was observed, but the total Fe con-
tent at this fevel was on a par with that of the
control, The leaf-chlorophyll content and

" photosynthetic rates were closely related to

physiologically active Fe rather than total Fe
content. Hence physiologicaily active Fe gave
good index of chlorosis. The contents of P, Zn,
Mn and Cu in the lamina decreased with an
increase in Fe level. Clark er al. (1988)
reported antagonisticeffect of Feon P, Zn, Mn
and Cu in sorghum [Sorghum bicolor (L.)
Moench). Ratios of P, Zn, Mn and Cu and total
Fe with physiologically active Fe also
decreased with increase in Fe concentration in
the medium due 10 low physiologically active
Fe in the Fe-deficient plants,

[Val 64, No. 4

It was concluded that Fe-deficiency
reduces the dry matter and photosynthetic rate
and physiologically active Fe gives good
index of chlorosis in sesame.
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Variation in tuber dormancy of andigena potato (Selanum tuberosum
ssp andigena) ‘
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In subtropical plains of India, sudden rise |

in temperature after harvest of potato
(Solanum tuberosum L.) crop in February-
March requircs immediate disposal of potato

for table purpose or storage at low tempera- -

ture. If varieties with longer dormancy are
‘available, the sale of ware potato in the market
can be regulated for a longer period and. the
seed-tubers can bekept even in country stores,
till next season. Genotypes with long dorman-
cy possess better keeping quality (Howard

1974, Kaul and Mehta 1988). Andigena

potato [Solanum tuberosum ssp andigena
(Juz. & Buk.) Hawkes] forms good parental
material for breeding improved potato cul-
tivars for Indian plains, S. tuberosum ssp an-
digena, when crossed with S. -tuberosum
shows heterosis in the progeny (Tarn and Tai
1983) for several economic characters. Hence

an experiment' was conducted to - screen

germplasm of S. tuberosum ssp andigena for
identifying parental lines with extreme tuber
dormancy.

The study was conducted dunng autuma
season 1989 with 375 accessions of §. tubero-
sum ssp andigena. These were grown in field
(2 rows of § tubers/accession) under recom-
mended cultural practices, The haulms were
cut when the crop was 100 days old. From the

'Scientist, ZScientist Selection Grade, Division of
Genétics and Plant Breeding

harvest, 10 tubers of each accession were kept
in ‘brown paper bags and stored at room
temperature (maximum 11-25°C and mini-
mum 9-23°C) for 6 months starting from 7
Jannary 1 1990. Observations on chitting. or
sprouting of tibers were recorded at 1-week
intervals. The time interval between harvest
and chitting (sprout length = 0.5 mm) of 50%
tubers was considered as the dormancy
period. On the basis of their dormancy period
the accessions were grouped into 5 classes, viz
(9) extremely short dormancy, (ii) short dor-
mancy, (ifi) medium dormancy, (iv) long dor-
mancy and (v) extremely long dormancy. .

A wide range of variation was ‘observed in
the dormancy (6~25 weeks). The mean dor-
mancy period was 14 + 3.5 weeks, Eleven
genotypes had dormancy of 21 weeks, viz
JEX/A 7, ‘JEX/A 7b', ‘JEX/A 15, *JEX/A
24, ‘TEX/A 29', ‘JEX/A 38, ‘JEX/A 47, -
‘JEX/A 49, ‘'TEX/A 69", ‘JEX/A 237" and
‘JEX/A 294, It confirms the report of CIP, -
Lima (1974) that group S. tuberosum ssp an-
digena possesses extremes of tuber dormancy
period than S. tuberosum potato. Among the.
genotypes 10.7% had the dormancy period of
0-9 weeks, 38.7% of 10-13 weeks, 33.3% of
14-17 weeks and. 14.4% of 18-21 weeks,

“The genotypes belonging to extxeme!y
short dormancy and extremely long dormancy

“are'of particular interest to the ‘breeders, be-

cause the former may be potential parents in
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the breeding programme for regions where
2-3 successive crops of potato are grown in a
year. Long dormancy may be useful where
only 1 crop is grown, and the ware or seed-
tubers are required for long storage particular-
ly for the traditional (country) method of
storage. Some of these accessions, viz ‘JEX/A

80", JEX/A 288", TEX/A 410", JEX/A 426", -

‘IEX/A 4297 and ‘JEX/A 480, also possess
2-4% higher dry matter than the best control
*Kufri Dewa’ (22%). The study revealed wide
variability for tuber dormancy in S. tuberosum
ssp andigena. '

[Vol 64, No, 4
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Inheritance of resistance to white rust (Albugo candida) in
an interspecific cross between indian mustard (Brassica juncea)
and rapeseed (B. napus)
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‘White rust, caused by the fungus Albugo
candida (Pers. ex Lev.) Kuntze, has recently
become the most wide-spread and destructive
disease of indian mustard ‘[B. juncea (L.)
Czernj. & Cosson] in India. Singh and Singh
(1987) reported yield loss up to 30% in indian
mustard. High degree of resistance to white
rust is commonly observed in rapeseed (B.
napus L.) butisrare in B. juncea. It is possible
tocross these 2 species successfuily and trans-
fer the desirable genes to B. juncea. Since no
attempt has been made to obtain information
on the genetics of resistance to A. candida,
present study was undertaken to stady the
inheritance of resistance to white Tust in-an
| interspecific cross B. juncea X B. napus.

A synthetic line of B.-napus, ‘Indian Syn-
thetic Napus. 706’, identified resistance to
white rust under artificial inoculation and a

widely grown variety of B. juncea, *Varuna’,’

susceptible Lo white rust, were used in the
crossing programme carricd out during the
winter season 1987 at New Delhi. The F1

hybrid seeds were treated with 0.5% ethylene-
 diaminetetraacetic acid for 13 hr after pre-

A part of Ph D thesis submitted by the first author to
the Indian Agricultural Research Institute, New Delhi; in
1990 (unpublished) :

!Agsistant Professor, Department of Genetics and
Plant Breeding, - Agricultural College, Andhra Pradesh
Agncullural University, Bapatla 522101

Pnncnpal Scientist, Division of Genencs :

soaking in water for 8 hr to increase recom-
bination in the F1. The reated F1M) and un-
treated F1 seeds were sown during winter
season 1988. The F1 plants were backcrossed
to both susceptible and resistant parents. The
F1 and F1M; plants were also selfed to obtain
seeds for F2 and FaM2 populations. The
parents, Fi, F2, F2M2 and BC1F1 were grown
in randomized complete-block design repli-
cated 3 times on 17 November 1989—20 days
later than normal season for adequate disease
pressure. Forartificial disease inoculation, the
inoculum - suspension (leaves infected with
white rust ‘were crushed in sterilized distilled
water) was sprayed once 50 days after sowing.

. To maintain humidity i the field, the crop was -

irrigated twice, 40'and 60 days after sowing.
Absence of rust pustules on the inoculated
leaves was congidered a sign of resistance.
Data were subjected to chi-square analysis.

- All the F1 and F1M plants obtained from
the crosses, including reciprocals of ‘Indian

:Synthetic 'Napus 706, and ‘Varuna' gave

resistant plants. It indicates that the resistance
carried by ‘Indian Synthetic Napus 706’ is -
expressed as a dominant phenotype and this
character is controlled by nuclear genes ‘The
F2and FMy showed a segregation ratio of 13

resistant (R) to 3 susceptible (S) witha good
fit in all the crosses (Table 1). Progenies from

the. backcrosses o' the ‘susceptible parent

segregated i inthe ratioof 1 R : 1 8. Backcros-
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Table 1 Inheritance of resistance to white rust in an interspecific cross 'Varuma' B. juncea X *ISN 706" B, napus
Selegtion  Cross Gene- No, of plants x2 Proba- Mode of
no, ration Resis-  Suscep- Total bility segrega-

tant ' tible tion
1 ‘Vanna' x 'ISN 706' ) 51 117 0 117
2 'ISN706' X ‘“Vanmna' F 119 0 119
3 ‘Varuma' % ‘ISN 706’ Fa 234 42 276 2.26 0.10-0.20 13:3
4  'ISN706' X ‘Varuna’ P 167 31 198 1.43 0.20-0.30 13:3
5 *Vamnz' X ‘ISN 708’ F2M2 169 34 203 0.53 0.30-0.50 13:3
6 ‘ISN706'x ‘Varuna' FaMa 181 41 222 0.01 0.70-0.80 13:3
7 (*Varuna® x ‘ISN 706") X B1 112 123 235 0.52 0.30-0.50 1:1°
© ‘Vamna'
8 ('ISN706"x *Varna’) X Br 124 126 250 0.01 0.80-0.90 1:1
'V!m’
g (*Varuna’ X 'ISN 706") x Ba 136 0 136
IEN706'
10 ('ISN 706" x 'Varuna*) X B2 129 0 129
‘ISN 706
11 *Varopa® P All
12 ISN7D5° P Al

ses to resistant parent gave all resistant plants,
The pattern of segregation ratios of 13R:3 8
inFzandl R : I S in backcrosses indicates the
presence of digenic inheritance with dominant
and recessive gene interaction. With this gene
interaction, only 2 F2 phenotypes result when
adominant gene at 1 locus (eg AA or Aa) and

- the recessive gene at the other locus (bb)
produce the ' same phenotypic effect, The
olher dominant gene (cg BB or Bb) alone is
not capable of producing resistance and this
gene is without any phenotypic expression of
its own. Susceptibility would be expressed
when the genes at this second locus (eg BB or
Bb) are dominant either in homozygous
and heterozygous condition.

Gene symbols for resistance and suscep-

tibility ‘were proposed on the basis of
dominant and recessive epistatic interaction in
the parents and segregating populations
(Table 2). Genetic symbols were assigned
to ~susceptibility in accordance with

genetic nomenclature suggested for Brassica
(Fanet al. 1983). The genetic symbols acy and
Acy are proposed for susceptibility. The
resistant genotypes would be Acy ~ ~—and
ge1acy aczacz, showing dominant epistasis of

Table2 Proposed genetic constitution for resistance
and susceptibility to white rust in parents and
interspecific cross derivatives of Brassica spp

Genotype

Population Phenotype
“Vamuna’ sciaet ACZAC; s
‘ acract ACoacy 8
‘Indian Synthetic ACAC acacy R
Napus 706 ACIACIACAC: - R
Segregating populations' -~ ACJACy acs acz R
ACiac1 AC2AC,. R
AChnaca ACaac R
ac1a61 ac2a0 R
aciacy ACzacs s
aciacy AC2AC, S

R, Resistant; S, susceplible
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the Acy allele on Acz allele and a dosage effect
of the acz allele. The susceptible genotypes
would be aciacr Aca — Tiwari et al, (1988)
reported monogenic dominant resistance of
white-rust resistance in interspecific hybrids
of B. juncea with B. napus and ethiopian mus-
tard (B. carinata A, Braun). Fan et al. (1983)
proposed genetic ratios 15: 1 and 63 : 1 of
resistance and susceptibility.

Thus our results are partly in agreement for

the number of genes with those of Fan et al.

(1983), indicating that the susceptibility of
‘Varuna’ (B, juncea) to the local . Dethi
pathotype of A. candida is conditioned by
2 genes, with dominant and recessive gene
interaction. Our result is based on only
limited number of parents and their progenies,
Still the information might help determine the
.size of population and breeding strategies

WHITE-RUST RESISTANCE IN BRASSICA

to be adopted in incorporating white-rust
resistance in commercial varieties.
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Nitrogen economy in pearl millet (Pennisetum glaucum) and blackgram
(Phaseolus mungo) intercropping system under rainfed conditions of
Vindhyan plateau

R A SINGH, A K SINGH? and U N SINGH?

Agricultural Research Station, Banaras Hindu University,
Barkachha, Uttar Pradesh 231 001

Received: 20 August 1993

Short-duration pulses like blackgram
(Phaseolus mungo L.) and greengram (P,
radiatus 1..) are grown predominantly in as-
sociation with pearl millet [Pennisetum
glaucum (L) R. Br. emend, Stuntz). Bhati and
Manohar (1989) reported reduction in yields
of short-statured legumes when intercropped
with pearl millet. However, Singh et al, (1989)
reported overall nifrogen economy in cereal
and legume intercropping system due to in-
clusion:of legumes. Thus there is a need to
ascertain the appropriate nittogen levels for
component crops of pearl millet and black-
gram. in intercropping system in_ relation o
production potential and nitrogen economy.
. Hente an experiment was conducted on these
aspects in Ultisols of Vindhyan plateau,

- The experiment was conducted under rain-
fed sitnation during rainy seasons of 1989 and
1990 at Barkachha in medium-deep Ultisol.
The soit was sandy clay-loam, having pH 6.5
and the available N, P and K 142, 3.6 and 190
kg/ha respectively. The rainfall during the
growing period (Yune-October) was 999.8
-~ mmin 1989 and 1 119.7 mm in 1990,

Randomized block design was followed -

with 3 replications. There were ‘15 treatment

IProfessor, “Research Associate :
Lecturer, Department of Agronomy, BHU, Varanasi
221005

combinations, viz T1, sole pearl millet with
Nso (recommended dose); T2, sole pearl millet
wilh Nego; T3, sole pearl millet with Nao; Ta,
sole blackgram with N2o (recommended
dose); Ts, sole blackgram with Njo: Ts, sole
blackgram without N; T7, pearl millet with
Ngo + blackgram with Noo; Tg, pearl millet
with Ngo + blackgram with Nig; Tg, pearl
millet with Ngo + blackgram without N; Tio,
pearl millet with Neo + blackgram with Nag;

T11, pearl millet with Nep + blackgram with

Nio; T12, pearl millet with Neo + blackgram

without N; T3, pearl millet with N4o + black-

gram with N2g; T4, pearl millet with N4g +

blackgram with N1g; and T1s, pearl millet with

N4o + blackgram without N. For 100% plant

population in sole crops, 6 kg seed/ha of

‘WCC 75 pearl millet was sown at 45 cm row

spacing and 20 kg seed/ha of “Type 9' black-

gram was sown at 30 cm row spacing.

In intercropping system the plant popula-
tion of pear] millet was kept as in the sole crop
(100%) and 1row of 75% plant population (15
kg seed/ha) of blackgram was grown between
2 rows of pear! millet. Recommended doses
0f 17.5 kg P/ha and 33.2 kg K /ha for sole pearl
millet (100% population) and 17.5 kg P/ha
and 16.6 kg K/ha for 100% population. of
blackgram - along with N as per treatments
were applied in furrows 2-3 om below ‘the
seed For 75% of N of various treatments were
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applicd. Crops were sown on 5 July 1989 and
13 July 1990, Weeding and plant-protection
measures were taken as and when required.

The maximum grain yield and grain-yield
recovery of pearl millet was recorded in T7,
which was comparable to that of T1o (Table
1). Itindicates that in the intercropping system
the full yield of pearl millet at recommended
dose of N could be realized by applying 20
kg/halessN, provided the recommended dose
of 20 kg N/ha is applied to blackgram. Thus it
saves 20 kg N/ha in pearl millet due to N
transfer from legume component to the cereal
component,

This result confirms the finding of Sharma
and Chaubey (1991). The yield and yield

N ECONOMY IN PEARL MILLET-BLACKGRAM INTERCROPFING

recovery of pearl millet decreased at lower
levels of N applied 1o the sole crop. In all the
treatment combinations the yield recovery
was less than 100% exceptin T7(104.7%), Ts
(100.4%) and T10 (103.8%). The grain yield
of blackgram was reduced in intercropping
than in sole crop. The yield of blackgram was
61% in T7, 56.2% in Tg and 62.8% in T10. The
reduction in yield of blackgram may be due to
shedding eflect of pearl millet. Patil and Patil
(1989). reported similar result, The highest
pearl millet-equivalent yield (3 035 kg/ha)
was in Tip, which was comparable to that in
T7. The total production and yield advantage
decreased at lower N level. The highest net
return/rupee invested (Rs 2.86) was recarded

Table 1 Effect of treatments on yield and yield recovery of pear] millet and blackgram and return per rupee invested
Treatment Pearl millet Blackgram Peaimillet  Return/Re
Grain Grain-yield Grain Grain-yield equivalent (Rs)
yield " recovery yield recovery (kg/a)
(kg/a) (%) (kg/ha) (%)

T h 1672 100.0 : 1672 227
Ty 1469 87.9 1469 2.13
Ty : 1223 73.1 1223 1.92
Ts ‘ 616 100.0 2068 231
TS 528 85.2 1772 2.03
Ts 445 722 1494 1.76
i 1715 . 1047 376 610 2977 2.68
Ts 1678 100.4 346 56.2 2839 2.60
To 1625 912 305 49.5 2649 2.46
Tio 1736 103.8 387 62.8 3035 2.86
Ty 1494 84.9 360 58.4 2702 258
Ty 1438 86.0 305 49.5 2461 239
Tis. - 1435 85.8 376 610 2697 267
Tua 1311 784 348 565 2479 250

© Tis | 1239 74.1 32 524, 2323 238

SEm + 612 o152 s T
CD (P = 0.05) 178.5 H.8 S

Price: Pearl millet Rz 210/100 kg, blackgram Rs 705/100 kg

The details of treatments are given in text
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from Tio, followed by T7 Rs 2.60). Thus
intercropping blackgram with pearl millet
could lead to saving 20 kg N/ha in pearl
mitlet,
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Despite agronomic efforts to improve the
nitrogen-use efficiency, the recovery of fer-
tilizer N applied to transplanted rice (Oryza
sativa L.) is seldom more than 30-40% (De
Datta 1987). The use of prilied urea as asource
of N is invariably associated with various
mechanisms of nutrient loss, which are of
considerable significance and practical

relevance for increasing the nutrient-use ef--

ficiency and grain yield of rice. The present
investigation was taken up to evalvate the
effect of supergranulation of urea and diam-
monium phosphate and to identify more effi-
cient' granular fertilizers suitable for broad-
casting in a puddled rice-soil system, instead
of prilled urea.

The study was carried out during dry
season (December-March 1991-92) and wet
season (June—~October 1992) in clay-loam
soils (Vertisol) of Hyderabad. The soil had pH

. 8.3, cation-exchange capacity 45 meg/100 g
soil, total N 220 kg/ha and available P 10
kg/a, The recommended fertilizer N, Pand K
were applied uniformly @ 90, 60 and 50kg/ha
respectively. Nitrogen was applied in 2 equal
splits, the first half basal and the second half
at panicle-initiation stage. The trial was laid
out in randomized block design with 9 treat-
ments, replicated 4 times. The treatments

- were: T1, the control; Tz, prilled urea + single

superphosphate; ‘T3, prilled urea + diam-

1Se:ruor Scientist (Agronomy), 2Scxennst (Agro-
nomy), >Principal Scientist and Head Department of
Agronomy and Soil Science
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monjum phosphate; Ta, prilled urea + large
granuiar diammonium phosphate; Ts, large
granular urea + single superphosphate; T,
large granular urea + diammonium phosphate;
T7, large granular urea + large granular diam-
monium phosphate; Ts, urea supergranules +
single superphosphate; and Ty, urea super-
granules + large granular diammonium phos-
phate. Seedlings of ‘Rasi’ at 25 days were
transplanted on 27 January 1992 in the dry
season, and on 1.August 1992 in the wet
season, using 2-3 seedlings/hill, 10 cm apart
inrows 20 cm apart, following a plant popula-
tion of 50 hills/m.,

All the fertilizer treatments significantly
improved the rice yield compared with the
control. The plants in the control ptots showed
sparse tillering and pale-yellow leaves up to
maximum tillering stage, which showed nor-
mal green colour later due to ramification of
roots in' the subsoil, from which. additional
nutrients  were _drawn after the tillering
stage.

The grain yield was mgmficantly high with

. application of urea.supergranules + large

granular diammonium phosphate (T9) and
urea supergranuies + single. superphosphate
(Tg), when N was placed in the root zone.
Other granular forms of fertilizers. such as
large granular diammonium phosphate also
recorded higher grain yield than the applica- -
tion of prilled urea + smgle superphosphate \

- (T2), registering 34.5% more yield during dry

season and 23 4% dunng wet § ahle,
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Table 1 Effect of granular fertilizers on grain yield, N response and benefit : cost ratio of rice

Treat- Dry season 1991 Wet season 1992
ment Grain  Nres- Gross Net  Benefit: Grain N res- Gross Net Benefit:
yield ponse retarn  return  cost  yield ponse  return return cost
(ionnes/ (kg (Rs/ha) (onnes/ (kg (Rs/ha)  (Rs/ha)
ha)  grein/ ha)  grain/
- kgN) kg N)
T 2.89 10115 5365 213 265 9275 4525 1.92
Ta 476  20.8 16660 10103 254 396 257 13 860 7303 2.11
T3 516 252 18060 11809 289 471 229 16485 10234 2.64
T4 564 . 305 19740 13320 3.07 533 298 18655 12235 291
Ts 520 263 18260 11565 273 4.99 26.0 17465 10830 2.63
Te 5.13 24.9 17955 - 11473 278 479 23.8 16765 10283 2.59
Ty 5.48  28.8 19180 12528 288 526 290 18410 11759 2,77
Ts 6.10 357 21350 14715 322 5793 342 20055 13420 3.02
Ts 640  39.0 22400 15749 337 612 38.6 21420 14769 322
CD (P=0.05) 0.43 038

Details of treatments are given in text

Prices of the fenilizer (Rs/kg): Prilled urea, 3; single superphosphate, 3.25; diammonium phosphate, 8.20; large
granularurea + wrea supergranufes, 3:50; diammonmuim phosphate, 9.50

placement effect achieved by sinking of big-
ger granules in the soft mudat the time of basal
application, the slow dissolution rate of bigger
granules and the prolonged availability of
deep-placed fertilizer materials. from the
reduced zone because of better chance of
retention of N in the ammoniacal form; there-
by minimizing the nutrient loss and increasing
. the efficiency of nutrient use. The highest N
response ‘was recorded with urea super-
granules + large granular diammonium phos-
phate (To). Pillai and Krishnamurthy (1983),
Subbaiah and Sharma (1987) and Subbaiah
(1990) also reported. higher efficiency of
modified urea materials, such as urea super-
granules when placed at 5-8 cm depth by root
zone, indicating its usefulness for rainfed
lowland rice areas, The larger granules ar¢
advaniageons in -snbmerged soil, where N
cannot be top-dressed with advantage, be-
cause excessive standing water acts asaphysi-
cal barriers for the top-dressing,
The benefit : cost ratio was high with all
granular fertilizers, being highest under urea

supergranules + large granular diammonium
phosphate (T9), during both the seasons.

It was concluded that large granular forms
of N and P fertilizers are better than powdered
or prilled forms like prilled urea + single
superphosphate for increasing the nutrient-
use efficiency and grain yield of rice in
lowland.
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Effect of nitrogen, phosphorus and zinc on growth and yield attributes
of rainfed horsegram (Macrotyloma uniflorum) in Rajasthan
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Horsegram [Macrotyloma uniflorum
(Lam.) Verde.] is grown on marginal land in
Rajasthan. The - crop shows deficiency
symptoms of various nufrients. Hence an
atempt was made to study the effect of
nitrogen, phosphorus and zinc on yield -of
this crop.

The field experiment was conducted at
Sumerpur during the rainy scasons of 1991
and 1992. The soil was loamy sand, low in
available nitrogen (133 kg/ha) and medium in
phosphorus (17 kg/a) and potassium (185
kg/ha), with pH 7.8. The treatments com-
prised 3 levels each of N (0, 10 and 20 kg/ha)
and P (0, 8,80 and 17,60 kg/ha) and 2 levels
of Zn (0 and 4.1 kg/ha), replicated 3 times in
factorial randomized block design. The fer-
tilizers were applicd at sowing. ‘Kulthi
Selection 2’ horsegram was sown on. 14 July
1991 and 22 July 1992 with 20 ¢m row-to-row
and 15 cm plant-to-plant spacings, The total
rainfall received during the crop period was
228 mm in 1991 and 830 mm in 1992.

- Nitrogen @ 10 kg/ha gave significantly
higher seed yield than the control, but it was
on a par with that at 20 kg N/ha (Table 1).
Pods/plant, pod length and seeds/pod showed

!ASSlSlﬂﬂt Professor, 'Department of Sml Scxcnce;

2Assistant Professor, Department of Agronomy

a similar trend. N @ 10 kg/a increased the
seed yield by 275 kg/ha compared. with the
control, giving 59.0% more yield. N applica-
tion up to 20 kg/ha significantly increased the
ripening period and plant height. Patra (1991)
also reported response to N up to 20 kg/ha in
horsegram,

Application of P up.to 8.80 kg/ha increased
the seced yield significantly. Pods/plant, pod
length and seeds/pod showed a similar trend.
The maturity of crop decreased significantly
by 5.6 days at 17.60 kg P/ha compared with
the control, However, plant height remained
unaffected. Our result confirms the finding of
Singh and Singh (1992). The application of N
and P increased the pods/plant, seeds/pod,
pod length and 1 000-seed weight, which in
turn increased the seed yield. The correlation
coefficients of seed yield with pods/plant

(0.852), pod length (0.766), seeds/pod (0.892)

and 1 000-seed weight (0.805) were posmvc
and significant at 5% level., -

Application of Zn did not sxgniﬁCant]y in-

~fluence the seed yield. However, 4.1kg Zn/ha
increased the pods/plant by 7.09% compared

with the control, Tt also decreased the ripening
period of the crop by 4.2 days compared with
the control, Thus rainfed horsegram grownon
marginal lands of Rajasthan needs 10kg N/ha

and-8.80 kg P/ha and no Zinc. ‘
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Table1  Effectof nitrogen, phosphorus and zine on growth, yield attributes and seed yield of horsegram (pooled data

of 2 years)
Treatment Growth attribute Yield attribute Seed
Daysto Plant  Branches/  Pods/ Tod Seeds/ 1000- yield
maturity height plant plant length (cm)  pod seed (kg/ha)
{cm) weight (g)
N (kglha)

0 1003 513 17.3 450 3.85 4.21 28.3 465
10 101.2 54.9 19.7 60.5 430 4.50 30.5 741
20 105.8 60.3 225 63.1 451 4.69 31.7 765

SEm t 1.08 0.58 0.65 1.05 0.19 020 037 8

CD (P =0.05) 3.18 1.75 1.80 3.04 0.57 059 1.08 25

P (kglha)
0 103.1 542 183 502 3.87 3.90 27.7 592
8.80 101.2 55.0 20.1 58.2 4.13 4.70 30.4 677
- 17.60 915 55.2 233 607 460 4.89 31.7 695
SEm + 1.08 0.58 0.65 1.05 0.19 0.20 037 8
CD (P =0.05) 3.18 NS 1.80 3.04 0.57 0.59 1.08 25
Zn (kglha)
0 102.7 55.2 213 55.0 4.18 4.31 30.0 553
4.1 98.5 559 203 589 435 4.62 307 . 657
SEm# 0.85 0.4 0.54 0.84 0.14 0.14 0.28 65
CD (P=0.05) 255 NS NS 2.50 NS NS NS NS
REFERENCES Singh, Ishwar and Singh, Ganpat. 1992, Response
Patra S S, 1991. Response of homegram (Macrotyloma of horsegram (Macrotyloma unifforum) varieties
uniflorum) to date of sowing and feriilizer under 1o phosphoms level and row spacing. Indian
rainfed condition. fndian Journal of Agronomy 36 Journal of Agricultural Sciences 62 (6) :
(suppl) : 296-T. 400-1, .
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Most of the livestock farmers in Tamil
Nadu feed their animals with graminaceous
fodder like sorghum [Sorghum bicolor: (L.)
Moench}, maize (Zea mays L.) and pearl mil-
let [Pennisetum glaucum (L.) R. Br. emend,
Stuntz]. To provide balanced natrition to the
cattle in lactation and to work bullocks, a
mixture of grass and leguminous fodder is
more important because it provides enough
energy as well as proteins. Hence an experi-

ment was conducted to find out the optimum -

dose of fertilizers required for producing
good-quality fodder of hedge lucerne (Des-
manthus virgatus Willd.) with high yield.

The trial was laid out during July 1989 at
Kattupakkam, There were 10 {reatments com-
prising 3 levels of P (13.2, 264 and 39.6
kg/ha) and ¥ (12.6, 25.2 and 37.8 kg K/ha).
These were: T1, PoKo (0 kg/a P and 0 kg/ha
K); T2, P132Kize T3, P1aaKasa Ts,
P13.2K37.8; Ts, P26.4Ki2.6; Te, P26.4K25.2; T7,
P26.4K37.8; T8, P39.6K12.6; To, P39.6K25.2; and
Ti0, P39,6K37.8. Factorial randomized block
design was adopted replicated thrice.

The crop was raised in the non-calcareous
sandy clay-loam soil, having medium level of
available N, P and K, with pH. 7.4. Farmyard
manure @ 25 tonnes/ha was applied basal and

. YAgsistant Professor, Department of Agronomy,
Madras Veterinary College, Madras, Tamil Nadu 600 007
2Associate Professor, BProfessor and Head

incorporated into th¢ soil. Nitrogen @ 10
kgfha was applied basal at the time of
sowing.

At the time of sowing, P and K were ap-
plied as per the treatment combinations. The
seeds were sown inplotsof 8 mx 5Smata
spacing of 50 cm between the rows, keeping
a solid stand within the rows. Irrigation was
given once in 10-15 days, depending on the
soil-moisture content, First harvest was taken

.90 days after sowing at a height of 50 cm from

the ground level and the green-fodder yield.
wastecorded. Subsequent harvests were taken
at 45-day -intervals and the yiclds were
recorded. After each harvest, weeding and

- earthing-up operations were done, followed

by irrigation, After 3 harvests, interploughing
was done with country plough.

Aknown weight (10 g) of the green-fodder
samples was collected and dried in an oven at
105°C for 8 hr. The samples were weighed to
find out the moisture content, and were pow-
dered. Crude-protein content in.the plant
samples was estimated by determining the N
content and multiplying it by a factor 6.25
(Gopalakrishnan-and Lal 1985). - '

Application of 264 kg P/ha and 37.8 kg
K/ha gave the maximum green-fodder yield,
with an increase of 65.2% compared with the
control (Table 1). All the fertilizer treatments
indicated the importance of P in increasing the
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Table 1 Green-matter yield (tonnes/ha) and crude-
protein content (%) of hedge lucerne under
different fentilizer treatments (mean data of 10
cuttings)
Treatment Greensmatter  Crude-protein
yield content
T 7.46 18.27
T2 7.94 18.72
Ta 8.49 18.75
Ta 9.25 18.82
Ts 9.60 18,99
Te 11.65 18.91
T, 12.33 19.13
Ta 9.79 18.82
Ts 9.64 18.83
Tio 8.92 18.83
SE 1.28 1.98
CD (P=0.05) 384 594

The details of treatments are given in text

yield of green matter; application of higher-
levels of P decreased the yield of green
fodder.

[Val 64, No. 4

Analysis of plant samples revealed that the
treatment T7 (P26.4K37.8) gave the maximum
crude-protein content of 19.13% compared
with the control. Application of P and X -to
leguminous crops hastens and encourages the
development of N-fixing bacteria, which in
turn increases the N content. Shanmugasun-
daram (1985) also reported an increase in
crude-protein content on addition of N.

It was concluded that the application of
medium level of P (264 kg/ha) and higher
level of K (37.8 kg/ha) increases the yield of
protein-rich fodder.
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Grain amaranth (Amaranthus hypochon-
driacusL.)is grown on alimited scale all over
India. Though it is affected by a number of
insect pests, stem weevil (Hypolyxus trun-
catulus Boh.) severely affects the crop (Ram
et al, 1989). The affected stem becomes weak
and splits, resulting in excessive water loss
and drying up of plants, Heavy infestation of
the weevil was abserved during rainy seasons
of 1987 and 1988 at the research farm at Delhi.

. 1Scientist (Agronomy), Z3cientist (Entomology),
3F‘roject. Co-ordinator, All-India Co-ordinated Research

Since little information is available on the type
of insects attacking grain amaranth and on
their control, the present study was under-
taken during 1989-90 and 1990-91 o identify
the season during which the crop could escape
stem-weevil infestation, -

‘Anpapurna’ was sown on 10 different
dates during 1989-90 and 1990-91 in fac-
torial randomized block design with 4 replica-
tions. At the time of harvest, observations
were recorded on plant height and panicle
length on 5 randomly selected plants from

Project on Under Utilized Plants each plot, For recording grain yield, all the
Tablel  Effectof sowing date on stem-weevil infestation, growth and vield of grain amaranth (mean data of 1989-50
and 1990-91)
Sowing date Stem-weevil Plant height Panicle Grain yield
infestation (cm) length (kg/ha)
(%) (cm)
1 week of Feb 69.10 88.25 30.25 140
1 week of Mar 78.00 10225 27.60 109
I week of Mar 87.30 125.40 21.75 0
I weekof Apr 73.60 13775 : 0. ' 0
" JIT week of Jul 45.40 149.20 38.50 817
1 weekof Aug 40.40 107.10 3555 8§26
T week of Aug 3530 122,70 28.00 . 592
I weekof Sep. 30.60 . 99.40 32.80 731
I weekof Oct 21.80 93.05 28,70 . 652
I week of Nov 26.10 72.60 32.60 o 756
I week of Dec 34.70 33.70 14.70 . 320 -
SEm 4.33 293 1.37 079
CD (P = 0.05) 9.77 6.71 3.63 1.75
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plants were taken. Data on infestation by
stem-weevil were recorded by splitting the
stern showing wilting, and drying and cal-
culating the plant population (%) infested.
The data were statistically analysed.

Grain amaranth showed more vegetative
growth when sown during March-August.
However, amaranth sown during March—
April did not produce grain because of heavy
stem-weevil infestation and absence of grain-
filling due to high temperature. Lack of
flowering in April-sown crop may be at-
tributed to photosensitive nature of
‘Annapurna’. When the crop was sown in
September-October it showed reasonable
vegetative growth, good grain yield and
lowest - stem-weevil - infestation.  Budhraja
et al. (1984) and Singh e al. (1991) also
reported a decline in stem-weevil infestation
in sorghum [Sorghum bicolor (L.) Moench]
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and pearl millet [Pennisetum glaucum (L.) R.
Br. emend. Stuntz] beyond August.

It was concluded that stem-weevil infesta-
tion in grain amaranth may be effectively con-
trolled by sowing the crop by the end of
September or first half of October.
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Run-off and soil loss from inward- and outward-sioping terraces
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In Kullu valley terraced fields (constructed
on the basis of farmers” own experience) are
being cultivated in traditional manner. These
terraces invariably have outward cross slope
and are haphazardly oriented, having lon-
gitudinal slope in different directions. Crops
are grown in these ficlds on sloping lands,
having a slope of more than 10%. This causes
soil erosion on disturbance of top layer during
cultivation. The rainfall (mean of 1988-89 to
1990-91) in this valleyis 527.3 mm during the
winter season (October—April) and 525.8 mm
during the rainy season (May-September).

The evaporation is 458.8 mm during winter

and 678.8 mm during rainy seasons, Since
750-1 125 mm/year is the medinm Tainfall
(Tandon 1991), the experimental site gets
medium rainfall of 1 053.1 mm/year. Michael

and Ojha (1981) mentioned thatinheavyrain- .
fall areas bench terraces having inward slope -

are more effective than those having outward
slope, which are effective in low-rainfall areas
with a permeable soil of medium depth. The
depth of our experimental site was shallow (45
cm), receiving medium rainfall. No work has

~been done on this aspect in Kullu valley. An
experiment was therefore conducted to evalu-
ate the effectiveness of inward or outward
cross-slope terraces'in the presence of pure
and mixed crops and to study the economics
of these crop patterns in thls area.

1Senior Soil Scientist, 2Assistant Extension Specialist
(Agricultural Engineering)

The trial was conducted during 1988--89,
1989-90 and 1990-91 in 2 terraces at farmers’
fields, located near Bajaura, having inward

“and outward cross slope of 2.5%. The 2 ter-

races were divided into 3 equal plots (62.9
mz). The treatments consisted of maize (Zea
mays L.), blackgram (Phaseolus mungo L.)
and maize + blackgram during rainy season
and wheat (Triticum aestivumL. emend. Fiori
& Paol.), lentil (Lens culinaris Medikus) and
wheat -+ lentil (2 : 1) during the winter season.
The maize crop failed due to acute drought in

-1989 and 1990, whereas it could not be sown
Jin 1991 due to very late onset of monsoon.
"‘Thus the result of this study i is restricted to .
‘winter season only. ‘

" . The soil was gravelly sandy loam havmg
pH 6.4, low in available P (2 kg/ha), medium
in organic carbon (249 tonnes/ha), available
N (273 kg/ha) and available K (174 kg/ha).

The soil depth was shallow (45 cm). Fertilizer
"N, Pand K were applied to ‘S 308’ wheat @

90, 20 and 25 kg/ha respectively, and N and P
to ‘HPL 5’ lentil @ 10 and 17 kg/ha. The
wheat and lentil crops were sown in the first
week of December during the first 2 years, and
on 15 January in the third year due to late
arrival of the winter rains.

The run-off water from each plot was al-
lowed to drop as a sheet flow in the channel
dug out along the entire length of the terrace.
The surface of the channel was covered with
polythene sheet to eliminate the sediment and
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infiltration loss during its flow towards the
container. The channe! was also covered from
the top with galvanized iron sheet for check-
ing rain-water flow into the channel. At the
downstream end of each channel, section pits

were dug for placing drums to collect the -

run-off water from each plot. The water from
the riser was allowed to fall in the channels of
outward-sloping terrace and was drained off

~separately from - inward-sloping  terraces
during 1988-89 and 1989-90. But it was
drained off separately in both the types of
terraces during 1990-91 and was thus not
included in the calculations of run-off and soil
loss in the field, These losses were computed
after each storm during 15 February-23 May
(98 days) in 1988-89, 20 December—5 May
(137 days) in 1989-90 and 10March-27 May
(69 days) in 1990-91. Total rainfall during
these periods was 206, 635 and 189 mm,
which .was collected from the nearby obser-
vatory, The aerial distribution of the rainfall
wasassumed the same at both the locationsfor
calculation.

During 1988-89 and 1989-90 the run-off
and soil loss were higher from terraces with
outward than from the terraces with inward
slope (Table 1). The average run-off and soil
losswere 95 and 179 more in outward-sloping

[Vdl 64, No. 4

terrace than in inward-sloping terrace. The
reason may be thatrain drops falling onriser’s
surface in the former contributed to the sur-
face run-off. In addition to increasing the
volume of run-off water, it increased the
velocity of flow, resulting in greater loss of
soil. But in terraces with inward slope the
run-off water from riser’s surface did not form
a part of the channel flow, and thus to the
volume collected. Under natural conditions
when the surface run-off from the riser is not
cut off by a channel, the surface run-off from
the terrace starts collecting along the entire
length of the riser of inward-sloping terrace.
The undulating condition of the terrace causes
some resistance to the flow of run-off, which
takes someétime for. infiltration. In the out-
wardly sloping terrace the surface run-off pas-
ses without any resistance., Thiscauses greater
volume of run-off in outward-sloping terrace
compared with the inward-sloping one. How-
ever, during 1990-91, when this part of run-
off was not allowed to cross the experimental .
plots of outward-sloping terrace, there was
almost no variation in the surface run-off and
soil loss due to variation in the direction of
cross slope. Thus in the medinm-rainfall area
bench terraces having inward slopes are more
effective than terraces with  outward slope
with a soil of shallow depth,

Table ! Effectof inward and outward slopes on amount of run-off and sail loss in 1988-89 and 1989-90
Crop . Run-off (mm)ha Ruri-off (% of rainfall) Soil logs (tonnesyha
Mean of 1950-951 Mean of 1990-91 Mean of 1950-91
2 yearst In. " Qu 2 years In Qut 2 years In - Out
In Out In Out In Out ‘
Whest 355 733 184 190 085 175 097 101 359 420 029 029
Lenul - 384708 173 ' 188 091 169 © 092 - 099 384 469 g2l 039
Whest# 373 736 185 191 089 175 098 101 437 432 039 029
lenuit ‘ ‘ ‘ o ‘
Mezn 371 722 1Bl - 189 088 173 096 . 100 - 393 459 030 0.32 :

Tn, Inward slope; Out, outward slope; 1198880 and 1989-90 .
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Table 2 - Effect of inward and omward slopes on crop yield and return
Crop Produce Yield (kg/ha) Reurn' Rsha)
Mean of 1990-91 Mean of 1990-91
2 years'r In Out 2 years Gross Net
In Out Gross Net
Wheat Grain 3579 3438 1629 1980 14756 13964 756l 6769
Straw 6155 5933 2769 3366
Lentil Grain 1169 1258 108 787 14583 14299 . 11287 10998
’ Steaw 1989 2141 1838 1538
Wheat Grain 2385 2047 1034 1232 9279 8751 4747 4219
Straw 4058 3460 1758 2094
Lentil Grain 90 145 469 254 1476 1380 4461 4365
Straw 236 376 1046 568

In, Inward slope; Out, cutward slope

11988-89 and 1989-90; *Average of inward and outward slopes
Price (Rs/100 kg): Wheat grain, 300; lentil grain, 1 100; wheat straw, 70; lentil straw, 60; cost of fertilizer (Rs/100

kg): urea, 235; superphosphate, 95; muriate of potash, 130

‘When run-off from the riser was not cut off
during 1989-90), the soil loss from inward-and
ountward-sloping terraces was 6.44 and 7.34
tonnes/ha in 412 months. This loss, calculated
on yearly basis, may exceed the maximum
tolerable soil loss (t-value) of 12.5 ton-
nes/ha/year (Brady 1990). But during 1988
89 the average soil loss was 1.42 and 1.85
tonnes/ha in 3 months for inward-and out-
ward-sloping terraces respectively, which is
within the limit of t-value, The differences
could be attributed to higher precipitation
during 1989-90 than during 1988-89.

On an average, the run-off did not differ
under different crops during the period of
investigation. But the mean soil loss under
wheat + lentil and lentil was respectively 17
and 8% more than that under wheat.

- The yield of crops (Table 2) did not differ
consistently due to variation in the slope. The
reduction in yield in outward-sloping terrace
might be apparent after some years doe to

continuous erosion of top soil. The net return
(gross return — cost of fertilizer) was almost
similar for wheat and lentil and was 38-41%
higher than that of wheat + lentil calculated,
on the basis of mean values of 1988-89 and
1989-90 (Table 2). However, during 1990-51
lentil and wheat + lentil gave 63 and 21%
higher net return than that of wheat alone.
Thus under very late-sown condition, which
is often encountered under rainfed condition,
lentil followed by wheat + lentil is more
remunerative than pure crop of wheat.
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Rust incidence in late-sown wheat (Triticum aestivum)
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Leaf rust of wheat (Triticum aestivum L.
emend. Fiori & Paol.) caused by Puccinia
reconditaRob. ex Dorm. and stem rust caused
by Puccinia graminis tritici Erikss. & Henn.
have been the major constraints in stabilizing

the yield in central and peninsular India, In.

view of a generally high incidence of rust in
the late-sown wheat, an experiment was con-
ducted to compare the developmcnt of rust in
normal-sown wheat wnh that in' late-sown
one.

A National Heat Tolerance Screening
Nursery was planted at Indore, under 3 dates
of sowing, viz 15 November (normal sown),

15December (late sown) and 15 January (very:

late sown) during 1990-91 and 1991-92 to
identify suitable wheat varieties that could
withstand the high temperature prevailing in
this region during the grain-filling period
under late-sown conditions. Six high-yielding
varieties of bread wheat were taken, viz ‘HD
2270°, *HD 2285, *HD 2329°, ‘HD 2402’,
‘HI977” and *Sonalika’. Two population den-
sities, viz 250 000 and 300 000 plants/a,
using seed rate of 100 and 125 kg/ha respec-

ISgientst (Plant Pathology), 2S§ientisl Selection
Gtade (Genetics and Plant Breeding), *Scientist Selection
Grade (Plant Physiology)

tively were maintained, There were 3 replica-
tions under each level of population density,
making 6 replications under each date of
sowing. Theplot size was4.14 mz,comprising
6 rows of 3 m length, sown 23 cm apart.
Adequate irrigation and recommended levels

-of fertilizers were applied.

Although no rust inoculation was at-

tempted in the nursery, the plots of breeding

material and the pathological nurseries
wherein artificial rust epiphytotic was created
(using mixture of prevalent and virulent
pathotypes of leaf and stem rusts) served as
the source of inoculum that got established in
the National Heat Tolerance Screening Nurs-
ery. The nursery was located in an isolated
plot, separated from the inoculum source by
100 m wide plot of dryland wheat. These
conditions simulated natural infection better
than the usual method of rust infection thhm
the test plots.

The disease spread fzurly umformly in the
nursery, and there was no significant dif-
ference in rust development between the 2
levels of population density or.among. dif-
ferentreplications within each date of sowing.

- Terminal rust reaction was recorded on
appropriate dates, combining disease severity.
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Table1 Rustincidence in wheat varieties under different dates of sowing
Variety . Terminal disease severity in crop sownon
15 Nov 15 Dec 15 Jan
R SR IR SR IR SR
‘Sonalika' tMS-tS tMS-1S 5MS-S 5MS-8 40MS-S 5MS-S
(5 MS-S) (5MS-S)  (40MS-5)  (40MS-5)  (80OMS-5)  (30MS-S)
‘HD 2270° IMR-tMS * SMR-MS R-tMR 40 MR-MS iR
(5 MR-MS) (40MS-S)  (SR-MR)  (80MS-8) (MR-tMS)
‘HD 2285 ©18-58 * 308 R-tMR 60S F4R
’ (40S) (80°S) (1OR-IMS) (100'8) )
*HD 2329 5 MR-]MS * 10 MS-S MR-MS  40MR-MS IR-IMR
(108) (60 MS-S) {108) (30 MS-S) 1S)
TD 2402 R-MR * R-AMR RAMR 5R-MR FaR
(5R-MR) (GR-MR1otS)  (MS)  (JOMR-MS) {R)
‘HI 977’ MR * IMR-LMS R-MR 10X R-IMR
(S) (20 MR-MS (10MR- (60 MS-8) ‘(5 R-MR)
10 108) MS) ‘

LR, Leaf-rust infection; SR, stem-rust infection, tS, traces; MS, moderately susceptible; MR, moderately resistant;

. tMS, traces of moderately susceptible pustules

Figures in parentheses denote the maximum levels of rust infection

"+ "No visible infection

with response {modified Cobb’s scale of Mel-
chers and Parker 1992, and pustule type).

The rust incidence increased with the delay
in sowing. The development of leaf rust
remained low in November sowing in all the
varieties except ‘HD 2285°, which showegi
maximum infection up 1040 S ona few plants:
All the varieties sown.in November except
‘Sonalika’ remained free from stem-rust m-‘ﬂ
fection.

The severity of leaf rust, as mdlcated by
coefficient of infection, was less than .10.0,
except in-“HD 2285°. All the varieties except
‘HD 2402’ and ‘HI 977" expressed higher
levels of disease in the maximum range

(values in parentheses in Table 1), indicating

“their inherent suscepiibility, in Janoary-sown

plots, ‘HD? 2402’ wheat alone emerged the

 rust-resistant variety.

The - gtem-rust . development remamed
restricted in all the varieties sown in Decem-
ber and January except *Sonalika® (Table 1),

It was concluded that under laté sowing

“HD 2402’ is the most resistant variety and
*HD 2285 the most susceptible. -
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Sampling plan for estimating nymphal population of white-backed
planthopper (Sogatella furcifera) in rice (Oryza sativa)
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Among the insect pests attacking rice

(Oryza sativa L.), white-backed planthopper -

[(Sogatella furcifera (Horvath)] is emerging
as a serious pest, Its attack leads to yellowing
of foliage, severe hopperburn and poor plant
growth (Atwal er al. 1967, Grist and Lever
1969). Dhaliwal and Singh (1983) reported its
severe outbreak in Punjab, Since the informa-
tion onappropriate sampling technique for
estimating white-backed population of plan-
thopper is meagre, an experiment was con-
ducted on this aspect.

During 1986, nymphs  of white-backed
planthopper were counted from different sam-
pling units, viz 1,2, 3,4 and 5 hills/spot,in a
farmer’s field. The observations were taken at
1-week intervals from the lass week of August
to third week of Sepiember, ie during peak
activity of the pest. For each sampling unit, all
the tillers from a hill were tapped with hand
and the nymphs falling on standing water or
- ground and those left on the plants were
counted, Total 8-12 observations for each
sampling unit were made on each sampling
date. The time required to actually ohserve the

planthopper population in the various sample
~ sizes was also recorded. The means and
* variances of planthopper population were
worked out for different sampling units. The
appropriate sample size through relative net

1Entomo]ogm (Bcology), *Senior Entomologist,
*Professor and Head, Department of Entomology

cost method and number of samples required
for population estimation were determined as
per Southwood (1978). The sampling unit
showing the least value of relative net cost was
considered the appropriate size of the sample.
Before determining the number of samples,
the distribution pattern of planthopper popula-
tion in the appropriate sample size was
worked out following the Morisita’s index of
dispersion (Southwood 1978).

The population of white-backed planthop-
per on rice was 9.67, 8.42, 893 and 1127
nymphs/hill in the last week of August, and
the first, second and third weeks of September
respectively during 1986. The mean popula-
tion was 9.56 nymphs/hill, which equals the
economic threshold value reported for the

-adoption of need-based contrgl measures

(PAU, Ludhiana 1986).

The value of relative net cost was the
lowest in the sampling unit of 3 hills/spot
(Table 1). Thus it was considered the most
appropriate sample size for precise estimation
of planthopper population on rice. Variance of
population on unit basis decreased with the
increase in sample size from 1 hill to 3
hills/spot. However, with further increase in
the size of sample, the variance showed an
abrupt increase. More than 1 value of
Morisita’s index of dispersion (1 026) and
highly significant ‘F’ ratio (1 117 ) indicated
that the planthopper population was distribu-
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Table !l  Determination of sample size for estimating population of white-backed plant hopper
Sample size Variance' Time On unit basis Relative
(hills/spot) taken for Variance Time net cost
sampling (sec)
(sec)
1 24.05 34.93 24.05 34.93 840.07
2 37.26 5748 18.63 28.74 535.43
3 40.93 80.03 13.64 26.68 363.92
4 145,08 102.18 36.27 25.55 926.70
3 152.92 126.18 30.58 25.24 771.84
*Based on 40 cbservations

ted in an aggregated manner. Based on this, 6
samples were determined as the appropriate
number. It was concluded that 3 hills from
each of the 6 spots in a field constitutes the
sampling unit for estimating the nymphal
population of white-backed planthopper in
rice.
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Biology and feeding potential of black beetle (Chilocorus nigritltus),
a predator on date palm scale (Parlatoria blanchardii)
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Among the various insect pests, date
palm scale (Parlatoria blanchardii Targioni-
Tozzetti) causes 70-80% loss in fruit yield by
* direct attack (Smirnoff 1957). Its chemical
control is very difficult, because its all stages
occur throughout the year, and many adults
. remain alive beneath the dry fibres, where
they are unaffected by chemical spray.

Muralidharan et al, (1992) reported for the
first time that a coccinellid, Chilocorus
nigritus Fabr., feed on this scale and reducing
its population considerably. Jalali and Singh
(1989) studied the blology of C. nigritus on 9
diaspine_scales, viz Melanaspis glomerata

. (Green), Quadraspzdzotus perniciosus (Com- -

stock), Aspidiotus destructor (Signoret),
Aulgcaspis tubercularis (Signoret), Hemiber-
lesia lataniae (Signoret); Aonidiella aurantii
(Maskell), ' Chrysomphalus aonidum (L.),
Aonidomytilus albus (Cockrill) and Lepido-
" saphes cornutus (Ramk). In this experiment
the biology and- feeding pomntlal of C'
higritus was studied on this new host.
The study was conducted at Mundra during
ugust 1990 at room femperature (maximum

32.49°C, minimum 27.29°C and relative

humidity 72%). The adult C. nigritus, col-
lected from the field -and reared on P.
blanchardii, formed the nucleus culture for
the study. For its biology observations were
recorded onincubation period, fecundity, lon-

! Assistant Rescarch Scientist, Agricultural Research
Station, GAU, Bhachan 370 140

gevity etc. The feeding potential was studied
by providing pre-counted scales (100) to each
instar and recording the number of adult scales
consumed per day. Freshly scale-infested pin-
nae collected from @e field were used. Glass
test-tubes (15 cm X;2.5 cm) were used for
rearing and other studlcs '

The elongate eggs are laid singly or in a
group of 2-3. The eggs require 6.11 + 0.09
days to hatch, Among the 4 larval instars, the
third instar has the most prolonged durations
(3.83 + 0.20), followed by the second instar
(3.83 + 0.12). The larval durations of the first
and fourth instar are 3.5+ 0.11and 3.76 +-0.11
days respectively. A pre-pupal period of 2.47
+ 0.13 days and pupal period of 6.63 + 0.12

. days is observed. The female starts egg-laying

after 5.00 +°0.82 days of emergence, with a

* fecundity of 151.2 + 7.83 eggs/female. The

male and female longevityis 50.21 + 6.12 and,
76.13 + 8.13 days respectively. Talali and

' Singh (1989) recorded similar observation on

incubation period (6.1 days) when it was

reared on Hemiberlesia lantaniae anda pupal

period of 6.5 days when reared on Aonido-.
mytilus albus, However, .the total larval

 period varies greatly with different hosts.

~ Among various instars (Fig 1) the fourth
instar consumes the highest number of scales
(55.58 +-4.38), followed by third instar (34.79
+ 294) The first instar removes the scale

~covering and consumes the soft body only

(8.39 + 0.55), whereas the fourth instar. and
adult devour the entire, scale body mcludmg

270



April 1994]

Fig 1° Egg and different instars of C, nigritus

the external coverings. Hence during the lar-
val period on an average 437.35 scales are
consumed by various instars. The adult con-
sumes 20.86 + 1.19 scales/day and average
1317.72 scales during the life period. Ahmad
(1970) reported almost similar feeding poten-
tial of C. migritus, when it was reared on
Lepidosaphis sp. Due to high consumption of
prey, high fecundity and long life-cycle etc,
this predator may be effectively exploited for

BIOLOGY AND FEEDING POTENTIAL OF CHILOCORUS NIGRITUS

the biological suppression of P. blanchardii
scales on date palm.
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The Essentials of Viruses, Vectors and Plant Diseases, 1993. Basu A N and Giri BK. Wiley
Eastern Ltd, 4835/24 Ansari Road, Daryaganj, New Delhi 110 002. viii + 242 pp. 24 cm X 16

cm. Rs 400. ISBN 81-224-0431-6.

Similar to cold and influenza in man,
-mosaic and other diseases caused in plants by

the viruses are difficult to control. The plant

viruses cause serious loss not only inyield but
also in the quality of the produce. The study
of plant virology is therefore extremely im-
portant in the field of plant protection for the
students as well as teachers and researchers.
The book under review makes good attempt
to provide the fundamental aspects of plant
viruses, their vectors and the management
of viral diseases, especially for Indian con-
ditions.
- 'The subject is treated under 14 chapters.
. Starting with a brief introduction, the book
provides details of viruses in 5 chapters. Their
chemical composition and structure and the
variation in their genomic organization reflect
their different behaviour with the host and the
differences insymptom expression and vector
transmissibility. They possess only 1 type of
nucleic acid and are unable to divide by binary
fission, behaving differently from a typical
~ plant cell, The binomial system of nomencla-
ture could not be applied to them satisfactori-
ly, and hence they are classified according to
the symptoms of diseases caused by them, and
given vernacular or common names only. The
symptomns of viral diseases may be apparent

externally as well as internally, but may be.

latent too. But the plants may show symptoms
similar to those of viral diseases also due to
some nuiritional deficiency or phytotoxacmia,
caused by the toxic effect of salivary secretion
“of arthropod vectors. The study of the mode
of infection and action of viruses inside the

host plant and their replication has been great-
ly facilitated by advancements in molecular.
biology. Their isolation is the first requisite to
study their host range, physico-chemical
properties, puorification, electron microscopy
and molecular aspects including genomic
organization. It has been possible to charac-
terize and identify a large number of plant
viruses. ' -
As the viruses are not able to penetrate the
plant cuticle by themselves, they seek the help
of other biological agents, .the “vectors.
Arthropods, aphids, whiteflies, mealybugs,
psyllids, leafhoppers and planthoppers, thrips, -
beetles, mites and some other insects, as well
as other agenis like some nematodes and
fungi, play an active role in their transmission
to the plant hosts. The homopteran insects
have therefore developed special month-parts
and feeding mechanisms that help in dissemi-
nation of viruses, The viruses and their vectors
show specific relationship. The viruses may
be persistent or non-persistent, and may show
different modes of transmission. Various
techniques have been developed to study the
virus-vector . relationships, Of  major sig-
nificance is the study of the plant diseases
caused by them: in cereals, grain legumes,
vegetables, fruit crops, oilseeds, fibre crops,
plantation crops and narcotic plants. -

- The management of these diseases is pos-
sible through cultural means as well as
through -some chemical and - biological
measures, Some non-viral agents also induce-
diseases in plants similar to those caused by. .

viruses, and require effective control.
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The interrelationship of viruses with the
environment, their ecology, may help us
greatly in understanding their nature and
adopting appropriate remedies.

The book provides fundamental informa-
tion on these aspects in effective manner. In
addition to inclusion of references with each
chapter, it lists additional literature for further

“high.
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reading, Anindex is given at the end and there
are 11 colour illustrations showing important
symptoms of viral diseases in plants.

The book is produced well but priced

R S GurtA
(Editor)
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Agricultural Marketing inIndia (edn2). 1992. Acharya S S and Agarwal NL. Oxford & IBH
Publishing Co. Pvt Ltd, 66 Janpath, New Delhi 110 001. xxii + 403 pp. 21.5cm X 14.0 cm, Rs

85 (soficover), ISBN 81-204-0117-4.

All the efforts of scientists and farmers to
achieve high yield and better quality of
agricultural products might fail if the produce
is not marketed well. Effective marketing not

only helps proper utilization of the produce’

that might otherwise perish or go waste but
also prove an incentive to the farmers to
devote full energy enthusiastically to achieve
the best results from the ficld, Marketing re-
quires some produce, the market and the
relevant infrastructure, as well as the agents
like farmers, the middlemen like traders and
co-operatives, and the government. To spread
the benefits of agricultural marketing in India
equitably, the farm products and inputs (fer-
titizer, sced, fuel, implements, credit) should
be distributed efficiently and at the minimum
cost from the producer to the consumer. The
second edition of the book under review aims
to tackle these problems, especially in view of
liberalization of trade and industry and new
initiatives taken by our government to link the
Indian economy with the world trade.
The book contains 9 chapters. The
problems in marketing are discussed in the
first 3 chapters, explaining the theoretical
(structure, development, forces and price
models of market), historical and evolutionary

trends of agricultural marketing in India. The
marketing system (agencies, channels, farm
inputs) and the role of government (agencies,
co-operatives, control mechanism) is high-
lighted in the next 3 chapters. The major fac-
tors that help in evaluating the various market
forces like cost and price are considered in the
next chapter, followed by training facilities in
this field and the position of research and
statistical data. A new addition to this edition
is the chapter onexternal trade, which weighs
the position, share and role of Indian trade (in
farm products) in the world. The policy and
prospects, especially the new export-import
policy of 1992-97, throw some rays of hope
of greater Indian share in the global agricul-
tural marketing in near future: o

Bibliography is given at the end, grouping -
the references under books, reports, and jour-
nals/magazines; followed by author-subject
index. N

The book appears a good bargain for col-
lege students and is quite useful for the teach-
ing community as well as policy planners
engaged in agricultural marketing in India.

R S GupTA
(Editor)
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Traditional Indian Agriculture: an Annotated Bibliography. 1993, Vijayalakshmi K, Wiley
Eastern Lid, 4835/24 Ansari Road, Daryaganj, New Delhi 110 002. x + 113 pp. 22 cm x 14 cm.
Rs 125. ISBN 81-224-0584-3,

The references are grouped under 11 chapters, viz History, Plant sciences, Clagsification, Land, Specific
crops, Imigation, Agricultural implements, Food, Folklore, Animal sciences and Livestock, Besides, there
are 2 Appendixes on Manuscripts on plant sciences and Manuscripts on animal sciences, together with an
Author index.

Agricultural Research through International Cooperation : the Indian Experience, 1993.
Srivastava, Roli and Srivastava G C. Oxford & IBH Publishing Co. Pvt Ltd, 66 Janpath, New
Delhi 110 001. xii + 144 pp. 22.25 cm x 14.25 cm. Rs 195, ISBN 81-204-0777-6.

The book contains 7 chapters, viz Introduction, The National Agricultural Research Systern of India,
Intemational Agricultural Research Resources, Collaborative modes, India®s links with extemal agencies,
Impact evaluation and Looking ahead. Bibliography, Appendix, Acronyms and Index are also given.
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Information on all scientific gatherings — conferences, meetings, seminars,
workshops etc — may please be conveyed to us in advance, with all relevant details. ’
List of all participants, with complete official addresses (and fields of specialization),
may be sent at the earliest. A copy of the abstracts of proceedings and preferably also
of the papers presented (typed or printed) may be sent. These requirements must be
met especially by those whose announcements are published in the journal.

Send details to

The Editor (English)
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ANNOUNCEMENT

The Indian Society of Pest Management and Economic Zoology, Nauni, Solan,
plans to organize a National Symposium on Emerging Trends in Pest Management
during 27-29 Junec 1994, Last date for submission of abstracts is 30 April 1994 and
for full papers 15 May 1994. Further details can be obtained from Dr O P Bhalla,
Department of Entomology, Dr Yashwant Singh Parmar University of Horticulture
and Forestry, Nauni, Solan, Himachal Pradesh (India) 173 230, Telephone : (0179285)
2240, Fax.: 91-01792 (5225), Telegram : VANUDYAN. :









